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Objective(s): Osteoarthritis (OA), characterized by degradation of articular cartilage, is a leading cause 
of disability. As the only cell type present in cartilage, chondrocytes play curial roles in the progression 
of OA. In our study, we aimed to explore the roles of miR-23b in the lipopolysaccharide (LPS)-induced 
inflammatory injury. 
Materials and Methods: LPS-induced cell injury of ATDC5 cells was evaluated by the loss of cell viability, 
enhancement of cell apoptosis, alteration of apoptosis-associated proteins, and release of inflammatory 
cytokines. Then, miR-23b level after LPS treatment was assessed by qRT-PCR. Next, the effects of aberrantly 
expressed miR-23b on the LPS-induced inflammatory injury were explored. The possible target genes of 
miR-23b were virtually screened by informatics and verified by luciferase assay. Subsequently, whether miR-
23b functioned through regulating the target gene was validated. The involved signaling pathways were 
investigated finally.
Results: Cell viability was decreased but cell apoptosis, as well as release of inflammatory cytokines, 
was enhanced by LPS treatment. MiR-23b was down-regulated by LPS and its overexpression 
alleviated LPS-induced inflammatory injury. PDCD4, negatively regulated by miR-23b expression, was 
verified as a target gene of miR-23b. Following experiments showed miR-23b alleviated LPS-induced 
cell injury through down-regulating PDCD4 expression. Phosphorylated levels of key kinases in the 
NF-κB pathway, as well as expressions of key kinases in the Notch pathways, were increased by PDCD4 
overexpression.
Conclusion: MiR-23b was down-regulated after LPS treatment, and its overexpression ameliorated 
LPS-induced inflammatory injury in ATDC5 cells by targeting PDCD4, which could activate the NF-κB/
Notch pathways. 
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Introduction
Osteoarthritis (OA), a common chronic arthritis, is a 

degenerative disease of cartilaginous tissues that affects 
approximately 10% of men and 20% of women over the 
age of 60, globally (1, 2). Large numbers of factors may 
affect OA, such as obesity, joint malalignment, trauma, 
muscle weakness, age, nutritional status, etc. (3). OA is 
a leading cause of pain and disability worldwide and is 
considered as an untreatable disease (4). Although total 
joint replacement has been widely used for treatment 
of OA, the surgery may lead to loss of joint function (5). 
In order to prevent progression of OA and relieve pain, 
understanding of the pathological mechanisms leading 
to joint degeneration and pain symptoms are urgently 
needed (6). 

Currently, OA is not only considered as a process of 
wear and tear, but also identified as abnormal remodeling 
of joint tissues, which is caused by various inflammatory 
mediators (7, 8). Pro-inflammatory cytokines including 
interleukin (IL)-1β and tumor necrosis factor-α (TNF-α) 
can promote cartilage catabolism. A meta-analysis has 
shown that TNF-α gene polymorphisms are related to 
increased risk of OA (9). In the pathophysiology of OA, IL-
1β is released and mediates the aberrant degenerative 
process (10). Moreover, these two factors stimulate 
their own production and also increase the productions 
of IL-6 and IL-8 in synovial cells and chondrocytes (11). 

Thus, expressions of these four factors are meaningful 
for progression of OA. 

MicroRNAs (miRNAs), with a length of 20–22 
nucleotides, are small, non-coding RNAs that participate 
in a variety of biological processes (12). Accumulating 
evidence has revealed that a myriad of miRNAs is abnormally 
expressed during OA, suggesting the involvement of 
miRNAs in OA development (13, 14). MiRNA-23b (miR-
23b) has been widely explored. For example, a previous 
study has demonstrated that miR-23b could inhibit 
epithelial-mesenchymal transition and metastasis in 
hepatocellular carcinoma (15). Down-regulation of 
miR-23b has been reported to be associated with tumor 
progression and poor prognosis in colon cancer (16). 
In addition, miR-23b is also reported to act as tumor 
suppressor in oral squamous cell carcinoma (17). 
However, effects of miR-23b on OA have not yet been 
well studied. 

Herein, cell model of inflammatory injury in ATDC5 
cells, a murine chondrogenic cell line, was constructed 
after stimulation of lipopolysaccharide (LPS). Cell viability, 
apoptosis, and release of inflammatory cytokines were 
assessed to evaluate cell injury. The functional roles 
of miR-23b, as well as the possible target gene in 
LPS-induced cell injury, were explored. Moreover, the 
involved signaling pathways were also investigated. 

http://ijbms.mums.ac.ir
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Materials and Methods
Cell culture and treatment 

ATDC5 cells (American Type Culture Collection, 
Manassas, VA, USA) were cultured in Dulbecco’s Modified 
Eagle Medium/Ham’s F-12 nutrient mixture (1:1, DMEM/
F12; Invitrogen, Portland, OR, USA) supplemented with 
2 mM Glutamine (Sigma-Aldrich, St. Louis, MO, USA) 
and 10% fetal bovine serum (FBS; Invitrogen) at 37 °C 
in a humidified incubator containing 5% CO2. When the 
cells reached 75% confluence, cells were treated with 
0.25% trypsin (Ameresco, Framingham, MA, USA) for 
cell passage. For LPS stimulation, cells were cultured in 
DMEM/F12 containing LPS (Sigma-Aldrich) in a series 
of concentrations (0, 1, 5, 10 μg/ml) for 5 hr. 

