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Abstract. The present study aimed to investigate the role of 
microRNA (miR)-210 in the development of intervertebral 
disc degeneration (IDD). Human nucleus pulposus (NP) 
samples were collected from patients with scoliosis and 
IDD (n=12 each) as the scoliosis control and IDD groups, 
respectively. The expression levels of miR-210 were detected 
using reverse-transcription quantitative polymerase chain 
reaction. In vitro overexpression and knockdown of miR-210 
in human NP cells were achieved by transfection of NP cells 
with lentiviral pre-miR-210 and antagomiR-210, respectively. 
The protein expression levels of homeobox A9 (HOXA9) 
were then detected in NP cells with modulated miR-210 
using western blot analysis. Flow cytometry with allophyco-
cyanin-Annexin V/7 and 7-aminoactinomycin D staining was 
also used to detect the proportion of NP cells with modulated 
miR-210 undergoing apoptosis. The current study revealed that 
the miR-210 expression was decreased in patients with IDD 
compared with that of the scoliosis control group (P<0.05). 
Furthermore, the upregulation of miR-210 with pre-miR-210 
led to the repression of HOXA9. The HOXA9 level was 
significantly lower in these cells compared with that of NP 
cells treated with a corresponding negative sequence (P<0.05). 
Knockdown of miR-210 with antagomiR-210 resulted in 
upregulation of HOXA9 in NP cells, determined as the level of 
HOXA9 was significantly higher than that of NP cells treated 
with a negative sequence (P<0.05). The proportion of apop-
totic NP cells also significantly decreased following treatment 
with pre-miR-210 compared with the scoliosis control group 
(12.1±1.43 vs. 23.8±1.22%, respectively; P<0.05). In conclu-
sion, downregulation of miR-210 may promote Fas-mediated 
apoptosis in human IDD by regulating the expression of 
HOXA9. This indicates that miR-210 may be closely associ-
ated with the development of IDD and may act as a novel 
target in IDD treatment.

Introduction

Intervertebral disc degeneration (IDD) is considered to 
be a primary cause of degenerative spinal diseases, typi-
cally resulting in lower back pain, spinal canal stenosis and 
intervertebral disc herniation (1). IDD manifests as a loss 
of proteoglycan and water content in the nucleus pulposus 
(NP) cells of intervertebral discs (2). A previous study has 
demonstrated that young men are more likely to suffer from 
IDD than young women (3). It has also been reported that the 
prevalence of IDD in adolescents and young adults was <10%, 
whilst its prevalence in middle adulthood was increased to 
30-50% (4). Although the etiology of IDD remains poorly 
understood, it is likely that IDD is associated with genetic and 
environmental factors (5). Decreased nutrient supply to the 
disc cells is hypothesized to be a leading cause of IDD (6,7), 
but smoking, obesity, excessive biomechanical loading and 
other environmental factors may also be associated with 
the development of IDD (8). Furthermore, variations in 
inflammatory and matrix‑degrading genes may be critical 
in IDD development (1,9). Emerging evidence has indicated 
that microRNAs (miRNAs) may play a crucial role in the 
generation of IDD through the prevention of apoptosis in NP 
cells (5,10).

miRNAs are a class of small, regulatory, non-coding 
RNAs with a length of ~22 bp, which mediate gene silencing 
post-transcriptionally through the recognition of particular 
sequences in miRNAs (11). It is of note that miRNA molecules 
have significant roles in modulating numerous biological 
pathways via the regulation of gene expression (12). miRNAs 
typically inhibit translation, and the stability of miRNAs is 
associated with tumorigenic processes, including cell cycle 
regulation, inflammation, differentiation, stress response, 
invasion and apoptosis (13). miRNA perturbations are rela-
tively prevalent and highly involved in the development of a 
number of human diseases, including cancer, viral infections, 
and muscular and cardiovascular diseases (14). As an impor-
tant subtype of miRNAs, miR-210 expression appears to be 
associated with a variety of physiological processes, such as 
mitochondrial metabolism, cell survival, DNA damage repair, 
proliferation, angiogenesis, transport and protein modifica-
tion (15,16). Notably, it has previously been reported that 
miR-210 may be involved in the occurrence, development 
and prognosis of numerous diseases and types of cancer. 
This occurs through regulation of the cell cycle, apoptosis, 
cell migration and angiogenesis, following its effect on the 
expression of associated genes in tumors (17-19). Several 
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prior studies have suggested that miR-210 regulates apoptosis 
by modulating subsequent protein expression in apoptotic 
signaling pathways (15,20-22). Although miR-210 may play 
important regulatory roles across multiple physiological and 
pathological processes in the body, the expression profile and 
the corresponding biological function of miR-210 in human 
IDD have not been investigated. 

