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MicroRNA-142-3p facilitates inflammatory response by targeting ZEB2 and 
activating NF-κB signaling in gouty arthritis
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ABSTRACT
Gouty arthritis (GA) is caused by monosodium urate (MSU) crystal accumulation in the joints. MSU- 
mediated inflammation is an important inducing factor in gouty arthritis (GA). Recent studies have 
demonstrated that microRNAs can influence GA progression. Herein, the role and mechanism of 
miRNA-142-3p in GA were explored. To establish the in vitro and in vivo GA models, MSU was used 
to induce inflammatory response in human monocyte cell line THP-1 and male C57BL/6 mice. 
Protein levels, gene expression and proinflammatory cytokine secretion were respectively tested 
by Western blotting, RT-qPCR, and enzyme-linked immunosorbent assay (ELISA). Pathological 
changes in sagittal sections of ankle tissues were exhibited by hematoxylin-eosin (HE) staining. 
Binding relationship between miRNA-142-3p and zinc finger E-box binding homeobox 2 (ZEB2) 
was predicted and confirmed by bioinformatics analysis and luciferase reporter assay. In this 
study, MSU induced inflammatory response and upregulated miRNA-142-3p in THP-1 cells. 
Functionally, miRNA-142-3p knockdown inhibited inflammatory response in MSU-stimulated 
THP-1 cells and alleviated pathological symptoms of GA mice. Mechanically, miRNA-142-3p 
targeted ZEB2 in THP-1 cells. ZEB2 expression was elevated in MSU-administrated THP-1 cells 
and GA mice. ZEB2 downregulation reserved the inhibitory effect of miRNA-142-3p deficiency on 
inflammatory response in MSU-treated THP-1 cells. In addition, miRNA-142-3p activated NF-κB 
signaling by binding with ZEB2 in THP-1 cells upon MSU stimulation. Overall, miRNA-142-3p 
facilitates inflammatory response by targeting ZEB2 and activating NF-κB signaling in GA.
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Introduction

Gouty arthritis (GA) is the most prevalent form of 
inflammatory arthritis resulted from monosodium 
urate (MSU) deposition and hyperuricemia in the 
joints [1]. GA is more likely to occur in men than 
in women, by a ratio of 10:1 [2]. In recent years, 
the prevalence of GA has reached 11–13% and the 
incidence has reached 0.4% in people over 80 years 
old [3]. The pathogenesis of GA is often accom-
panied with many comorbidities, such as cardio-
vascular diseases, diabetes, obesity, hypertension, 
and chronic kidney diseases. GA can be divided 
into chronic and acute forms of inflammation [4]. 
Acute GA is featured with intense pain in the 
affected joints, which usually lasts 3–14 days [5]. 
Monocytes/macrophages (a kind of inflammatory 
cells) can regulate MSU-induced inflammatory 
response in GA [6]. Monocytes and macrophages 
have been reported to release more pro- 
inflammatory cytokines in synovial fluid of 

patients with acute GA [7]. Additionally, MSU 
treatment has been demonstrated to activate cas-
pase-1 and facilitate the productions of pro- 
inflammatory factors in monocytes/macrophages 
in an in vitro model of GA [8]. At present, the 
first line drugs used for GA standard treatments 
include corticosteroids, colchicine and non- 
steroidal anti-inflammatory drugs [9]. However, 
the side effects and low efficiency of these drugs 
hinder further clinical applications [9]. Therefore, 
seeking more effective therapeutic approaches for 
GA treatment is important.

MicroRNAs (miRNAs) are single-stranded non-
coding RNAs that modulate the expression of tar-
get genes by mediating mRNA cleavage, mRNA 
destabilization and translation repression [10]. 
MiRNAs have been identified to regulate cellular 
processes (e.g. apoptosis, migration and differen-
tiation) in various diseases [11]. Increasing reports 
have substantiated the involvement of miRNAs in 
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GA. For example, miR-302b significantly attenu-
ates MSU-induced IL-1β secretion by targeting 
interleukin 1 receptor associated kinase 4 
(IRAK4) and EPH receptor A2 (EphA2) to inhibit 
NF-κB and caspase-1 signaling [12]. MiR-22-3p 
and miR-223-3p suppress gouty inflammation 
triggered by MSU stimulation by negatively regu-
lating NLR family pyrin domain containing 3 
(NLRP3) [13]. MiR-155 decreases inositol poly-
phosphate-5-phosphatase D (SHIP-1) expression 
and promotes MSU-induced proinflammatory 
cytokine production [14]. Numerous studies have 
substantiated that miR-142-3p serves as a key reg-
ulator of many inflammation-associated diseases, 
such as multiple sclerosis [15], chronic rhinosinu-
sitis with nasal polyposis [16], intervertebral disc 
degeneration [17] and rheumatoid arthritis [18]. 
Although miR-142-3p expression has been 
demonstrated to be markedly elevated in the 
plasma of patients with asymptomatic hyperurice-
mia and primary gout in contrast with normour-
icemic controls [19], the specific mechanism and 
role of miR-142-3p in GA remain unclear.

