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Abstract 

Osteoarthritis (OA) is the most common age-related joint disease, characterized by chronic inflammation, progres-
sive articular cartilage destruction and subchondral osteosclerosis. More and more evidence showed that microRNAs 
(miRNAs) play a key role in various diseases, but the specific mechanism of miRNAs in OA is not clear. The purpose 
of this study was to investigate the expression level and role of miR-181a-5p in OA and its related mechanism. Here 
we identified the key gene DEAD-box RNA helicase 3X (DDX3X) in the OA dataset by bioinformatics analysis. At 
the same time, miRNAs targeting DDX3X were screened, and miR-181a-5p was selected as the next research object. 
Then we used different concentrations of interleukin-1 beta (IL-1β)-induced in vitro model of arthritis, and found 
that IL-1β can stimulate cells to release nitric oxide. The expression levels of miR-181a-5p and DDX3X in mouse 
chondrocyte cell line ATDC5 induced by IL-1β at a concentration of 10ug/mL were detected by reverse transcrip-
tion-quantitative polymerase chain reaction (RT-qPCR). IL-1β induced a decrease in the expression of miR-181a-5p 
and an increase in the expression of DDX3X in ATDC5 cells. mimic miR-181a-5p or inhibitor miR-181a-5p were trans-
fected into ATDC5 cells, and the levels of inflammatory mediators in the cells were detected by enzyme-linked immu-
nosorbent assay, and the results showed that miR-181a-5p could reduce the release of tumor necrosis factor-α, IL-1β, 
IL-6 and inducible nitric oxide nitric oxide synthase in a cellular model of arthritis. Luciferase reporter assays confirmed 
that the miR-181a-5p binding site was in the DDX3X gene 3′-untranslated region (3′-UTR), and DDX3X was nega-
tively regulated by miR-181a-5p. Rescue assays confirmed that miR-181a-5p reduced the expression of DDX3X 
by targeting the 3′-UTR region of DDX3X, thereby reducing the release of inflammatory factors. Finally, in this paper, 
western blot was used to detect the mechanism of miR-181a-5p regulating OA. The results showed that interfer-
ing with the expression of miR-181a-5p could up-regulate the expression of DDX3X protein, increase the expression 
of nuclear factor- kappaB (NF-κB) related proteins, and reduce the inflammatory response of OA, thereby increas-
ing the secretion of the matrix proteinases MMP-3 and MMP-13. Taken together, the results of the study suggested 
that miR-181a-5p may be a promising therapeutic target for the treatment of human OA.
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Introduction
Osteoarthritis (OA), also known as degenerative osteoar-
thritis, is characterized by articular cartilage defects and 
progressive cartilage degeneration as the main pathologi-
cal manifestations [1, 2]. It has now become the fourth 
most common disabling disease in the world [3]. The 
pathogenesis of OA has not been fully elucidated. At 
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present, the clinical use of symptomatic treatment, con-
servative treatment and so on, the symptoms of patients 
can be partially relieved, but the effect is not well [4, 
5]. Therefore, finding a better alternative therapy has 
become an urgent problem to be solved.

microRNAs (miRNAs) are single-stranded endog-
enously expressed, small non-coding RNAs that express 
and promote mRNA degradation by inhibiting the trans-
lation of messenger RNAs (mRNAs), and are widely 
found in animals, plants and viruses [6, 7], as well as 
are associated with musculoskeletal conditions [8–11]. 
The functional roles of miRNAs in OA have increas-
ingly attracted attention [12]. Studies have shown that 
the abnormal expression of miR-214-3p in OA activates 
the nuclear factor-kappaB (NF-κB) signal pathway, which 
aggravates the development of OA, suggesting that miR-
214-3p, as a member of the miRNAs family, may play a 
role as a regulatory gene in the pathological development 
of OA and can be used as a new target for the treatment 
of OA [13, 14]. miR-181a-5p is a member of the miR-
NAs family and is located on human chromosome 1 [15]. 
Results showed that IL-1β increased miR-181a-5p and 
decreased selenocysteine insertion sequence binding 
protein 2 (SBP2) in a time- and dose-dependent manner, 
and miR-181a-5p could be controlled by SBP2 in osteo-
arthritis to reduce antioxidant properties [16]. These 
studies may indicate that miR-181a-5p plays an impor-
tant role in osteoarthritis. DEAD-box RNA helicase 3X 
(DDX3X), is one of the most widely studied and evolu-
tionarily conserved members of the DEAD-box RNA 
helicase subfamily, and has been reported to participate 
in several cytosolic steps of mRNA metabolism [17, 18]. 
DDX3X could regulate the occurrence and development 
of tumor, virus infection and other diseases, and has the 
dual role of promoting or inhibiting the occurrence and 
development of cancer cells. At present, it was consid-
ered to be the therapeutic target of cancer and virus.