Therefore, the aim of the present study was to investigate 
miR-210 expression and its regulatory role in human IDD, 
with the possibility of providing associated novel therapeutic 
targets in the clinical therapy of IDD.

Materials and methods

Ethics statement. The present study was performed with 
the approval of the Institutional Review Board of the First 
Affiliated Hospital of Nanchang University (Nanchang, 
China) and written informed consent was obtained from all 
participants. Furthermore, the present study conformed to the 
ethical standards outlined in the Declaration of Helsinki (23).

Subjects. The current study was conducted on 24 patients 
admitted to the Department of Pain Management of the 
First Affiliated Hospital of Nanchang University between 
October 2011 and March 2012. IDD tissues were obtained 
via anterior decompression in patients with scoliosis for the 
scoliosis control group (n=12), which contained 7 males and 
5 female with a mean age of 11.5 years (range, 5-15 years). 
An additional 12 patients with IDD were also included, and 
NP of intervertebral discs were obtained during anterior 
arthrodesis as the IDD group, which included 8 males and 
4 females with a mean age of 38.3 years (range, 26-66 years). 
All included patients had typical lumbocrural pain, with no 
acute or chronic infection and diabetes history. Intervertebral 
discs of the scoliosis control group were identified as Grade II 
and intervertebral discs of the lesion group were defined as 
Grade IV, according to the magnetic resonance imaging 
grading scale reported by Pfirrmann et al (24). Tissue samples 
were dissected into the outer and inner annulus fibrosus and 
the NP. The NP was then isolated for subsequent use.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). The total RNA of NP tissue samples was 
extracted using Invitrogen TRIzol kits (15596026; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) in accordance 
with the manufacturer's protocol. Total RNA was treated with 
DNase, and the purity, concentration and integrity of the total 
RNA were determined using a Nanodrop 2000 UV spectro-
photometer (Thermo Fisher Scientific, Inc.) and agarose gel 
electrophoresis, respectively. Using an endogenous control 
U6 primer, the total RNA was reverse-transcribed to cDNA 
using a SuperscriptTM II RNase H Reverse Transcriptase Kit 
(Thermo Fisher Scientific, Inc.). miR‑210 expression levels 
in NP cells were detected using a SYBR Green Real-Time 
PCR Master Mix kit (Toyobo Co., Ltd., Osaka, Japan) and 
qPCR was performed using a MiniOpticon Real-Time PCR 
machine (Bio-Rad Laboratories, Inc., Hercules, CA, USA). 
The PCR reaction was conducted in a 20-µl reaction mixture 
containing 5.0 µl cDNA (1:20), 0.5 µl upstream primer, 0.5 µl 
downstream primer, 10 µl 2X SYBR Green PCR Master 

