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 Background: miR-181a is a small non-coding RNA known to be dysregulated in osteoarthritis (OA), but the role of miR-181a 
in human OA remains unclear. The aim of this study was to identify its function and molecular target in chon-
drocytes during OA pathogenesis.

 Material/Methods: The function of miR-181a was assessed by gain-of-function studies in human OA chondrocytes. Potential tar-
gets of miR-181a were predicted using series of bioinformatics and intersection analysis, then confirmed by 
luciferase reporter assay. Gene expression was quantified using quantitative reverse transcription PCR (qRT-
PCR) assays, and protein production was quantified by Western blot analysis.

 Results: The FITC apoptosis assay results indicated that the upregulation of miR-181a led to an increase of apopto-
sis rate in chondrocytes. Then bioinformatic analysis identified potential target sites of the miR-181a locat-
ed in the 3’ untranslated region of GPD1L. Dual-luciferase reporter assays results showed that GPD1L is a tar-
get gene of miR-181a. Furthermore, Western blot and qRT-PCR analysis demonstrated that miR-181a inhibited 
GPD1L gene expression. Increased GPD1L and decreased miRNA-181a were observed in tissues from osteoar-
thritis patients. Moreover, we found a highly negative correlation between miRNA-181a and GPD1L.

 Conclusions: Our results demonstrated that miR-181a may play an important role in the pathogenesis of OA through tar-
geting GPD1L and regulating chondrocyte apoptosis.
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Background

MicroRNAs (miRNAs), a class of short non-coding RNA molecules 
of 17–25 nucleotides, have been regarded as a class of crucial 
gene regulators that silence target mRNAs by binding to com-
plementary sequences in 3’ untranslated regions (3’UTR) to in-
duce target mRNA degradation or translational repression [1]. 
There is accumulating evidence that miRNAs play a vital role 
in cartilage differentiation and homeostasis, and in the patho-
biology of osteoarthritis and therefore function as an integral 
part of the regulatory network in chondrocyte fate and carti-
lage function [2,3]. Growing evidence shows differential expres-
sion patterns of miRNAs between osteoarthritis (OA) and nor-
mal plasma [4], synovial fluid [5], and cartilage [6]. Moreover, 
several miRNAs have been identified to participate in the “tug-
of-war” between tissue homeostasis and OA pathogenesis [7]. 
miR-181a was previously identified to be associated with OA. 
Expression of miR-181a can be detected in cells with chondro-
cytic phenotype [8]; its expression is downregulated in OA but 
upregulated in synovial fluid from OA patients treated with hy-
aluronic acid [5]. However, the potential function and mecha-
nism of miR-181a in human OA pathogenesis remains unclear.

Apoptosis has been proved to be involved in maintaining the ho-
meostasis of various tissues in the adult human body, and the 
role of apoptosis in the chondrocytes in the etiology and progres-
sion of OA has been well documented [9,10]. Apoptosis occurs 
in osteoarthritic cartilage; however, the relative contributor and 
regulator of chondrocyte apoptosis in the pathogenesis of OA 
has rarely been reported [11]. It has been confirmed that miRNA 
is involved in the disrupted balance of pro- and anti-apoptotic 
proteins, thus resulting in over-proliferation and/or dysfunction-
al removal of cells in a variety of diseases [12–14]. miRNAs may 
also be important mediators of chondrocyte apoptosis in OA.

In this present study, we show that miR-181a functions as 
an inducer of chondrocyte apoptosis in vitro, and that miR-
181a can directly target the chondrocyte apoptosis suppres-
sor GPD1L. Increased GPD1L and decreased miRNA-181a were 
observed in tissues from OA patients. Moreover, we found a 
highly negative correlation between miRNA-181a and GPD1L, 
and showed that knockdown of GPD1L induced chondrocyte 
apoptosis. Our findings indicated that dysregulation of miR-
181a may modulate OA through targeting GPD1L and regu-
lating chondrocyte apoptosis.

