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Hypoxia-inducible factor I-alpha (HIF-la) and some microRNA (miRNAs) play pivotal roles in response to hypoxia-related
physiologic and pathophysiologic responses. Up to date, the regulatory mechanisms of these molecules were largely unknown
in chondrocytes. In this study, to study the mechanisms of degradation and homeostasis of chondrocytes, the effects of miRNAs
and HIF-1a on chondrocytes in physiologic environment were investigated. We found that the overexpression of miR-210 and HIF-
la was present on hypoxia in C28/I12 human chondrocytes significantly by qRT-PCR and western plot. Further study displayed
that miR-210 played positive role as a promoter in regulation and its regulated molecules (bcl-xl and PHD-2) in C28/12 cells on
hypoxia by silenced miR-210, silenced HIF-1a, and adding miR-210. Moreover, downregulated miR-210 could significantly repress
the viability and increase the apoptosis in C28/12 cells on hypoxia, compared to those on normoxia. Furthermore, miR-210 could
not modulate viability and apoptosis in C28/I2 cells with the HIF-la knockdown on hypoxia and normoxia. Taken together, this
study demonstrated that the MiR-210 was involved in an HIF-1a-dependent way in C28/I2 human chondrocytes for the first time.
It also suggested that miR-210 downregulation decreased viability and induced apoptosis in hypoxic chondrocytes depending on

HIF-1«.

1. Introduction

Oxygen is essential to life for all higher organisms. Because of
the absence of vasculature, intervertebral disc and articular
cartilage play physiological functions and are present upon
hypoxic environment in the whole life [1]. Chondrocytes, the
resident cells of cartilage and intervertebral disc, are a vital
part in human, as they play important roles in articulation
of joints and also homeostasis of joint and intervertebral disc
[2]. It is highly associated with abnormality of chondrocytes
that cervical spondylosis such as cervical osteoarthritis,
myelopathy, and radiculopathy caused by degeneration of
the intervertebral disc and osteoarthritis characterized by the
degradation of articular cartilage [2-4].

Hypoxia-inducible factor l-alpha (HIF-1x), subunit of
HIF-1, has pivotal effects on cellular response to hypoxia.

HIF-lo can modulate lots of genes, which subsequently
regulate the pathologic processes, including carcinogenesis,
immunity, angiogenesis, proliferation, and apoptosis [5-7].
In addition, in skeletal development and cartilage, HIF-1«
plays multifunctional roles [1, 8]. The expression of HIF-
la was detectable in normal chondrocytes or osteoarthritic
chondrocytes under hypoxic condition, and the HIF-l« is
higher in osteoarthritic chondrocytes than that in normal
chondrocytes [9]. Inflammatory factor such as TNF« can
stimulate the HIF-1«, which sustains ATP levels and matrix
synthesis in chondrocytes adaptive to the inflammation [9-
11]. So it is concluded that HIF-lx is a necessary factor in
chondrocytes response to hypoxia on the one hand, and on
the other hand, the HIF-1la may be stimulated by inflamma-
tory factors and take essential functions in response to the
inflammation in chondrocytes [12]. The necessary effects of
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HIF-1e on cartilage or chondrocytes are verified clearly, yet
the understanding of HIF-1« in humans is still limited.

MicroRNAs (miRNAs), composed of about 22
nucleotides, regulate about 60% gene expression by
targeting the 3'-untranslated regions (3'-UTRs) to result in
negative modulation of relevant mRNAs for expression [13].
miRNAs take significant effect on cellular biology and
pathophysiologic regulatory pathways [14, 15]. In chondro-
cytes, miR-140 is documented abundantly owing to its
functions of specific to cartilaginous tissues in zebrafish and
mouse [16, 17]. Moreover, miR-140 null rats are deformity
according to defects in growth plate cartilage of long bones
[18]. Besides the research on miR-140, there are lots of
dysregulated miRNAs to be discovered in primary chon-
drocytes (differentiated versus dedifferentiated cells or
normal versus osteoarthritic chondrocytes), such as miR-675
and miR-145 [19-21]. In terms of interactions of miRNA and
HIF-1a, more reports refer to its interactions in cancer rather
than in chondrocytes, which are exposed to hypoxia in
the physiological environment and in which the necessary
roles of HIF-la on hypoxia are taken. So the reports on
interactions of miRNAs and HIF-la in chondrocytes is
important and need to be understood.