Mix and 4 µl dH2O. Using a specific primer for miR‑210 
(concentration, 150 nmol/l), the amplification was conducted 
for 40 cycles consisting of an initial denaturation step at 
95˚C for 3 min, denaturation at 95˚C for 15 sec, annealing 
at 60˚C for 20 sec and a final extension at 72˚C for 20 sec. 
The PCR reaction was repeated three times for each gene. 
All RT-PCR products were analyzed using a melting curve 
followed by NuSieve gel electrophoresis (Lonza Group Ltd., 
Basel, Switzerland). All data were analyzed with the Opticon 
Monitor software, version 3 (Bio-Rad Laboratories Inc.) 
and normalized using the 2‑ΔΔCq method of relative quanti-
fication (25). The primer sequences used were as follows: 
miR-210, 5'-GTC GTA TCC AGT GCA GGG TCC GAG GTA 
TTC GCA CTG GAT ACG ACT CAG CC-3' and 5'-TGT GCG 
TGT GAC AGC GGC-3'; U6 RNA, 5'-CTC GCT TCG GCA 
GCA CA-3' and 5'-AAC GCT TCA CGA ATT TGC GT-3'. All 
sequences were synthesized by Invitrogen company (Thermo 
Fisher Scientific, Inc.). The quantification cycle (Cq) was 
calculated using the sequence detection software, as the cycle 
number at which the fluorescence signal crossed the baseline.

Cell culture. The NP tissues were isolated and trimmed 
into small pieces using ophthalmic scissors. The cells were 
digested for 40 min in 0.25% trypsin (Gibco; Thermo Fisher 
Scientific, Inc.), followed by a 4-h incubation with 0.025% 
type II collagenases (Invitrogen; Thermo Fisher Scientific, 
Inc.), both at 37˚C. The NP tissues were collected in a 15 ml 
sterile centrifuge tube. Then, 0.25% trypsin was added with 
(1:5) in 37˚C thermostat water bath for 30 min. The tube 
was shaken every 5 min and once the digestion was termi-
nated, 250 x g centrifugation was conducted for 10 min. 
Subsequently, the supernatant was discarded and 0.2% colla-
genase, type II was added (1:5),  followed by incubation in 
a water bath at 37˚C for 3‑4 h, with the tube being shaken 
every 5 min. Following the completion of digestion, 3-4 ml 
D/F12 complete culture medium was added and the reaction 
was terminated. The digestive solution was filtered using a 
cell strainer (54 µm) and the filtration fluid was transferred 
to a new sterile centrifuge tube. Then, 250 x g centrifugation 
was conducted for 5 min and the supernatant was removed, 
followed by adding D/F12 complete culture medium. The 
remaining cells were cultured at 37˚C for 3 weeks in basal 
media (DMEM/F12 containing 15% fetal bovine serum and 
1% glucose/streptomycin; M-5519; Sigma-Aldrich, St. Louis, 
MO, USA), and the medium was changed every 2 weeks. 
Adhesion and growth of cells were regularly observed using 
light microscopy (Eclipse 80i; Nikon Corporation, Tokyo, 
Japan). NP cells were then used for the subsequent in vitro 
experiments.

Lentivirus vector construction and transfection. The sequence 
of pre-miR-210 used for the upregulation of miR-210 in cells 
was attained from miRBase (http://www.mirbase.org/). 
Single-stranded antagomiR-210, modified by 2'-oxygen 
methylation, was used for the downregulation of miR-210. A 
negative control for the pre-miR-210 and a negative control for 
antagomiR-210 lentivirus vector were designed. Pre-miR-210 
and antagomiR-210, as well as their negative controls were 
synthesized by Ambion (Thermo Fisher Scientific, Inc.) and 
purified using high performance liquid chromatography 
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(Spectra Series P100 HPLC pump; Thermo Fisher Scientific, 
Inc.). Annealing was conducted in the synthesized primers 
and double enzyme digestion was conducted in targeting 
vector and annealed products. The purified enzyme digested 
products was directed connected to transfer to competent 
cells. Then PCR identification was conducted. The upstream 
and downstream primers were designed into the vector and 
the clone was identified as positive clone, suggesting targeting 
fragment was directly connected into the targeted vector. The 
positive clones were then undergone sequencing and analyzed 
to identify the successfully constructed plasma vector. Human 
NP cells were seeded into a 24-well dish at a density of 1.5x105 
cells/well, to a final volume of the culture solution of 250 µl. 
NP cells were transfected at a multiplicity of infection (MOI) 
of 10, incubated at 37˚C for 5 h and allowed to recover in 
fresh culture medium for 96 h at 37˚C with 5% CO2 (Fig. 1). 
Recombined human FasL (100 ng/ml; R&D Systems, Inc., 
Minneapolis, MN, USA) was added to induce the apoptosis 
of NP cells.

