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Abstract: Objective: This study was undertaken to probe deeply into effects of microRNA-145 (miR-145) expression 
on chondrocyte apoptosis in osteoarthritis (OA). Methods: A group of 71 OA patients (32 males and 39 females) with 
age ranging from 49 to 77 years were recruited into this study. Chondrocytes isolated from their OA tissues were 
separated into four groups: group A (blank control, no transfection), group B (transfection with empty vector pGen-
esil-1), group C (miR-145 plasmid) and group D (miR-145 inhibitor). Transfection efficiency was observed under fluo-
rescence microscope. Real-time quantitative PCR (RT-qPCR) and western blotting were used to detect expressions 
of miR-145 and N-cadherin (mRNA) in the chondrocytes of each group. And flow cytometry was utilized to determine 
cycle and apoptosis of cells in each group. Results: miR-145 expression showed relationship with gender and OA 
grading (both P < 0.05). miR-145 expression increased in the group C and significantly decreased in the group D 
compared with that in the group A and group B (all P < 0.05). Interestingly, N-cadherin expression in the group D was 
increased compared with that in the three groups (all P < 0.05). Moreover, compared with the group A and group 
B, cell apoptosis was significantly abated and the cell proportion was decreased at the S stage in the group D, but 
promoted in the group C (all P < 0.05). Also, the group D had lower cell proportion and cell apoptosis rate than the 
group C (P < 0.05). Conclusion: Inhibition of miR-145 can suppress chondrocyte apoptosis in OA, indicating a new 
direction for OA treatment. 
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Introduction

Osteoarthritis (OA) is a kind of cartilage-degen-
erative disease caused by chondrocyte expo-
sure to biochemical or mechanical stimuli, and 
disturbance of osteochondral homeostasis [1]. 
It is the chief reason of physical deformity and 
deterioration of life in the developed society, 
particularly representing a burden to the aging 
population [2]. And patients with OA always 
bear higher risks of death than those general 
individuals, with an OR value of 1.54 [3]. It is 
noted that the incidence of OA in hand, knee 
and hip joints has increased to 27 million adults 
in 2005 from 21 million in 1995 in the United 
States in which lower extremity joints (knee 
and hip) show predisposition to OA [4]. OA can 
be triggered by a variety of factors which can be 
divided into person-level factors as well as 
joint-level factors. The former includes age and 
gender, obesity, genetics and nutritional fac-
tors, and the latter comprises injury, physical 

activity, muscle strength and occupation fea-
ture [5]. At present, there is no way to cure OA, 
and the main treatment is limited to pain regu-
lation, anti-inflammatory drugs such as ste-
roids, physio-therapeutics, and final joint 
replacement [6]. To improve the treatment, 
pathogenic mechanism of OA needs continuous 
exploration. 

Intriguingly, a study reveals that altered expres-
sion of microRNAs (miRNAs) is involved in the 
pathogenesis of diverse types of arthritis includ-
ing OA [7]. And some experts have suggested 
that miRNA-directed therapy for OA can be a 
good choice without potential side effects [8]. 
miRNAs consist of small non-encoded RNAs 
with length of nearly 22 nucleotides through 
modulating post-transcriptional gene expres-
sions, which assume critical roles in cell metab-
olism, proliferation, differentiation and apopto-
sis of various cellular types [7, 9]. It is reported 
that miRNA-21 (miR-21), miR-25, miR-98, miR-
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137, miR-182, miR-185, miR-211, miR-299, 
and miR-342 all presented high expression in 
chondrocyte of OA, besides, suppressed 
expression of miR-107, miR-146, miR-148, and 
miR-149 in the cell were also significant in ini-
tiation and progression of OA [10-13]. Also, pre-
vious evidence demonstrated that changed 
level of miR-145 was associated with cartilage 
matrix metabolism in OA [14]. In OA, it is discov-
ered that cellular homeostasis is always lost 
with relatively increased chondrocyte apopto-
sis [15]. And the cell apoptosis has been in 
positive relation to the degree of cartilage 
impairment and matrix exhaustion [16]. Thus, 
this study is carried out to investigate how 
expression of miR-145 in OA influences the 
chondrocyte apoptosis, which sets a basis for 
the understanding of OA pathogenesis as well 
as a novel molecular-targeted treatment for OA. 