Cell Counting Kit-8 (CCK-8) assay 
Cell viability of ATDC5 cells was assessed using 

a CCK-8 assay kit (Dojindo Molecular Technologies, 
Gaithersburg, MD, USA). Briefly, ATDC5 cells with 5 × 103 
cells/well were seeded in 96-well plates and cultured 
until the confluence reached approximately 80%. After 
treatment for adequate times, CCK-8 solution (1 μl/10 
μl DMEM/F12) was added to each well, followed by 
incubation for 1 hr at 37 °C. Afterwards, cell viability 
was reflected by the absorbance at 450 nm, which was 
measured by a Microplate Reader (Bio-Rad, Hercules, 
CA, USA). 

FACScan flow analysis of apoptotic cells 
Cell apoptosis of treated ATDC5 cells was evaluated 

by an Annexin V-FITC apoptosis detection kit (Sigma-
Aldrich). In brief, after treatments, ATDC5 cells (1×105 
cells) were collected and washed with pre-cold PBS. 
Then, cells were suspended in binding buffer, followed 
by addition of Annexin V-FITC and propidium iodide 
according to the recommendation of the manufacturer. 
The apoptotic cells were identified by a FACScan flow 
cytometer (BD Biosciences, San Jose, CA, USA). Apoptotic 
cells were analyzed by the FlowJo software (Tree Star, 
San Carlos, CA, USA). The cell apoptosis was presented 
as the percentage of apoptotic cells to total cells. 

Enzyme-linked immunosorbent assay (ELISA)  
ATDC5 cells were seeded into 24-well plates and 

cultured until the confluence reached 80%. After 
stimulation with LPS or transfection followed by 
stimulation, the culture supernatant was collected for 
estimation of inflammatory cytokines. Accordingly, 
ELISA kits (R&D Systems, Abingdon, UK) were utilized 
according to the information of the supplier. 

Cell transfection 
Scramble miRNA, miR-23b mimic, miR-23b inhibitor, 

negative control of miR-23b inhibitor, programmed 
cell death 4 (PDCD4)-specific small interfering RNA 
(si-PDCD4), and its negative control (siNC) were all 
purchased from GenePharma Co. (Shanghai, China). 
The full-length PDCD4 was ligated into a pEX-2 plasmid 
(GenePharma Co.), and the recombined plasmid was 
referred to as pEX-PDCD4. Lipofectamine 3000 regent 
(Invitrogen) was utilized for cell transfection in line 
with the protocol of the manufacturer. The empty pEX-2 
plasmid was also transfected into ATDC5 cells, termed 

as pEX group. Stable transfection was selected by G418 
(0.5 mg/ml; Sigma-Aldrich). Cells transiently transfected 
with miRNAs were harvested at 72 hr post-transfection. 

Quantitative reverse transcription PCR (qRT-PCR) 
According to the protocol of the manufacturer’s 

instructions, extraction of total RNA from treated 
ATDC5 cells was performed using Trizol reagent 
(Invitrogen). Then, the TaqMan MicroRNA Reverse 
Transcription Kit (Applied Biosystems, Foster City, CA, 
USA) and Multiscribe RT kit (Applied Biosystems) were 
used for reverse transcription of miRNAs and cDNAs, 
respectively, in accordance with the manufacturer’s 
information. Then, TaqMan Universal Master Mix II 
(Applied Biosystems) was employed for estimation of 
miR-23b and mRNA levels following the manufacturer’s 
protocol. The relative expression was calculated on the 
basis of the 2-ΔΔCt method (18), normalized to U6 (for 
miR-23b level) and GAPDH (for mRNA levels of PDCD4 
and inflammatory cytokines). 

Dual-luciferase activity assay 
The putative miR-23b-binding site in the 3’UTR of 

wild-type PDCD4 was amplified and sub-cloned into 
a pMiR-report vector (Promega, Madison, WI, USA) 
to generate PDCD4-WT. The mutant plasmid with 
mutations at the miR-23b-binding site (PDCD4-MUT) 
was obtained after mutation using the QuikChange site-
directed mutagenesis kit (Stratagene, La Jolla, CA, USA). 
Then, scramble miRNA or miR-23b mimic, PDCD4-WT 
or PDCD4-MUT and pRL-TK vector (Promega) were 
co-transfected into ATDC5 cells using Lipofectamine 
3000 reagent. Subsequently, luciferase activity was 
determined by dual-luciferase assay system (Promega) 
according to the supplier’s suggestions. 