Western blot analysis. Following washing with phos-
phate-buffered saline (PBS), total cell protein was extracted 
by lysis in radioimmunoprecipitation assay buffer, and the 
protein levels were detected with a bicinchoninic acid protein 
assay (Pierce Biotechnology, Inc., Rockford, IL, USA. To 
resolve the protein content, 100 µg protein per specimen was 
electrophoresed on NuPAGE (Invitrogen; Thermo Fisher 
Scientific, Inc.), transferred onto polyvinylidene fluoride 
membranes and blocked with PBS containing 5% dried 

skimmed milk. Rabbit anti-human Homeobox A9 (HOXA9) 
antibody (1:2,000; ab140631; Abcam, Cambridge, MA, USA) 
was added to detect the HOXA9 content, then the membrane 
was washed with Tris-buffered saline. Goat anti-rabbit immu-
noglobulin G, labeled with horseradish peroxidase (1:3,000; 
ab6721; Abcam) was added as a secondary antibody and 
the membrane was incubated at room temperature for 1.5 h. 
Finally, the membranes were rinsed with PBS and enhanced 
chemiluminescence reagents (Pierce Biotechnology, Inc.) 
were added.

Detection of NP cell apoptosis. To evaluate NP apoptosis, 
cells were classified into four groups, as follows: i) NP 

Figure 1. Micrographs of nucleus pulposus cells infected with lentivirus‑green fluorescent protein, captured after 96 h under (A) a light microscope and (B) a 
fluorescence microscope. Scale bar represents 500 µm.

Figure 2. Expression level of microR-210 in the IDD group and the scoliosis 
control group. ***P<0.01. IDD, intervertebral disc degeneration.

Figure 3. Expression of HOXA9 in human nucleus pulposus cells transfected 
with pre-miR-210, antagomiR-210, negative miR-210 or lentiviral vectors.  
(A) Western blot gel. (B) Relative expression levels. Different letters rep-
resent P<0.05; matching letters represent P>0.05. HOXA9, Homeobox A9; 
miR, microRNA.

  A   B

  A

  B
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cells without FasL; ii) NP cells with 100 ng/ml FasL; 
iii) pre-miR-210 + 100 ng/ml FasL; iv) pre-miR-210 vector 
control + 100 ng/ml FasL; v) antigomiR-210 + 100 ng/ml 
FasL; and vi) antigomiR-210 vector control + 100 ng/ml FasL. 
Double staining was performed using allophycocyanin 
(APC)-Annexin V/7 and 7-aminoactinomycin D (7-AAD; 
BD Biosciences, San Jose, CA, USA) to detect apoptosis and 
necrosis in NP cells. Briefly, 1x106 cells were washed twice 
with PBS and resuspended in binding buffer. Cells were 
stained with Annexin V-APC and 7-AAD in binding buffer 
(in 100 mM HEPES, 140 mM NaCl and 2.5 mM CaCl2) and 
cells were incubated at room temperature for 15 min. Cells 
were detected by flow cytometry with a Cytomics FC 500 
MPL system and analyzed using CXP version 2.2 software 
(Beckman Coulter, Inc., Brea, CA, USA).

Statistical analysis. All results are presented as the 
mean ± standard deviation. The paired Student's t-test was used 
to compare the two groups. Statistical analysis was conducted 
with SPSS version 17.0 software (SPSS, Inc., Chicago, IL, 
USA). A P-value of <0.05 was considered to indicate a statisti-
cally significant difference.