In this study, the in vivo and in vitro models of 
GA were established using MSU. The biological 
role and possible mechanism of miR-142-3p in 
the in vivo and in vitro GA models were investi-
gated. We hypothesized that miR-142-3p might 
regulate inflammation in GA by regulating down-
stream genes. This study may contribute to the 
investigation of novel therapeutic targets for GA 
treatment.

Materials and methods

Bioinformatic analysis

Potential target genes (ZEB2, TASOR2, RICTOR 
and RHOBTB3) of miR-142-3p were identified by 
miRDB (http://www.mirdb.org/) (screening condi-
tion: target score > 98). The binding site between 
miR-142-3p and ZEB2 3ʹuntranslated region 
(3ʹUTR) was predicted by Targetscan (http:// 
www.targetscan.org/).

Cell culture and MSU exposure

Human monocytic cell line THP-1 was purchased 
from American type culture collection (ATCC; 

Manassas, VA, USA). THP-1 cells were cultured 
in RPMI-1640 medium (ThermoFisher Scientific, 
USA) containing 10% fetal bovine serum (FBS; 
Gibco, USA) and 1% penicillin (100 U/mL)/strep-
tomycin (100 μg/mL) (Gibco) at 37°C with 5% 
CO2. THP-1 cells (1.5 × 106 cells/well) were seeded 
in 6-well plates. To enhance the phagocytic prop-
erties of THP-1 cells and trigger proinflammatory 
cytokine release [8], THP-1 cells were pre-treated 
with 0.5 μM phorbol 12-myristate 13-acetate 
(PMA; Sigma, USA) for 3 h [20]. Next, MSU 
crystals (Invitrogen, Carlsbad, CA, USA) at the 
concentration of 250 μg/mL were used to treat 
THP-1 cells for 24 h to induce inflammatory 
response [20]. THP-1 cells without MSU treatment 
served as the control (CTRL).

Cell transfection

Short hairpin RNA targeting ZEB2 (sh-ZEB2) was 
used to downregulate ZEB2 with sh-NC as 
a negative control. The miR-142-3p inhibitor was 
used to knockdown miR-142-3p with NC inhibitor 
as negative control. All plasmids were purchased 
from GenePharma (Shanghai, China). When the 
cell confluence reached 80%, a total of 100 nM sh- 
ZEB2, 100 nM sh-NC, 50 nM miR-142-3p inhibi-
tor or 50 nM NC inhibitor were transfected into 
THP-1 cells at 37°C using Lipofectamine 2000 
(Invitrogen) according to the manufacturer’s pro-
tocols. The transfection efficiency was examined 
using RT-qPCR after 48 h.

Enzyme-linked immunosorbent assay (ELISA)

Inflammatory response was assessed by determin-
ing pro-inflammatory cytokine concentration 
using ELISA. Serum was separated from murine 
blood by centrifugation at 4°C at 3500 rpm for 
15 min. According to the manufacturer’s instruc-
tions, the levels of pro-inflammatory cytokines in 
THP-1 cells and murine serum were detected 
using ELISA kits (R&D Systems, 
Minneapolis USA).

Animals and groups

The experimental unit was set as a single animal. 
Statistically, there should be more than 6 available 
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data in each group. Thus, the number of mice in 
each group was set as nine with the consideration of 
other uncontrollable factors. A total of 36 healthy 
C57BL/6 mice (male, ten-week-old) used in this 
study were purchased from Shanghai Laboratory 
Animal Company (Shanghai, China). No other cri-
teria were set for including and excluding animals 
during the experiment. All mice were fed ad libitum 
a standard diet and water and maintained sepa-
rately at 22–24°C under a 12:12 h light/dark cycle. 
All mice were maintained in the same environment 
and then separately treated to minimize potential 
confounders. According to random number table, 
these mice were randomly divided into four groups 
(n = 9/group): sham (control), model, model+NC 
and model+miR-142-3p inhibitor. For establish-
ment of GA mice model, MSU crystals (2 mg) sus-
pended in 10 μL PBS were intraarticularly injected 
into both ankle joints of the mice from the model, 
model+NC and model+miR-142-3p inhibitor 
groups. Mice in the sham group received 10 μL 
PBS by intraarticular injection. Lentivirus- 
mediated miR-142-3p inhibitor (LV-miR-142-3p 
inhibitor) and its negative control (LV-miR-NC) 
were obtained from Genechem (Shanghai, China). 
After treatment with MSU crystals for 24 h, LV- 
miR-142-3p inhibitor (1 × 109 plaque-forming 
units) were injected into the ankles of mice in the 
model+miR-142-3p inhibitor group to silence miR- 
142-3p in vivo. Mice in the model+NC group 
received the equivalent amount of LV-miR-NC by 
contralateral ankle injection. After 19 d, all rats 
were anesthetized by intraperitoneal injection of 
50 mg/kg sodium pentobarbital and the ankle tis-
sues and blood samples were collected [12]. 
Pathological changes in sagittal sections of ankle 
tissues in four groups were shown by hematoxylin- 
eosin staining. The release of proinflammatory 
cytokines (TNF-α, IL-6 and IL-1β) in the murine 
serum was examined using ELISA.