In this research, we focus on expression of miR-210 and
HIF-1& on hypoxic environment, the relationships of miR-210
and HIF-1a, and the possible regulatory mechanisms of miR-
210 in hypoxic chondrocytes.

2. Materials and Methods

2.1. Cell Culture. C28/12 human chondrocytes were acquired
from the Type Culture Collection of the Chinese Academy
of Sciences. C28/12 cells were grown in Dulbecco’s modified
Eagle’s medium (DMEM) containing 10% FBS and antibi-
otics (50 units/mL penicillin and 50 yg/mL streptomycin;
Invitrogen) for 12h, 24 h, 48 h, and 72h. Cells were treated
with hypoxia in Anoxomat chambers (Mart Microbiology,
Lichtenvoorde, The Netherlands) for physiological hypoxia
(5% O,) or normoxia (21% O,) at 37°C.

2.2. RNA Extraction and Measurements of miRNAs and
mRNA. RNeasy kits (Qiagen, Valencia, CA, USA) were
performed to extract total mRNA from cells. miRNAs
was extracted by mirVANA miRNA isolation kit (Ambion,
Austin, TX, USA). The mirVana qRT-PCR miRNA Detection
Kit (Ambion, Austin, TX, USA) and qRT-PCR Primer Sets
were utilized to detect the expression of miR-210. qRT-
PCR (quantitative real-time PCR) was performed on ABI
7500 with SYBR green PCR kits (Applied Biosystems).
Data were normalized by using 27" method as relative
quantification. The results of miRNAs or mRNA by
qRT-PCR were normalized to U6 RNA or GAPDH
expression level, respectively. The primers were used as
follows. HIF-la: F-ATC GCG GGG ACC GAT T and
R-CGA CGT TCA GAA CTT ATCTTT TTCTT. PHD-2:
F-ACC ATG AAC AAG CAC GGC ATC TGC and R-GAC
GTCTTT GCT GACTGA ATT GGG CTT. BCL-xL: F-CTG
TGC GTG GAA AGC GTA G and R-CTC GGC TGC TGC
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ATT GTT C. GAPDH: F-GCA CCG TCA AGG CTG AGA
AC and R-ATG GTG GTG AAG ACG CCA GT.

2.3. Transient Transfection. The miR-210 mimics and anti-
miR of miR-210 were purchased from Ambion (Ambion,
Austin, TX, USA). The antimiR negative control and control
RNA (miR-210 mimics control) (Ambion, Austin, TX, USA)
were used as its endogenous reference. HIF-1a was silenced
by using small interfering RNA (siRNAs; Dharmacon Inc.)
and nonespecific siRNA was used as a negative control.
C28/12 cells were transfected with miR-210 mimics (20 nM)
or anti-miRs (50nM) or siRNAs of HIF-la (30 nM) by
siPORT NeoFX Transfection Agent (Ambion, Austin, TX,
USA) as manufacturer’s protocol. Cells were harvested after
transfection as indicated time on normoxia or hypoxia.

2.4. Western Blotting. Western blotting was performed using
standard procedure as reference [22]. Briefly C28/12 chon-
drocytes were lysed and proteins were fractionated by
10% SDSPAGE gels. Proteins were electrotransferred onto
nitrocellulose membranes (Millipore). Immunoblots were
performed by primary antibodies. Then, the ECL detection
systems (Super Signal West Femto, Pierce) were utilized
to capture the signals after incubation with horseradish-
peroxidase-conjugated secondary antibodies (Pierce). The
following primary antibodies were used: anti-HIF-la (BD
Biosciences Inc., Franklin Lakes, NJ, USA) and anti--actin
(Sigma, St. Louis, MO, USA).

2.5. MTT Assay. Cell viability was assayed by a 3-(4,5-
dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide
(MTT) assay (Sigma, St. Louis, MO, USA) as indicated time
on normoxia or hypoxia after being treated with indicated
experiments. In this assay, MTT was added to the cells at
37°C for 4 h. After incubation, MTT-containing medium was
discarded and dimethyl sulfoxide (DMSO) was performed
to dissolve formazan crystals. Optical densities (OD)
were measured at 490 nm by Versamax microplate reader
(Molecular Devices, Sunnyvale, CA, USA). Viability was
normalized by OD value/cell number and 48 h normoxic
culture treated with control RNA and si-control was denoted
as 100%.

