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Abstract. Neuropathic pain is induced by primary injury 
and dysfunction of the nervous system, and is accompanied 
by the activation of inflammation signaling pathways. Yin 
Yang 1 (YY1) is reported to be involved in inflammation; 
however, its role in the development of neuropathic pain is 
still unclear. In the present study, a neuropathic pain model 
was established using the bilateral chronic constriction 
injury  (bCCI) method in rats. The indexes of neuropathic 
pain were detected, including paw mechanical withdrawal 
threshold (MWT), paw thermal withdrawal latency (PTWL) 
and paw frequency in response to cold stimulus, characterizing 
the symptoms of mechanical allodynia, thermal hyperalgesia 
and cold hyperalgesia, respectively. YY1 mRNA expression 
was significantly decreased in the spinal cord cells of bCCI 
rats. In addition, YY1 was overexpressed in the bCCI rats by 
intrathecally injecting different doses of the pcDNA‑YY1. YY1 
reduced rat mechanical allodynia, thermal hyperalgesia and 
cold hyperalgesia in a dose‑dependent manner. Furthermore, 
YY1 increased the expression of suppressor of cytokine 
signaling 3 (SOCS3) and suppressed signal transducer and 
activator of transcription 3 (STAT3)‑mediated production of 
inflammatory factors in a dose‑dependent manner. Finally, 
YY1 were respectively overexpressed and knocked down 
in primary spinal cord cells. The results revealed that YY1 
overexpression promoted SOCS3 expression, increased cell 
proliferation and suppressed cell apoptosis, and reduced the 
activation of STAT3 and STAT3‑mediated production of 
inflammatory factors. YY1 knockdown induced the oppo‑
site effect to that observed following YY1 overexpression. 

Furthermore, blockade of SOCS3 by SOCS3‑antibody abro‑
gated the effect of YY1 overexpression on the suppression 
of SOCS3‑mediated STAT3 activation and inflammation. In 
conclusion, YY1 alleviated neuropathic pain by inhibiting the 
STAT3 signaling pathway, which may be due to the upregula‑
tion of SOCS3 expression.

Introduction

Chronic neuropathic pain is a chronic and highly incapaci‑
tating complex disease, which is aroused by primary injury and 
dysfunction of the nervous system, accompanied by activation 
of inflammation signaling pathways (1). Neuropathic pain may 
result from many factors including physical injury, metabolic 
or nutritional nerve change, virus infection, neurotoxicity of 
drugs or radiotherapy, ischemic nerve damage, neurotrans‑
mitter dysfunction, etc. Individuals with neuropathic pain 
displayed high sensitivity to mechanical, heat and cold stimula‑
tion, and local and/or systemic inflammation reaction. In order 
to develop novel therapeutic target or strategy for neuropathic, 
it is essential to better understand its underlying mechanisms. 
The signal transducer and activator of transcription 3 (STAT3) 
pathway is a key pathway mediating inflammation, which 
plays an important role in synaptic plasticity, neural degen‑
eration and memory formation in central nervous system. 
Recently, it has been revealed that activation of STAT3 was 
important to the development of chronic pain, and inhibition 
of STAT3 activation has been regarded as a promising therapy 
for neuropathic pain.

The suppressor of cytokine signaling (SOCS) proteins have 
previously been reported to negatively regulate the STAT3 
signaling, of which SOCS3 are the most effective member (2). 
SOCS3 can inhibit STAT3 activation and blocks STAT3 
signaling, thereby limiting some of the pathophysiological 
consequences (3,4). Therefore, SOCS3 is a potential target for 
the effective treatment of neuropathic pain.

Yin Yang 1 (YY1) is a commonly expressed zinc‑finger 
DNA‑binding transcription factor in a variety of cells, which 
can interact with other transcription factors (5). It is reported 
that YY1 improved tumor cells growth and suppressed apop‑
tosis through negative regulation of TP53 (6). YY1 is also 
involved in airway inflammation, and is a positive regulator of 
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many inflammatory cytokines in T cells, including IL‑4, IL‑5 
and IL‑13 (7). However, the function of YY1 in neuropathic 
pain is still unclear. In this study, we detected the YY1 level in 
neuropathic pain model of rats and analyzed its influence on 
neuropathic pain. Then, we further explored weather the effect 
of YY1 on pain is involved in regulation of the SOCS3/STAT3 
signaling pathway.

