
MiR-210 Links Hypoxia With Cell Proliferation Regulation
in Human Laryngocarcinoma Cancer
Jianhong Zuo,1,2,3 Meiling Wen,2 Mingsheng Lei,4 Xiang Peng,5 Xuefeng Yang,2*
and Zhigang Liu1**
1State Key Laboratory of Respiratory Disease for Allergy at Shenzhen University, School of Medicine,
Shenzhen University, Shenzhen, Guangdong 518060, China

2The Affiliated Nanhua Hospital, University of South China, Hengyang, Hunan 421001, China
3School of Medicine, University of South China, Hengyang, Hunan 421001, China
4Department of Respiratory and Critical Care Medicine, Zhangjiajie City Hospital, Zhangjiajie, Hunan 427000,
China

5School of Optoelectronics, Shenzhen University, Shenzhen, Guangdong 518060, China

ABSTRACT
ThemicroRNA hsa-miR-210 (miR-210) is associatedwith hypoxia; however its function has not fully identified. In the present study, we aim to
detect its role concerning proliferation in Laryngocarcinoma. We found that miR-210 was highly expressed in hypoxia, which inhibited
proliferation by inducing cell cycle arrest in G1/G0 as well as apoptosis. We further identified that miR-210 targeted fibroblast growth factor
receptor-like 1 (FGFRL1). Down regulation of FGFRL1 decreased cell proliferation by promoting proportion of cells in G1/G0 phase and
decreasing in S and G2/M phases. Moreover, overexpression of FGFRL1 effectively released the miR-210-induced suppression of SCC10A cell
proliferation. Expression of miR-210 repressed tumor xenograft growth in vivo as well. Together, our findings reveal a new mechanism of
adaptation to hypoxia that miR-210 inhibits the proliferation via inducing cell cycle arrest and apoptosis by the targeting of FGFRL1. J. Cell.
Biochem. 116: 1039–1049, 2015. © 2015 Wiley Periodicals, Inc.
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Humanhead andneck cancer is the eighthmost common cancer in
the US and the sixth most common one worldwide, representing

10–15% of all malignancies and causing 4–5% of all cancer-related
deaths [American Cancer Society, 2012; Ba�dulescu et al., 2013].
Annually, there are approximately 650,000 patients diagnosed with
head and neck cancers and 350,000 deaths in the world [Ba�dulescu et al.,
2013]. Although intensive research and improvements in multimodality
treatment, such as surgery, radiation, and chemotherapy, the 5-year
survival still remains at 50–60% [Pulte and Brenner, 2010]. Early
laryngeal cancer, one of the most common types of HNSCC, can usually

be successfully treated with either radiotherapy or surgery. However,
many advanced stage laryngeal carcinomas with limited treatment
options are generally associatedwith considerable impairment to quality
of life [Masuda et al., 2013]. Therefore, it is necessary to understand the
underlying mechanism of tumor progression, as well as highlight the
impact of genetic and molecular modifications in the early detection,
the prediction of prognosis and therapeutic response to treatment of
laryngeal carcinomas.

Hypoxia often occurs in tumors and tissue inflammation
[Jordanovski et al., 2013]. Tumor hypoxia has been shown to be a
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negative prognostic factor for head and neck cancers, associated with
reduced therapeutic effect and decreased overall survival [Kikuchi
et al., 2011; Rajendran et al., 2006], and maintaining tumor
microenvironment. Therefore, hypoxia has recently been a focus of
research. Hypoxia also regulates the expression of somegenes that are
sensitive to oxygen pressure. Hypoxia-inducible factor-1 (HIF1), as
one of themost studied genes that is induced by low oxygen pressure,
can subsequently influence the expression of a number of genes. This
dysregulation can lead tomany oncogenic phenotypes, such as tumor
cell transformation, disruption of cellular metabolic processes, the
invasive growth program, angiogenesis, and resistance to chemo-
therapy and radiation therapy [Shen et al., 2013].