Group allocation, the conduct of the experi-
ment, and outcome assessment as well as data 
analysis were independently performed by 
a designer, a conductor, and an evaluator. No 
adverse events were reported in the study. The 
experimental protocol was authorized by the 
Animal Ethics Committee of Zhoushan Hospital 
of Zhejiang Province (2019A-049B2, Zhejiang, 
China).

Hematoxylin-eosin (HE) staining

Ankle tissues were collected from mice with GA. 
Then, the tissues were fixed with 10% formalin, 
embedded in paraffin, cut into sagittal sections, 
and stained with a Hematoxylin and Eosin 
Staining Kit (Beyotime). A microscope (Olympus, 
Japan) was used to capture images for histological 
examination [1].

Reverse transcription quantitative polymerase 
chain reaction (RT-qPCR)

Total RNA was isolated from THP-1 cells and 
murine ankle tissues by TRIzol reagent 
(Invitrogen, 1 mL) according to the manufac-
turer’s recommendations and then eluted with 
RNase-free water. The purity and concentrations 
of RNA samples were detected by a NanoDrop 
2000/2000 c machine (Thermo Fisher Scientific, 
Waltham, MA, USA). Next, RNA (500 ng) was 
reverse transcribed to complementary DNA using 
reverse transcription cDNA synthesis kit (Vazyme, 
China) in a 20 μL reaction mixture following the 
manufacturer’s protocols. The reverse transcrip-
tion reaction conditions were 37°C with 15 min 
and inactivation conditions were 85°C with 5 min. 
The concentration and purity of cDNA were mea-
sured by the NanoDrop 2000/2000 c machine 
(Thermo Fisher Scientific). Then, SYBR Green 
PCR kit (Takara) was used for qPCR on the 
7900HT Fast Real-Time PCR System (Applied 
Biosystems). The qPCR was performed at 95°C 
for 5 min, followed by 40 cycles of two-step PCR: 
95°C for 10s and 60°C for 30s, and extension at 
72°C for 1 min. The expression levels of miR-142- 
3p and mRNAs were calculated by the 2−ΔΔCt 

method and were normalized to U6 and glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH), 
respectively [21]. The sequences of primers used 
are presented in Table 1.

Western blotting

Total protein was isolated from THP-1 cells and 
mouse ankle tissues utilizing RIPA lysis buffer 
(Beyotime). A BCA assay kit (Beyotime) was used 
to quantify the obtained proteins. Based on sodium 
dodecyl sulfate polyacrylamide gel electrophoresis 
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(SDS-PAGE), proteins were transferred onto poly-
vinylidene fluoride (PVDF) membranes, and then 
incubated with primary antibodies including anti- 
ZEB2 (ab191364; 1:500), anti-p65 (ab32536; 1:1000), 
anti-p-p65 (ab76302; 1:1000), anti-p-IκBα 
(ab133462; 1:10,000), anti-IκBα (ab76429; 1:500), 
anti-β-actin (ab8226, 1:1000) and anti-GAPDH 
(ab8245; 1:500) at 4°C overnight and subsequently 
incubated with secondary antibody (ab6721; 1:2000) 
at room temperature for 2 h. All antibodies were 
purchased from Abcam (Cambridge, MA, USA). 
Protein bands were visualized by BeyoECL Plus 
(Beyotime) and analyzed using sodium Image Lab 
3.0 (Invitrogen) [22].

Luciferase reporter assay

The ZEB2 3ʹUTR fragment containing binding site 
of miR-142-3p was inserted into the pmirGLO 
vector (Promega, Madison, WI, USA) to form 
wild-type luciferase reporter ZEB2-Wt. ZEB2 
3ʹUTR-Mut was formed by mutating the predicted 
binding site using a Phusion Site-Directed 
Mutagenesis Kit (Thermo Fisher Scientific). ZEB2 
3ʹUTR Wt/Mut was transfected into THP-1 cells 
with miR-142-3p inhibitor/NC inhibitor using 
Lipofectamine 2000 (Invitrogen). After 48 h of 
transfection, the luciferase activity (Firefly/ 
Renilla) of each group was assessed using 
Luciferase Reporter Assay System (Promega) 
[23]. The activity of firefly luciferase was normal-
ized to that of Renilla luciferase.