Materials and methods

Animals. Adult female Sprague‑Dawley rats (195‑215 g) were 
purchased from the Experimental Animal Centre of Shandong 
University (China). Animals were housed in individual cages 
at 23.0 ± 1˚C under a 12 h light/dark cycle and were given 
free access to water and food. All animal protocols were 
conducted in accordance with the Institutional Animal Care 
and Use of the Yantai Yuhuangding Hospital (Shandong, 
China). The present study was approved by the Ethics 
Committee of Yantai Yuhuangding Hospital.

Neuropathic pain model. Bilateral Chronic constriction injury 
(bCCI) of rats sciatic nerve was a common experimental 
model for neuropathic pain (8). The rats were anesthetized 
with an intraperitoneal injection of sodium pentobarbital 
(40 mg/kg). The mid‑thigh on both side was incised and the 
heads of the biceps femoris muscle was separated to expose 
the sciatic nerve. 4‑0 chromic gut was carried out ligate 
the sciatic nerve at four sites. The wound was closed with 
absorbable sutures. Sham‑operated rats received a similar 
exposure but without nerve isolation and ligation. The rats 
were closely monitored following surgery. Naïve group did 
not receive any surgery.

Mechanical allodynia. Rats were acclimatized in suspended 
cages. The hind paws were probed with calibrated Electronic 
von Frey device (IITC Life) erected to the plantar surface 
and kept for ~5 sec. A positive response represented a sharp 
withdrawal of the paw. The mechanical withdrawal threshold 
(MWT) was indicated as the average of the measurements in 
each test session.

Thermal hyperalgesia. Thermal hyperalgesia was detected 
with a Plantar Test Apparatus for Mice and Rats (IITC). Rats 
were acclimated on a glass floor above a radiant heat producer 
that was aimed at the plantar surface of the hind paw. In each 
test session, triple measurements of latency were done for 
each hind paw. Each test was done with intervals greater than 
3 min and the device was cutoff for 30 sec in the intervals 
of each test to avoid tissue damage. The thermal withdrawal 
latency (TWL) was indicated as the average of the measure‑
ments in each test session.

Cold hyperalgesia. A drop of acetone was gently applied 
to each hind paw at room temperature. A rapid hind paw 
withdrawal in response to the volatilization of acetone was 
considered as a sign of cold allodynia. The test was repeated 
3 times for every hind paw, with an interval of 3 min. Times 
of shaking, lifting or licking the paw during 1 min were 
recorded. An increase in the rate of withdrawal response 
interpreted as increased cold sensitivity.

Culture of primary spinal cord neurons and cell transfection. 
A total of 6 SD rats (3 months old) were anesthetized intra‑
peritoneal injection with 3% pentobarbital sodium at a dose of 
30 mg/kg body weight. Spinal cord was isolated from L4‑L6 
of the rats after sacrificed by cervical dislocation and digested 
with 0.25% trypsin for 30 min followed by 0.2% collage‑
nase II for 2 h. The cells were washed with D‑Hank's buffer 
(Invitrogen; Thermo Fisher Scientific, Inc.) for 3 times and 
then seeded in the plates with DMEM/F12 (containing 4.5 g/l 
glucose) supplemented with 20% FBS and 4 mM L‑glutamine. 
Cells were cultured in a 37˚C humidified cell culture chamber 
with 5% CO2.

On reaching 70% confluence, 2  µg/ml pcDNA‑YY1 
(constructed by GenScript Company, Nanjing, China) and 
50 nM YY1 siRNA (designed and synthesized by Ribobio 
Technology, Guangzhou, China) were respectively transfected 
in to the cells with Lipofectamine® 3000 reagent (Thermo 
Fisher Scientific, Inc.) in accordance with the manufacturers' 
instructions. After 48 h, the cells were harvested.