MicroRNAs (miRNAs) are short, endogenous, non-coding RNA
molecules (19–22 nucleotides) that bind to target mRNAs and
cause RNA interference through translational repression or mRNA
degradation [Ambros, 2008]. miR-210 is a main downstream
effector gene of HIF-1, which is upregulated in most solid tumors
including head and neck cancer [Gee et al., 2010; Wang et al.,
2014], renal cell carcinoma, breast cancer [Rothe et al., 2011;
Hong et al., 2012], prostate cancer [Porkka et al., 2007]. Its high
levels have been linked to a negative clinical outcome and adverse
prognosis [Porkka et al., 2007; Rothe et al., 2011; Hong et al.,
2012; Wang et al., 2014]. miR-210 has been involved in tumor
angiogenesis; this not only provides nutrients and oxygen,
evacuates metabolic wastes and carbon dioxide to sustain cancer
cells, but also facilitates metastasis [Hanahan and Weinberg,
2011]. Most of the evidence supports that miR-210 have
significant effect on apoptosis [Fasanaro et al., 2008; Kim et al.,
2009; Nie et al., 2011; Mutharasan et al., 2011]. miR-210’s role in
repressing cellular DNA damage response is supported by a recent
study in which the expression of miR-210 results in double-
stranded DNA breaks [Bindra et al., 2007]. Research has shown
that miR-210 may have a much broader effect on cell cycle
regulation by the downregulation of a group of mitosis-related
genes, such as Cdc25B, Cyclin F, and Fam83D [He et al., 2013].
Overexpression of miR-210 promotes migration and invasion of
breast cancer cell [Kosaka et al., 2013]. Together, miR-210
is involved in a wide variety of normal and pathological cellular
processes including cell development, cell death, angiogenesis,
metabolism, and oncogenesis [Chan et al., 2009; Huang et al.,
2009; Gee et al., 2010; Shen et al., 2013]. However, the molecular
mechanism of miR-210 in malignant diseases has not been
completely understood. Therefore, an increased knowledge about
miR-210’s functions is necessary, which may finally lead to novel
diagnostic and therapeutic approaches in cancer in future.

In this study, we aimed to investigate the mechanism of miR-210
inhibited tumor cell growth in laryngocarcinoma cancer . We found
that high expression of miR-210 inhibited cell proliferation by
down-regulating the expression of FGFRL1.

MATERIALS AND METHODS

MATERIALS
The following antibodies were used: HIF1a(BD company), a-tubulin
(Sigma), Caspase (Santa Cruz Biotechnology), FGFRL1(GeneTex),

GLUT1 (Epitomics). Anti-mouse and anti-rabbit secondary anti-
bodies, conjugated to horseradish peroxidase for western blotting,
were obtained from Vector Laboratories. FGFRL1 siRNA and
scrambled siRNA come from Dharmacon.

CELL CULTURE AND TRANSFECTION
Head and neck squamous cell carcinoma (HNSCC) cell line SCC10A
was derived from the primary lesion of a larynx carcinoma, and has
been extensively characterized by its phenotypes in vitro and in vivo
[Ballo et al., 1999; Zuo et al., 2011]. Hep2 was another larynx
carcinoma cell, which was kindly provided by Prof. Guan in Cancer
Instititute of Central South University. HEK293 (human embryonic
kidney cell line) cells were purchased from Shanghai BIOLEAF
Biotechnology Co., Ltd. (Shanghai, China). Cells were normally
maintained at low passage in DMEM (Invitrogen) supplemented with
10% fetal bovine serum (Invitrogen).

Briefly, for constitutive expression of miR-210, SCC10A, and
Herp2 cells were transfected with miR-210 in a GV217 vector. The
miR-210 vector GV217was constructed in our lab by the primers: 50-
TCCGCTCGAGGGGTCGGGCTGGGC AGG-30 and 50-ATGGGG-
TACCCCCCTCCCCACGGTATCC-30. The stable transfected cells
were selected with G418 to yield the miR-210 cell lines. The cell
lines, which were not subsequently cloned, exhibited elevated levels
of ectopically expressed miR-210, as confirmed by northen blot
analysis and real-time PCR. Cloned cells lines were not used in the
current study.