Results

Downregulation of miRNA‑210 expression in IDD. RT-qPCR 
was used to determine miR-210 expression in the IDD patients 
compared with the scoliosis controls (0.64±0.11 vs. 1.01±0.11), 
as reported in Fig. 2. This comparison revealed lower miR-210 
expression in IDD patients compared with that in the scoliosis 
control group (t=8.239; P<0.01).

Western blot analysis. Transfection at a MOI of 10 with 
a green fluorescent protein (GFP)-expressing lentiviral 
vector containing pre-miR-210 or antagomiR-210 generated 
high-level GFP expression (80%) in NP cells. FasL treatment 
of NP cells was found to increase the expression of HOXA9 
(Fig. 3). Upregulation of miR-210 using pre-miR-210 led 
to repression of HOXA9. The HOXA9 levels were signifi-
cantly lowered compared with those in FasL- group and 
pre-miR-210 vector control + FasL group (P<0.05). In addi-
tion, knockdown of miR-210 with antagomiR-210 resulted in 

overexpression of HOXA9 in the NP cells, while the HOXA9 
expression levels were significantly higher compared with 
those in FasL- group and antagomiR-210 vector control 
group (P<0.05). By contrast, the lentiviral vector transfected 
with scrambled sequences had no significant effect on the 
expression of HOXA9 (P>0.05).

Overexpression of miR‑210 induces apoptosis of NP cells. 
Compared with the FasL- group (5.11±0.23%), the apop-
tosis rates in other groups were significantly increased 
(P<0.05). Compared with the pre-miR-210 + FasL 
group, the FasL+ group showed an increasing trend in 
apoptosis rate (11.7±1.02 vs. 22.49±1.89%, P<0.05). The 
antagomiR-210 + FasL group exhibited an elevated apoptosis 
rate in comparison with the FasL+ group (35.58±4.23 vs. 
22.49±1.89%, P<0.05). No obvious changes were observed 
between the pre-miR-210 vector control + FasL group 
and antagomiR-210 vector control group (21.74±1.81 vs. 
22.01±1.23%, P>0.05) (Fig. 4A and B).

Discussion

miRNAs are considered to be key modulators in a number 
of biological and pathological cellular processes, including 
proliferation, migration, differentiation, apoptosis and carci-
nogenesis (10,26,27). miRNAs bind to the 3'-untranslated 
region (UTR) of their target mRNAs, and they partially or 
completely suppress the translation of mRNA to protein, or 
affecting the cleavage of mRNA (26,28). Emerging evidence 
has revealed that the apoptotic pathogenesis of IDD may be 
regulated by miRNAs (10,29); however, the mechanisms 
by which specific miRNAs affect the development of IDD 
remain incompletely understood. The present study aimed to 
explore the regulatory role of miR-210 in the development of 
IDD, and to investigate the underlying activity of miR-210 in 
IDD. miR-210 was demonstrated to be downregulated in NP 
cells when compared with control cells from patients with 
scoliosis, suggesting that decreased miR-210 expression may 
be associated with an increased risk of IDD. It has previ-
ously been demonstrated that miR-210 appears to be involved 
in tumor initiation and may be upregulated in hypoxic 
cells (30). In addition, miR-210 may have a regulatory role 

Figure 4. (A) Flow cytometry analysis of human NP cells and (B) apoptosis of human NP cells amongst the treatment groups. Different letters represent P<0.05, 
matching letters represent P>0.05. NP. nucleus pulposus; ADD, aminoactinomycin D; APC, allophycocyanin; miR, microRNA.