However, to date, there are limited studies available 
investigating the effects of miR-181a-5p and DDX3X 
on OA, and the question of whether miR-181a-5p regu-
lates the expression of DDX3X remains unanswered. 
Therefore, in the present study, we aimed to examine the 
effects of miR-181a-5p on OA, as well as the associated 
mechanisms.

Materials and methods
Bioinformation analysis
The Gene expression omnibus (GEO, https://​www.​
ncbi.​nlm.​nih.​gov/​gds) online tool [19] was used to 
screen differential OA datasets: GSE206848, differen-
tially expressed mRNAs in OA were identified using 
the GEO2R tool. The difference in gene expression was 
expressed as fold change (FC), and this study set the 

screening criteria to │logFC│ > 1 and P < 0.05. Then, 
we constructed the protein–protein interactions network 
(PPI) through online database STRING (Available online: 
http://​string-​db.​org) [20], and screened the key genes by 
using huba and Mcode plug-ins in Cytoscape software 
[21]. Five key genes, PTPN11, FUS, DXXD3 and mcode 
seed gene SRSF10, CIDEA were obtained. We consulted 
a large number of related literatures and finally chose 
DDX3X as the gene for this study. The miRNA of the 
binding site to DDX3X was predicted by miRNA data-
base (miRmap, Trgetscan, miRDB and miRanda) [22] was 
used to predict the binding site between miR-181a-5p 
and DDX3X and then through literature research and 
miRDB database, it was found that miR-181a-5p and 
DDX3X had a higher binding score, so miR-181a-5p was 
selected as the research object to study the mechanism of 
miR-181a-5p and DDX3X in OA.

ATDC5 cell line and culture conditions
The mouse chondrocytic cell line ATDC5 was purchased 
from the American Type Culture Collection (ATCC, 
Manassas, VA, USA). Cells were maintained at 37 °C with 
5% CO2, in a 1:1 mixture of DMEM and F12 medium 
containing 5% (v/v) FBS and 1% penicillin–streptomy-
cin (all from Gibco, Thermo Fisher Scientific), until the 
culture reached 80% confluence. Then, the recombinant 
human IL-1β (R&D Systems, Inc.; 0, 10, 100 and 1000 μg 
/mL) was used to treat the mouse chondrocytic cell line 
ATDC5 at 37  °C for 12  h to induce cell inflammatory 
injury.

Real‑time quantitative polymerase chain reaction 
(RT‑qPCR)
Total RNA was extracted with TRIzol™ reagent ((MDBio, 
Taipei, Taiwan) according to the manufacturer’s instruc-
tions from the cultured cells at the concentration of 
2 × 106 and the RNA concentration was measured by 
Nanovue™ spectrophotometer (GE Healthcare). miRNA 
and mRNA were reverse transcripted with All-in-One™ 
miRNA first -Strand cDNA Synthesis Kit (GeneCopoeia, 
USA) and Maxima First Strand cDNA Synthesis Kit 
(Thermo Fisher Scientific, USA), respectively. Mature 
miRNA and mRNA were detected by RT-qPCR using 
Ariamx real time fluorescent quantitative PCR system 
(Agilent, USA). GAPDH or/and U6 were used as endog-
enous controls, and the relative expression of miRNA/
mRNA were calculated by a 2−△△ct method. The primer 
sequence is shown in Table 1.