Materials and methods

Ethnic statement

All participants have given the informed  
consent, and the protocol of this study has 
obtained approval from the Academic Ethics 
Committee of Zhongnan Hospital of Wuhan 
University. 

Subjects

OA patients (n = 71; 32 males and 39 females; 
age 49~77 years; mean age of 60.23 ± 5.49 
years) were collected from Zhongnan Hospital 
of Wuhan University between January 2014 
and December 2014, and all of them have 
received arthroscopic debridement or knee 
replacement. The included patients had osteo-
articular pain, joint clicking and knee joint 
hypertrophy, while those with serious disease 
in brain, heart, lung and kidney, hematonosis, 
diabetes, tumor or rheumatoid arthritis and 
septic arthritis were excluded. According to the 
OA grading [17], there were 21 cases of grade I, 
19 cases of grade II, 16 cases of grade III and 
15 cases of grade IV. All cases were diagnosed 
based on the Guidelines for OA Diagnosis and 
Treatment [18].  

Cell culture and transfection

OA chondrocytes were grown in RPMI-1640 
medium containing 10% fetal bovine serum, 
and then placed at 37°C in 5% CO2. The medi-
um was renewed every 1~2 days. Subsequently, 
transfection was performed referring to instruc-
tions of Lipofectamine 2000 kit (Thermo Fisher 
Scientific, Shanghai, China), with group A (no 
transfection), group B (transfection with empty 
vector pGenesil-1), group C (miR-145 plasmid) 
and group D (miR-145 inhibitor). Within 24 
hours after transfection, green fluorescent 
cells were observed under fluorescence micro-
scope to determine transfection efficiency. 

Real-time quantitative polymerase chain reac-
tion (RT-qPCR)

The chondrocytes transfected after 48 hours 
were collected. Total RNA was isolated from the 
cells of each group based on TaqMan kit 
instructions (Thermo Fisher Scientific, Shang- 
hai, China) and spectrophotometer was used 
for quantitation. Then cDNA was synthetized 
via reverse transcription of RNA. RT-qPCR  
was carried out using ABI7500 qPCR instru-
ment (ABI., Foster City, CA, USA), with reaction 
system consisting of 2X All-in-One TM qPCR Mix 
10 μl (Biomed Co. Ltd., Beijing, China), upstream 
primer and downstream primer (10 μM) 1 μl 
respectively, cDNA 1 μl and ddH2O till to 20 μl. 
The primers adopted in reactions were as  
follows: miR-145 (sequence-specific), forward 
5’-GTCCAGTTTTCCCAGGAAT-3’ and reverse 5’- 

Table 1. Relationship of miR-145 expression 
with clinicopathologic parameters of OA (t 
test was used)
Clinicopathologic 
parameters Cases miR-145 P

Age 0.284
    < 60 30 0.38 ± 0.11
    ≥ 60 41 0.35 ± 0.11
Gender < 0.001
    Male 32 0.27 ± 0.07
    Female 39 0.44 ± 0.06
OA grading < 0.001
    I 21 0.26 ± 0.11

    II 19 0.34 ± 0.04
    III 16 0.41 ± 0.04

    IV 15 0.48 ± 0.06

Obesity 0.874
    Yes 29 0.37 ± 0.11
    No 42 0.36 ± 0.11
Osteoporosis
    Yes 43 0.36 ± 0.11 0.749
    No 28 0.37 ± 0.11
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TGGTGTCGTGGAGTCG-3’; internal control U6, 
forward 5’-CTCGCTTCGGCAGCACA-3’; reverse 
5’-AACGCTTCACGAATTTGCGT-3’; N-cadherin, 
forward 5’-AGGGTGGACGTCATTGTAGC-3’ and 
reverse 5’-CTGTTGGGGTCTGTCAGGAT-3’; inter-
nal control β-actin, forward 5’-TGTTACCAACT- 
GGGACGACA-3’ and reverse 5’-GGGGTGTTGA- 
AGGTCTCAAA-3’. The PCR condition was  
pre-denaturation at 95°C for 10 min, then 95°C 
for 15 s, 60°C for 60 s and 70°C for 1 s, with  
a total of 40 cycles. Finally, relative quantifica-
tion (RQ) of target gene expression can be  
figured out according to a formula, and RQ of 
miR-145 was calculated. This experiment was 
repeated for 3 times.