2.6. Apoptosis Analysis. Cells apoptosis analysis was treated
by annexin V-FITC apoptosis detection kit (Sigma-Aldrich,
St. Louis, MI, USA). Briefly, cells were harvested after indi-
cated experiments and cell suspensions were fixed overnight
with ice-cold 70% ethanol. Then, cells were stained with
propidium iodide or annexin V-FITC after centrifugation
and resuspensions. Apoptotic cells were conducted according
to the annexin-V-fluorescein isothiocyanate (FITC) man-
ufacturer instructions (KeyGen Biotech. Nanjing, China).
Analyses were performed by a flow cytometer (BD FACScan).
The results were expressed as the percentage of apoptotic cells
from the total cells.

2.7 Statistical Analysis. Independent experiments were per-
formed in triplicate or more than triplicate as indicated in
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FIGURE 1: The expression of miR-210 and HIF-la was assayed by qRT-PCR and western plot on hypoxia and normoxia in C28/I2 human
chondrocytes. C28/12 cells were expose to hypoxia or normoxia at 12h, 24 h, 48 h, and 72 h. Then, the HIF-lo« mRNA was detected by qRT-
PCR in cells (a). The expression of miR-210 on hypoxia was contrasted with that on normoxia (c). Expression of HIF-1a protein was also
confirmed by western plot at 12h, 24 h, 48 h, and 72h in hypoxic C28/12 cells (b). Five individual experiments were conducted. Student’s
t-test was performed to statistically analyzed. The significant differences were denoted as “P < 0.05 and **P < 0.01.

figure legends. All data were expressed as mean + stan-
dard deviation (SD). The SPSS 18.0 was used for general
statistical analysis. Comparison among multiple samples was
made by ANOVA. Student’s ¢-test was used to compare two
groups. P < 0.05 was considered to be statistically significant
difference.

3. Results

3.1. Hypoxia Induced the Up-Steam HIF-lo and miR-210 in
C28/12 Cells. To show the hypoxia responsiveness of chon-
drocytes, we analyzed the expression of HIF-1a and miR-210
in C28/12 cells on hypoxic exposure, compared with that on
normoxia. Experiments were conducted to expose the cells
to 5% oxygen (hypoxia) or 21% oxygen (normoxia) at 12h,
24 h, 48 h, and 72 h. The relative expression of HIF-la mRNA

was displayed in Figure 1(a). The results showed the HIF-1«
mRNA was increased significantly with time going on and
increased HIF-lo mRNA reached the plateau on hypoxia at
48h (P = 0.003). The protein expression of HIF-la was
undetectable upon normoxic situation (data not showed) and
the HIF-1a protein upon hypoxia was tested by western plot
as shown in Figure 1(b). With the overexpression of HIF-
la, time course of miR-210 expression was assessed on
hypoxic or normoxic exposure also, as shown in Figure 1(c).
It displayed that the expression of miR-210 was enhanced
significantly on hypoxic exposure, compared with that on
normoxic exposure. The maximum differences in miR-210
expression took place at 72h in C28/12 cells (P = 0.007). All
the findings illustrated that hypoxia induced the upregulated
HIF-1la and miR-210 expression in C28/12 cells. It also was
supposed that the upregulated HIF-1x might be associated
with overexpression of miR-210 in C28/12 cells.
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FIGURE 2: Downregulated miR-210 affected the expression of HIF-1a and HIF-1a-regulated molecules (BCL-x] and PHD-2) in C28/12 cells on
hypoxia and normoxia. Cells was harvested at 24 h and 48 h on hypoxia or on normoxia after being transfected with miR-anti or anticontrol.
Then, the QRT-PCR assay was conducted to examine the expression of HIF-1« (b) on normoxia. The same method was utilized to analyze the
differences in expression of HIF-1« (c), BCL-xl (d), and PHD-2 (e) mRNA between in cells transfected with miR-anti and that with anticontrol
on hypoxia. The expression of miR-210 was also confirmed in these groups (a). The qRT-PCR was performed in three individual experiments.
Significant differences were denoted as “P < 0.05 and **P < 0.01.