Statistical analysis

All the experimental data were obtained from 
three independent measurements and were ana-
lyzed using GraphPad Prism software 6.0 (La 
Jolla, CA, USA) and SPSS 19.0 software (IBM, 
Armonk, NY, USA). All data are presented as the 
mean ± standard error (SE). Normality of the data 
was tested using the Kolmogorov-Smirnov test. An 
independent-sample t-test was used for two-group 
comparisons, and one-way ANOVA followed by 
Bonferroni’s post hoc test was used for multiple- 
group comparisons. Correlation between miR- 
142-3p expression and ZEB2 expression in ankle 
tissues of GA mice was analyzed by Pearson cor-
relation analysis. For each experimental group, no 
animals, experimental units, or data points were 
not included in the analysis. For each analysis, 
n = 9 in each experimental group. A value of 
p < 0.05 was considered statistically significant.

Results

MSU treatment induces inflammatory response 
and upregulates miR-142-3p in THP-1 cells

GA in vitro model was established using 250 μg/ 
mL MSU to stimulate inflammatory response in 
THP-1 cells. Since inflammatory factor secretion is 
the indicator of gouty inflammatory response, the 
levels of TNF-α, IL-6 and IL-1β in THP-1 cells 

Table 1. Sequences of primers used for reverse transcription- 
quantitative PCR.

Species Gene Sequence (5’3’)

Mouse mmu-miR-142-3p forward GTCGTATCCAGTGCAGGG
mmu-miR-142-3p reverse CGACGTGTAGTGTTTCCAT
ZEB2 forward GCTACACGTTCGCCTACCG
ZEB2 reverse CCTTGGGTTAGCATTTGGTGC
TASOR2 forward GGGTCACCTCGAAAGGTAACTG
TASOR2 reverse AACACTCGAGGCAGGGGATA
RICTOR forward ACTGACGCCAAGCAGGTTTA
RICTOR reverse GCACCAATCGGAGTACGGAA
RHOBTB forward CAATGTCCTCCCTCGGAGTC
RHOBTB reverse CAGCAGCTGGTACTGTGTCA
TNF-α forward CCTCCTCTTTTGCTTATGTT
TNF-αreverse CAATTACAGTCACGGCTC
IL-6 forward CAAAGCCAGAGTCCTTCAGAG
IL-6 reverse GCCACTCCTTCTGTGACTCC
IL-1βforward ACGGACCCCAAAAGATGAAG
IL-1βreverse TTCTCCACAGCCACAATGAG
GAPDH forward AGGTCGGTGTGAACGGATTTG
GAPDH reverse GTAGACCATGTAGTTGAGGTCA
U6 forward CTCGCTTCGGCAGCACA
U6 reverse AACGCTTCACGAATTTGCGT

Human Hsa-miR-142-3p forward TGCGGTGTAGTGTTTCCTACTT
Hsa-miR-142-3p reverse CCAGTGCAGGGTCCGAGGT
ZEB2 forward CACACACATACACAGAAAGGA
ZEB2 reverse ATAACAGGAGGCATAGCATT
TASOR2 forward GCCGGTCAGAGAGAAAGTCG
TASOR2 reverse CGGTGTTGCCTGAAAGTTCG
RICTOR forward GGAAGCCTGTTGATGGTGAT
RICTOR reverse GGCAGCCTGTTTTATGGTGT
RHOBTB forward CTCGCTCGGCTTCAGGGTAA
RHOBTB reverse TTATGGGCCTTGCTAACGGG
TNF-α forward AACCTCCTCTCTGCCATCAA
TNF-αreverse CTGAGTCGGTCACCCTTCTC
IL-6 forward CACACAGACAGCCACTCACC
IL-6 reverse AGTGCCTCTTTGCTGCTTTC
IL-1βforward GGACAAGCTGAGGAAGATGC
IL-1βreverse TCGTTATCCCATGTGTCGAA
GAPDH forward ACCACAGTCCATGCCATCAC
GAPDH reverse TCCACCACCCTGTTGCTGTA
U6 forward CTTCGGCAGCACATATAC
U6 reverse GAACGCTTCACGAATTTGC
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after MSU treatment were measured by ELISA at 
indicated time points. The results revealed that the 
release of these pro-inflammatory factors was ele-
vated in a time-dependent manner in MSU- 
stimulated THP-1 cells (Figure 1(a-c)), which sug-
gested that MSU treatment triggered inflammatory 
response in THP-1 cells and an in vitro GA model 
was established successfully. As demonstrated by 
RT-qPCR, miR-142-3p was markedly (**p < 0.01) 
highly expressed in MSU-treated THP-1 cells com-
pared with that in the control (CTRL) group 
(Figure 1(d)). Therefore, miR-142-3p may partici-
pate in MSU-medicated inflammatory response 
in GA.