In addition, FGFRL1 without the 30-UTR region expression vector
GV219 was constructed in our lab and was transfected into SCC10A
cells with Lipofectamine 2000 reagent (Invitrogen). Full-length
human FGFRL1 without the 30-UTR region gene sequence was
amplified using the following primers: 50- TCC GCTCGAGAT-
GACGCCGAGCCCCCTGT -30 and 50-ATGGGGTACCCTAGCACT GA-
TAGTGGATGTGCTG-30. An FGFRL1-overexpressing plasmid
GV219- FGFRL1 was constructed by inserting the FGFRL1 cDNA
into an expression vector GV219/FGFRL1. The fragment containing
the 30-UTR of FGFRL1 fragment was cloned into pGL3 vector.

For RNA interference analysis, siRNA targeting FGFRL1 was
delivered into SCC10A cells using the Lipofectamine 2000 reagent
(Invitrogen) according to the manufacturer’s protocol. After 48 h
of transfection, cells were subjected to proliferation assays as
described below or cell lysates were collected and analyzed by
Western blot.

RNA EXTRACTION AND QUANTITATIVE REVERSE
TRANSCRIPTASE- PCR
Total RNA was extracted by using Trizol Reagent (Invitrogen)
according to the manufacturer’s protocol. qRT-PCR was used to
confirm the expression level ofmiRNAs. qRT-PCRwasperformedwith
a miR-specific primer on the ABI PRISM 7500 real-time PCR system
(Applied Biosciences), compared with normalization control U6.

IN VIVO EXPERIMENTS
Balb/c nude mice were subcutaneously injected SCC10A cells
(2� 106 cells in 200ml matrixgel/mouse). Tumors were measured
every 3 days. Ten mice of each group were utilized for the in vivo
tumor growth assay.The size of the tumors were determined byfirstly
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measuring length (L) and width (W) and then calculating the volume
(V¼W2� L� 0.5) [Zhang et al., 2013; Meiling et al., 2013].

ASSAY OF CELL PROLIFERATION
About cell proliferation assay, in brief, cells were plated at
3� 103cells/well in 96-well plates with triplicate wells. Cell
proliferation was performed using the MTT assay. OD was assessed
by measuring the absorbance at 490 nm using a microtiter plate
reader. MTT was purchased from Sigma.

CELL CYCLE ANALYSIS
Cell cycle analysis was performed using propidium iodide staining.
Briefly, cells were washed in phosphatebuffered saline (PBS) and
fixed in 70% ethanol. Fixed cells were then washed twice in PBS and
stained in propidium iodide (50mg/ml) in the presence of 50mg/ml
RNase A (Sigma–Aldrich), and then incubated for 1 h at room
temperature in the dark. Flow cytometry analysis was done by using
a FACScan (Beckman Coulter, Fullerton, CA). The datawere analyzed
by using WinMDI 2.8 software.

ANALYSIS OF CASPASE ACTIVITY
The caspase 3,7fluorometric assay kit (Promega) was used tomeasure
caspase 3,7 activity following the manufacturer’s instructions.

WESTERN BLOT
Cells were extracted using lysis buffer [Zuo et al., 2010]. Protein
concentration was measured with the bicinchoninic acid protein
assay kit (Pierce) and processed for SDS-PAGE. After transferring
ontonitrocellulose membranes (Millipore Corp.), proteins were
probed with primary antibodies (FGFRL1 antibody, HIF1a, and
actin from Santa Cruz Biotechnology) and secondary horseradish
peroxidase coupled antibodies. Blots were developed by chemilu-
minescence using the enhanced chemiluminescence system.

LUCIFERASE REPORTER ASSAY
HEK293 and SCC10A cells were cultured in DMEM containing 10%
fetal bovine serum in 5% CO2 at 37°C. For transient transfection,
briefly, 2� 104 cells were plated in 96-well plates in DMEMplus 10%
fetal bovine serum. After 12 h incubation, the cells were transfected
with an 30-untranslated region (30-UTR) of FGFRL1 fragment using
the Lipofectamine Plus (Invitrogen) transfection reagent. miR-210
was cotransfected with a plasmid expressing the the 30-UTR of
FGFRL1. As an internal control for transfection efficiency, 10 ng of
pRL-TK were used. At 48 h after transfection, cells were harvested
and assayed for luciferase activity using the Dual-Luciferase
Reporter Assay System (Promega).