Cell viability assay. Cell viability was performed by 
MTT (3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl‑tetrazo‑
lium bromide) assay (Amresco, Solon, OH, USA) (9). After 
transfection for 48  h, cells were plated in 96‑well plates 
(Corning, MA, USA) at 1.0 x 104 cells per well and incubated 
for 12 h. MTT solution (20 µl/well, 5 mg/ml) were added to 
the well and incubated for 4 h. The media were removed and 
200 µl DMSO per well was added to dissolve formazan crys‑
tals. Finally, the absorbance was measured using a microplate 
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA) at 
570 nm wavelength.

Apoptosis assay. In 60 mm plates, cells were collected by 
centrifugation after transfection for 72  h. the Apoptosis 
Assay was performed using Apoptosis Detection kit II (BD 
Biosciences, San Diego, CA, USA). Cells were resuspended 
in 500 µl of 1X Binding Buffer with 5 µl of Annexin V‑FITC 
and 10 µl of propidium iodide (PI) and incubated at room 
temperature for 15 min in the dark. The flow cytometry (BD 
Biosciences) was used for the evaluation of percentage of 
apoptotic cells. The data was from typically 10,000 cells and 
analyzed in Cell Quest software.

Fluorometry assay. Intracellular reactive oxygen species. 
(ROS) generation was evaluated using a f luorometry 
assay (10). Cell was collected with trypsin and centrifuged. 
Cell pellets were exposed to dichlorodihydrofluorescein 
diacetate (DCFH‑DA) (1:1,000; Sigma, USA) for 20 min at 
37°C in the darkroom. The flow cytometry (BD Biosciences) 
was used to measure the ROS level, which was the mean of 
the fluorescence for each treatment with typically 10,000 
cells analyzed. All experiments were conducted for three 
times.

Protein estimation by ELISA. Total protein concentration of 
samples was determined with a Bicinchoninic Acid (BCA) 
protein assay kit (Pierce, Rockford, IL, USA) IL‑1β and 
IL‑6 level were determined with ELISA kits (R&D Systems, 
Inc., Minneapolis, MN, USA). Sample optical densities were 
measured at 450 nm with a reference filter set at 570 nm. 
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Cytokine concentrations were calculated according to the 
standard curves.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was isolated with TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). The concentra‑
tion of total RNA was determined using a NanoDrop 2000c 
(Thermo Fisher Scientific, Inc.). 1 µg of RNA was used to 
synthesize cDNA with the PrimeScript™ RT master mix 
(Takara, Japan). RT‑qPCR was performed using SYBR Premix 
Ex Taq (Takara, Japan) and the thermocycling conditions were 
as followed: 42˚C for 30 min, then 95˚C for 10 min, followed 
by 40 cycles of denaturation at 95˚C for 15 sec and 60˚C for 
1 min. The relative amount of transcript was quantified via 
the comparative threshold cycle method using GAPDH as the 
endogenous reference. Transcript levels in each rat were deter‑
mined with the formula 2‑ΔΔCq (11). The primers for amplifying 
all the genes were selected from reported references and are 
presented in Table I.

Western blot analysis. Protein concentration was determined 
with a BCA protein assay kit (Pierce). Extracted proteins 
were separated by SDS‑PAGE, transferred on a nitrocellulose 
membrane (NC; Millipore, USA). Anti‑YY1 (AV100899; 
Sigma, USA), anti‑SOCS3 (sc‑9023; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA), anti‑STAT3 (sc‑482; Santa Cruz 
Biotechnology, Inc.), anti‑phosphorylated STAT3 (sc‑135649; 
Santa Cruz Biotechnology, Inc.), anti‑CCL2 (66272‑2‑lg; 
ProteinTech, USA), anti‑COX2 (SAB5500087; Sigma, USA), 
anti‑GCR (ab2768; Abcam, UK) and anti‑GAPDH (sc‑25778; 
Santa Cruz Biotechnology, Inc.) antibodies were used to block 
the membrane overnight at 4°C. After washing with TBST 
for 3 times, the membrane was incubated with horseradish 

peroxidase conjugated antibodies (1:2,000; bs‑0295‑HRP; 
Bioss, China). Then the membrane was incubated with 
western chemiluminescent HRP substrate (Millipore, USA) 
to detect the signal. Image J was used for statistical analysis. 
Three consistent independent experiments were performed to 
analyze the results.