  A   B
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in the immune response to inflammation, apoptosis and viral 
infection (31-33). In a previous study examining miR-210 as 
a sensor of hypoxic stress in tumorigenesis, HOXA9 was 
validated as an miR-210 target gene using a standard 3'UTR 
luciferase assay (30). In the current study, miR-210 and 
HOXA9 levels were confirmed to be negatively correlated 
in the cytoplasm of human NP cells. In vitro upregulation of 
miR-210 by transfection of lentiviral pre-miR-210 in human 
NP cells was demonstrated to suppress the expression of 
HOXA9, whereas knockdown of miR-210 by transfection 
of lentiviral antagomiR-210 increased HOXA9 expression. 
However, Fas-mediated apoptosis increased following down-
regulation of miR-210 expression, and decreased by 
upregulation of miR-210 expression in human NP cells. 
Therefore, it is proposed that miR-210 inhibits HOXA9 
protein expression in human NP cells, which indicates that 
HOXA9 may be the target protein regulated by miR-210. 
Furthermore, the present results indicated that dysregulated 
miR-210 may enhance Fas-mediated apoptosis in human 
IDD by targeting HOXA9, implying that miR-210 may have 
an etiological and therapeutic role in IDD.

Fas and FasL, as effectors of apoptotic signal transduc-
tion, are established to have important roles in numerous 
physiological and pathological processes, including within 
immune and tumor cells (34). Previous evidence suggests 
a decrease in FasL and an increase in Fas expression in 
numerous human diseases, including during IDD develop-
ment (35). In agreement with the current study, previous 
studies have confirmed that increased apoptosis of NP cells 
is observed in patients with IDD, but the etiology of this 
remains to be elucidated (15,21). The apoptosis of NP cells 
significantly decreased following treatment with pre‑miR‑210 
to upregulate miR-210 in NP cells, suggesting that upregula-
tion of miR-210 may inhibit the development of IDD through 
its inhibitory effects on apoptosis. miR-210 may therefore 
have an important regulatory role in IDD development, and 
may represent a novel target of IDD treatment.

However, the present study has a number of limitations. 
Firstly, tissue from patients with scoliosis represented the 
scoliosis control group, but it is established that interverte-
bral discs in patients with scoliosis may not have a normal 
histopathology (36), which may have a slight influence on the 
association of miR-210 with IDD development. Furthermore, 
human NP cells have not been extensively studied due to 
the lack of established cell culture conditions, diagnostic 
cell surface markers and established cell lines; thus, further 
investigation is required to validate the clinical application of 
the results of the present study. Finally, the small sample sizes 
used in the current study may affect genetic associations due 
to random variation, which limits the statistical accuracy and 
validity of these data. Thus, subsequent investigations into 
the role of miR-210 in human IDD require a larger sample 
size to achieve a more reliable outcome.

In conclusion, the present study indicated that the down-
regulation of miR-210 may promote Fas-mediated apoptosis 
by regulating HOXA9 protein expression, suggesting that 
miR‑210 may have a significant role in the etiology of IDD. 
Furthermore, miR-210 upregulation in human NP cells 
appeared to inhibit NP cell apoptosis, indicating that this may 
represent a novel target in IDD treatment.

References

 1. Sudo H, Yamada K, Iwasaki K, Higashi H, Ito M, Minami A 
and Iwasaki N: Global identification of genes related to nutrient 
deficiency in intervertebral disc cells in an experimental nutrient 
deprivation model. PLoS One 8: e58806, 2013.

 2. Song YQ, Karasugi T, Cheung KM, Chiba K, Ho DW, Miyake A, 
Kao PY, Sze KL, Yee A, Takahashi A, et al: Lumbar disc degen-
eration is linked to a carbohydrate sulfotransferase 3 variant. 
J Clin Invest 123: 4909-4917, 2013.

 3. Wang YX, Griffith JF, Zeng XJ, Deng M, Kwok AW, Leung JC, 
Ahuja AT, Kwok T and Leung PC: Prevalence and sex difference 
of lumbar disc space narrowing in elderly Chinese men and 
women: Osteoporotic fractures in men (Hong Kong) and 
osteoporotic fractures in women (Hong Kong) studies. Arthritis 
Rheum 65: 1004-1010, 2013.

 4. Wang Y BMC: Epidemiology of lumbar disc degeneration. The 
intervertebral disc: 139-156, 2014.

 5. Liu G, Cao P, Chen H, Yuan W, Wang J and Tang X: miR-27a 
regulates apoptosis in nucleus pulposus cells by targeting PI3K. 
PLoS One 8: e75251, 2013.