Enzyme‑Linked Immunosorbent Assay (ELISA)
To measure the concentration of inflammatory cytokines 
in the conditioned medium, ELISA was measured 
using the method described in our previous work [23]. 

https://www.ncbi.nlm.nih.gov/gds
https://www.ncbi.nlm.nih.gov/gds
http://string-db.org
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According to the manufacturer’s procedure, the mouse 
ELISA kit (Aviva Systems Biology, OKEH00026) was 
used to determine the interleukin 1β (IL-1β), interleu-
kin 6(IL-6), tumour necrosis factor alpha (TNF-α) and 
inducible nitric oxide synthase (iNOS) produced by the 
mouse chondrocytic cell line ATDC5 in the conditioned 
medium.

Luciferase reporter assays
The luciferase assays were carried out using the Dual-
luciferase Reporter Assay System (Promega, Madison, 
WI, USA). Briefly, HEK-293  T cells were co-transfected 
with mimic miR-181a-5p or miR NC and psicheck2-
reporter luciferase vector containing a specific sequence 
of wild-type or mutant DDX3X fragment, using siRNA 
transfection (Invitrogen, NY, USA). Cells were collected 
and lysed for luciferase detection 48 h after transfection. 
The relative luciferase activity was normalized against to 
the Renilla luciferase activity.

Western blot assays
The ATDC5 cells at the concentration of approximately 
3 × 105 were seeded in 6-well plates. The cell density 
was reached 80% before transfected with plasmids. 48 h 
after transfection, cells cultured medium was removed 
and RIPA was added to extract protein. The concentra-
tion of protein was measured by BCA protein quantifi-
cation assay kit (Beyotime, Shanghai). Then proteins 
samples were separated by SDS-PAGE (5% of concentra-
tion gel and 12% of separation gel) and then transferred 
to PVDF membranes. The membranes were blocked by 
5% skimmed milk for 1.5 h and incubated with primary 
antibodies [DDX3X, P65, p-P65, IkappaB (IkB-α), p-Ikap-
paB (p-IkB-α), MMP-3, MMP-13]at 1:1000 dilution over-
night at 4  °C. After washing the bands for three times 

with TBST, the secondary antibody of goat anti-rabbit 
was used to incubated for 1 h at 1:10,000 dilution at room 
temperature. According to the manufacturer’s protocol, 
the protein membranes were detected with ECL immu-
noblotting kit (Millipore, USA).

Statistical analyses
The data are expressed as the mean ± standard deviation. 
All experiments were repeated at least three times. Com-
parisons among values for more groups were performed 
by one-way analysis of variance. Holm’s test was applied 
for analysis of differences between two different groups. 
P < 0.05 was considered to indicate a statistically signifi-
cant difference.

Results
Screening of significant differentially expressed genes 
in OA
As showed in Fig. 1A, the GSE206848 dataset was used 
to identify differentially expressed genes in OA. Using 
the STRING online database to establish PPI network 
of differentially expressed genes (Fig.  1B). According to 
node degree, we identified some hub genes among these 
significant DEGs (Fig.  2C). In order to better visualize, 
the interactions of some differentially expressed central 
genes were reconstructed using Mcode plug-in software 
(Fig. 1D, E).

Identification of key genes
We extracted 84, 76, 79 and 109 differentially expressed 
genes from the expression profile databases miRmap, 
Trgetscan, miRDB and miRanda, respectively. After inte-
grated bioinformatical analysis, a total of 8 miRNA genes 
targeting DDX3X were identified from the four profile 
databases (Fig. 2A) (P < 0.05), including hsa-miR-101-3p; 
hsa-miR-181a-5p; hsa-miR-181b-5p; hsa-miR-181c-5p; 
hsa-miR-124-3p; hsa-miR-382-5p; hsa-miR-495-3p and 
hsa-miR-181d-5p. Then through a large number of litera-
ture research, we found that miR-181a and miR-101-3p 
are closely related to OA. Through the identification of 
miRDB database and the combination of miRNAs with 
DDX3X targeting, it is found that miR-181a-5p and 
DDX3X have better targeting binding force (Fig.  2B) 
(P < 0.05), so miR-181a-5p was selected as the follow-up 
research object.