Western blotting

Cell protein was extracted from each group and 
quantified by bicinchoninic acid (BCA) method. 
Through electrophoresis with 10% SDS-
polyacrylamide gel, samples (60 μg protein) 
were transferred onto polyvinylidene fluoride 
(PVDF) membrane and blocked at room tem-
perature in 5% bovine serum albumin (BSA) for 

2 hours. Subsequently, rabbit-anti-human anti-
bodies (N-cadherin and β-actin), each at 
1:2000) were added and incubated at 4°C 
overnight. Next, horseradish peroxidase (HRP) 
labeled goat-anti-rabbit IgH (1:5000) was 
added and incubated at room temperature for 
1 hour. Finally, electrochemiluminesce (ECL) 
assay was utilized for visualization. Gray densi-
ty was analyzed with Image J software, relative 
expression of N-cadherin = gray density of 
N-cadherin band/β-actin band. This experi-
ment was repeated for 3 times and the average 
value was valid.

Flow cytometry

The first-generation chondrocytes during loga-
rithmic growth phase were collected from each 
group. Then, the cells were digested using tryp-
sin and rinsed twice with phosphate buffer 
solution (PBS). Following cultivation in com-
plete medium and centrifugation (1000 r/min) 
for 4 min, the cells were fixed in 70% ethanol 
overnight. With 1×105 chondrocytes seeded in 
each hole at a six-well plate, the cells were 
divided into four groups: miR-145 mimic group, 
miR-145 inhibitor group, negative control group 
(sequence-unrelated) and blank group. Each 
group had 3 auxiliary holes. Then correspon-
dent reagent was added into each hole and the 
plate was placed in darkness for 30 min. In the 
same way, chondrocytes were collected, 
washed and cultured but not fixed in ethanol. 
Then RNaseA was added and water bath was 
performed for 30 min in the dark. Subsequently, 
the annexin V/PI double-staining was applied 
according to operating instructions (measuring 
cell apoptosis) in darkness for 10 min. This 
experiment was repeated 3 times.   

Statistics

Statistical analyses were carried out with SPSS 
20.0 system (SPSS Inc., Chicago, IL, USA). All 
data were displayed as mean ± standard devia-

Figure 1. Observation of transfection efficiency under fluorescence microscope. Note: A: Blank control (no trans-
fection); B: Transfection with empty vector pGenesil-1; C: Transfection with plasmid miR-145; D: Transfection with 
miR-145 inhibitor.

Figure 2. miR-145 expression in transfected cells of 
each group. Note: A: Blank control (no transfection); 
B: Transfection with empty vector pGenesil-1; C: 
Transfection with plasmid miR-145; D: Transfection 
with miR-145 inhibitor.
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tion. Sample means of three experimental 
groups were analyzed by one way varian- 
ce analysis (ANOVA). Comparisons between 
groups were examined with LSD-t method. P < 
0.05 was considered as significance.

Results

miR-145 expression and clinicopathologic pa-
rameters of OA 

As revealed in Table 1, the miR-145 expression 
was related to OA grading and gender (both  
P < 0.05), but not to age, obesity or osteoporo-
sis of patient (all P > 0.05).

Transfection efficiency

Transfection efficiency = green fluorescent 
cells/total cells. As shown in Figure 1, the 
transfection efficiency of the three groups (B, C 
and D) all exceeded 70%.

Expression of miR-145 after transfection

After 48 hours of transfection, the mean RQ 
value of miR-145 in the four groups was 0.36 ± 

0.18, 0.39 ± 0.15, 1.15 ± 0.24 and 0.27 ± 
0.10, in succession. There was no difference  
of miR-145 expression between the group A 
and group B (P > 0.05), while miR-145 expres-
sion increased in the group C and significantly 
decreased in the group D compared with that  
in the group A and group B (all P < 0.05) (Figure 
2). 

Expression of N-cadherin after transfection

As indicated in Figure 3, N-cadherin expression 
of the chondrocytes in the group D became sig-
nificantly higher but lower in the group C than 
that in the group A and group B (all P < 0.05). 
And N-cadherin expression in the group D was 
higher than that in the group C. N-cadherin 
mRNA expression was in line with N-cadherin 
expression.