MiR-142-3p knockdown inhibits inflammatory 
response in MSU-treated THP-1 cells

Next, the role of miR-142-3p in regulating inflam-
matory response in THP-1 cells was explored. 
MiR-142-3p expression was significantly 
(***p < 0.001) reduced by miR-142-3p inhibitor 
in MSU-stimulated THP-1 cells (Figure 2(a)). 
Proinflammatory cytokine levels in MSU-treated 
THP-1 cells were evaluated as shown by ELISA 
and RT-qPCR (Figure 2(b-g)). ELISA revealed 
that MSU-induced increase in IL-1β, IL-6, and 

TNF-α concentration was partially (**p < 0.01) 
reversed by miR-142-3p depletion (Figure 2 
(b-d)). Consistently, the increase in mRNA levels 
of TNF-α, IL-6 and IL-1β induced by MSU admin-
istration was significantly (**p < 0.01) counter-
acted by miR-142-3p silencing in THP-1 cells 
(Figure 2(e-g)). Overall, MiR-142-3p knockdown 
suppresses inflammation of MSU-treated THP-1 
cells.

MiR-142-3p silencing attenuates MSU-induced 
inflammatory response in vivo

Next, in vivo GA model was established by intraarti-
cularly injecting MSU into ankle joints of C57BL/6 
mice. Then, LV-miR-142-3p inhibitor and LV-miR- 
NC were injected into murine ankle tissues. MiR- 
142-3p expression in mouse ankle tissues was exam-
ined by RT-qPCR, showing that miR-142-3p was 
highly (**p < 0.01) expressed in the model group in 
contrast with the sham group (Figure 3(a)). After 
injection with LV-miR-142-3p inhibitor, miR-142- 
3p expression was significantly (***p < 0.001) 
decreased in the model group compared with that 
in model+NC group (Figure 3(a)). In addition, his-
tological examination demonstrated that the recruit-
ment of inflammatory cells was enhanced in the 

Figure 1. MSU treatment induces inflammatory response and elevates miR-142-3p in THP-1 cells. (a-c) Accumulation of proin-
flammatory cytokines (IL-1β, IL-6, and TNF-α) in THP-1 cells after MSU treatment were detected by ELISA at indicated time points. (d) 
MiR-142-3p level in THP-1 cells with or without MSU administration was examined using RT-qPCR. **p < 0.01.
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model group and model+NC group, and miR-142- 
3p deficiency suppressed the MSU-induced enhance-
ment (Figure 3(b)). Compared with those in the 
sham group, IL-1β, IL-6 and TNF-α concentration 
and mRNA levels in the murine serum and ankle 
tissues were significantly (***p < 0.001) elevated in 
the model group (Figure 3(c,d)). miR-142-3p defi-
ciency greatly (**p < 0.01) reduced MSU-mediated 
high levels of TNF-α, IL-6 and IL-1β in the model 
mice compared with the model+NC group (Figure 3 
(c,d)). Overall, miR-142-3p silencing mitigates the 
MSU-triggered inflammatory response in vivo.

MiR-142-3p targets ZEB2

To figure out the underlying mechanism of miR- 
142-3p in GA, the target gene of miR-142-3p 
was investigated. The miRDB website was used 
to predict potential mRNAs containing binding 
sites for miR-142-3p, and the first four genes 

(ZEB2, TASOR2, RICTOR and RHOBTB3) 
with target score > 98 were identified (Figure 4 
(a)). Among these candidates, only ZEB2 was 
greatly (**p < 0.01) upregulated by miR-142-3p 
inhibitor in THP-1 cells (Figure 4(b)). In addi-
tion, ZEB2 protein level was significantly 
(**p < 0.01) elevated in THP-1 cells after deplet-
ing miR-142-3p (Figure 4(c)). Subsequently, 
three binding sites between miR-142-3p and 
ZEB2 3ʹUTR were predicted by Targetscan, and 
position 319–325 of ZEB2 3ʹUTR are highly 
conserved among multiple species (Figure 4(d, 
e)). Luciferase reporter assay further confirmed 
the interaction between miR-142-3p and ZEB2 
3ʹUTR, which showed that miR-142-3p down-
regulation markedly (**p < 0.01) increased the 
luciferase activity of ZEB2 3ʹUTR-Wt rather 
than that of ZEB2 3ʹUTR-Mut (figure 4(f)). In 
conclusion, miR-142-3p targets ZEB2 in THP-1 
cells.

