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Recent studies suggest that cytokines and microRNAs play a key role in the destruction of cartilage matrix in 
osteoarthritis (OA) tissues. In the current study, we focused on miR-204, which has never been explored in 
OA. We found that the level of miR-204 was markedly reduced in the OA cartilage tissues compared with that 
of normal control. Real time PCR analysis demonstrated that the level of miR-204 was markedly decreased 
after IL-1β treatment for 3, 6, 12 h in the normal chondrocytes and OA chondrocytes, respectively. Further-
more, overexpression of miR-204 markedly suppressed the protein levels of IL-1β, COX-2 and IL6 in human 
OA chondrocytes and chondrogenic SW1353 cells. Dual luciferase reporter assay demonstrated that miR-204 
significantly suppressed the relative luciferase activity of pmirGLO-IL-1β-3’UTR, indicating that IL-1β was a 
target gene of miR-204. More importantly, treatment with IL-1β significantly enhanced the protein levels of IL-1β, 
COX-2 and IL6. However, overexpression of miR-204 could partially abolish such effects. In conclusion, our data 
demonstrate that reduced miR-204 expression enhances the destruction of the cartilage tissues among OA 
patients mainly through targeting IL-1β.

1. Introduction
Osteoarthritis (OA) is a degenerative disease, which is character-
ized by articular cartilage damage and joint marginal osteophyte 
formation, accompanied by inflammation of synovium in different 
degree (Blom et al. 2007; Bowles et al. 2014). However, the patho-
genesis is still not clear. Recent studies suggest that cytokines play 
a key role in the destruction of cartilage matrix (Blom et al. 2007; 
Calich et al. 2010).
Cytokines are non immunoglobulin proteins that are produced in 
living cells (Chambers et al. 1997). They mainly regulate the target 
cells through specific cell surface receptors, thereby transferring 
intracellular information (Chambers et al. 1997). Under normal 
circumstances, the catabolic and anabolic balance of articular 
cartilage matrix is maintained by cytokines decomposition and 
cytokine synthesis (Chen et al. 2015; Mabey et al. 2016). IL-1 is 
mainly derived from macrophages, fibroblasts, cartilage cells and 
osteoclasts (Lou et al. 2017). As the inflammation medium, IL-1β 
significantly destructs the tissues. In cultured normal chondrocytes 
and normal synovial tissue cells, only limited amounts of IL-1β are 
produced, but high levels of IL-1β could be detected in the super-
natant of OA cells and tissues (Meulenbelt et al. 2010). Therefore, 
IL-1β could be closely related to the pathological process of 
synovium and cartilage.
Studies have found that miRs are closely related to the development 
of osteoarthritis (Buckland 2015; Chen et al. 2015). For instance, 
miR mediated gene expression inhibition plays an important role 
in the regulation of osteogenic differentiation. Moreover, the 
expression level of these endogenous miR has changed signifi-
cantly in multiple clinical samples (Tornero-Esteban et al. 2015). 
It is reported that enhanced expression of miR-22 reduces the 
expression of aggrecan, increases IL-1βand matrix metallopro-
teinase 13 in cartilage cells. And miR are suggested to participate 
in the occurrence and development of osteoarthritis through three 
aspects, transcription suppression, chromatin modification and 
DNA methylation (Wang et al. 2013; Buckland 2015; Chen et al. 
2015; Rasheed et al. 2017).

In the current study, we explored the expression of miR-204 in 
the tissues of OA patients. Our data showed that IL-1β subunit 
was a target gene of miR-204. Through targeting IL-1β, decreased 
miR-204 in the chondrocytes enhanced proinflammation response 
thereby triggering the inflammatory response.

2. Investigations and results 

2.1. Expression of miR-204 and IL-1Β in normal and OA 
cartilage
Firstly, we evaluated the expression of miR-204 and IL-1Β in 
normal and OA cartilage tissues. As shown in Fig. 1A, the level 
of miR-204 was markedly reduced in the OA cartilage tissues 
compared with that of normal control. Furthermore, the level of 
IL-1Β was found to be significantly higher than that of control 
(Fig. 1B). 