Cell cycle and apoptosis

At the S stage, the cell proportion in the four 
groups was (2.98 ± 0.17)%, (3.04 ± 0.12)%, 
(5.46 ± 0.46)% and (2.29 ± 0.11)%, in succes-
sion. No difference was found between the 

Figure 3. Expression of N-cadherin protein by Western blot (A) and expression of N-cadherin mRNA by RT-qPCR (B) 
in transfected cells of each group. Note: 1: blank control (no transfection); 2: transfection with empty vector pGen-
esil-1; 3: transfection with plasmid miR-145; 4: transfection with miR-145 inhibitor; *: P < 0.05 compared with the 
blank contro.

Figure 4. Changes of transfected cell cycle in each group. Note: A: Blank control (no transfection); B: Transfection 
with empty vector pGenesil-1; C: Transfection with plasmid miR-145; D: Transfection with miR-145 inhibitor.
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group A and group B (P > 0.05). Compared with 
the group A, at the S stage, the cell proportion 
significantly increased in the group C while 
decreased in the group D (both P < 0.05) 
(Figures 4, 5). Cell apoptosis rate in the four 
groups was (2.51 ± 0.43)%, (2.58 ± 0.37)%, 
(8.47 ± 0.60)% and (2.09 ± 0.31)%, in succes-
sion. There was little difference of cell apopto-
sis in the group A and group B (P > 0.05). 
Compared with the group A and group B, cell 
apoptosis was significantly abated in the group 
D, but promoted in the group C (all P < 0.05) 
(Figures 6, 7). Also, the group D had lower cell 
apoptosis rate than the group C (P < 0.05).

Discussion

As a major health problem, OA exhibits signifi-
cant impact on patients’ life quality. There is no 
cure for OA currently, and the pathogenesis still 
needs to further explore. It has been known 
that many miRNAs play important parts in 
development and progression of OA, and miR-
145 is one of them. Therefore, this study was 
undertaken to explore how miR-145 influences 
chondrocyte apoptosis in OA and hopes to be 
helpful to elucidate the pathogenic mechanism 
of OA.

At first, this study discovered that miR-145 
expression was in significant association with 
gender of patient and OA grading, which further 
proved that miR-145 expression contributed to 
OA evolvement. Consistent with our result, 

Tonelli et al. announced that OA affected a 
greater population of females than males and 
clinically females suffered stronger pain inten-
sity and greater functional defects [19]. And it 
was reported that miR-145 overexpression 
occurred in OA [20], which also verified the 
other outcome. To clarify the potential mecha-
nism, chondrocytes with high and low expres-
sion of miR-145 were obtained through cell 
transfection. Then it was demonstrated that 
N-cadherin expression in chondrocytes with 
high expression of miR-145 significantly 
decreased but increased in chondrocytes with 
low expression of miR-145 compared with the 
blank control, revealing that miR-145 expres-
sion is in adverse relationship with N-cadherin 
expression in OA. Cadherins are defined as a 
multi-gene family constituted with calcium-
dependent transmembrane proteins mediating 
cell-cell adhesion [21]. N-cadherin was re- 
vealed to push on chondrogenesis (gathering 
chondroprogenitor cells into precartilage con-
densation) and chondrocyte differentiation 
(PMID: 20735983). Furthermore, Chang et al. 
have found cadherin-11 involving in modu- 
lation of synovial fibroblasts which can lead  
to inflammation reactions in rheumatoid  
arthritis [22]. And miR-145 has been proved to 
be able to target N-cadherin directly [23]. Thus, 
on basis of this study it was speculated that 
miR-145 probably participated the ignition and 
progression of OA through negative regulation 
of N-cadherin.

This study also showed that at the S stage, the 
cell proportion and cell apoptosis in chondro-
cytes with high expression of miR-145 was sig-
nificantly promoted, predicting that high expres-
sion of miR-145 may exacerbate the OA condi-
tion. Ryu et al. and Zhang et al. have revealed 
that HIF-2α enhances Fas-mediated cell apop-
tosis in OA cartilage destruction, and miR-145 
can target HIF-2α [24, 25]. Yang et al. also 
revealed that miR-145 can affect Smad3 (an 
important factor for chondrocyte homeostasis) 
expression directly as well as IL-1β-induced 
extracellular matrix degradation of OA cartilage 
[14]. Besides, at the S stage, the cell proportion 
and cell apoptosis in chondrocytes was signifi- 
cantly reduced with blocking of miR-145 
expression, predicting that miR-145 can be a 
point to suppress chondrocyte apoptosis and 
suspend development of OA disease. Martinez-
Sanchez et al. have suggested that via target-

Figure 5. At the S stage, the cell proportion in each 
group after cell transfection. Note: A: Blank control 
(no transfection); B: Transfection with empty vector 
pGenesil-1; C: Transfection with plasmid miR-145; D: 
Transfection with miR-145 inhibitor (*, P < 0.05 com-
pared with the group A).
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ing SOX9 (through a specific binding site in the 
3’-UTR of miR-145) alteration of miR-145 
expression in chondrocytes may provide a 
potential and promising therapy for cartilage 
impairment as well as the chronic disease of OA 
[20].