IMMUNOHISTOCHEMISTRY
Immunohistochemical analysis of GLUT1 and FGFRL1 was carried
out formalin-fixed and paraffin-embedded tissue sections using the
standard immunohistochemical technique. Tissue sections were
deparaffinized in xylene, rehydrated in a graded ethanol series, and
treated with an antigen retrieval solution (10mmol/L sodium citrate
buffer, pH 6.0). The sections were incubated with monoclonal mouse
antihuman GLUT1 antibody (1:200 dilution), FGFRL1 antibody
(1:200 dilution) overnight at 4°C and then were incubated with

1:1000 dilution of biotinylated secondary antibody followed by an
avidin-biotin peroxidase complex (DAKO, Carpinteria, CA) accord-
ing to the manufacturer’s instructions. Finally, tissue sections were
incubated with 30,30-diaminobenzidine (Sigma–Aldrich) until a
brown color developed and counterstained with Harris’ modified
hematoxylin. Sections were blindly analyzed by two investigators in
order to provide a consensus on results of IHC by light microscopy
(Olympus). Evaluation of staining is according to Cheng report
[Cheng et al., 2008]. Each case was rated according to a score that
added a scale of intensity of staining to the area of staining. In brief,
at least 10 high-power fields were randomly chosen, and >1,000
cells were counted for each section. The intensity of staining was
analyzed by the following scale: 0, no staining; 1þ, mild staining;
2þ, moderate staining; 3þ, intense staining. The area of stainingwas
graded as follows: 0, nostaining of cells; 1þ,<30% of tissue stained
positive; 2þ, 30–60% positive staining; 3þ,>60% positive staining.
The minimum score when summed (extensionþ intensity) was
therefore, 0, whereas the maximum score was 6. A combined
staining score (extensionþ intensity) of �2 was considered to be a
negative staining (low staining). A 3–4 score was a moderate
staining, while a 5–6 score was evaluated to be a strong staining
[Cheng et al., 2008].

LASER CAPTURE MICRODISSECTION
Laser Capture Microdissection (LCM) was applied to purify the tumor
cells of xenograft from the mouse stromal cells, which was done as
described [Cheng et al., 2008] with slightmodifications. Briefly, 8ml-
thick frozen sections of xenograft tumor were placed on a
membrane-coated glass slides (Leica), fixed in 75% alcohol for
30 s, and stained with 0.5% violet-free methyl green (Sigma). After
washing in DEPC water for 30 s, the sections were air-dried for 1min
and microdissected by a Leica AS LMD system (Leica). The
enrichment of cancer cells was store at �80°C until RNA extraction
and verified by qRT-PCR for miR-210.

STATISTICS
Statistical Analysis Student’s t-test was used for the statistical
analysis of interval data, with P< 0.05 considered as significant.
However, the statistical analysis of Goodman–Kruskal Gamma was
applied in the analysis of correlation between GLUT1 and FGFRL1
expression level in LSC tissue.

RESULTS

MIR-210 RELATED WITH HYPOXIA INHIBITS THE CELL
PROLIFERATION
As HIF1a is a major regulator of the cellular response to hypoxia, the
kinetics of HIF1a (Top) induction under 2% oxygen were showed in
head and neck cancer cell lines, SCC10A, and Hep2 cells (Fig. 1A). At
the same time, the cell growth became much slower in hypoxia
(Fig. 1B). To investigate themechanism of hypoxia inhibiting the cell
proliferation, we stably expressed miR-210 in SCC10A cells and
Hep2 cells by transfecting with miR-210 in a GV217 vector firstly.
Then we examined the expression of miR-210 in SCC10A and Hep2
cell lines by real-time PCR. The miR-210 cell lines represented stable
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population of cells derived by transfection with an GV217/miR-210
plasmid (Fig. 1C). In order to elucidate the biological function of
miR-210, we applied the miR-210 cell lines to carry out the cell
proliferation assay. The data showed that overexpression ofmiR-210
down-regulated the cell proliferation (Fig. 1D) in normoxic
condition.