 6. Guehring T, Wilde G, Sumner M, Grünhagen T, Karney GB, 
Tirlapur UK and Urban JP: Notochordal intervertebral disc 
cells: Sensitivity to nutrient deprivation. Arthritis Rheum 60: 
1026-1034, 2009.

 7. Wang YX and Griffith JF: Menopause causes vertebral endplate 
degeneration and decrease in nutrient diffusion to the interver-
tebral discs. Med Hypotheses 77: 18-20, 2011.

 8. Takatalo J, Karppinen J, Taimela S, Niinimäki J, Laitinen J, Blanco 
Sequeiros R, Paananen M, Remes J, Näyhä S, Tammelin T, et al: 
Body mass index is associated with lumbar disc degeneration 
in young Finnish males: Subsample of Northern Finland birth 
cohort study 1986. BMC Musculoskelet Disord 14: 87, 2013.

 9. Omair A, Holden M, Lie BA, Reikeras O and Brox JI: Treatment 
outcome of chronic low back pain and radiographic lumbar 
disc degeneration are associated with inflammatory and matrix 
degrading gene variants: A prospective genetic association study. 
BMC Musculoskelet Disord 14: 105, 2013.

10. Wang HQ, Yu XD, Liu ZH, Cheng X, Samartzis D, Jia LT, 
Wu SX, Huang J, Chen J and Luo ZJ: Deregulated miR-155 
promotes Fas-mediated apoptosis in human intervertebral disc 
degeneration by targeting FADD and caspase-3. J Pathol 225: 
232-242, 2011.

11. Wang W, Kwon EJ and Tsai LH: MicroRNAs in learning, memory 
and neurological diseases. Learn Mem 19: 359-368, 2012.

12. McDermott AM, Heneghan HM, Miller N and Kerin MJ: The 
therapeutic potential of microRNAs: Disease modulators and 
drug targets. Pharm Res 28: 3016-3029, 2011.

13. Grosso S, Doyen J, Parks SK, Bertero T, Paye A, Cardinaud B, 
Gounon P, Lacas-Gervais S, Noël A, Pouysségur J, et al: MiR-210 
promotes a hypoxic phenotype and increases radioresistance in 
human lung cancer cell lines. Cell Death Dis 4: e544, 2013.

14. Obad S, dos Santos CO, Petri A, Heidenblad M, Broom O, Ruse C, 
Fu C, Lindow M, Stenvang J, Straarup EM, et al: Silencing of 
microRNA families by seed-targeting tiny LNAs. Nat Genet 43: 
371-378, 2011.

15. Mei Y, Gao C, Wang K, Cui L, Li W, Zhao X, Liu F, Wu M, 
Deng G, Ding W, et al: Effect of microRNA-210 on prognosis 
and response to chemotherapeutic drugs in pediatric acute 
lymphoblastic leukemia. Cancer Sci 105: 463-472, 2014.

16. Devlin C, Greco S, Martelli F and Ivan M: miR-210: More than a 
silent player in hypoxia. IUBMB Life 63: 94-100, 2011. 

17. Camacho L, Guerrero P and Marchetti D: MicroRNA and protein 
profiling of brain metastasis competent cell‑derived exosomes. 
PLoS One 8: e73790, 2013.

18. Chang KP and Lai CS: Micro‑RNA profiling as biomarkers in 
flap ischemia-reperfusion injury. Microsurgery 32: 642-648, 
2012.

19. Cui J, Eldredge JB, Xu Y and Puett D: MicroRNA expression 
and regulation in human ovarian carcinoma cells by luteinizing 
hormone. PLoS One 6: e21730, 2011.

20. Cheng HH, Mitchell PS, Kroh EM, Dowell AE, Chéry L, Siddiqui J, 
Nelson PS, Vessella RL, Knudsen BS, Chinnaiyan AM, et al: 
Circulating microRNA profiling identifies a subset of metastatic 
prostate cancer patients with evidence of cancer-associated 
hypoxia. PLoS One 8: e69239, 2013.