In summary, overexpression of miR-145 may 
deteriorate OA situation and blocking of miR-
145 expression can abate cell apoptosis and 
delay the OA development, which guides a 
novel molecular-targeted therapy for OA dis-
ease. To our best knowledge, this is the first 
study about miR-145 effects on cell apoptosis 
in OA. More efforts would be made to further 
confirm whether N-cadherin is the target gene 
of miR-145 and delve into the correlation 
between miR-145 and genes implicated in the 
apoptosis of cartilage cells. With deepening 
research, miR-145 is expected to become a 
new strategy for the diagnosis and prognosis of 
OA.

Acknowledgements

The project was supported by Hubei Province 
Natural Science Foundation “Research on 
EGR1/SP1 regulation of bone marrow mesen-
chymal stem cells differentiation of cartilage” 
(2015CKB736). Greatly appreciate our review-
ers for their helpful comments.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Xin Wang, De- 
partment of Orthopaedic Surgery, Zhongnan 
Hospital of Wuhan University, 169 Donghu Road, 
Wuchang District, Wuhan 430071, P. R. China. Tel: 
+86-27-67812557; E-mail: wxwhuznyy@163.com 

References

[1] Anitua E, Sanchez M, Orive G, Padilla S. A bio-
logical therapy to osteoarthritis treatment us-
ing platelet-rich plasma. Expert Opin Biol Ther 
2013; 13: 1161-1172.

[2] Samuels J, Krasnokutsky S, Abramson SB. 
Osteoarthritis: a tale of three tissues. Bull NYU 
Hosp Jt Dis 2008; 66: 244-250.

[3] Heidari B. Knee osteoarthritis prevalence, risk 
factors, pathogenesis and features: Part I. 
Caspian J Intern Med 2011; 2: 205-212.

[4] Neogi T, Zhang Y. Epidemiology of osteoarthri-
tis. Rheum Dis Clin North Am 2013; 39: 1-19

[5] Plotnikoff R, Karunamuni N, Lytvyak E, Penfold 
C, Schopflocher D, Imayama I, Johnson ST, 
Raine K. Osteoarthritis prevalence and modifi-
able factors: a population study. BMC Public 
Health 2015; 15: 1195.

[6] Cho H, Walker A, Williams J, Hasty KA. Study of 
osteoarthritis treatment with anti-inflammato-
ry drugs: cyclooxygenase-2 inhibitor and ste-
roids. Biomed Res Int 2015; 2015: 595273.

[7] Li ZC, Han N, Li X, Li G, Liu YZ, Sun GX, Wang Y, 
Chen GT, Li GF. Decreased expression of mi-
croRNA-130a correlates with TNF-alpha in the 

Figure 6. Cell apoptosis in each group after cell transfection. Note: A: Blank control (no transfection); B: Transfection 
with empty vector pGenesil-1; C: Transfection with plasmid miR-145; D: Transfection with miR-145 inhibitor.

Figure 7. Apoptosis rate of cell in each group after 
transfection. Note: A: Blank control (no transfection); 
B: Transfection with empty vector pGenesil-1; C: 
Transfection with plasmid miR-145; D: Transfection 
with miR-145 inhibitor (*represents P < 0.05 when 
compared with the group A). 



miR-145 promote chondrocyte apoptosis in OA

12246 Int J Clin Exp Pathol 2016;9(12):12240-12246

development of osteoarthritis. Int J Clin Exp 
Pathol 2015; 8: 2555-2564.

[8] Im GI, Choi YJ. Epigenetics in osteoarthritis 
and its implication for future therapeutics. 
Expert Opin Biol Ther 2013; 13: 713-721.

[9] Iliopoulos D, Malizos KN, Oikonomou P, Tsezou 
A. Integrative microRNA and proteomic ap-
proaches identify novel osteoarthritis genes 
and their collaborative metabolic and inflam-
matory networks. PLoS One 2008; 3: e3740.