Next, we investigate the function of miR-210 by choosing the
SCC10A to further research. The data showed that overexpression
of miR-210 leaded to a significant increase in the proportion of
cells in G1/G0 phase, however, the proportion of cells in S phase
significantly decreased. The proportion of cells in G2/M phase
remained unchanged. These results showed that miR-210 resulted
in cell cycle arrest (Fig. 2A). Interestingly, caspase-3/7 activity was
significantly promoted in the overexpression of miR-210 cell

compared with the control (Fig. 2B and C), which gave us a hint that
overexpression of miR-210may induce cell apoptosis. To summarize,
the results show that miR-210 may inhibit proliferation of SCC10A
cells mainly by inducing cell cycle arrest and apoptosis.

FGFRL1 IS ONE TARGET GENE OF MIR-210
In order to detect the meachnism of miR-210 inhibiting the cell
proliferation, we carried out the analysis using miRNA target
prediction programs miRanda. By miRNA target prediction, FGFRL1
was one of the target genes harboring the binding site of miR-210 in
the 30-UTR. Toobtain further direct evidence that FGFRL1 is a target of
miR-210, we characterized the binding site of miR-210 in the 30-UTR
of FGFRL1 mRNA. The results showed that miR-210 overexpression
specifically decreased the luciferase activity in HEK293 cells (Fig. 3A)

Fig. 1. High expression miR-210 inhibits proliferation of laryngocarcinoma cell. A. Western blot of HIF1a was shown to indicate hypoxia condition at different time point.
Actin was used as a loading control. B. Hypoxia under 2%O2 inhibits proliferation of Laryngocarcinoma cells. C. miR-210 expression is detected in SCC10A and Hep2 by real-time
PCR. D. High expression of miR-210 inhibits proliferation of Laryngocarcinoma cell in SCC10A and Hep2. Error bar indicates standard deviation. Student’s t-test was performed
for statistical analysis, *P< 0.05.
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and SCC10A (Fig. 3B). However, the repression was completely
abolished when a mutant form of miR-210 expressing plasmid was
cotransfected (Fig. 3A, B, and C). Furthermore, FGFRL1 protein level
was decreased when miR-210 overexpressed in SCC10A (Fig. 3D).

In order to further verify the above result, we used immunohis-
tochemistry to detect the expression of GLUT1 and FGFRL1 in the
tissue of normal and LC. GLUT1 as a classical marker of hypoxia was
not detected in the normal tissue, while FGFRL1was high expression.
On the contrary, GLUT1 was highly induced in the LC tissue. But the
expression of FGFRL1 was inhibited (Fig. 2E). In the current study,
we analyzed 211 samples of LC. The data showed that there was a
statistically significant negative correlation between GLUT1 and
FGFRL1 expression level by the analysis of Goodman–Kruskal
Gamma (Table I). Together, the data indicate that FGFRL1 is a target
gene of miR-210.

KNOCKDOWN OF FGFRL1 DECREASES CELL PROLIFERATION
In order to elucidate the function of FGFRL1, we applied the
specific FGFRL1 siRNA to test the effect of FGFRL1 knockdown,
which resulted in significant decrease of the level of FGFRL1
expression (Fig. 4A) and proliferation of SCC10A cells (Fig. 4B).
Next, we examined the effects of FGFRL1 knockdown on the cell
cycle. In addition, knockdown of FGFRL1 led to a significant
promotion in the proportion of cells in G1/G0 phase and a decrease
in S and G2/M phases (Fig. 4C). These data showed that
knockdown of FGFRL1 induced cell cycle arrest in G1/G0.
However, silence of FGFRL1 did not significantly change the
caspase-3/7 activity (Fig. 4D), which indicated that FGFRL1 does
not play role in apoptosis. Together, the results show that the
down-regulation of FGFRL1 may inhibit proliferation of SCC10A
cells mainly via cell cycle arrest.