IL‑1β induces inflammatory injury of chondrocytes in vitro 
and regulates the expression of miR‑181a‑5p and DDX3X
To determine whether chondrocytes affected miR-
181a-5p and DDX3X gene expression after IL-1β 
treatment, we treated chondrocytes with different con-
centrations of IL-1β. We observed that the concentra-
tion of nitric oxide increased after the chondrocytes 

Table 1  Primer sequence details

Gene Sequence (5′- > 3′)

DDX3X

 Forward primer GTA​GCA​GTC​GTG​GAC​GTT​CT

 Reverse primer ACC​TGT​GTG​CCA​AGG​TTT​GA

GAPDH

 Forward primer AAT​GGT​GAA​GGT​CGG​TGT​GA

 Reverse primer CGT​GAG​TGG​AGT​CAT​ACT​GGAA​

U6

 Forward primer AGA​GCC​TGT​GGT​GTCCG​

 Reverse primer CAT​CTT​CAA​AGC​ACT​TCC​CT

miR-181a-5p

 Forward primer TTA​GTG​GCT​GTC​GCA​ACT​TACAA​

 Reverse primer CAT​CTT​CAA​AGC​ACT​TCC​CT
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were treated with IL-1β, but there was no significant 
difference in the concentration of nitric oxide released 
by the cells after the chondrocytes were treated with 

different concentrations (10, 100 and 1000  μg/mL) of 
IL-1β (Fig.  3A) (P < 0.05). Therefore, the in  vitro articu-
lar chondrocyte model of arthritis was established by 

Fig. 1  Screening of differentially expressed genes in OA. A Identification of differentially expressed genes from GSE2066848 dataset. B The PPI 
network is established through STRING database. C Some hub genes were identified by node degree. D and E the Mcode plug-in is emplyed 
to screen key genes. Abbreviation: PPI: protein–protein interactions network; OA: osteoarthritis

Fig. 2  Identification of key genes. A Identification of 8 miRNA genes targeting DDX3X from the expression profile databases miRmap, Trgetscan, 
miRDB and miRanda. B miRNAs with better targeting binding to DDX3X predicted by miRDB database. Abbreviation: DDX3X: depletion 
of DEAD-box RNA helicase 3X



Page 5 of 11Zhao et al. Journal of Orthopaedic Surgery and Research          (2023) 18:606 	

treating chondrocytes with 10  μg/mL concentration of 
IL-1β. Then in order to observe the relationship between 
osteoarthritis and miR-181a-5p, DDX3X expression, we 
treated chondrocytes with 10 ug/mL concentration of 
IL-1β and found that IL-1β could stimulate chondrocytes 
to down-regulate the expression of miR-181a-5p and up-
regulate the expression of DDX3X (Fig.  3B) (P < 0.05). 
The results suggested that the occurrence of osteoarthri-
tis is related to the abnormal expression of miR-181a-5p 
and DDX3X.

miR‑181a‑5p reduces inflammatory cytokine release 
in a cellular model of arthritis induced by IL‑1β
To further investigate the role of miR-181-5p in OA, 
ATDC5 cells were transfected with mimic miR-181a-5p 
or inhibitor miR-181a-5p for 24 h, and the treated with 

10  μg/mL IL-1β for another 24  h. The transfection effi-
ciency of miR-181-5p in ATDC5 cells was first detected 
by RT-qPCR, so that the follow-up experiment could be 
carried out smoothly. As shown in Fig.  4A, the level of 
miR-181a-5p mRNA increased significantly in ATDC5 
cells transfected mimic miR-181a-5p, while the level of 
miR-181a-5p mRNA decreased significantly after trans-
fection of inhibitor miR-181a-5p (P < 0.05). The results 
suggested that the transfection efficiency of miR-181a-5p 
in ATDC5 cells is in line with the expectation and could 
be used in follow-up experiments. The abnormal expres-
sion of miR-181a-5p affects the release of proinflamma-
tory cytokines and contributes to the further analysis of 
the clinical symptoms of OA. Subsequently, the cytokines 
in chondrocytes overexpressing miR-181a-5p or inter-
fering with miR-181a-5p after IL-1β stimulation were 