Western blot analysis 
The protein of treated ATDC5 cells was lysed using lysis 

buffer (Promega) supplemented with protease inhibitors 
(Roche, Mannheim, Germany). Each protein sample was 
quantified using the BCA™ Protein Assay Kit (Pierce, 
Appleton, WI, USA). Then, proteins were separated by 
SDS-PAGE and were blotted onto polyvinylidene difluoride 
membranes, followed by blocking with 5% non-fat milk. 
The blocked membranes were respectively incubated 
with anti-Bcl-2-associated X protein (Bax, ab182733), 
anti-B cell lymphoma-2 (Bcl-2, ab196495), anti-pro 
caspase-3 (ab90437), anti-cleaved caspase-3 (ab49822), 
anti-p65 (ab16502), anti-phosphorylated p65 (p-p65, 
ab86299), anti-inhibitor of nuclear factor κB α (IκBα, 
ab32518), anti-phosphorylated IκBα (p-IκBα, ab133462), 
anti-Notch1 (ab52627), anti-Notch2 (ab137665), anti-
Notch3 (ab23426), anti-GAPDH (ab181603) (all Abcam, 
Cambridge, UK), anti-pro caspase-9 (9508), anti-cleaved 
caspase-9 (9509) (both Cell Signaling Technology, 
Beverly, MA, USA), or anti-PDCD4 (sc-376430; Santa 
Cruz, Santa Cruz, CA, USA) at 4 °C overnight. Then, 
after rinsing thrice, membranes were incubated 
with secondary antibodies marked by horseradish 
peroxidase for 1 hr at room temperature. After rinsing 
again, the bands on the membranes were visualized by 
ECL detection systems (Sigma-Aldrich). 
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Statistical analysis 
Data were presented as the means±standard 

deviation (SD). Graphpad Prism 5 software (GraphPad, 
San Diego, CA, USA) was employed for statistical 
analysis. The student t-test or multiple t-tests was used 
for calculation of P-values. Statistically, significance was 
considered when P<0.05. 

Results
LPS induced cell injury and up-regulation of 
inflammatory cytokines in ATDC5 cells 

To construct the cell model of inflammation, ATDC5 
cells were incubated with the presence of LPS (0, 1, 
5, and 10 μg/ml). Results showed cell viability was 
significantly reduced while the percentage of apoptotic 
cells was markedly elevated with the increase of LPS 
(Figures 1A-1B). Compared with cells treated with 0 μg/
ml LPS, the differences of cell viability and apoptosis 
were significant when the dose of LPS was 5 (P<0.01) 
or 10 μg/ml (P<0.001). Similarly, Bcl-2 was down-
regulated and expressions of Bax, cleaved caspase-3 
and cleaved caspase-9 were up-regulated, along with 
the increase of LPS (Figure 1C). Then, the release of 
inflammatory cytokines was evaluated. When compared 
to cells treated with 0 μg/mL LPS, mRNA and protein 
expressions of TNF-α, IL-1β, IL-6, and IL-8 were all 
remarkably up-regulated (P<0.01 or P<0.001) after 
stimulation of 5 μg/ml LPS (Figures 1D-1H). Results 
implied cell model of inflammation was successfully 
constructed after stimulation of LPS. The dose of LPS for 
subsequent experiments was 5 μg/ml. 

MiR-23b was down-regulated by LPS in ATDC5 cells 
After stimulation of LPS, the expression of miR-23b 

was estimated by qRT-PCR. As evidenced in Figure 2, 
the miR-23b level was significantly down-regulated 
compared with the control group (P<0.05). 

MiR-23b level was aberrantly regulated in ATDC5 
cells after cell transfection 

MiR-23b mimic, miR-23b inhibitor or their negative 

controls were transfected into ATDC5 cells, and the 
results of qRT-PCR showed miR-23b level was markedly 
up-regulated by transfection with miR-23b mimic 
compared with the scramble group (P<0.001) but was 
down-regulated by transfection with miR-23b inhibitor 
compared with the NC group (P<0.01, Figure 3). Results 
stated that miR-23b was aberrantly expressed after 
transfection. 