3.2. MiR-210 Was Involved in an HIF-la-Dependent Way 48 h. Firstly, the relative expression of miR-210 was detected
in C28/12 Cells. To further investigate the relationship of by qRT-PCR to verify the efficiency of transfection. We found
miR-210 and HIF-1«, we assessed the expression of HIF-la  the significantly decreased miR-210 in cells treated with miR-
according to repressed miR-210 by transfection with miR-anti ~ anti on hypoxia, as shown in Figure 2(a). Then, there was no
in C28/12 cells on normoxic or hypoxic exposure to 24hand  change in the relative expression of HIF-la. mRNA between
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FIGURE 3: Overexpression of miR-210 increased expression of HIF-1oe and HIF-1at-regulated molecules (BCL-xl and PHD-2) in hypoxic C28/12
cells. The expression of HIF-1« (a), Bcl-xL (c), and PHD-2 (d) was examined by qRT-PCR after 48 h transfection of HIF-1« si or miR-210
mimics in hypoxic C28/12 cells. The knockdown of HIF-1& was verified by western plot in the four groups (b). The experiments were performed
in triplicate separately. Comparison was made by ANOVA (*P < 0.05 and **P < 0.01).

cells with miR-anti and cells with anticontrol on normoxia
(Figure 2(b)). Moreover, we discovered the downexpression
of HIF-l« mRNA under hypoxia situation at 48h in cells
transfected with miR-anti significantly, compared to those
with anticontrol (Figure 2(c)). Notwithstanding there was
no statistically significant reduction in HIF-la regulated
molecules Bcl-xl, and PHD-2 in C28/12 cells on hypoxia, it
was obvious the mean level of expression of Bcl-xI, and PHD-
2 in cells with miR-anti was repressed slighter than that with
anticontrol, especially the expression of Bcl-xl (Figures 2(d)
and 2(e)). All these data revealed that the artificial downex-
pression of miR-210 could depressed the expression of HIF-1«
and HIF-1e« associated molecules under hypoxic situation.
In addition, we evaluated the effect of miR-210 on HIF-1«
in C28/12 cells by knocking down the HIF-1« and artificially
adding miR-210 upon hypoxic exposure to 48 h. There was
dramatically decreased expression of HIF-1a as well as HIF-
lx associated molecules in cells with silencing HIF-1o genes

compared to those with si-control. Artificially adding miR-
210 could remarkably affect the expression of HIF-la in
C28/12 cells rather than that in cells with silenced HIF-1er
genes. Nevertheless, the expression of Bcl-xI and PHD-2
mRNA was significantly increased either in cells with knock-
down HIF-l« or in cells without gene knockdown by artifi-
cially adding miR-210 (Figure 3). It was suggested that Bcl-
xl and PHD-2 were modulated by multimolecules, besides
mainly by HIF-la. All these data suggested that miR-210
was involved in an HIF-1la-dependent way in C28/12 cells.

3.3. Decreased miR-210 Repressed the Cell Viability and Pro-
liferation in Chondrocytes. Cell viability and proliferation
were examined in hypoxic or normoxic C28/12 cells by
MTT assay at 48 h. The results showed that there was no
obvious change in viability of normoxic C28/I12 cells, in
which the expression of miR-210 or/and the HIF-lx was
knocked down (Figure 4(a)). It demonstrated the miR-210
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FIGURE 4: Downregulated miR-210 decreased viability in hypoxic C28/12 cells depending on HIF-1a. Cell viability was detected after 48 culture
by MTT assay after being treated with miR-210 mimics, miR-anti, or HIF-1« si on normoxia or hypoxia. Data of three individual experiments
was normalized and statistically analyzed by ANOVA. (a) Cell viability on normoxia. (b) Western plot assay of HIF-la protein in hypoxic
cells treated with miR-210 mimics, miR-anti, or HIF-1a si. (c) Cell viability on hypoxia (*P < 0.05, **P < 0.01). (d) Expression of miR-210 in
hypoxic cells treated with miR-210 mimics, miR-anti, or HIF-la si (**P < 0.01).

and HIF-1a had no effect on viability of chondrocytes upon
normoxic exposure, whereas downregulation of miR-210
could significantly decrease the cell viability upon hypoxic
situation, in contrast to that with no silenced miR-210 in
nonsilenced HIF-1oe C28/12 cells. What is more, the hypoxic
cell viability was remarkably lower in silenced HIF-1« cells
than the others (Figure 4(c)). We also detect the expression
of HIF-1« (Figure 4(b)) and miR-210 (Figure 4(d)) to confirm
the efficiency of gene knockdown at the same time. All
data illustrated that the HIF-1« played a centraxonial role in
miR-210 modulating the viability of hypoxic C28/12 cells; on
the other hand, downregulated miR-210 decreased the cell
viability depending in HIF-1x-dependent way.