Statistical analysis. All data is presented as the mean ± standard 
deviation. Two factors (group and times) repeated measures 
analysis of variance (ANOVA) was used to analyze the time 
course of bCCI‑induced tactile allodynia between groups. 
Multiple comparisons were analyzed with ANOVA and 
Dunnett's post hoc test. Comparisons between two groups 
were analyzed by the Student's t‑test. Data were processed 
using GraphPad Prism 6 (GraphPad Software Inc., La Jolla, 
CA, USA). P<0.05 was considered to indicate a statistically 
significant difference.

Results

YY1 was decreased in rats with bCCI. To investigate the 
involvement of YY1 in neuropathic pain, the bCCI rats were 
established. Before and after surgery, the recorded scores 
exhibited no significant differences between left and right hind 
paws from the stimulus at any of the time, the mean scores 
of left and right hind paws were used to analyze the results. 
At days 0, 3, 7, 14 and 21, the indexes of neuropathic pain 
including MWT, paw thermal withdrawal latency (PTWL) 
and paw frequency in response to cold stimulus were detected 
in each group, respectively characterizing the mechanical 
allodynia, thermal hyperalgesia and cold hyperalgesia of 
the rats. Compared with sham group, MWT and PTWL 
of bCCI group were significantly decreased from 3 days to 

Table I. Primers applied in reverse transcription‑quantitative polymerase chain reaction analysis.

Target	 Sequences (5'‑3')	 Product size (bp)

YY1	 F: GCCCTCATAAAGGCTGCACAAAGAT	 223
	 R: GTGCGCAAATTGAAGTCCAGTGAA	
SOCS3	 F: TCACGGCTGCCAACATCTGG	 228
	 R: CGGCGGCGGGAAACTTG	
COX2	 F: TCTTTGCCCAGCACTTCACTCA	 367
	 R: TCAGGATGCTCCTGTTTGA	
CCL2	 F: ATGCAGTTAATGCCCCACTC	 167
	 R: TTCCTTATTGGGGTCAGCAC	
IL‑1β	 F: CACCTTCTTTTCCTTCATCTT	 238
	 R: GTCGTTGCTTGTCTCTCCTTGTA	
IL‑6	 F: AAGTTTCTCTCCGCAAGAGACTTCCAG	 326
	 R: AGGCAAATTTCCTGGTTATATCCAGTT	
TNF‑α	 F: GTAGCCCACGTCGTAGCAAAC	 196
	 R: TGTGGGTGAGGAGCACATAGTC	
GAPDH	 F: ATCCCATCACCATCTTCCAG	 322
	 R: CCATCACGCCACAGTTTCC	

F, forward; R, reverse; YY1, Yin Yang 1; SOCS3, suppressor of cytokine signaling 3; COX2, cyclooxygenase 2; CCL2, chemokine (C‑C motif) 
ligand 2; IL, interleukin; TNF, tumor necrosis factor.

https://www.spandidos-publications.com/10.3892/mmr.2020.11742
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21 days after operation and reached its lowest point on day 14 
(Fig. 1A and B). From 3 days after surgery, the times of the 
responses of bCCI rats to cold acetone was significantly higher 
than that in sham group and reached its highest point on day 
14 (Fig. 1C). Then we determined the expression of YY1 in 
bCCI rats. The results suggested that YY1 mRNA level was 
significantly decreased in rats with bCCI compared to the 
sham group (Fig. 1D).