Figure 1. Lipopolysaccharide (LPS) induced inflammatory injury in ATDC5 cells. A. Cell viability was tested by Cell Counting Kit-8 assay. B. Cell 
apoptosis was measured by flowcytometry. C. Expression of apoptosis-associated proteins was determined by Western blot analysis. D. Relative 
mRNA expression levels of inflammatory cytokines were estimated by qRT-PCR. E-H. Protein expression levels of inflammatory cytokines were 
determined by enzyme-linked immunosorbent assay. The dose of LPS for D-H was 5 μg/ml and the duration of LPS treatment was 5 hr. Data are 
presented as the mean±SD. **, P<0.01; ***, P<0.001. P-, pro; C-, cleaved

Figure 2. MicroRNA (miR)-23b was down-regulated by lipopolysaccharide 
(LPS). Level of miR-23b was measured by qRT-PCR. Data are presented as 
the mean±SD. *, P<0.05

Figure 3. MicroRNA (miR)-23b was aberrantly expressed by cell 
transfection with different miRs. Level of miR-23b was measured by 
qRT-PCR. Data are presented as the mean±SD. **, P<0.01; ***, P< 0.001. 
NC, negative control of miR-23b inhibitor
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LPS-induced ATDC5 cell injury was exacerbated 
by miR-23b silence but was alleviated by miR-23b 
overexpression 

To explore the effect of miR-23b on LPS-treated cells, 
ATDC5 cells were transfected with miR-23b mimic, miR-
23b inhibitor or their negative controls and then treated 
with LPS. Results showed LPS-induced alterations of cell 
viability and apoptosis were both aggravated by miR-
23b silence (P<0.05) while they were alleviated by miR-
23b overexpression (P<0.05) compared with respective 
controls (Figures 4A-4B). Likewise, alterations of 
apoptosis-related proteins which were induced by LPS 
were further increased by miR-23b silence but were 
decreased by miR-23b overexpression (Figure 4C). The 
alteration of inflammatory cytokine expressions was 
consistent with cell apoptosis, showing that LPS-induced 
release of inflammatory cytokines was further increased 
by miR-23b silence (P<0.05) while it was decreased by 
miR-23b overexpression (P<0.05 or P<0.01) compared 
with respective controls (Figures 4D-4H). 

MiR-23b negatively regulated PDCD4 expression and 
PDCD4 was a target of miR-23b 

The possible target genes of miR-23b were screened 
by TargetScan online software, and we focused on the 
interaction between miR-23b and PDCD4. Results in 
Figures 5A-5B showed PDCD4 was markedly down-
regulated by miR-23b overexpression but was up-
regulated by miR-23b silence (both P<0.01) compared 
with respective controls at both mRNA and protein 
levels. The following assay showed, in cells co-
transfected with PDCD4-WT, miR-23b overexpression 
significantly reduced luciferase activity compared with 
scramble miRNA-transfected cells (P<0.05, Figure 5C). 
Together, there is no significant difference between 
groups co-transfected with PDCD4-MUT. 

MiR-23b overexpression ameliorated LPS-induced 
injury through down-regulating PDCD4 expression 

After cell transfection and LPS stimulation, cell 
viability, apoptosis, and release of inflammatory 

Figure 4. Lipopolysaccharide (LPS)-induced inflammatory injury was alleviated by microRNA (miR)-23b overexpression but was aggravated by 
miR-23b silence. A. Cell viability was measured by the Cell Counting Kit-8 assay. B. Cell apoptosis was tested by flowcytometry. C. Expression 
of apoptosis-associated proteins was determined by Western blot analysis. D. Relative mRNA expression levels of inflammatory cytokines were 
estimated by qRT-PCR. E-H. Protein expression levels of inflammatory cytokines were determined by enzyme-linked immunosorbent assay. The 
duration of LPS treatment (5 μg/ml) was 5 hr. Data are presented as the mean±SD. *, P<0.05; **, P<0.01; ***, P<0.001. P-, pro; C-, cleaved

Figure 5. Programmed cell death 4 (PDCD4) was a target of microRNA (miR)-23b. Relative mRNA and protein expressions of PDCD4 were 
measured by qRT-PCR (A) and Western blot analysis (B), respectively. C. Luciferase activity was determined by luciferase assay. Data are presented 
as the mean±SD. *, P<0.05; **, P<0.01. NC, negative control of miR-23b inhibitor; PDCD4-WT, pmirGlO vector carrying the fragment from wild-type 
PDCD4 3’UTR containing the binding site; PDCD4-MUT, mutant PDCD4-WT
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cytokines were all evaluated. In Figures 6A-6B, the 
LPS-induced alterations of cell viability and apoptosis 
were alleviated by miR-23b overexpression (P<0.05), 
whereas the alleviations were reversed by PDCD4 
overexpression (P<0.01). Analogically, alterations of 
apoptosis-related proteins, induced by LPS, were all 
reversed by miR-23b overexpression, which was then 
reversed again by PDCD4 overexpression (Figure 6C). 
Subsequently, the effects of miR-23b overexpression on 
release of inflammatory cytokines in LPS-treated cells 
were all reversed by PDCD4 overexpression compared 
with the LPS+miR-23b mimic group (P<0.05, Figures 
6D-6H). 