3.4. Decreased miR-210 Induced Hypoxic Chondrocytes Apop-
tosis. Chondrocytes apoptosis was investigated by TUNEL
and flow cytometry upon hypoxic or normoxic situation
at 48 h. There was no significant difference in apoptosis of
normoxic C28/12 cells, while the C28/12 cells were treated
with miR-anti, miR-210 mimics, or HIF-1a si. It was suggested
that miR-210 and HIF-la could not affect apoptosis of
the C28/I2 cells upon normoxia (Figure 5(a)). To further
observe the influences of miR-210 on the hypoxic chondro-
cytes, we treated cells on hypoxia with the same method
as those on normoxia. It was found that downregulated
miR-210 stimulated the apoptosis compared to that with
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denoted as P < 0.05.

control RNA and miR-210 mimics in nonsilenced HIF-1x
cells. Furthermore, HIF-1a knockdown affected the apoptosis
significantly, and adding miR-210 mimics did not change the
effect on apoptosis which happened in HIF-1« silenced cells
(Figure 5(b)). All the results revealed that the downstream
miR-210 could not affect the apoptosis in normoxic C28/12
cells, and downstream miR-210 enhanced the apoptosis of
cells upon hypoxic situation depending on the HIF-1a.

4. Discussion

Chondrocytes, the resident cells of cartilage and interverte-
bral disc, have crucial effects on articulation of joints and
homeostasis of joint and intervertebral disc upon hypoxia in
the whole life [1, 2]. HIF-1«, a key regulator of the transcrip-
tional response to hypoxia, plays important roles in normal
chondrocytes or osteoarthritic chondrocytes [7, 9]. miRNAs
take specific functions on cartilaginous tissues also [16-18].
Lots of reports are documented on the interaction of miRNAs
and HIF-la in cancer cells and epithelial cells [23, 24].
However, there is no report on interaction of miRNAs and
HIF-l« in chondrocytes.

In this research, to study the life cycle of chondrocytes
in physiological environment, we compared the expression of
miR-210 and HIF-1« in C28/12 cells upon hypoxia with that
upon normoxia. Interestingly, we discovered the overexpres-
sion of miR-210 and HIF-1« upon hypoxia simultaneously, as
shown in Figure 1. It is declared that hypoxia might induce the
overexpression of HIF-1a as well as the upregulated miR-210
in C28/12 cells.

It is known that HIF-lx plays a key role in hypoxia-
related physiologic and pathophysiologic responses and there

are lots of miRNAs modulated by hypoxia to be identified
[25, 26]. It is verified that miRNAs and HIF-lo« modulate
each other directly or indirectly upon hypoxia since there
are the links between oxygen-specific stress factors and gene
expression control [24, 27, 28]. In miR-210 respect, miR-210
is modulated by HIF-1« according to directly binding to HRE
(hypoxia responsive element), which is the proximal miR-210
promoter [29]. miR-210 abundance was enhanced in HIF-
la-dependent manner following parasite infection in human
primary macrophages [30]. Moreover, miR-210 is a hypoxia-
inducible factor (HIF)-1 target gene in response to hypoxia
in various cancer cell lines [31-33]. It has been demonstrated
MiR-210, one of specific sets of microRNA molecules induced
by hypoxia, is robustly upregulated by HIF-1a«. However, no
report refers to hypoxia inducing the activation of the HIF-
la/miR-210 signaling pathway in chondrocytes. Previously,
we found the upregulated HIF-1ae and miR-210 in C28/12 cells.
It was assumed that HIF-1a/miR-210 signaling pathway might
be activated by hypoxia in C28/I2 cells. The overexpression
of miR-210 was added artificially and the genes of HIF-l«
and miR-210 were silenced in C28/12 cells to confirm the
hypothesis. The results illustrated that hypoxic regulation of
miR-210 is HIF-1la independent in C28/12 cells, as shown in
Figures 2 and 3. Up to date, it is the first report on hypoxia
inducing the activation of the HIF-la/miR-210 signaling
pathway in chondrocytes.