YY1 reduced neuropathic pain symptoms of bCCI rats. 
Different concentrations of pcDNA‑YY1 expression vectors 
were injected intrathecally, and expression of YY1 mRNA 
and protein was detected with qPCR and Western blotting. 
The results showed that, compared with the Vector group, 
4 mg/kg pcDNA‑YY1 transfection significantly increased 
and 8 mg/kg pcDNA‑YY1 further increased the level of YY1 
mRNA (Fig. 2A). Moreover, in pcDNA‑YY1 overexpression 
groups (4 mg/kg and 8 mg/kg groups), YY1 mRNA displayed 
a robust increase at day 3 and a drop at days 7 and 14 (Fig. 2A). 
YY1 protein was being increased from day 0 to day 14 in 
the 8 mg/kg pcDNA‑YY1 group, compared with the Vector 
group (Fig. 2B). The values of MWT and PMWT of bCCI 
group were markedly increased by treatment with 4 mg/kg 

pcDNA‑YY1 vector, and further increased by treatment with 
8 mg/kg (Fig. 2C and D). Consistently, the paw frequency in 
response to cold stimulus of bCCI group was significantly 
lowered by treatment with 4 mg/kg pcDNA‑YY1 vector, and 
further lowered by treatment with 8 mg/kg (Fig. 2E). As a key 
signaling pathway regulating neuropathic pain, activation of 
STAT3 was obviously suppressed by overexpression of YY1, 
and expression of SOCS3, a negative regulator of STAT3 was 
obviously promoted (Fig. 2F).

YY1 significantly inhibited inflammation and ROS overpro‑
duction in bCCI rats. Neuroinflammation and oxidative stress 
are direct pathological mechanism of neuropathic pain. We 
checked the contents of ROS and inflammatory cytokines 
including IL‑1β, IL‑6 and TNF‑α in the spinal cord cells from 
each group. The results from qPCR showed that the expression 
levels of IL‑1β (Fig. 3A), IL‑6 (Fig. 3B), and TNF‑α (Fig. 3C) 
were significantly decreased by treatment with 4  mg/kg 
pcDNA‑YY1, and further decreased by treatment with 8 mg/kg 
pcDNA‑YY1. Moreover, YY1 decreased the ROS content in 
bCCI rats in a dose‑dependent manner (Fig. 3D). These data 
indicated that overexpression of YY1 inhibited neuroinflam‑
mation and oxidative stress in the spinal cord cells bCCI rats.

Figure 1. YY1 is downregulated in the spinal cord cells of bCCI rats. A neuropathic pain rat model was established using the bCCI method. On days 0, 3, 7, 
14 and 21, the indexes of neuropathic pain including (A) MWT, (B) PTWL and (C) paw frequency were detected in response to a cold stimulus in each group, 
characterizing the mechanical allodynia, thermal hyperalgesia and cold hyperalgesia of the rats. (D) In addition, spinal cord cells were isolated from the L4‑L6 
of the rats, and the expression of YY1 was detected by reverse transcription‑quantitative polymerase chain reaction. Data are expressed as the mean ± standard 
deviation (n=6). *P<0.05 vs. Sham group; #P<0.05 vs. day 3 of the bCCI group. YY1, Yin Yang 1; bCCI, bilateral chronic constriction injury; MWT, mechanical 
withdrawal threshold; PTWL, paw thermal withdrawal latency.
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YY1 inhibited STAT3 signaling activation through upregu‑
lating SOCS3 expression. To verify the role of YY1 in 
STAT3 signaling pathway, primary spinal cord cells were 
cultured, and expression of YY1 was manipulated in the 
cells by transfection with pcDNA‑YY1 or YY1 siRNA. After 
72 h, we detected the changes in the levels of its downstream 
gene glucocorticoid receptor (GCR), SOCS3, phosphorylated 
STAT3 (p STAT3) and downstream target genes of STAT3 
including cyclooxygenase 2 (COX2) and chemokine (C‑C 
motif) ligand 2 (CCL2). The levels of YY1 mRNA and 
protein were significantly increased by pcDNA‑YY1 and 
decreased by YY1 siRNA (Fig. 4A and E). In response to 