Fig. 3  IL-1 β induces inflammatory injury of chondrocytes in vitro and regulates the expression of miR-181a-5p and DDX3X. A IL-1β-treated 
chondrocytes stimulated the cells to release NO in a concentration-dependent manner. B After chondrocytes were treated with IL-1β, 
the expression level of miR-181a-5p decreased and the expression level of DDX3X increased. nsP > 0.05; *P < 0.05; **P < 0.01. DDX3X: depletion 
of DEAD-box RNA helicase 3X; IL-1β: interleukin 1β

Fig. 4  miR-181a-5p reduces inflammatory cytokine release in a cellular model of arthritis induced by IL-1β. A RT-qPCR detection of the transfection 
efficiency of miR-181-5p in a cellular model of arthritis. B miR-181a-5p could reduce the release of inflammatory factors (IL-1β, IL-6, TNF-α and iNOS) 
from ATDC5 cells induced by IL-1 β. nsP > 0.05;* P < 0.05; ** P < 0.01; *** P < 0.001. IL-1β: interleukin 1β; IL-6: interleukin 6; TNF-α: tumour necrosis factor 
alpha; iNOS: inducible nitric oxide synthase
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measured by ELISA. The upregulation of miR-181a-5p 
suppressed the IL-1β-induced expression of pro‑inflam-
matory cytokines, compared with chondrocytes trans-
fected with the mimic NC (Fig.  4B) (P < 0.05). When 
IL-1β-induced chondrocytes with transfected inhibi-
tor miR-181a-5p, the level of inflammatory cytokines 
showed the opposite result (Fig.  4B) (P < 0.05). These 
results suggested that miR-181a-5p protects chondro-
cytes from IL-1β-induced cellular inflammation.

DDX3X gene has a miR‑181a‑5p binding site 
and is negatively regulated by miR‑181a‑5p
In order to predict the target genes of miR-181a-5p, the 
prediction was made through the bioinformatics data-
base and verified by the double luciferase experiment 
report. The results revealed that a binding site for miR-
181a-5p was in the DDX3X mRNA 3′-UTR (Fig.  5A). 
In order to confirm that miR-181a-5p binds to DDX3X 
mRNA 3′-UTR region and leads to translational repres-
sion, we carried out double luciferase gene reporting 
experiment to detect the relative luciferase activity of 
cells. The data showed that transfection of mimic miR-
181a-5p significantly decreased the activity of relative 
luciferase in mouse chondrocytic cell line ATDC5 trans-
fected with DDX3X-WT, but did not affect the activity 
of relative luciferase in cellls transfected with DDX3X-
MUT (Fig.  4B) (P < 0.05), suggesting that there was a 

targeted regulation relationship between miR-181a-5p 
and DDX3X mRNA. We further detected the changes 
of DDX3X mRNA level in mouse chondrocyte cell line 
ATDC5 transfected with mimic miR-181a-5p or inhibitor 
miR-181a-5p by RT-qPCR assays. As showed in Fig. 5C, 
the level of DDX3X mRNA in mimic miR-181a-5p group 
decreased significantly, but it showed the opposite result 
in inhibitor miR-181a-5p group (P < 0.05). These results 
showed that miR-181a-5p could target DDX3X and regu-
late its mRNA level changes.

miR-181a-5p targets to regulate the 3′ UTR of DDX3X 
to reduce the expression of DDX3X, thereby reducing the 
release of inflammatory cytokines in arthritis model cells.

In order to understand whether miR-181a-5p can tar-
get DDX3X gene expression, thereby affecting the level of 
inflammatory factors in cellular model of arthritis, rescue 
assays were performed in this paper. As shown in Fig. 6, 
there was no significant difference in IL-6, IL-1β, TNF-α 
and iNOS levels between IL-1β group and IL-1β + inhibi-
tor NC group. Compared with IL-1β + inhibitor NC 
group, the IL-6, IL-1β, TNF-α and iNOS levels were sig-
nificantly increased in IL-1β + inhibitor miR-181a-5p 
group (P < 0.05). Compared with the IL-1β + inhibitor 
miR-181a-5p group, the D IL-6, IL-1β, TNF-α and iNOS 
levels in the IL-1β + inhibitor miR-181a-5p + si-DDX3X 
group were significantly decreased (P < 0.05). The results 
of this study showed that miR-181a-5p could target 