The effects of HIF-1x on diverse physiological processes
such as cell proliferation, metabolism, apoptosis, and angio-
genesis were mainly mediated by its targets, including phos-
phoglycerate kinase, prolyhydroxylases (PHD), BCL-xL, and
VEGEF [34-36]. The physiological effect of HIF-1a which was
modulated by miR-210 was indicated through detecting the



targets of HIF-1«, for example, PHD and BCL-xL. So we also
reflected the effect of HIF-1a regulation by miR-210 according
to assessing the downsteam factors (PHD and BCL-xL). It was
shown that the effects of miR-210 on Bcl-xL and PHD-2 were
coincident with those on HIF-1a. These results demonstrated
that MiR-210 was involved in a HIF-la-dependent way in
C28/12 cells also.

miR-210 had been conformed as protective to trans-
formed cells, endothelial cells, and mesenchymal stem cells in
prohibiting apoptosis in response to hypoxia [37-39]. In the
present research, we also found that the downregulated miR-
210 significantly increased the apoptotic rate of chondrocytes
in response to hypoxia (Figure 5(b)). It was documented that
repressed miR-210 decreased the proliferation in carcinoma
of the head and neck as well as adenocarcinoma of the pan-
creas [40, 41]. Conversely, Zhang et al. had revealed that over-
expression of this miRNA appeared to decrease proliferation
in transformed cells [42]. So it is uncertain if miR-210 acts
as promoter or inhibitor in proliferation. In our study, we
discovered that the miR-210 played a role as a positive
regulator of viability in hypoxic chondrocytes (Figure 4(c)).
Furthermore, we detect the apoptotic rate and viability in
silenced HIF-la hypoxia chondrocytes with downregulated
miR-210 (Figures 4(c) and 5(b)). The results showed that
the sharply enhanced apoptotic rate and depressed viability
took place in silenced HIF-1x hypoxia chondrocytes. These
findings revealed that the effects of HIF-lat on response to
hypoxia were pivotal in chondrocytes and also demonstrated
that the downregulated miR-210 induced the apoptosis and
decreased the viability in hypoxic chondrocytes in an HIF-
la-dependent way.

5. Conclusions

We firstly reported the hypoxia inducing the activation of the
HIF-1ae/miR-210 signaling pathway in chondrocytes. We also
revealed that the depressed miR-210 modulated the enhanced
apoptosis and the repressed viability in hypoxic chondrocytes
in an HIF-la-dependent way. However, the confirmation of
direct targets of miR-210 which have effect on response to
hypoxia is necessary and will be challenging in chondrocytes.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Authors’ Contribution

Zhigiang Chang and Lifeng Huo contributed equally to this
paper.

Acknowledgments

The funds were provided to study this work by The Second
Afhiliated Hospital of Inner Mongolia Medical University and
Medical School of Nantong University.

The Scientific World Journal

References

(1] C. L. Murphy, B. L. Thoms, R. J. Vaghjiani, and J. E. Lafont,
“Hypoxia. HIF-mediated articular chondrocyte function: pro-
spects for cartilage repair,” Arthritis Research & Therapy, vol. 11,
no. 1, article 213, 2009.

[2] S. Miyaki and H. Asahara, “Macro view of microRNA function
in osteoarthritis,” Nature Reviews Rheumatology, vol. 8, pp. 543-
552, 2012.

[3] K. M. Triantafillou, W. Lauerman, and S. B. Kalantar, “Degen-
erative disease of the cervical spine and its relationship to
athletes,” Clinics in Sports Medicine, vol. 31, no. 3, pp. 509-520,
2012.

[4] Y. Q. Sun, S. Zheng, J. Yu, K. Yan, and W. Tian, “Effect of total
disc replacement on atypical symptoms associated with cervical
spondylosis,” European Spine Journal, vol. 22, no. 7, pp. 1553-
1557, 2013.

[5] A. L. Harris, “Hypoxia—a key regulatory factor in tumour
growth,” Nature Reviews Cancer, vol. 2, no. 1, pp. 38-47, 2002.

[6] G. L. Semenza, “Hypoxia-inducible factors in physiology and
medicine,” Cell, vol. 148, no. 3, pp. 399-408, 2012.

[7] S.N. Greer, J. L. Metcalf, Y. Wang, and M. Ohh, “The updated
biology of hypoxia-inducible factor;,” The EMBO Journal, vol. 31,
pp. 2448-2460, 2012.

[8] C. Wan, J. Shao, S. R. Gilbert et al., “Role of HIF-1« in skeletal
development,” Annals of the New York Academy of Sciences, vol.
1192, pp. 322-326, 2010.

[9] I. B. Coimbra, S. A. Jimenez, D. F. Hawkins, S. Piera-
Velazquez, and D. G. Stokes, “Hypoxia inducible factor-1 alpha
expression in human normal and osteoarthritic chondrocytes;”
Osteoarthritis and Cartilage, vol. 12, no. 4, pp. 336-345, 2004.