YY1 overexpression, expression of SOCS3 and GCR was 
significantly promoted, while the levels of COX2, CCL2 and 
pSTAT3 were significantly decreased (Fig. 4B‑E). In contrast, 
YY1 knockdown suppressed expression of SOCS3 and 
glucocorticoid receptor, and increased the levels of COX2, 
CCL2 and phosphorylated STAT3 (Fig. 4B‑E). To validate 
that YY1 deregulated the activation of the STAT3 pathway 
through upregulation of SOCS3, SOCS3 antibody was used 
to neutralizing SOCS3 when YY1 was overexpressed. Our 
results showed that blockade of SOCS3 abrogated the effect 
of YY1 overexpression on the upregulation of COX2, CCL2 
and pSTAT3 (Fig. 4B‑E). These results indicated that YY1 

Figure 2. YY1 relieves neuropathic pain symptoms in bCCI rats. YY1 was overexpressed in bCCI rats by intrathecally injecting different doses (4 or 8 mg/kg) 
of the pcDNA‑YY1 expression vector. The levels of YY1 (A) mRNA and (B) protein in spinal cord cells were detected on days 0, 3, 7 and 14. The effect of YY1 
overexpression on the indexes of neuropathic pain including (C) MWT, (D) PMWT and (E) paw frequency in response to cold stimuli were detected on days 0, 
3, 7 and 14. (F) YY1 promoted SOCS3 protein expression and suppressed the activation of STAT3. Data are expressed as the mean ± standard deviation (n=6). 
*P<0.05 vs. Vector. YY1, Yin Yang 1; bCCI, bilateral chronic constriction injury; MWT, mechanical withdrawal threshold; SOCS3, suppressor of cytokine 
signaling 3; STAT3, signal transducer and activator of transcription 3.

https://www.spandidos-publications.com/10.3892/mmr.2020.11742
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inhibited STAT3 signaling activation through upregulating the 
expression of SOCS3.

YY1 improved cell viability, and suppressed cell apoptosis and 
secretion of inflammatory factors. Finally, the effect of YY1 
on cell survival and inflammation in the spinal cord cells was 
investigated. Our results from MTT, flow cytometry and ELISA 
indicated that overexpression of YY1 increased cell viability, 
inhibited apoptosis, and reduced the secretion of inflammatory 
factors IL‑1β and IL‑6, whereas YY1 knockdown displayed 
an opposite effect (Fig. 5A‑D). Moreover, blockade of SOCS3 
abrogated the effect of YY1 overexpression on cell viability, cell 
apoptosis and inflammation (Fig. 5A‑D).

Discussion

As a poorly managed clinical problem, neuropathic pain may also 
result from immune activation and proinflammatory cytokine 
release (11). Transcription factors act as central regulators of the 
immune response to stimuli (12). YY1 is a commonly expressed 
zinc‑finger DNA‑binding transcription factor in a variety of 
cells, which can interact with other transcription factors (5). We 
all know that YY1 is a ‘versatile’ regulator in gene expression 

and pathogenesis of various diseases. For example, YY1 may 
function as a tumor suppressor or a tumor promoting gene in 
different types of cancer. In this study, a neuropathic pain rat 
model with the bCCI method was established, and we found that 
YY1 was downregulated in bCCI neuropathic pain model and its 
overexpression attenuated neuropathic pain symptoms of bCCI 
rats. We showed that YY1 can suppress the activation of STAT3, 
which is regarded as a key contributor to neuropathic pain. 
What is more, upregulation of YY1 significantly inhibited the 
production of pro‑inflammation factors IL‑1β, TNF‑α and IL‑6 
in bCCI rats. These results implicated that YY1 attenuate neuro‑
pathic pain symptoms via suppression of the STAT3 pathway. 
Most of existing papers showed that YY1 had pro‑inflammatory 
effects. However, a few of studies demonstrated that YY1 could 
suppress expression of pro‑inflammatory genes and functioned 
as an anti‑inflammatory gene (13‑16). For example, YY1 was 
shown to strongly repress transcription of the proinflamma‑
tory gene matrix metalloproteinase‑9 in brain neurons (15). 
Furthermore, in many other types of cells, YY1 was shown to 
upregulate glucocorticoid receptor, the which has been regarded 
as a therapeutic target for chronic pains (17‑20). In this study, 
we found that glucocorticoid receptor was also upregulated by 
YY1 overexpression in spinal cord neurons, which may partially 