Figure 2. MiR-142-3p knockdown inhibits inflammatory response in MSU-treated THP-1 cells. (a) MiR-142-3p level in MSU-stimulated 
THP-1 cells transfected with miR-142-3p inhibitor or NC inhibitor was examined by RT-qPCR. (b-d) The release of proinflammatory 
cytokines in THP-1 cells with or without MSU stimulation after transfection with miR-142-3p inhibitor or NC inhibitor was evaluated 
by ELISA. (e-g) The mRNA levels of proinflammatory cytokines were detected in THP-1 cells with or without MSU stimulation after 
transfection with miR-142-3p inhibitor or NC inhibitor via RT-qPCR. **p < 0.01, ***p < 0.001.
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Figure 3. MiR-142-3p silencing attenuates the inflammatory response induced by MSU in vivo. (a) Measurement of miR-142-3p level 
in ankle tissues of different groups (sham, model, model+LV-NC inhibitor, model+LV-miR-142-3p inhibitor) via RT-qPCR. (b) 
Pathological changes in sagittal sections of ankle tissues in above four groups were exhibited via HE staining (scar bar: 200 μm). 
(c) Proinflammatory cytokine release in the murine serum in above four groups was evaluated by ELISA. (d) The mRNA levels of 
proinflammatory cytokines in the murine ankle tissues in the four groups were evaluated by RT-qPCR. **p < 0.01, ***p < 0.001.
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Figure 4. MiR-142-3p targets ZEB2. (a) The miRDB website was employed to predict potential target genes (ZEB2, TASOR2, RICTOR 
and RHOBTB3) of miR-142-3p. (b) The expression of these potential target genes was detected in THP-1 cells after transfection with 
miR-142-3p inhibitor or NC inhibitor using RT-qPCR. (c) ZEB2 protein level in THP-1 cells transfected with NC inhibitor or miR-184-3p 
inhibitor was tested by Western blotting. (d-e) Three binding sites between miR-142-3p and ZEB2 3ʹUTR were predicted by 
Targetscan and position 319–325 of ZEB2 3ʹUTR are highly conserved among multiple species. (f) Luciferase reporter assay was 
performed to examine the interaction between miR-142-3p and ZEB2 in THP-1 cells. **p < 0.01.
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ZEB2 is upregulated in GA

Subsequently, ZEB2 expression in GA cell model 
and mouse model was examined. As Figure 5(a-c) 
indicated, ZEB2 mRNA and protein levels were 
significantly (**p < 0.01, ***p < 0.001) decreased 
in MSU-stimulated THP-1 cells compared with 
those in the CTRL group. GA mice exhibited sig-
nificantly (**p < 0.01) decreased ZEB2 expression 
at the mRNA and protein levels in the ankle tis-
sues compared to mice in the sham group 
(Figure 5(d-f)). In addition, Pearson correlation 
analysis showed that miR-142-3p expression was 
negatively (R2 = 0.155, p < 0.05) correlated with 
ZEB2 expression in ankle tissues of GA mice 
(Figure 5(g)). All these findings suggested ZEB2 
plays a potential role in GA.

ZEB2 knockdown reverses the suppressive impact 
of miR-142-3p silencing on inflammatory 
response in MSU-treated THP-1 cells

To investigate whether the miR-142-3p/ZEB2 axis 
participates in MSU-induced inflammation, rescue 
experiments were conducted. After transfection 
with sh-ZEB2, ZEB2 mRNA and protein levels 

were significantly (***p < 0.001) downregulated 
in MSU-stimulated THP-1 cells (Figure 6(a-c)). 
ZEB2 deficiency significantly (**p < 0.01) attenu-
ated the inhibitory effect (**p < 0.01, ***p < 0.001) 
of miR-142-3p knockdown on proinflammatory 
factor production in MSU-treated THP-1 cells, as 
suggested by ELISA (Figure 6(d-f)). Consistently, 
the outcome of RT-qPCR revealed that miR-142- 
3p silencing markedly (**p < 0.01, ***p < 0.001) 
decreased the mRNA expression of inflammatory 
cytokines in MSU-stimulated THP-1 cells, which 
was significantly (**p < 0.01) neutralized by ZEB2 
downregulation (Figure 6(g-i)). Collectively, ZEB2 
knockdown reverses the suppressive effect of miR- 
142-3p silencing on inflammatory response in 
MSU-treated THP-1 cells.