21. Hamama S, Noman MZ, Gervaz P, Delanian S and Vozenin MC: 
MiR-210: A potential therapeutic target against radiation-induced 
enteropathy. Radiother Oncol 111: 219-221, 2014.

RETRACTED



ZHANG et al:  miR-210 IN HUMAN IDD2354

22. Kong J, Ma X, Wang T, Ma J, Tian P, Han C, Zang J, Li P and 
Jiang H: Research progress of Wnt/beta-catenin and nuclear 
factor-kappa B pathways and their relevance to intervertebral 
disc degeneration. Zhongguo Xiu Fu Chong Jian Wai Ke Za 
Zhi 27: 1523-1528, 2013 (In Chinese). 

23. No authors listed. The Helsinki Declaration of the World Medical 
Association (WMA). Ethical principles of medical research 
involving human subjects. Pol Merkur Lekarski 36: 298-301, 
2014 (In Polish).

24. Pfirrmann CW, Metzdorf A, Zanetti M, Hodler J and Boos N: 
Magnetic resonance classification of lumbar intervertebral disc 
degeneration. Spine (Phila Pa 1976) 26: 1873-1878, 2001.

25. Livak KJ and Schmittgen TD: Analysis of relative gene 
expression data using real-time quantitative PCR and the 2−ΔΔCT 
method. Methods 25: 402-408, 2001.

26. Hirata H, Ueno K, Shahryari V, Tanaka Y, Tabatabai ZL, 
Hinoda Y and Dahiya R: Oncogenic miRNA-182-5p targets 
Smad4 and RECK in human bladder cancer. PLoS One 7: 
e51056, 2012.

27. Ruepp A, Kowarsch A and Theis F: PhenomiR: microRNAs in 
human diseases and biological processes. Methods Mol Biol 822: 
249-260, 2012.

28. Ha TY: MicroRNAs in Human Diseases: From Lung, Liver and 
Kidney Diseases to Infectious Disease, Sickle Cell Disease and 
Endometrium Disease. Immune Netw 11: 309-323, 2011.

29. Yu X, Li Z, Shen J, Wu WK, Liang J, Weng X and Qiu G: 
MicroRNA-10b promotes nucleus pulposus cell proliferation 
through RhoC-Akt pathway by targeting HOXD10 in interve-
tebral disc degeneration. PLoS One 8: e83080, 2013.

30. Mathew LK and Simon MC: mir-210: A sensor for hypoxic stress 
during tumorigenesis. Mol Cell 35: 737-738, 2009.

31. Hong L, Yang J, Han Y, Lu Q, Cao J and Syed L: High expression 
of miR-210 predicts poor survival in patients with breast cancer: 
A meta-analysis. Gene 507: 135-138, 2012.

32. Ivan M and Huang X: miR-210: Fine-tuning the hypoxic 
response. Adv Exp Med Biol 772: 205-227, 2014.

33. Hong L, Han Y, Zhang H, Zhao Q and Qiao Y: miR-210: A thera-
peutic target in cancer. Expert Opin Ther Targets 17: 21-28, 2013.

34. Thurner EM, Krenn-Pilko S, Langsenlehner U, Renner W, 
Gerger A, Kapp KS and Langsenlehner T: Association of genetic 
variants in apoptosis genes FAS and FASL with radiation-induced 
late toxicity after prostate cancer radiotherapy. Strahlenther 
Onkol 190: 304-309, 2014.

35. Han W, Zhou Y, Zhong R, Wu C, Song R, Liu L, Zou L, Qiao Y, 
Zhai K, Chang J, et al: Functional polymorphisms in FAS/FASL 
system increase the risk of neuroblastoma in Chinese population. 
PLoS One 8: e71656, 2013.

36. Roberts S, Evans H, Trivedi J and Menage J: Histology and 
pathology of the human intervertebral disc. J Bone Joint Surg 
Am 88 (Suppl 2): 10-14, 2006.

RETRACTED