Fig. 1: Decreased miR-204 level and enhanced IL-1β in the OA cartilage tissues 
compared with that of normal control. (A) Real time PCR analysis of miR-
204 level. (B) The level of IL-1Β analyzed by ELISA. *P<0.05, **P<0.01, 
vs. control.
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2.2. Reverse correlation between IL-1ß-regulated NF-κB 
and miR-204 expression in normal and OA chondrocytes
To investigate whether miR-204 was involved in IL-1β-induced 
NF-kB activation, normal chondrocytes and OA chondrocytes 
were treated with 10 nM of IL-1β. Real time PCR analysis demon-
strated that the level of miR-204 was markedly decreased after 
IL-1β treatment for 3, 6, 12 h in the normal chondrocytes and OA 
chondrocytes, respectively (Fig. 2A and 2B). Moreover, we deter-
mined the protein level of IL-1β after IL-1β treatment. As shown 
in Fig. 2C and 2D, the protein expression of IL-1β was increased 
IL-1β treatment for 3, 6, 12 h in a time-dependent manner in the 
normal chondrocytes and OA chondrocytes. These data indicated a 
reverse correlation between IL-1β-regulated NF-κB and miR-204 
expression in normal and OA chondrocytes.

2.3. Negative regulation of pro-infl ammatory factors 
production by miR-204 in human chondrocytes
Next, we explored the effects of miR-204 on NF-κB signaling 
activation in both human OA chondrocytes in the presence of 10 
nM IL-1β. Western blot analysis demonstrated that overexpres-
sion of miR-204 markedly suppressed the protein levels of IL-1Β, 
COX-2 and IL6 in human OA chondrocytes (Fig. 3A). In contrast, 
the protein levels of IL-1β, COX-2 and IL6 were significantly 
increased in human OA chondrocytes transfected with miR-204 
inhibitors (Fig. 3B). We also collected the supernatant from the 
culture. As shown in Fig. 3C, overexpression of miR-204 signifi-
cantly decreased the production of pro-inflammatory factors, 
including IL-1Β, IL-6 and IL-8 in human OA chondrocytes. In 
contrast, inhibition of miR-204 markedly enhanced the levels of 

Fig. 2: Reverse correlation between IL-1β-regulated NF-κB and miR-204 expression in normal and OA chondrocytes. Real time PCR analysis of miR-204 in the normal chon-
drocytes (A) and OA chondrocytes (B). The protein expression of IL-1β was increased IL-1β treatment for 3, 6, 12 h in the normal chondrocytes (C) and OA chondrocytes 
(D). *P<0.05, **P<0.01, vs. control.
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Fig. 3: Negative regulation of pro-inflammation factors production by miR-204 in human chondrocytes. (A) Overexpression of miR-204 markedly suppressed the protein levels 
of IL-1β, COX-2 and IL6 in human OA chondrocytes. (B) The protein levels of IL-1Β, COX-2 and IL6 were significantly increased in human OA chondrocytes transfected 
with miR-204 inhibitors. (C) Overexpression of miR-204 significantly decreased the production of pro-inflammatory factorin human OA chondrocytes. (D) Inhibition of 
miR-204 markedly enhanced the levels of IL-1β, IL-6 and IL-8 in human OA chondrocytes. *P<0.05, **P<0.01, vs. control.

Fig. 4: IL-1β was a target gene of miR-204. (A) One conserved binding site was identified in the 3’UTR of IL-1β. (B) Dual luciferase reporter assay demonstrated that miR-204 
significantly suppressed the relative luciferase activity of pmirGLO- IL-1β-3’UTR. *P<0.05, **P<0.01, vs. control.

IL-1Β, IL-6 and IL-8 in human OA chondrocytes (Fig. 3D). These 
data indicated the anti-inflammation effects of miR-204 in human 
OA chondrocytes.

2.4. IL-1β was a target gene of miR-204
Then, we analyzed the possible target gene of miR-204. According 
to TargetScan, a conserved binding site of miR-204 in the 3’ 
untranslated region (3’UTR) of IL-1β was identified (Fig. 4A). 
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Then, the 3’UTR of IL-1β containing the binding site was cloned 
into the luciferase reporter vector, pmirGLO plasmid, pmirGLO- 
IL-1β-3’UTR. Dual luciferase reporter assay demonstrated that 
miR-204 significantly suppressed the relative luciferase activity 
of pmirGLO- IL-1β-3’UTR. However, when the possible binding 
sites were muted, no changes of luciferase activity were identified 
(Fig. 4B).

2.5. Overexpression of miR-204 could partially abolish 
IL-1β-induced infl ammation responses
Next, the effect of miR-204 on IL-1β-induced NF-κB activation 
was analyzed. As shown in Fig. 5A, treatment with IL-1β signifi-
cantly enhanced the protein levels of IL-1β, COX-2 and IL6. 
However, overexpression of miR-204 could partially abolish such 
effects. Furthermore, we evaluated the inflammation factors. In line 
with the protein expression changes, IL-1β significantly increased 
the levels of inflammatory factors, while miR-204 overexpression 
could reverse the production of IL-1β, IL-6 and IL-8 induced by 
IL-1β (Fig. 5B, 5C and 5D).