[10] H.-P. Kuo, D.-E Lee, W. Xia, Y. Wei, and M.-C. Hung, “TNF«
induces HIF-l« expression through activation of IKKf,” Bio-
chemical and Biophysical Research Communications, vol. 389,
no. 4, pp. 640-644, 2009.

[11] D. Pfander, T. Cramer, and B. Swoboda, “Hypoxia and HIF-1«
in osteoarthritis,” International Orthopaedics, vol. 29, no. 1, pp.
6-9, 2005.

[12] E. B. Rankin, A. J. Giaccia, and E. Schipani, “A central role for
hypoxic signaling in cartilage, bone, and hematopoiesis,” Cur-
rent Osteoporosis Reports, vol. 9, no. 2, pp. 46-52, 2011.

(13] B. P. Lewis, C. B. Burge, and D. P. Bartel, “Conserved seed
pairing, often flanked by adenosines, indicates that thousands
of human genes are microRNA targets,” Cell, vol. 120, no. 1, pp.
15-20, 2005.

[14] D. P. Bartel, “MicroRNAs: target recognition and regulatory
functions,” Cell, vol. 136, no. 2, pp. 215-233, 2009.

[15] W.Filipowicz, S. N. Bhattacharyya, and N. Sonenberg, “Mecha-
nisms of post-transcriptional regulation by microRNAs: are the
answers in sight?” Nature Reviews Genetics, vol. 9, no. 2, pp. 102-
114, 2008.

[16] E. Wienholds, W. P. Kloosterman, E. Miska et al., “Cell biology:
microRNA expression in zebrafish embryonic development,”
Science, vol. 309, no. 5732, pp. 310-311, 2005.

[17] L. Tuddenham, G. Wheeler, S. Ntounia-Fousara et al., “The
cartilage specific microRNA-140 targets histone deacetylase 4 in
mouse cells,” FEBS Letters, vol. 580, no. 17, pp. 4214-4217, 2006.

[18] Y. Nakamura, J. B. Inloes, T. Katagiri, and T. Kobayashi,
“Chondrocyte-specific microRNA-140 regulates endochondral
bone development and targets dnpep to modulate bone mor-
phogenetic protein signaling,” Molecular and Cellular Biology,
vol. 31, no. 14, pp. 3019-3028, 2011.



The Scientific World Journal

(19]

(20]

(21]

[22]

(25]

(26]

(27]

(28]

[30]

(31]

(32]

(34]

T. E. Swingler, G. Wheeler, V. Carmont et al., “The expression
and function of microRNAs in chondrogenesis and osteoarthri-
tis,” Arthritis and Rheumatism, vol. 64, no. 6, pp. 1909-1919,
2012.

K. A. Dudek, J. E. Lafont, A. Martinez-Sanchez, and C. L.
Murphy, “Type II collagen expression is regulated by tissue-
specific miR-675 in human articular chondrocytes,” Journal of
Biological Chemistry, vol. 285, no. 32, pp. 24381-24387, 2010.

A. Martinez-Sanchez, K. A. Dudek, and C. L. Murphy, “Regula-
tion of human chondrocyte function through direct inhibition
of cartilage master regulator SOX9 by microRNA-145 (miRNA-
145),” Journal of Biological Chemistry, vol. 287, no. 2, pp. 916-924,
2012.

W. Yang, T. Sun, J. Cao, E Liu, Y. Tian, and W. Zhu, “Down-
regulation of miR-210 expression inhibits proliferation, induces
apoptosis and enhances radiosensitivity in hypoxic human
hepatoma cells in vitro,” Experimental Cell Research, vol. 318, no.
8, pp. 944-954, 2012.

J. He, Y. Jing, W. Li et al., “Roles and mechanism of miR-199a
and miR-125b in tumor angiogenesis,” PloS One, vol. 8, Article
ID e56647, 2013.

U. Bruning, L. Cerone, Z. Neufeld et al., “MicroRNA-155 pro-
motes resolution of hypoxia-inducible factor ler activity during
prolonged hypoxia,” Molecular and Cellular Biology, vol. 31,
no. 19, pp. 4087-4096, 2011.

R. Kulshreshtha, R. V. Davuluri, G. A. Calin, and M. Ivan, ‘A
microRNA component of the hypoxic response,” Cell Death and
Differentiation, vol. 15, no. 4, pp. 667-671, 2008.