Fig. 5  DDX3X gene has a miR-181a-5p binding site and is negatively regulated by miR-181a-5p. A Bioinformatics analysis predicted that DDX3X 
is the target gene of miR-181a-5p. B Dual -luciferase reporter gene assay was used to detect the luciferase activity after co-transfected 
with miR-181a-5p mimic and DDX3X -WT/MUT. C The relative expression of DDX3X regulated by miR-181a-5p. nsP > 0.05; *** P < 0.001. DDX3X: 
depletion of DEAD-box RNA helicase 3X
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DDX3X to reduce the production of inflammatory fac-
tors in chondrocyte cell line ATDC5 induced by IL-1β.

Interfering with the level of miR‑181‑5p gene can 
up‑regulate the expression of DDX3X and regulate 
the level of NF‑κB‑related proteins
In order to investigate the specific mechanism of the 
effect of DDX3X gene regulated by miR-181-5p on osteo-
arthritis, chondrocytes in inhibitor NC, inhibitor miR-
181a-5p and inhibitor miR-181a-5p + si-DDX3X groups 
were stimulated with 10  μg/mL of IL-1β, and the cells 

were collected to detect the expression of proteins related 
to NF-κB signal pathway. As shown in Fig. 7, there was no 
significant difference in DDX3X, p-P65 and p-IKB-α pro-
tein levels between IL-1β group and IL-1β + inhibitor-5p 
NC group. Compared with IL-1β + inhibitor NC group, 
DDX3X, p-P65 and p-IKB-α protein levels were signifi-
cantly increased in IL-1β + inhibitor miR-181a-5p group 
(P < 0.05). Compared with the IL-1β + inhibitor miR-
181a-5p group, the DDX3X, p-P65 and p-IKB-α protein 
levels in the IL-1β + inhibitor miR-181a-5p + si-DDX3X 
group were significantly decreased (P < 0.05). The results 
of this study showed that interfering with the expres-
sion of miR-181a-5p could up-regulate the expression of 
DDX3X gene and increase the expression of NF-κB pro-
teins such as p-P65 and p-IKB-a.

Interfering with the levels of the miR‑181‑5p gene can 
inhibit the catabolic activity in arthritis model cells
To verify the relationship between chondrocyte activ-
ity and the pathogenesis of OA, chondrocytes in 
inhibitor NC, inhibitor miR-181a-5p and inhibitor miR-
181a-5p + si-DDX3X groups were stimulated with 10 μg/
mL of IL-1β, and the cells were collected to detect the 
proteins expression of MMP-3 and MMP-13. As shown 
in Fig.  8, there was no significant difference in MMP-3 
and MMP-13 protein levels between IL-1β group and 
IL-1β + inhibitor-181-5p NC group. Compared with 
IL-1β + inhibitor NC group, MMP-3 and MMP-13 pro-
tein levels were significantly increased in IL-1β + inhibi-
tor miR-181a-5p group (P < 0.05). Compared with the 
IL-1β + inhibitor miR-181a-5p group, the MMP-3 
and MMP-13 protein levels in the IL-1β + inhibitor 

Fig. 6  miR-181a-5p targets to regulate the 3′UTR of DDX3X 
to reduce the expression of DDX3X, thereby reducing the release 
of inflammatory cytokines in arthritis model cells. nsP > 0.05;* P < 0.05; 
** P < 0.01. TNF-α: tumor necrosis factor-α; IL-6: interleukin-6; IL-1β: 
interleukin-1β; INOS: inducible nitric oxide synthase

Fig. 7  Interfering with the level of miR-181-5p gene can up-regulate the expression of DDX3X and regulate the level of NF-ΚB-related proteins. 
nsP > 0.05;* P < 0.05; ** P < 0.01. NF-κB: nuclear factor-kappa B; DDX3X: depletion of DEAD-box RNA helicase 3X
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miR-181a-5p + si-DDX3X group were significantly 
decreased (P < 0.05). This result suggests that the develop-
ment of OA is not only related to NF-κB signal pathway, 
but also possibly to the catabolic activity of chondrocytes, 
interfering with the expression of miR-181a-5p promot-
ing the secretion of cartilage matrix degrading enzymes.