Material and Methods

Materials

Rabbit polyclonal antibodies specific to GPD1L and GAPDH was 
purchased from Abcam (Cambridge, MA, USA); miR-181a mimic 

and negative control, miR-181a inhibitor and negative control, 
Lipofectamine 3000, and TRIzol from Life Technologies (Carlsbad, 
CA). DMEM, fetal bovine serum (FBS), and all other cell culture 
reagents from Life Technologies (Grand Island, NY); wild-type 
3’UTR of GPD1L mRNA (wt-GPD1L- 3’UTR) and vector containing 
mismatches in predicted miR-181a-binding site (full muntant-
GPD1L-3’UTR) were from Addgene (Cambridge, MA); GPD1L 
siRNA (sc-78210) and the negative control siRNA (sc-37007) 
were obtained from Santa Cruz (Santa Cruz Biotechnology, CA).

Specimen selection and cell culture

Cartilage tissues were obtained at the time of knee replacement 
from patients diagnosed with OA according to the American 
College of Rheumatology criteria for this disease. The OA pa-
tients included 3 males and 2 females, with a mean age of 
72.4 years (63–85 years). Normal human articular cartilage tis-
sues from knee joints, including 3 males and 2 females, with 
a mean age of 42.6 years (30–50 years), were obtained from 
traumatic amputees in our hospital. Ethics approval was ob-
tained from the Ethics Committee of our hospital and written 
consent was obtained from all of the patients.

Articular cartilages were cut into small fragments, firstly di-
gested with trypsin (Invitrogen, CA, USA) for 30 min and then 
treated with 0.3% collagenase (Invitrogen) for 4 h at 37°C for 
dissociation. After that, cell suspension was filtered through 
40 μm cell filter (BD Falcon, MA), and cells were collected. 
Chondrocytes were then resuspended in Dulbecco’s Modified 
Eagle’s Medium (DMEM) with 10% fetal bovine serum (FBS, 
HyClone Laboratories, Logan, UT), 100 units/ml penicillin, and 
100 units/ml streptomycin. Chondrocytes were cultured at 37°C 
in humidified air with 5% CO2. Primary chondrocytes at 80% 
confluence were used for all the studies.

Transfection

Chondrocytes at approximately 60%–70% confluence were 
transfected using LipofectamineTM 3000 reagents (Invitrogen, 
CA). After 5 h of transfection, the medium was replaced with 
fresh DMEM medium with 10% FBS.

Annexin-V-fluorescein isothiocyanate (FITC) apoptosis 
assay

After transfection for 48 h, the chondrocytes (1×104) were har-
vested and the translocation of phosphatidylserine was detected 
by using the Annexin-V-FLUOS staining kit (Roche Applied Science, 
Mannheim, Germany). Briefly, the harvested chondrocytes were 
washed and incubated after being labeled with 5 ml of Annexin-
V-fluorescein isothiocyanate (FITC) and 5 ml of PI. The labeled 
chondrocytes were then analyzed by Annexin V-fluorescein iso-
thiocyanate (FITC)/propidium iodide (PI) flow cytometry
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Target prediction

Putative targets of miR-181a were predicted bioinformatically 
by specific programs as follows: TargetScan (http://www.tar-
getscan.org), miRanda database (http://www.microrna.org), and 
Pictar database (http://pictar.mdc-berlin.de/). Putative miRNA: 
mRNA interaction was based on the total context score and 
probability of conserved targeting (PCT). The more negative the 
context score and the higher the PCT, the higher the probabil-
ity of miRNA: mRNA binding. Relevant targets predicted by all 
3 databases were chosen for lab experimentation.