M. C. Brihimi-Horn and J. Pouysségur, “HIF at a glance,
Journal of Cell Science, vol. 122, no. 8, pp. 1055-1057, 2009.

Z.Hua, Q. Lv, W. Ye et al., “Mirna-directed regulation of VEGF
and other angiogenic under hypoxia,” PLoS One, vol. 1, no. 1,
article ell6, 2006.

S.-T. Cha, P.-S. Chen, G. Johansson et al., “MicroRNA-519¢
suppresses hypoxia-inducible factor-la expression and tumor
angiogenesis;,” Cancer Research, vol. 70, no. 7, pp. 2675-2685,
2010.

X. Huang, L. Ding, K. L. Bennewith et al., “Hypoxia-inducible
mir-210 regulates normoxic gene expression involved in tumor
initiation,” Molecular Cell, vol. 35, no. 6, pp. 856-867, 2009.

J. Lemaire, G. Mkannez, F. Z. Guerfali et al., “MicroRNA expres-
sion profile in human macrophages in response to leishmania
major infection,” PLoS Neglected Tropical Diseases, vol. 7, Article
ID e2478, 2013.

M. Ivan, A. L. Harris, F. Martelli, and R. Kulshreshtha, “Hypoxia
response and microRNAs: no longer two separate worlds,
Journal of Cellular and Molecular Medicine, vol. 12, no. 5A, pp.
1426-1431, 2008.

M.-P. Puisségur, N. M. Mazure, T. Bertero et al, “MiR-210
is overexpressed in late stages of lung cancer and mediates
mitochondrial alterations associated with modulation of HIF-1
activity,” Cell Death and Differentiation, vol. 18, no. 3, pp. 465-
478, 2011.

R.I. McCormick, C. Blick, J. Ragoussis et al., “miR-210 is a target
of hypoxia-inducible factors 1 and 2 in renal cancer, regulates
ISCU and correlates with good prognosis,” British Journal of
Cancer, vol. 108, pp. 1133-1142, 2013.

N. Chen, X. Chen, R. Huang et al., “BCL-xL is a target gene
regulated by hypoxia-inducible factor-1a,” Journal of Biological
Chemistry, vol. 284, no. 15, pp. 10004-10012, 2009.

(35]

[37]

(38]

(40]

(41]

(42]

J. Hanze, B. G. Eul, R. Savai et al., “RNA interference for HIF-1«
inhibits its downstream signalling and affects cellular prolifer-
ation,” Biochemical and Biophysical Research Communications,
vol. 312, no. 3, pp. 571-577, 2003.

E. Metzen, D. P. Stiehl, K. Doege, J. H. Marxsen, T. Hellwig-
Biirgel, and W. Jelkmann, “Regulation of the prolyl hydroxylase
domain protein 2 (phd2/egln-1) gene: identification of a func-
tional hypoxia-responsive element,” Biochemical Journal, vol.
387, no. 3, pp. 711-717, 2005.

R. Kulshreshtha, M. Ferracin, S. E. Wojcik et al., “A microRNA
signature of hypoxia,” Molecular and Cellular Biology, vol. 27, no.
5, pp. 1859-1867, 2007.

P. Fasanaro, Y. D’Alessandra, V. Di Stefano et al., “MicroRNA-
210 modulates endothelial cell response to hypoxia and inhibits
the receptor tyrosine kinase ligand ephrin-A3; Journal of
Biological Chemistry, vol. 283, no. 23, pp. 15878-15883, 2008.
H. W. Kim, H. K. Haider, S. Jiang, and M. Ashraf, “Ischemic
preconditioning augments survival of stem cells via miR-210
expression by targeting caspase-8-associated protein 2,” Journal
of Biological Chemistry, vol. 284, no. 48, pp. 33161-33168, 2009.
S. Hammer, K. K.-W. To, Y.-G. Yoo, M. Koshiji, and L. E. Huang,
“Hypoxic suppression of the cell cycle gene CDC25A in tumor
cells,” Cell Cycle, vol. 6, no. 15, pp. 1919-1926, 2007.

N. Goda, H. E. Ryan, B. Khadivi, W. McNulty, R. C. Rickert, and
R. S. Johnson, “Hypoxia-inducible factor le is essential for cell
cycle arrest during hypoxia,” Molecular and Cellular Biology, vol.
23, no. 1, pp. 359-369, 2003.

Z.Zhang, H. Sun, H. Dai et al., “MicroRNA miR-210 modulates
cellular response to hypoxia through the MYC antagonist
MNT;” Cell Cycle, vol. 8, no. 17, pp. 2756-2768, 2009.