LPS-induced cell injury was aggravated by activation 
of the NF-κB and Notch signaling pathways 

The effects of abnormally expressed PDCD4 on 
the NF-κB and Notch signaling pathways were finally 
assessed by Western blot analysis. Results in the Figures 
7A-7B showed phosphorylated levels of p65 and IκBα 
as well as expressions of Notch1, Notch2 and Notch3 
were all increased by LPS stimulation (Figures 7A-
7B). Then, these increases were further elevated by 
PDCD4 overexpression compared with the LPS+pEX 
group while they were reversed by PDCD4 knockdown 
compared with the LPS+siNC group. 

Discussion
With the increase of life expectancy and aging 

population, OA is predicted to be the fourth leading 
cause of disability all over the world by the year 2020 
(19). Hence, more details on the progression of OA 
should be well studied. In our study, cell model of 
inflammatory injury was induced by LPS. MiR-23b was 
identified to be down-regulated after LPS treatment, and 
the LPS-induced cell injury could be alleviated by miR-
23b overexpression. PDCD4 is predicted to be a target 
of miR-23b and miR-23b overexpression functioned 
through down-regulating PDCD4. Moreover, PDCD4 
knockdown inhibited the LPS-induced activation of the 
NF-κB and Notch signaling pathways. 

Commonly, OA is characterized by the degradation 
of articular cartilage. Cartilage extracellular matrix, 
produced and maintained by chondrocytes, can mediate 
cartilage function and compensate mechanical stress 
to avoid structural damage (20). As the sole cell types 
in the cartilage, chondrocytes play a crucial role in 
OA development. ATDC5 cells, derived from mouse 
teratocarcinoma cells, are an excellent in vitro model cell 
line which is characterized as a chondrogenic cell line 
(21). LPS-stimulated chondrocytes have been used for 
investigations focused on OA. One reason is that various 
inflammatory cytokines participate in the abnormal 

Figure 6. MicroRNA (miR)-23b overexpression functioned through down-regulating programmed cell death 4 (PDCD4). A. Cell viability was 
determined by Cell Counting Kit-8 assay. B. Cell apoptosis was measured by flowcytometry. C. Expression of apoptosis-associated proteins was 
tested by Western blot analysis. D. Relative mRNA expression levels of inflammatory cytokines were assessed by qRT-PCR. E-H. Protein expression 
levels of inflammatory cytokines were determined by enzyme-linked immunosorbent assay. The duration of LPS treatment (5 μg/ml) was 5 hr. 
Data are presented as the mean±SD. *, P<0.05; **, P<0.01; ***, P<0.001. LPS, lipopolysaccharide; P-, pro; C-, cleaved; pEX-PDCD4, pEX-2 plasmid 
containing the full-length PDCD4 sequence

Figure 7. Programmed cell death 4 (PDCD4) overexpression activated 
the NF-κB and Notch signaling pathways in ATDC5 cells with an LPS-
induced inflammatory injury. ATDC5 cells were transfected with pEX-
2 (pEX), pEX-PDCD4, siNC or si-PDCD4 and then stimulated with 5 
μg/ml LPS for 5 hr. Protein expressions of key kinases were assessed 
by Western blot analysis. LPS, lipopolysaccharide; pEX-PDCD4, pEX 
containing full-length PDCD4 sequence; si-PDCD4, PDCD4-specific small 
interfering RNA; siNC, negative control of si-PDCD4; p-, phosphorylated; 
IκBα, inhibitor of nuclear factor κB α
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remodeling of joint tissues which is a character of OA. 
Another reason comes from the fact that LPS induces 
secretion of pro-inflammatory cytokines through activation 
of several signal transduction cascades (22). The underlying 
mechanism of calcitonin in OA treatments has been 
studied in LPS treated chondrocytes (23). In addition, 
the potential role of miR-1246 in OA has been studied by 
in vitro experiments using LPS-treated ATDC5 cells (24). 
Hence, in our study, we simulated the progression of OA 
in LPS-treated ATDC5 cells. Chondrocyte apoptosis and 
release of inflammatory cytokines have been reported 
as two major pathogenic mechanisms of OA (25). Thus, 
LPS-induced cell injury was evaluated through loss of 
cell viability, enhancement of cell apoptosis, alteration of 
apoptosis-associated proteins, and release of inflammatory 
cytokines. Ratios of Bax/Bcl-2, cleaved/procaspase-3, 
and cleaved/procaspase-9 were all increased by LPS, 
suggesting that LPS induced cell injury though intrinsic 
mitochondria-mediated and caspase pathways. 