Discussion
OA was a chronic and degenerative disease character-
ized by joint pain and swelling [24]. With the change of 
the course of the disease, it can lead to joint deformity 
or even disability [25]. OA was the most common disease 
in arthritis, and it has a high incidence in middle-aged 
and elderly people. Inflammatory mediators can reduce 
the self-repair ability of chondrocytes and damage the 
normal function of joints [26]. The inhibition of inflam-
matory response is of great value in the treatment of 
OA. Clinical treatment of OA, mainly through the joint 
hyperplasia of synovium, exfoliated cartilage and other 
removal, and then reduce the secretion of inflammatory 
factors in the joint to achieve the purpose of relieving 
knee joint pain [27]. Thus, understanding the release of 
inflammatory mediators and the molecular mechanism 
of OA is of great significance for the treatment of OA.

In this paper, first, we screened the osteoarthritis data-
set (GSE206848) by GEO for differential gene analysis, 
and then used Cytoscape and Mcode plugin to screen out 
the key gene DDX3X. Inflammation is the main patho-
logical response in the pathogenesis of OA, which could 
cause chondrocyte apoptosis, extracellular matrix deg-
radation and bone hyperplasia, damage cartilage tissue, 
and play an important role in the progression of OA [28, 
29]. According to the literature review, DDX3X can regu-
late the physiological process of cellular inflammation by 
promoting the activation of NLRP3 inflammasome [30]. 

Based on this, it is speculated that DDX3X may affect the 
inflammatory response of OA and may have an important 
impact on the occurrence of OA. Through bioinformatics 
data and literature research, we found that miR-181a-5p 
and DDX3X have a good targeting binding force, so we 
choose miR-181a-5p as the in-depth research object of 
this paper.

To explore whether miR-181a-5p and DDX3X are 
involved in OA pathogenesis, we established an IL-1β 
model using mouse chondrocyte cell line ATDC5. The 
results showed that IL-1β decreased miR-181a-5p and 
increased DDX3X. Thus, we hypothesized that miR-
181a-5p may exert protective effects against OA through 
the negative regulation of the expression of DDX3X. In 
order to prove this hypothesis, we used mimics sequence 
and inhibitor sequence to up- or down-regulate the 
expression of miR-181a-5p in ATDC5 cells, and carried 
out a series of studies. In this study, ELISA was used to 
detect the level of inflammation in ATDC5 cells induced 
by IL-1β. The results showed that miR-181a-5p could 
reduce the release of IL-1β, IL-6, TNF-α and iNOS inflam-
matory factors in cellular model of arthritis. Inflammatory 
factors play an important role in promoting the progres-
sion of OA, especially IL-1β and IL-6 play a key role in 
the pathological process of OA [31, 32]. IL-1β and IL-6 
could stimulate the production of pain factors such as 
NO, iNOS and prostaglandin E2 (PGE2) [31, 33, 34]. 
These pain factors were highly expressed in OA and 
were significantly related to the progression of OA. 
TNF-α was another inflammatory cytokine that leads 
to the pathogenesis of OA [35, 36]. Studies have shown 
that the content of TNF-α is significantly higher in OA 
[37]. This finding suggested that miR-181a-5p could 
inhibit the release of inflammatory cytokines from 
osteoarthritis cells.