MiR-142-3p activates the NF-κB signaling via 
ZEB2

The NF-κB signaling plays a key role in regulating 
the inflammation cytokines [24], and ZEB2 was 
demonstrated to regulate the NF-κB signaling in 
some diseases [10]. To explore the effect of the 
miR-142-3p/ZEB2 axis on the NF-κB signaling in 
THP-1 cells, protein levels of factors (p-p65, p65, 

Figure 5. ZEB2 is upregulated in GA. (a-c) ZEB2 mRNA and protein levels in THP-1 cells with or without MSU treatment were 
investigated using RT-qPCR and Western blotting. (d-f) ZEB2 mRNA and protein levels in the sham and model groups were 
investigated using RT-qPCR and Western blotting. (g) Correlation between miR-142-3p expression and ZEB2 expression in ankle 
tissues of GA mice was analyzed by Pearson correlation analysis. **p < 0.01, ***p < 0.001.
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IκBα and p-IκBα) involved in NF-κB pathway 
were detected by Western blotting. As Figure 7 
(a-c) indicated, p-p65 and p-IκBα protein levels 
were significantly (**p < 0.01) increased in MSU- 

treated THP-1 cells compared to the CTRL group, 
suggesting that MSU stimulation in THP-1 cells 
activated the NF-κB signaling. Meanwhile, the 
decrease in p-p65 and p-IκBα protein levels that 

Figure 6. ZEB2 deficiency reverses the suppressive effect of miR-142-3p deficiency on inflammatory response in MSU-administrated 
THP-1 cells. (a-c) ZEB2 mRNA and protein levels in MSU-treated THP-1 cells transfected with sh-ZEB2 or sh-NC were investigated via 
RT-qPCR and Western blotting. (d-f) Proinflammatory cytokine release in MSU-treated THP-1 cells transfected with miR-NC, miR-142- 
3p inhibitor or miR-142-3p inhibitor+sh-ZEB2 was evaluated by ELISA. (g-i) Proinflammatory cytokine mRNA levels in MSU-treated 
THP-1 cells transfected with miR-NC, miR-142-3p inhibitor or miR-142-3p inhibitor+sh-ZEB2 were detected via RT-qPCR. **p < 0.01, 
***p < 0.001.
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was caused by miR-142-3p knockdown was signif-
icantly (*p < 0.05, **p < 0.01) counteracted by 
ZEB2 deficiency in MSU-administrated THP-1 
cells (Figure 7(a-c)). The results demonstrated 
that the inactivation of the NF-κB signaling 
mediated by miR-142-3p silencing was attenuated 
by ZEB2 deficiency. All these results indicated that 
miR-142-3p activates the NF-κB signaling by nega-
tively regulating ZEB2 expression in MSU- 
stimulated THP-1 cells.

Schematic illustration for the potential 
mechanism of miR-142-3p mediating 
inflammatory response in GA in vitro

Collectively, our findings demonstrate the critical 
role of miR-142-3p in MSU-triggered inflamma-
tory injury. According to the schematic illustra-
tion, we can know that MSU administration 
elevates miR-142-3p expression and miR-142-3p 
activates the NF-κB signaling by negatively regu-
lating ZEB2, subsequently accelerating cellular 
inflammatory response in THP-1 cells (Figure 8). 
Our findings may provide a new strategy to pre-
vent excessive inflammation in GA.

Discussion

GA is a common arthropathy characterized by 
recurrence of joint inflammation in response to 

MSU stimulation [25]. MSU crystals are crystalline 
forms of uric acid deposition in joints and other 
tissues, which induce the pro-inflammatory factor 
release and subsequently lead to aseptic inflamma-
tion [26]. Herein, MSU was applied to treat THP-1 
cells and C57BL/6 mice to induce gouty inflamma-
tion, and thus to explore the role of miR-142-3p in 
regulating MSU-stimulated inflammatory 
response.

Multiple miRNAs have been verified to be impli-
cated in GA pathogenesis, including miR-221-5p 
[27], miR-146a [28], miR-488 and miR-920 [29]. 
Studies have revealed the regulation of miR-142-3p 
in different types of arthritis, such as osteoarthritis 
[30], rheumatoid arthritis [31] as well as GA [19]. 
MiR-142-3p has been demonstrated to be elevated 
in the plasma of patients diagnosed with gout [19]. 
Consistently, herein, miR-142-3p expression was 
elevated in MSU-treated GA mice and THP-1 
cells, suggesting that miR-142-3p participates in 
GA progression. Accumulating evidence has con-
firmed that miR-142-3p plays a pivotal role in 
other inflammation-associated diseases. MiR-142- 
3p can act as anti-inflammatory gene in some 
pathological processes. For example, miR-142-3p 
upregulation alleviates inflammatory response of 
lipopolysaccharide (LPS)-treated human periodon-
tal ligament cells by increasing pro-inflammatory 
factor secretion in periodontitis [32]. MiR-142-3p 
overexpression improves cardiac function by 