Quantitative reverse transcription PCR

Total RNA of tissues and cells were isolated using TRIzol 
(Invitrogen Life Technologies). Subsequently, cDNA was syn-
thesized from 1 μg RNA using a specific primer for miRNA us-
ing the TaqMan MicroRNA Reverse Transcription Kit (Applied 
Biosystems, Foster City, CA), or with a primer for message RNA 
using a reverse transcription kit (Takara, Dalian, China). After 
reverse transcriptase reaction, real-time PCR was performed on 
an ABI 7900 Real-Time PCR system (Applied Biosystems, Foster 
City, CA). For the quantification of miRNA expression, RT reac-
tion was processed at 16°C for 30 min, 42°C for 30 min, and 
85°C for 5 min. Gene expression levels were quantified at 95°C 
for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C for 
60 s. The primers used were as follows: GPD1L, 5’-ACGGTGGTTG 
ATGATGCAGACACT-3’ (forward), and 5’-CGGATGACGGCCGCT 
TTGGT-3’ (reverse); GPD1L, 5’-CGCTGGGAATCACCCTCATC-3’ 
(forward), and 5’- CATTACTTTGCTGCCGATGGT-3’ (reverse); b-
actin, 5’-ATCGTCCACCGCAAATGCTTCTA-3’ (forward), and 5’- 
AGCCATGCCAATCTCATCTTGTT-3 ’(reverse). b-actin and small 
nuclear RNA U6 were used as internal normalized references 
for mRNA and miRNA, respectively.

Luciferase reporter assay

For the luciferase reporter assay, cells were co-transfected with 
mutant-type or wild-type pmirGLO-report-GPD1L vector, and co-
transfected with miR-181a inhibitor/mimics or their negative 
control, respectively. Each sample was co-transfected with 50 
ng of pRL-TK plasmid expressing Renilla luciferase (Promega, 
Madison, WI). Chondrocytes were collected 24 h after trans-
fection and analyzed using the dual-luciferase reporter assay 
(Promega Corporation, Madison, WI). The Renilla luciferase ac-
tivities were normalized to firefly luciferase.

Western blot analysis

Total protein was dissolved in radio-immunoprecipitation assay 
buffer (150 mm NaCl, 10 mm Tris, pH 7.2, 5 mm EDTA, 1% Triton 
X-100, 0.1% SDS, 1% deoxycholic acid). Protein samples were 
separated using 10% sodium dodecyl sulfate-polyacrylamide 

gel electrophoresis (SDS-PAGE) and then transferred to nitro-
cellulose membranes. The membranes were blocked using 
5% BSA for 30 min and incubated with diluted (1:1,000) poly-
clonal antibodies specific for GPD1L and GAPDH overnight at 
4°C, followed by hybridized with secondary antibodies. After 
washing 3 times with TBST, the specific proteins were visual-
ized using an enhanced chemiluminescence method kit (GE 
Healthcare Life Sciences, Piscataway, NJ).

Statistical analysis

Each experiment was repeated 3 times. Analyses were carried 
out using the Statistical Package for the Social Sciences (ver-
sion 21.0; SPSS, Chicago, IL). Data are expressed as mean ± 
standard deviation (SD). The difference between groups was 
estimated by using Student’s t-test. Pearson correlation coef-
ficient were used to assess the correlation between miR-181a 
and GPD1L expression levels. A P value low than 0.05 was con-
sidered to be a statistically significant difference.

Results

miR-181a induces chondrocyte apoptosis

To investigate the effect of miR-181a on chondrocytes, we 
detected whether miR-181a overexpression affects the per-
centage of apoptosis chondrocytes. As shown in Figure 1, the 
ectopic expression of miR-181a chondrocytes showed a signif-
icant increase in the apoptotic rate of chondrocytes (P<0.01).

miR-181a targets prediction

miRNA is an important post transcription negative regulator 
for protein coding genes. Therefore, we first predicted targets 
of miR-181a by using online bioinformatics tools TargetScan 
and miRanda, as well as the Pictar databases. Among predict-
ed targets of miR-181a from these 3 databanks, 3 overlapping 
genes ranked as most probable targets (Figure 2). One of them, 
GPD1L, is implicated in hypoxia-inducible factor 1a (HIF-1a) ex-
pression and hydroxylation [15,16], and HIF-1a has been con-
firmed as an important regulator contributing to the synthesis 
of ECM and chondrocyte fate in OA [17]. Thus, we next deter-
mined whether GPD1L is a direct target of miR-181a in chondro-
cytes, and whether miR-181a regulates chondrocyte apoptosis 
by targeting GPD1L, thereby affecting the pathogenesis of OA.