Fig. 2. High expression miR-210 induced cell apoptosis. A. The representative FACS profile was presented (left panel). The data about cell cycle was shown (Right panel,
*P< 0.05). B. The caspase-3,7 activity was investigated in SCC10A, *P< 0.05. C. Western blot was shown to indicate caspase activation in SCC10A. Actin was used as a loading
control.
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Fig. 3. FGFRL1 was a target gene of miR-210. A. Reporter luciferase activity is repressed or relieved by cotransfecting miR-210 wild-type or mutant expression vector with
FGFRL1 30-UTR constructs in HEK293 cells and SCC10A. B. Each reporter assay was repeated at least three times. Error bar indicates standard deviation. C. The mutations in miR-
210 expression construct. The nucleotide mutation was introduced in the seed region of miR-210. D. High expression of miR-210 inhibits the expression of FGFRL1, while the
mutations in miR-210 expression does not play role in the expression of FGFRL1. Real-time PCR done for miR-210 RNA extracted from control,miR-210-expressing andmutated
miR-210-expressing cells (top panel). FGFRL1 expression was verified by immunoblotting with antibody to FGFRL1. Actin was used as a loading control (bottom panel).
E. Representative results of immunohistochemistry of GLUT1 and FGFRL1 in the normal and LC tissues. Original magnification, 10� 40.

JOURNAL OF CELLULAR BIOCHEMISTRY1044 MIR-210 LINKS HYPOXIA WITH CELL PROLIFERATION



EXPRESSION OF MIR-210 REPRESSES TUMOR XENOGRAFT
GROWTH
To investigate the biological effect of miR-210 in vivo, we implanted
the control cell lines and the cells that stably express miR-210
subcutaneously into nude mice, in which the tumor growth of the
cells highly expressingmiR-210 was significantly inhibited (Fig.5A).
Since miR-210 showed a clear inhibitory effect on tumor growth, we
analyzed the sizes of harvested xenograft samples and their
corresponding miR-210 expression level. As shown in Figure 5B,
there is a statistically significant negative correlation between
xenograft size and miR-210 expression level, further indicating
miR-210 expression is growth inhibitory (Fig. 5B). Taken together,
our data indicates that ectopic expression of miR-210 is primarily
inhibiting tumor growth, since a significantly higher miR-210
expression still remains in these tumors whose growth was inhibited.

In order to further verify if the miR-210 target we identified is also
regulated by miR-210 in vivo, we examined expression level of
FGFRL1 protein, which is actually increased in cells transfected with
a FGFRL1 expression vector without the 30-UTR of FGFRL1 andmiR-
210 (Fig. 5C). Overexpression of FGFRL1 with no 30-UTR
significantly decreased the effection of miR-210 inhibiting cell
proliferation compared to the control (Fig. 5D). These findings
further suggest that FGFRL1 increases the proliferation of SCC10A
cells by inhibiting cell cycle arrest. We also found that the inhibitory
effect elicited by miR-210 on tumor growth was partly rescued by
expressing FGFRL1 in vivo (Fig. 5E). All in all, high miR-210
expression inhibits tumor growth by down-regulating the express-
ing of FGFRL1 in vitro and in vivo.

DISCUSSION

Head and neck squamous cell carcinoma (HNSCC) is an aggressive
malignancy and has a severe impact on the life quality of patients
and survivors. More than two-thirds of patients present with
advanced disease at time of diagnosis, which negatively affects the
survival of these patients [Zuo et al., 2011; Boeckx et al., 2014].
Laryngocarcinoma is one of the most common malignant tumors in
HNSCC and the mechanism involves genetics [Jiang et al., 2012].
Despite advances in our understanding and treatment of this disease,
treatment resistance and relapse are common and have been related
to tumor hypoxia. miR-210 is a significant marker of hypoxia and is
robustly induced by HIF-1a directly through its interaction with its

promoter sequence in response to hypoxia in HNSCC cell lines
[Harris, 2010; Gee et al., 2010]. In the paper, we want to detect the
function of miR-210 in laryngocarcinoma cells. The results show
that high miR-210 expression induced by hypoxia, inhibits tumor
growth by down-regulating the expressing of FGFRL1 (Fig. 5F).