Fig. 8  Interfering with the levels of the miR-181-5p gene can inhibit the catabolic activity in arthritis model cells. ns P > 0.05; * P < 0.05; ** P < 0.01. 
MMP-3: Matrix metalloproteinase-3; MMP-13: Matrix metalloproteinase-13
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In order to further understand the possible mechanism 
of miR-181a-5p regulating the inflammatory response 
of osteoarthritis cells, we found that DDX3X is the tar-
get of miR-181a-5p through bioinformatics analysis. The 
double luciferase report assays confirmed this prediction 
and proved that DDX3X was directly targeted by miR-
181a-5p at its 3′-UTR. In addition, we also examined 
the expression level of DDX3X when the level of miR-
181a-5p was altered. By examining the overexpression 
(by transfection with mimic miR-181a-5p) or downregu-
lation (by transfection with inhibitor miR-181a-5p) of 
the level of miR-181a-5p, we found that the expression 
level of DDX3X negatively correlated with miR-181a-5p. 
As an important epigenetic regulatory factor, miRNA 
exists widely in the biological world. miRNA is a small 
non-coding RNA with a length of 18–25 nucleotides, 
which is highly conserved [38, 39]. It mainly binds to the 
3′-UTR of the target gene mRNA, resulting in mRNA 
degradation or translation inhibition, and plays an appar-
ent modification role at the post-transcriptional level in 
various stages of cell differentiation, development, prolif-
eration, apoptosis and so on [40]. The results of this study 
confirmed that miR-181a-5p can specifically regulate the 
mRNA level of DDX3X gene, and then affect the develop-
ment of OA. At the same time, rescue assay further con-
firmed the targeting effect of miR-181a-5p and DDX3X, 
regulating the changes of inflammatory cytokines (IL-1β, 
IL-6, TNF- α and iNOS) in OA cells, and then aggravat-
ing the development of the disease.

NF-κB was a multidirectional transcription factor that 
widely exists in eukaryotic cells [41]. It participates in a 
variety of biological processes and regulates the expres-
sion of a variety of cytokines, biochemical factors and 
enzymes [42]. Many studies have shown that NF-κB sig-
nal pathway is one of the main pathways leading to carti-
lage catabolism in the course of OA and plays a key role 
in the progression of OA [43, 44]. Upon stimulation by 
IL-1β, NF-κB detaches from IκB and translocates into the 
nucleus to regulate inflammatory cytokine expression, 
which induces destruction of the articular joint, leading 
to the onset and progression of OA. A previous study 
showed that the TLR4/NF-κB signaling pathway is a vital 
mechanism for the regulation of inflammatory responses 
in human OA chondrocytes [45]. In this study, it was 
shown that interfering with miR-181a-5p expression, tar-
geted to increase the expression of DDX3X, increased the 
expression of NF-κB-related proteins, and alleviated OA 
inflammation. These results suggested that miR-181a-5p 
inhibited the IL-1β‑induced inflammatory response by 
inhibiting the NF-κB signaling pathway.

MMPs are zinc-dependent endopeptidases, also known 
as matrix proteins. MMPs are a major group of enzymes 

that regulate cell matrix composition and can degrade all 
components of the extracellular matrix. Previous study 
[46] have shown that, a range of MMPs, including MMP-
13, MMP-2, MMP-9, and MMP-3, play a key role in OA 
cartilage destruction through the degradation of aggre-
cans and collagen. Where the MMP-13 is the enzyme 
responsible for the degeneration of the cartilage extracel-
lular matrix and the degenerative process of OA patho-
genesis, has a rate-limiting role in collagen degradation. 
Therefore, the increased activity of MMP-13 plays an 
important role in the induction and pathogenesis of OA. 
Other MMPs, such as MMP-2, MMP-3 and MMP-9 were 
also elevated in OA. These enzymes degrade the non-
collagenous matrix components of the joint. In addition, 
study has shown that cytokines such as IL-1β and TNF-α 
stimulate the expression of matrix metalloproteinases 
[47]. In this study, interference with the expression of 
miR-181a-5p increased expression of NF-KB associated 
cytokines and increased expression levels of MMP-3 and 
MMP-13 proteins. These results suggest that interference 
with miR-181a-5p may lead to the development of OA by 
increasing inflammatory cytokines and DDX3X expres-
sion and subsequently inducing increased MMP-3 and 
MMP-13 activities.

Taken together, the present study demonstrated that 
miR-181-5p inhibits IL-1β- induced occurrence of OA 
by negatively regulating the expression of DDX3X gene, 
which may achieve by inhibiting the NF-κB pathway and 
secretion of the matrix proteinases. The miR-181a-5p/
DDX3X/NF-κB axis may be a promising target for the 
treatment of OA. Although this study has important 
implications for elucidating the mechanism of OA, there 
are still shortcomings in this study. Due to limited clini-
cal sample resources, the expression verification of miR-
181a-5p and DDX3X in clinical samples is lacking. In the 
future, we will continue to collect samples for further 
research.
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