Next, we explored the expression of miR-23b and 
interestingly found it was down-regulated by LPS, 
implying the possible involvement of miR-23b in LPS-
induced cell injury. Accordingly, miR-23b was aberrantly 
expressed through cell transfection with miRNAs in 
ATDC5 cells, followed by LPS treatment. Results in 
our study illustrated that miR-23b overexpression 
alleviated the LPS-induced cell injury whereas miR-23b 
knockdown exacerbated the cell injury induced by LPS. 
The influence of miR-23b on cell viability and apoptosis 
were consistent with a previous study, in which miR-
23b was an oncogenic miRNA in renal cell carcinoma 
(26). Meanwhile, the suppressive effect of miR-23b on 
inflammation was coincident with a previous literature 
report (27). 

miRNAs are considered as post-transcriptional 
regulators through binding to the 3’UTR of target genes 
(28). Currently, large numbers of genes have been 
reported as target genes of miR-23b, which participate 
in the biological function of miR-23b, including 
autophagy-related gene 12, high-mobility group box 2, 
Smad3, etc. (29, 30). Herein, the possible target genes 
of miR-23b were virtually screened by the TargetScan 
online software. PDCD4 is recognized as a tumor 
suppressor that binds to the RNA helicase eukaryotic 
initiation factor 4A, which plays a crucial role in the 
unwinding of mRNA and scanning during translation 
initiation, thereby inhibiting protein expression (31, 
32). Moreover, PDCD4 is also reported to play pro-
inflammatory roles in LPS signaling and is required 
for the lethality of LPS (33). Therefore, the interaction 
between miR-23b and PDCD4 as well as the role of 
PDCD4 in miR-23b-associated regulation were further 
studied. Firstly, PDCD4 was proved to be negatively 
correlated with miR-23b expression at both mRNA 
and protein levels. Then luciferase assay verified the 
direct binding of miR-23b to PDCD4 3’UTR. Finally, the 
alleviation of LPS-induced cell injury, induced by miR-
23b overexpression, was proved to be realized through 
down-regulating PDCD4 expression. 

The NF-κB signaling pathway is identified to be 
the central regulator of the inflammatory responses 
in synovium and chondrocytes and is reported to 
promote chondrocyte apoptosis (34, 35). Under the 

normal state, NF-κB dimers (p65/p50) are stayed in the 
cytoplasm along with IκBα. After LPS treatment, IκBα is 
phosphorylated and release active NF-κB dimers, which 
translocate to the nucleus to regulate downstream genes 
(33, 36). Notch signaling pathway is a highly conserved 
pathway that is responsible for the regulation of cell 
proliferation and apoptosis in OA (37). Hence, we finally 
explored the alterations of these two pathways during 
the modulation of miR-23b in LPS-induced cell injury. 
Results showed these two pathways were both activated 
by LPS, which was consistent with previous studies (38, 
39). Then, the activations were ameliorated by PDCD4 
knockdown but were further enhanced by PDCD4 
overexpression, suggesting that aberrantly expressed 
PDCD4, which could be regulated by miR-23b, affected 
the activations of the NF-κB and Notch pathways. 

Conclusion
Taken together, miR-23b was down-regulated in LPS-

treated ATDC5 cells, and its overexpression alleviated 
LPS-induced cell injury through down-regulating 
PDCD4, involving the NF-κB and Notch pathways. The 
investigations might provide novel therapeutic targets 
for OA. More validations should be done in vivo in the 
future. 

References
1. Hiligsmann M, Cooper C, Arden N, Boers M, Branco JC, Luisa 
Brandi M, et al. Health economics in the field of osteoarthritis: 
an expert’s consensus paper from the European Society 
for Clinical and Economic Aspects of Osteoporosis and 
Osteoarthritis (ESCEO). Semin Arthritis Rheum 2013; 43:303-
313.
2. Li X, Kim JS, van Wijnen AJ, Im HJ. Osteoarthritic tissues 
modulate functional properties of sensory neurons associated 
with symptomatic OA pain. Mol Biol Rep 2011; 38:5335-5339.
3. Mobasheri A, Kalamegam G, Musumeci G, Batt ME. 
Chondrocyte and mesenchymal stem cell-based therapies 
for cartilage repair in osteoarthritis and related orthopaedic 
conditions. Maturitas 2014; 78:188-198.
4. Baugé C, Girard N, Lhuissier E, Bazille C, Boumediene K. 
Regulation and role of TGFβ signaling pathway in aging and 
osteoarthritis joints. Aging Dis 2014; 5:394-405.
5. van der Kraan PM. Osteoarthritis year 2012 in review: 
biology. Osteoarthritis Cartilage 2012; 20:1447-1450.
6. Walsh DA. Osteoarthritis: nerve ablation - a new treatment 
for OA pain? Nat Rev Rheumatol 2017; 13:393-394.
7. Berenbaum F. Osteoarthritis is an inflammatory disease 
(osteoarthritis is not osteoarthrosis!). Osteoarthritis Cartilage 
2013; 21:16-21.
8. Loeser RF, Goldring SR, Scanzello CR, Goldring MB. 
Osteoarthritis: a disease of the joint as an organ. Arthritis 
Rheum 2012; 64:1697-1707.
9. Kou S, Wu Y. Meta-analysis of tumor necrosis factor alpha 
-308 polymorphism and knee osteoarthritis risk. BMC 
Musculoskelet Disord 2014; 15:373.
10. Sieghart D, Liszt M, Wanivenhaus A, Broll H, Kiener H, 
Klosch B, et al. Hydrogen sulphide decreases IL-1beta-induced 
activation of fibroblast-like synoviocytes from patients with 
osteoarthritis. J Cell Mol Med 2015; 19:187-197.
11. Bondeson J, Blom AB, Wainwright S, Hughes C, Caterson 
B, van den Berg WB. The role of synovial macrophages and 
macrophage-produced mediators in driving inflammatory and 
destructive responses in osteoarthritis. Arthritis Rheum 2010; 
62:647-657.
12. Shen L, Zhang Y, Du J, Chen L, Luo J, Li X, et al. MicroRNA-
23a regulates 3T3-L1 adipocyte differentiation. Gene 2016; 