3. Discussion
Osteoarthritis is a degenerative disease, which refers to all lesions 
involving joint cartilage, subchondral bone, synovium, joint 
capsule, ligaments and muscles around the joint (Miller et al. 2014). 

The pathophysiological process is very complex and the etiology is 
not very clear. For the normal articular cartilage, matrix degrada-
tion and repair is a continuous process of balance, which depends 
on the normal function of cartilage cells (Mabey et al. 2016; Lou 
et al. 2017). Cartilage cell function may be affected by the decom-
position of multiple cytokines. The morphology and function of 
normal cartilage depends on the ratio of cartilage matrix synthesis 
and decomposition of cartilage cells. Many studies have confirmed 
the role of cytokines in the pathophysiology of osteoarthritis. Most 
research on OA and decomposition of cytokines mainly focus on 
IL-1β, IL-6 and TNFα (Schlaak et al. 1996; Meulenbelt et al. 2010; 
Moser 2010; Lv et al. 2012).
MicroRNA is a kind of small non coding RNAs from mammalian 
cells, which plays a very important role in the regulation of gene 
expression, especially the regulation mechanism of transcription 
(Wang et al. 2013, Xu et al. 2016). In recent years, the role of 
miRNA in disease development has become a research hotspot. 
Osteoarthritis is a common senile disease, and its etiology is 
not yet entirely clear (Xu et al. 2015; Wu et al. 2017). The latest 
research shows that inflammatory mediators are closely associated 
with miRNA, suggesting that miRNA plays an important role in 
the occurrence and development of osteoarthritis (Yu et al. 2011; 
Xu et al. 2016). Thus, by changing the relevant miRNA expression, 
the therapeutic purpose for osteoarthritis may be achieved. In the 
current study, we mainly focused on miR-204, which has never 
been explored in OA patients. Our data showed that the level of 

Fig. 5: Overexpression of miR-204 could partially abolish IL-1Β-induced inflammation responses. (A) Overexpression of miR-204 could partially abolish IL-1Β-induced up-
regulation of IL-1β, COX-2 and IL6 protein levels. miR-204 overexpression could reverse the production of IL-1β(B), IL-6 (C) and IL-8 (D) induced by IL-1β. *P<0.05, 
**P<0.01, vs. control.
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miR-204 was significantly decreased in cartilage tissues of OA 
patients compared with that of normal control. Further study 
demonstrated that suppressed miR-204 levels contributed to the 
inflammatory responses in chondrocytes, indicating an anti-in-
flammation role of miR-204 in the progression of OA.
By binding to the cell surface specific target IL-1R, IL-1β could 
cause by OA. IL-1β can promote MMP production and secretion, 
thereby causing degradation of cartilage matrix, inhibiting the 
synthesis of and proteoglycan and collagen II, promoting the 
formation of the type I collagen, so as to promote cartilage cell 
degeneration (Hess 1990; Kardel et al. 2003; Blom et al. 2007). 
At the same time, the production of glycoprotein, collagen and 
macromolecular substances secreted by cartilage is released 
into the synovial fluid. IL-1β can also promote the production 
of prostaglandin E2 (PGE2), aggravating joint inflammation, 
increasing osteoclast activity, and promoting bone absorption 
(Chambers et al. 1997; Hampel et al. 2013). IL-1β can stimulate 
the production of MMP and PGE in synovial cells, which further 
leads to cartilage matrix destruction and enhanced inflammation of 
synovial membrane (Furuzawa-Carballeda et al. 2008). Here, we 
first demonstrated that IL-1β was silenced by miR-204. Through 
suppressing the expression of IL-1β, reduced miR-204 expression 
contributed to the progression of inflammation responses in chon-
drocytes. Furthermore, we found that overexpression of miR-204 
significantly suppressed the production of IL-1β, IL-6 and IL-8. In 
contrast, inhibition of miR-204 markedly enhanced the levels of 
IL-1β, IL-6 and IL-8. 
Undoubtedly, cytokines are the mediators of OA articular carti-
lage damage. However, the theory of cytokines induced cartilage 
destruction cannot fully explain the mechanism of local cartilage 
destruction in OA. Because the pathogenesis of 0A is not very 
clear, the clinical treatment is still symptomatic and the effect is 
not satisfactory. Our data demonstrate miR-204 expression was 
decreased in the cartilage tissues of OA patients. Reduced miR-204 
levels induced the inflammatory responses in the chondrocytes by 
targeting IL-1β, which may offer opportunities for the treatment 
of OA.