miR-181a directed targets GPD1L

Next, we tested whether miR-181a targets GPD1L through a 
seed site in the 3’-UTR of GPD1L mRNA. We constructed pmir-
GLO-GPD1L-UTR, a dual-luciferase reporter plasmid containing 
2 tandem miR-181a recognition sequences from the 3’-UTR of 
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GPD1L mRNA, and pmirGLO-GPD1L-mut-UTR reporter, the mu-
tated recognition sequences (Figure 3A). We performed dual-
luciferase reporter assays by using these vectors. Our results 
showed that the reporter luciferase activity of the wild-type 3’-
UTR was significantly decreased in the miR-181a mimic group 
(Figure 3B), while luciferase activity of the mutant 3’-UTR re-
porter was not significantly changed by the miR-181a mim-
ics. The miR-181a inhibitor (Inhibitor-181a)-transfected cells 
showed the opposite results (Figure 3C). In summary, GPD1L 
is a direct target gene of miR-181a.

Using Western blot and RT-qPCR analysis, we then determined 
whether miR-181a downregulates GPD1L protein or mRNA 
in chondrocytes. Our results showed that miR-181a-overex-
pression resulted in a sharp decreased in GPD1L mRNA levels 

(Figure 4A) and reduced GPD1L protein level (Figure 4B), which 
is comparable to the effect of GPD1L siRNA in chondrocytes.

The expression of miRNA-181a and GPD1L in OA patients

We then assessed miRNA-181a and GPD1L expression levels 
in osteoarthritis patients. As shown by real-time PCR anal-
ysis, the expression level of miRNA-181a was significantly 
decreased, and the expression of GPD1L mRNA was mark-
edly increased in tissues from osteoarthritis patients com-
pared to tissues from traumatic amputees (Figure 5A, 5B). 
Figure 5C displays the Western blotting results, showing that 
GPD1L protein was downregulated in tissues from osteoarthri-
tis patients compared to that of the control group (P<0.05). 
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Figure 1.  Overexpression of miR-181a induced chondrocyte apoptosis. (A) After transfection for 48 h, Annexin-V-FITC and PI co-
staining were used for flow cytometric analysis. FITC, fluorescein isothiocyanate; PI, propidium iodide. (B) Quantification of 
the percentage of apoptotic cells. * P<0.05.
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Figure 2.  MiR-181a targets prediction. (A) Three genes were selected as potential targets of miR-181a using 3 classic prediction 
databases. (B) The specific binding sites of miR-18a within the 3’UTR of potential targets.
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Interestingly, a highly negative correlation between miRNA-
181a and GPD1L was found in tissues from osteoarthritis pa-
tients (Figure 5D).

GPD1L inhibits chondrocyte apoptosis

To investigate the effect of GPD1L on chondrocytes, we exam-
ined whether the decrease of GPD1L affects the apoptosis rate of 
chondrocyte. As shown in Figure 6, GPD1L-knockdown chondro-
cytes showed a significantly increased apoptotic rate (P<0.01).
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Figure 4.  GPD1L expression is regulated by miR-181a. (A) miR-181a mimic and GPD1L siRNA effectively reduced the expression 
of GPD1L mRNA. (* p<0.05). (B) miR-181a mimic and GPD1L siRNA effectively reduced the expression of GPD1L protein. 
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Figure 3.  GPD1L is a direct target of miR-181a. (A) Schematic representation of the sequence alignment of the wild-type GPD1L 3’-UTR 
indicating the binding sites of the miR-181a and the mutant GPD1L 3’-UTR for pmirGLO-report (WT, wild-type; MUT, mutant). 
(B) Compared with the negative control group (Mimic-Nc), miR-181a mimics significantly inhibited the reporter luciferase 
activity of the wild-type GPD1L 3’-UTR (* p<0.05) but not that of the mutant GPD1L 3’-UTR (p>0.05) (means ±SD; n=3). 
(C) Compared with the inhibitor negative control group, the reporter luciferase activity of the wild-type GPD1L 3’-UTR was 
significantly increased by miR-181a inhibitor (* p<0.05) compared to the mutant GPD1L 3’-UTR (* p>0.05) (means ±SD; n=3).
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Discussion