535Iran J Basic Med Sci, Vol. 21, No. 5, May 2018

Role of miR-23b in OA  Yang et al.

575:761-764.
13. Martel-Pelletier J. Implication of microRNA-140 in 
osteoarthritis. Arthritis Res Ther 2012; 14:O25.
14. Rasheed Z, Al-Shobaili HA, Rasheed N, Mahmood A, Khan 
MI. MicroRNA-26a-5p regulates the expression of inducible 
nitric oxide synthase via activation of NF-κB pathway in 
human osteoarthritis chondrocytes. Arch Biochem Biophys 
2016; 594:61-67.
15. Cao J, Liu J, Long J, Fu J, Huang L, Li J, et al. microRNA-23b 
suppresses epithelial-mesenchymal transition (EMT) and 
metastasis in hepatocellular carcinoma via targeting Pyk2. 
Biomed Pharmacother 2017; 89:642-650.
16. Wu S, Bai L, Li ZF, Li QG, Xie J, Jian B. Clinical significance 
and prognostic value of microRNA-23b expression level in 
colon cancer. Int J Clin Exp Med 2016; 9:10587-1092.
17. Fukumoto I, Koshizuka K, Hanazawa T, Kikkawa N, 
Matsushita R, Kurozumi A, et al. The tumor-suppressive 
microRNA-23b/27b cluster regulates the MET oncogene in 
oral squamous cell carcinoma. Int J Oncol 2016; 49:1119-1129.
18. Livak KJ, Schmittgen TD. Analysis of relative gene 
expression data using real-time quantitative PCR and the 
2(-Delta Delta C(T)) Method. Methods 2001; 25:402-408.
19. Xue H, Tu Y, Ma T, Liu X, Wen T, Cai M, et al. Lactoferrin 
inhibits IL-1β-induced chondrocyte apoptosis through 
AKT1-Induced CREB1 activation. Cell Physiol Biochem 2015; 
36:2456-2465.
20. Olivotto E, Otero M, Marcu KB, Goldring MB. Pathophysiology 
of osteoarthritis: canonical NF-kappaB/IKKbeta-dependent 
and kinase-independent effects of IKKalpha in cartilage 
degradation and chondrocyte differentiation. RMD Open 
2015; 1:e000061.
21. Nahid MA, Yao B, Dominguez-Gutierrez PR, Kesavalu L, 
Satoh M, Chan EK. Regulation of TLR2-mediated tolerance and 
cross-tolerance through IRAK4 modulation by miR-132 and 
miR-212. J Immunol 2013; 190:1250-1263.
22. Gong AG, Zhang LM, Lam CT, Xu ML, Wang HY, Lin HQ, et 
al. Polysaccharide of danggui buxue tang, an ancient chinese 
herbal decoction, induces expression of pro-inflammatory 
cytokines possibly via activation of NFκB signaling in cultured 
RAW 264.7 cells. Phytother Res 2017; 31:274-283.
23. Zhang LB, Man ZT, Li W, Zhang W, Wang XQ, Sun S. Calcitonin 
protects chondrocytes from lipopolysaccharide-induced 
apoptosis and inflammatory response through MAPK/Wnt/
NF-κB pathways. Mol Immunol 2017; 87:249-257.
24. Wu DP, Zhang JL, Wang JY, Cui MX, Jia JL, Liu XH, et al. 
MiR-1246 Promotes LPS-Induced Inflammatory Injury in 
Chondrogenic Cells ATDC5 by Targeting HNF4γ. Cell Physiol 
Biochem 2017; 43:2010-2021.
25. Won Y, Shin Y, Chun CH, Cho Y, Ha CW, Kim JH, et al. 
Pleiotropic roles of metallothioneins as regulators of 
chondrocyte apoptosis and catabolic and anabolic pathways 
during osteoarthritis pathogenesis. Ann Rheum Dis 2016; 
75:2045-2052.
26. Zaman MS, Thamminana S, Shahryari V, Chiyomaru T, 
Deng G, Saini S, et al. Inhibition of PTEN gene expression 