Figure 7. MiR-142-3p activates the NF-κB pathway by targeting ZEB2. (a-c) Western blotting was performed to examine the IκBα, 
p-IκBα, p65 and p-p65 protein levels in THP-1 cells of different groups (CTRL, MSU, miR-NC, miR-142-3p inhibitor, miR-142-3p 
inhibitor+sh-ZEB2). *p < 0.05, **p < 0.01, ***p < 0.001.
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coronary microembolization-induced inflammation 
in myocardiac injury [33]. However, miR-142-3p 
can also exert pro-inflammatory effects under 
other conditions. MiR-142-3p inhibition protects 
human keratinocyte HaCaT cells against inflamma-
tion by targeting Sema3A in psoriasis [34]. MiR- 
142-3p is upregulated in systemic lupus erythema-
tosus (SLE) and overexpressing miR-142-3p in 
monocyte-derived dendritic cells increases SLE- 
related cytokines, including TNF-α, interleukin 6 
(IL-6), C-X-C motif chemokine ligand 8 (CXCL8), 
C-C motif chemokine ligand 5 (CCL5) and 
C-C motif chemokine ligand 2 (CCL2) [35]. 
Therefore, miR-142-3p has different regulatory 
effects on inflammation in different diseases. 
Herein, miR-142-3p knockdown inhibited 

inflammatory response in THP-1 cells and mice 
treated with MSU, which were evidenced by the 
decrease in proinflammatory cytokine production 
in cells and the inhibition of inflammatory cell infil-
tration in the ankle tissues Hence, we concluded that 
miR-142-3p facilitates MSU-induced inflammation 
in both in vitro and in vivo GA models.

Zinc finger E-box binding homeobox 2 (ZEB2) 
was identified as the target of miR-142-3p in this 
study. ZEB2, also known as SIP1, SIP-1, HSPC082, 
ZFHX1B or SMADIP1, was firstly found in 1999. 
ZEB2 belongs to the ZEBs protein family and inter-
acts with Smad proteins [36,37]. Growing evidence 
has confirmed that ZEB2 can modulate hypoxia 
signals and proinflammatory cytokines and mediate 
the epithelial-mesenchymal transition (EMT) 

Figure 8. Schematic illustration shows the mechanism of miR-142-3p mediating inflammatory response in GA in vitro. After MSU 
administration, miR-142-3p is upregulated in THP-1 cells. miR-142-3p directly targets ZEB2 to activate the NF-κB signaling, 
subsequently promoting cellular inflammatory response.
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process [38]. ZEB2 has been demonstrated to be 
a mediator of inflammation in some diseases. For 
example, ZEB2 elevation inhibits the proinflamma-
tory cytokine production in LPS-mediated L-02 cells 
in acute liver injury [39]. Conversely, upregulation 
of ZEB2 increases cellular senescence and inflam-
matory responses in pulmonary emphysema [40]. 
Hence, ZEB2 can act as a suppressor or activator of 
inflammation. In our study, ZEB2 was downregu-
lated in MSU-stimulated THP-1 cells and GA mice. 
Furthermore, ZEB2 expression was negatively cor-
related with miR-142-3p expression in ankle tissues 
of GA mice. Functionally, ZEB2 knockdown 
reversed the restrictive effects of miR-142-3p silen-
cing on inflammation in MSU-administrated THP- 
1 cells, suggesting that ZEB2 repressed inflamma-
tion in GA. From all findings from our study and 
previous reports, we speculated that different cellu-
lar environment of different diseases may be respon-
sible for the duple effects of ZEB2 on inflammatory 
response. More experiments should be conducted to 
verify this phenomenon in the future.

ZEB2 was reported to attenuate inflammation via 
the NF-κB signaling in HK-2 cells [38]. The activa-
tion of NF-κB signaling is the core mediator of the 
inflammatory response [41] and is also closely 
related to MSU-triggered inflammation [42]. 
Detecting expression levels of NF-κB signaling- 
associated genes are very important for the explora-
tion of molecules or drugs in GA treatment [43]. For 
example, curcumin effectively alleviates MSU- 
caused inflammation via repressing IκBα degrada-
tion and NF-κB signaling activation in THP-1 cells 
[42]. Heat shock protein 60 (HSP60) exacerbates 
mitochondrial dysfunction and activates the TLR4- 
MyD88-NF-κB signaling in MSU-induced GA [44]. 
Herein, MSU stimulation significantly increased 
p-p65 and p-IκBα protein levels in THP-1 cells, 
indicating that MSU activated NF-κB signaling in 
GA. MiR-142-3p knockdown suppressed the phos-
phorylation of p65 and IκBα in THP-1 cells with 
MSU-treatment, which was counteracted by ZEB2 
depletion. Therefore, we concluded that miR-142-3p 
activates the NF-κB signaling by targeting ZEB2 
in GA.

In conclusion, miR-142-3p promotes MSU- 
induced inflammatory response by targeting ZEB2 
to activate the NF-κB signaling. Our findings high-
lighted the potential role of the miR-142-3p/ZEB2/ 

NF-κB axis in anti-inflammation therapy for GA 
treatment. However, improvements should be 
made in this study. For example, the upstream 
mechanism of miR-142-3p in GA and whether the 
miR-142-3p/ZEB2 axis can modulate other signaling 
pathways in GA are worth to be further explored.
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