Figure 3. YY1 overexpression suppresses neuroinflammation and ROS production in bCCI rats. YY1 overexpression suppressed the mRNA levels of 
pro‑inflammatory genes in spinal cord cells of bCCI rats, including (A) IL‑1β, (B) IL‑6 and (C) TNF‑α. (D) YY1 overexpression suppressed ROS content in 
the spinal cord cells of bCCI rats. YY1 was overexpressed in bCCI rats by intrathecally injecting different doses (4 or 8 mg/kg) of the pcDNA‑YY1 expression 
vector. The mRNA levels of IL‑1β, IL‑6 and TNF‑α were detected by reverse transcription‑quantitative polymerase chain reaction on days 7 and 14 in spinal 
cord cells. ROS content was detected using the dichlorodihydrofluorescein diacetate fluorescence method. Data are expressed as the mean ± standard devia‑
tion (n=6). *P<0.05 and **P<0.01 vs. Vector. TNF, tumor necrosis factor; YY1, Yin Yang 1; bCCI, bilateral chronic constriction injury; ROS, reactive oxygen 
species; IL, interleukin; AU, arbitrary units.
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contribute to the anti‑neuroinflammation and neuropathic pain 
alleviation of YY1, apart from upregulation of SOCS3.

In the overexpression experiments in vivo, 4 mg/kg and 
8 mg/kg pcDNA‑YY1 transfection significantly increased the 
level of YY1 mRNA, compared with the control. Moreover, in 

pcDNA‑YY1 overexpression groups, YY1 mRNA displayed a 
robust increase at day 3 and a drop at days 7 and 14. It is worth 
mentioning that, unlike the change of YY1 mRNA expression, 
YY1 protein expression was being increased from day 0 to day 
14 in the 8 mg/kg pcDNA‑YY1 group. We carefully checked 

Figure 4. YY1 negatively regulates the activation of the STAT3 signaling pathway via upregulation of SOCS3. (A) The overexpression and knockdown 
efficiencies of pcDNA‑YY1 and YY1 siRNA. (B) YY1 positively regulated the expression of SOCS3. (C) YY1 negatively regulated the expression of Cox‑2. 
(D) YY1 negatively regulated the expression of CCL2. (E) YY1 negatively regulated the activation of the STAT3 signaling pathway via upregulation of 
SOCS3. Primary spinal cord cells were isolated from young rats. Upon reaching ~70% confluence, the cells were treated with 2 µg/ml pcDNA empty vector, 
2 µg/ml pcDNA‑YY1, 50 nM scrambled siRNA, 50 nM YY1 siRNA, or 2 µg/ml pcDNA‑YY1 plus 5 µg/ml SOCS3 neutralizing antibody. Following incuba‑
tion for 72 h, total RNA and total protein were extracted from the cells. The mRNA levels of YY1, SOCS3, Cox‑2 and CCL2 were detected with reverse 
transcription‑quantitative polymerase chain reaction, and the protein levels of YY1, GCR, SOCS3, Cox‑2, CCL2, STAT3 and pSTAT3 were detected with 
western blotting. Data are expressed as the mean ± standard deviation (n=4). *P<0.05 and **P<0.01. YY1, Yin Yang 1; SOCS3, suppressor of cytokine signaling 
3; STAT3, signal transducer and activator of transcription 3; GCR, glucocorticoid receptor; COX2, cyclooxygenase 2; CCL2, chemokine (C‑C motif) ligand 
2; p‑, phosphorylated.
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these results and found that the expression patterns of YY1 
mRNA and its protein indeed are not consistent, which is 
probably because the YY1 protein expression is lagged behind 
the expression of YY1 mRNA. In fact, it is not uncommon 
that the expression patterns of mRNA and protein of a gene 
are not consistent. For example, during porcine adipogenesis, 
levels of the transcription factor PU.1 mRNA increased at day 
2 and then gradually decreased, but it is interestingly that PU.1 
protein level was being increased during differentiation (21).