by oncogenic miR-23b-3p in renal cancer. PloS One 2012; 
7:e50203.
27. Zhu S, Pan W, Song X, Liu Y, Shao X, Tang Y, et al. The 
microRNA miR-23b suppresses IL-17-associated autoimmune 
inflammation by targeting TAB2, TAB3 and IKK-alpha. Nat 
Med 2012; 18:1077-1086.
28. Gosline SJ, Gurtan AM, JnBaptiste CK, Bosson A, Milani P, 
Dalin S, et al. Elucidating microRNA regulatory networks using 
transcriptional, post-transcriptional, and histone modification 
measurements. Cell Rep 2016; 14:310-319.
29. Liu F, Li Y, Jiang R, Nie C, Zeng Z, Zhao N, et al. miR-132 
inhibits lipopolysaccharide-induced inflammation in alveolar 
macrophages by the cholinergic anti-inflammatory pathway. 
Expe Lung Res 2015; 41:261-269.
30. Chen M, Shi J, Zhang W, Huang L, Lin X, Lv Z, et al. MiR-
23b controls TGF-β1 induced airway smooth muscle cell 
proliferation via direct targeting of Smad3. Pulm Pharmacol 
Ther 2017; 42:33-42.
31. Marintchev A, Edmonds KA, Marintcheva B, Hendrickson E, 
Oberer M, Suzuki C, et al. Topology and regulation of the human 
eIF4A/4G/4H helicase complex in translation initiation. Cell 
2009; 136:447-460.
32. Chen Z, Yuan YC, Wang Y, Liu Z, Chan HJ, Chen S. Down-
regulation of programmed cell death 4 (PDCD4) is associated 
with aromatase inhibitor resistance and a poor prognosis in 
estrogen receptor-positive breast cancer. Breast Cancer Res 
Treat 2015; 152:29-39.
33. Sheedy FJ, Palsson-Mcdermott E, Hennessy EJ, Martin 
C, O’Leary JJ, Ruan Q, et al. Negative regulation of TLR4 via 
targeting of the proinflammatory tumor suppressor PDCD4 by 
the microRNA miR-21. Nat Immunol 2010; 11:141-147.
34. Duan X, Yan H, Pan H, Rai MF, Wickline SA, Pham C, et 
al. Novel anti-inflammatory nanotherapy targeting NF-κB 
suppresses post-traumatic osteoarthritis. Osteoarthritis 
Cartilage 2016; 24:S392-S393.
35. Wu L, Huang X, Li L, Huang H, Xu R, Luyten W. Insights on 
biology and pathology of HIF-1alpha/-2alpha, TGFbeta/BMP, 
Wnt/beta-catenin, and NF-kappaB pathways in osteoarthritis. 
Curr Pharm Des 2012; 18:3293-3312.
36. Hoffmann A, Natoli G, Ghosh G. Transcriptional regulation 
via the NF-kappaB signaling module. Oncogene 2006; 
25:6706-6716.
37. Sassi N, Laadhar L, Driss M, Kallel-Sellami M, Sellami 
S, Makni S. The role of the Notch pathway in healthy and 
osteoarthritic articular cartilage: from experimental models 
to ex vivo studies. Arthritis Res Ther 2011; 13:208.
38. Li L, Liu H, Shi W, Liu H, Yang J, Xu D, et al. Insights into 
the action mechanisms of traditional chinese medicine in 
osteoarthritis. Evid Based Complement Alternat Med 2017; 
2017:5190986.
39. Tsao PN, Wei SC, Huang MT, Lee MC, Chou HC, Chen CY, 
et al. Lipopolysaccharide-induced Notch signaling activation 
through JNK-dependent pathway regulates inflammatory 
response. J Biomed Sci 2011; 18:56.


	bookmark0
	OLE_LINK82
	OLE_LINK83
	OLE_LINK128
	OLE_LINK127
	_GoBack
	_GoBack
	OLE_LINK3
	OLE_LINK1
	OLE_LINK2
	OLE_LINK4
	OLE_LINK5
	OLE_LINK17
	OLE_LINK18
	OLE_LINK19
	OLE_LINK20
	OLE_LINK21
	OLE_LINK22
	OLE_LINK23
	OLE_LINK40
	OLE_LINK41
	OLE_LINK26
	OLE_LINK27
	OLE_LINK42
	OLE_LINK43
	OLE_LINK6
	OLE_LINK7
	OLE_LINK44
	OLE_LINK45
	OLE_LINK46
	OLE_LINK49
	OLE_LINK50
	OLE_LINK8
	OLE_LINK9
	OLE_LINK51
	OLE_LINK52
	OLE_LINK10
	OLE_LINK11
	OLE_LINK12
	OLE_LINK13
	OLE_LINK55
	OLE_LINK56
	OLE_LINK14
	OLE_LINK15
	OLE_LINK16
	OLE_LINK24
	OLE_LINK25
	OLE_LINK28