4. Experimental

4.1. Patients
Human tissue was obtained from the Hongqi Hospital Affiliated to Mudanjiang 
Medical University. OA cartilage samples were collected from 22 patients (mean±SD 
age 64.12±5.75 years) who underwent total joint arthroplasty at Hongqi Hospital 
Affiliated to Mudanjiang Medical University. OA was diagnosed according to the 
Chinese College of Rheumatology criteria. Normal cartilage samples were obtained 
from trauma patients with no known history of OA or RA (n = 3). This investigation 
was approved by the Human Ethics Committee of Hongqi Hospital Affiliated to 
Mudanjiang Medical University. Each donor signed an informed consent.

4.2. Preparation of chondrocytes
Firstly, the specimens (cartilage and subchondral bone) were washed with sterile 
phosphate buffered saline (PBS). Then, the macroscopic cartilage degeneration was 
examined by India ink staining (Armstrong and Mow 1982). To prepare chondrocytes, 
the cartilage with a smooth articular surface were selected and then achieved by enzy-
matic digestion as previously described (Singh et al. 2002). Primary OA chondrocytes 
at 80% confluence were applied for the study.
Primary chondrocytes and human chondrogenic SW1533 cells were cultured in 
Dulbecco’s Modified Eagle’s Medium (DMEM; Life Technologies, Rockville, MD, 
USA) containing 10% fetal bovine serum (FBS; Hyclone, Logan, UT, USA) supple-
mented with streptomycin (100 μg/mL) and penicillin (100 U/mL) (Life Technolo-
gies, Rockville, MD, USA).

4.3. Chondrocyte treatment and preparation of microRNA
Before IL-1β (20 nM) treatment, OA chondrocytes were serum starved overnight and 
total RNA was prepared using TRIzol reagent (Invitrogen). To purify microRNAs, the 
mirVana Kit (Applied Biosystems) was used according to the manufacturer’s instruc-
tions. For some studies, microRNAs were isolated from normal and OA cartilage 
samples. In brief, cartilage was ground to a fine powder in liquid nitrogen and then the 
microRNA was purified as described above.

4.4. Transfection of miRNAs
Human chondrocytes were transfected with the mature type of hsa-miR-204 or the 
antisense inhibitor, anti-miR-204, at a concentration of 50 nM, using the calcium 

phosphate precipitation method. SW1353 cells were seeded in 12- or 24-well plates. 
The following day, cells were transfected with miR-204 or anti-miR-204 at a concen-
tration of 50 nM using Lipofectamine 2000 (Invitrogen, CA, USA), according to 
the manufacturer’s instructions. For the following experiments, cells were used 48 h 
after transfection. Nonspecific control miR (miR-Control, Dharmacon) was used as a 
control for off-target effects.

4.5. Reverse transcription-PCR (RT-PCR) analysis
TaqMan miRNA assays (Applied Biosystems, Foster City, CA, USA) were used to 
analyze the expression of miR-204. U6 snRNA was used to normalize as a loading 
control (Cheng et al. 2013). Real-time PCR for mRNAs was performed with the 
SYBR Green PCR mixture (Invitrogen) and glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) was used as an internal control.

4.6. Western blotting
Total proteins were isolated from tissues using a total protein extraction kit (Keygen, 
Nanjing, China). A total of 20 μg protein was separated using SDS-PAGE and trans-
ferred onto polyvinylidene difluoride (PVDF) membranes and then blocked with 
5% fat-free milk at room temperature for 2 h. The immune-blot was incubated with 
primary antibody detecting IL-1β(1 : 1000 dilution; CST) and GAPDH (1 : 1000 
dilution; CST) was used as a control. The signals were detected using a Super ECL 
Plus Kit (Keygen) and determined by quantitative analysis using UVP software (UVP, 
LLC, Upland, CA, United States). 

4.7. Luciferase reporter assay
HEK293T cells were seeded in 24-well plate at the density of 5×104 cells/well. After 
24 h, wild-type or mutated IL-1β-3’-UTR luciferase reporter vector and miR-217 
mimic or inhibitor were transfected into cells with Vigofect transfection reagent 
according to the manufacturer’s instruction. After transfection for 48h, the Dual-lu-
ciferase reporter assay system (Promega) was applied to determine the changes of 
relative luciferase units (RLU). Renilla activity was used as the internal control.

4.8. Statistical analysis
Comparisons were performed using the Origin 6.1 software package (1 paired 2-tailed 
t-test with one-way analysis of variance and Tukey’s post hoc analysis). P values less 
than 0.05 were considered significant, and P values less than 0.001 were considered 
highly significant.
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