Osteoarthritis is the most prevalent chronic joint disease in 
the elderly population [18]. Articular cartilage is composed of 
a small number of chondrocytes and a large amount of extra-
cellular matrix (ECM). Chondrocytes, the unique cell type resi-
dent in cartilage, mediates the cartilage homeostasis by express 
various ECM molecules such as type II collagen and sulfated 
proteoglycans, which are essential components of chondro-
cyte anabolism [19]. Recently, numerous experiments have fo-
cused on the role of miRNAs in chondrocytes and cartilage [3]. 
The present study presents an important finding that the ex-
pression of miR-181a functions as an inducer of chondrocytes 
apoptosis via downregulating GPD1L, showing the critical func-
tion of miR-181a in the development of OA.

miRNAs are essential regulatory molecules and orchestrate 
gene expressions implicated in the regulation of articular car-
tilage homeostasis through translational inhibition and mRNA 
stability. It has been established that miRNAs are important 
regulators of synthesis and degradation of ECM components, 
and that they participate extensively in chondrogenesis, chon-
drocyte differentiation, proliferation, and apoptosis [2,7,20]. 
Among them, miR-181a has been demonstrated to be down-
regulated in OA [5], but its expression and role in chondro-
cyte has not been explored. In the present study, we investi-
gated the effects of miR-181a on chondrocyte apoptosis, and 
found that overexpression of miR-181a induces chondrocyte 
apoptosis, suggesting that miR-181a is a pivotal regulator in 
OA pathogenesis.

To understand the role of miR-181a in the pathogenesis of OA, 
we used computational databanks to help identify the targets 
of miR-181a. Among the 3 overlapping targets predicted, we 
focused on the gene GPD1L. GPD1L is a master regulator for 
the hydroxylation of HIF-1a, and its expression leads to de-
crease of HIF-1a expression [16]. HIF-1a was reported to protect 
articular cartilage by promoting the chondrocyte phenotype, 
maintaining chondrocyte viability, and supporting metabolic 

adaptation to a hypoxic environment [17]. In addition, HIF-1a-
induced HSP70 overexpression increased the expression lev-
els of ECM genes and cell viability, and protected chondro-
cytes from apoptosis [21], indicating that GPD1L may also be 
involved in modulating of chondrocytes apoptosis. Kelly et al. 
reported that hypoxia-induced miR-210 represses GPD1L and 
contributes to increased HIF-1a protein levels [16], proposed 
a model in which GPD1L mediates the function of miRNAs 
in different physiologic or pathologic conditions. Our studies 
found that the mimic of miR-181a significantly downregulated 
the mRNA and protein expression of GPD1L and miR-181a by 
directly targeting GPD1L in chondrocytes, and the expression 
level of GPD1L was negative correlated with miRNA-181a in 
tissues from OA patients. Moreover, GPD1L-knockdown chon-
drocytes showed a significantly increased apoptotic rate, indi-
cating that GPD1L is indeed involved in modulation of differ-
ent cellular microenvironments by mediating miRNAs function.

In addition to chondrocyte apoptosis, it would be interest-
ing to investigate the role of miR-181a in OA angiogenesis, as 
GPD1L signaling is also involved in endothelial progenitor cell 
tube formation and migration [16]. It has been reported that 
hypoxia-induced miR-181a enhances the expression of vascu-
lar endothelial growth factor [22]. Future experiments are nec-
essary to address miR-181a function in depth.

Conclusions

The present study demonstrates that miR-181a facilitates chon-
drocyte apoptosis through directly targeting GPD1L, which ame-
liorates the pathological process of OA. AgomiR-based therapy 
targeted at miR-181a could potentially be effective in limit-
ing OA progression.
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