[10] Santini P, Politi L, Vedova PD, Scandurra R, 
Scotto d’Abusco A. The inflammatory circuitry 
of miR-149 as a pathological mechanism in 
osteoarthritis. Rheumatol Int 2014; 34: 711-
716.

[11] Zhang Y, Jia J, Yang S, Liu X, Ye S, Tian H. 
MicroRNA-21 controls the development of os-
teoarthritis by targeting GDF-5 in chondro-
cytes. Exp Mol Med 2014; 46: e79.

[12] Kim JH, Kim SJ. Overexpression of microR-
NA-25 by withaferin A induces cyclooxygen-
ase-2 expression in rabbit articular chondro-
cytes. J Pharmacol Sci 2014; 125: 83-90.

[13] Li L, Jia J, Liu X, Yang S, Ye S, Yang W, Zhang Y. 
MicroRNA-16-5p Controls Development of 
Osteoarthritis by Targeting SMAD3 in 
Chondrocytes. Curr Pharm Des 2015; 21: 
5160-5167.

[14] Yang B, Kang X, Xing Y, Dou C, Kang F, Li J, 
Quan Y, Dong S. Effect of microRNA-145 on IL-
1beta-induced cartilage degradation in human 
chondrocytes. FEBS Lett 2014; 588: 2344-
2352.

[15] Carames B, Taniguchi N, Otsuki S, Blanco FJ, 
Lotz M. Autophagy is a protective mechanism 
in normal cartilage, and its aging-related loss 
is linked with cell death and osteoarthritis. 
Arthritis Rheum 2010; 62: 791-801.

[16] Musumeci G, Loreto C, Carnazza ML,Martinez 
G. Characterization of apoptosis in articular 
cartilage derived from the knee joints of pa-
tients with osteoarthritis. Knee Surg Sports 
Traumatol Arthrosc 2011; 19: 307-313.

[17] Pritzker KP, Gay S, Jimenez SA, Ostergaard K, 
Pelletier JP, Revell PA, Salter D, van den Berg 
WB. Osteoarthritis cartilage histopathology: 
grading and staging. Osteoarthritis Cartilage 
2006; 14: 13-29.

[18] Sinusas K. Osteoarthritis: diagnosis and treat-
ment. Am Fam Physician 2012; 85: 49-56.

[19] Tonelli SM, Rakel BA, Cooper NA, Angstom WL, 
Sluka KA. Women with knee osteoarthritis 
have more pain and poorer function than men, 
but similar physical activity prior to total knee 
replacement. Biol Sex Differ 2011; 2: 12.

[20] Martinez-Sanchez A, Dudek KA, Murphy CL. 
Regulation of human chondrocyte function 
through direct inhibition of cartilage master 
regulator SOX9 by microRNA-145 (miR-
NA-145). J Biol Chem 2012; 287: 916-924.

[21] Becker SF, Langhe R, Huang C, Wedlich D, 
Kashef J. Giving the right tug for migration: 
cadherins in tissue movements. Arch Biochem 
Biophys 2012; 524: 30-42.

[22] Chang SK, Noss EH, Chen M, Gu Z, Townsend 
K, Grenha R, Leon L, Lee SY, Lee DM, Brenner 
MB. Cadherin-11 regulates fibroblast inflam-
mation. Proc Natl Acad Sci U S A 2011; 108: 
8402-8407.

[23] Gao P, Xing AY, Zhou GY, Zhang TG, Zhang JP, 
Gao C, Li H, Shi DB. The molecular mechanism 
of microRNA-145 to suppress invasion-metas-
tasis cascade in gastric cancer. Oncogene 
2013; 32: 491-501.

[24] Ryu JH, Shin Y, Huh YH, Yang S, Chun CH, Chun 
JS. Hypoxia-inducible factor-2alpha regulates 
Fas-mediated chondrocyte apoptosis during 
osteoarthritic cartilage destruction. Cell Death 
Differ 2012; 19: 440-450.

[25] Zhang H, Pu J, Qi T, Qi M, Yang C, Li S, Huang K, 
Zheng L, Tong Q. MicroRNA-145 inhibits the 
growth, invasion, metastasis and angiogenesis 
of neuroblastoma cells through targeting hy-
poxia-inducible factor 2 alpha. Oncogene 
2014; 33: 387-397.