Spinal cord neurons play important roles in the occur‑
rence and maintenance of neuropathic pain during nerve 
injury and systematic inflammation (22). Neuropathic pain, 
embodied as pain hypersensitivity, was thought to be mainly 
resulted from altered neuronal activity in primary sensory 
and spinal cord neurons. Improvement of spinal cord neuron 
viability and activity has been used to manage pains (23). In 
the present study, our results demonstrated YY1 improved 
the viability and inhibited apoptosis of spinal cord neurons, 
which explained why YY1 could alleviate neuropathic pain 
in bCCI rats at the cellular level to some extent. There were 
rarely reports on the role of YY1 in the behaviors of spinal 
cord neuron, but its promotion on cell proliferation and inhibi‑
tion on cell apoptosis have been reported. For example, during 

skeletal muscle development and regeneration, YY1 was found 
to be upregulated, and downregulation of YY1 expression 
had an effect on suppressing proliferation of myoblasts (24). 
YY1 was also proven to promote the viability of many other 
types of cells, including many types of cancer cells and leuko‑
monocytes (25‑27). As for the role of YY1 in apoptosis, it was 
found to be one of only a few transcription factors targeted by 
caspases (28). During many pathological processes, YY1 was 
upregulated or activated in response to cell stress to block cell 
death signaling pathways (29‑31).

The STAT signaling is a key pathway activated by nerve 
injury and plays an important role in nerve survival and regen‑
eration (32). STAT3 was reported to promote cell damage 
in the immune response and is activated by phosphoryla‑
tion (33). Persistent activated STAT3 leads to occurrence of 
many diseases, including neurological impairment (34). The 
activation of the STAT3 pathway is also observed in bCCI rats, 
during which STAT3 was highly phosphorylated (8). Activated 
STAT3 upregulated downstream inflammation biomarkers 
COX‑2 and CCL2, induced production and release of 
pro‑inflammatory cytokines IL‑1, IL‑6 and TNF‑α, and then 
resulted in intense inflammatory response and then causing 
histiocytic death, tissue dysfunction and pain (35‑38).

Figure 5. YY1 improves cell survival and suppresses inflammation. (A) YY1 could improve the viability of spinal cord cells, which was antagonized by the 
blockade of SOCS3. (B) YY1 negatively regulated the apoptosis of spinal cord cells, which was antagonized by the blockade of SOCS3. YY1 negatively 
regulated the secretion of (C) IL‑6 and (D) IL‑1β. Primary spinal cord cells were isolated from young rats. Upon reaching ~70% confluence, the cells were 
treated with 2 µg/ml pcDNA empty vector, 2 µg/ml pcDNA‑YY1, 50 nM scrambled siRNA, 50 nM YY1 siRNA, or 2 µg/ml pcDNA‑YY1 plus 5 µg/ml SOCS3 
neutralizing antibody. Following incubation for 72 h, cell viability was detected via the MTT method, cell apoptosis was determined by flow cytometry, and the 
secretion of IL‑6 and IL‑1β was evaluated with ELISA in the supernatant of the spinal cord cells. Data are expressed as the mean ± standard deviation (n=4). 
*P<0.05 and **P<0.01. YY1, Yin Yang 1; SOCS3, suppressor of cytokine signaling 3; IL, interleukin; si‑/siRNA, small interfering RNA; n.s., not significant.
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SOCS3 was reported as the most effective negative 
regulator of the Janus Kinase2/STAT3 signaling (39). Some 
recent studies indicated that SOCS3 has been identified as a 
therapeutic target for neuropathic pain (39‑41). For example, 
downregulation of microRNA‑218 caused increase in SOCS3 
expression and can relieve neuropathic pain in bCCI rats (39). 
Here, our results showed that upregulation of SOCS3 by YY1 
overexpression decreased had a suppression effect on STAT3 
activation in spinal cord cells and could relieve neuropathic 
pain bCCI rats. In conclusion, YY1 is downregulated in 
bCCI rats, and it upregulates SOCS3 expression to inhibit 
STAT3‑mediated neuroinflammation and neuropathic pain.
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