MiR-210 is up-regulated in the most of solid tumors including
clear cell renal cell carcinoma [Zhang et al., 2007], head and neck
cancer [Gee et al., 2010], breast cancer [Hong et al., 2012], and
prostate cancer [Porkka et al., 2007], which the expression levels
correlate with clinical outcome negatively. In these reports, the
overexpression of miR-210 may actually reflect the hypoxic status
of the tumor samples instead of its biological function in tumori-
genesis. Therefore, the overexpression of miR-210 is a well-known
independent indicator of poor outcome of patient in these cases
because it could predict poor prognosis [Huang et al., 2009; Camps
et al., 2008].

Some reports show that miR-210 has some validated targets
including the DNA repair enzyme RAD52 [Crosby et al., 2009], the
receptor tyrosine kinase ligand ephrin-A3 [Fasanaro et al., 2008],
and the transcription factor E2F3 [Giannakakis et al., 2008]. In the
present study, we found FGFRL1 is another target of miR-210. Our
data show that miR-210 targets to the FGFRL1 30-UTR and
suppresses FGFRL1 expression in LSCC. Moreover, knockdown of
FGFRL1 by siRNA inhibited SCC10A cell proliferation, whereas
overexpression of FGFRL1 effectively rescued the miR-210-
induced suppression of SCC10A cell proliferation. Together, these
findings show that miR-210 might exert its inhibition effect in
SCC10A mainly by targeting FGFRL1. Interestingly, ectopic
expression of miR-210 inhibits cell proliferation in the current
study. This was consistent with the result that HIF1a can inhibit
tumor growth [Maranchie et al., 2002; Raval et al., 2005] because it
induces some genes leading to cell-cycle arrest and cell death
[Goda et al., 2003; Kim et al., 2009]. In agreement with our
findings, the miR-210 is deleted/downregulated in ovarian cancer
[Giannakakis et al., 2008] and esophageal squamous cell
carcinoma [Tsuchiya et al., 2010], which suggests a potential
tumor suppressor function of miR-210. This conclusion is also
consistent with Huang’s report that FGFRL1 could partially rescue
the suppression of tumor growth caused by ectopic expression of
miR-210 in tumor xenografts [Huang et al., 2009]. However,
targeting of FGFRL1 by miR-210 appears to explain only part of
the action of miR-210.

We also confirmed thatmiR-210 induced cell apoptosis associated
with activation of caspases, which is consistent with the reports
indicating that miR-210 increases apoptosis in pulmonary arterial
endothelial cells (HPAECs) in vitro [Chan et al., 2009]. However,
FGFRL1 siRNA did not. In fact, FGFRL1 silencing and miR-210
overexpressions led to very distinctive consequences, which
suggestes that the effect of miR-210-induced cell apoptosis was
rather mediated by targeting other genes. Therefore, miR-210-
induced cell cycle arrest and apoptosis might be regulated by other
targets of miR-210. Though miR-210 was reported to promote cell-
cycle progression by activating c-Myc through inhibiting MNT
[Zhang et al., 2009]. However, in our systems we did not observe that
overexpressing miR-210 offered an growth advantage of cells in
vitro, and miR-210 actually repressed tumor growth in vivo.

TABLE I. The Expression Analysis of Glut1 and FGFRL1 in LC Tissue

Glut1

Low Middle High

FGFRL1
Low 6 14 79
Middle 5 9 23
High 55 12 8

Goodman–Kruskal Gamma Coefficient¼�0.820, P< 0.05.
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Fig. 4. miR-210 represses cell growth in vitro. A. SCC10A cells were left untreated or transfected with FGFRL1 siRNA. After 48 h, whole cell lysates were prepared and FGFRL1
expression was analyzed by immunoblotting. B. Silence of FGFRL1 inhibits proliferation of Laryngocarcinoma cell SCC10A. Each reporter assay was repeated at least three times.
Error bar indicates standard deviation. Student’s t-test was performed for statistical analysis, *P< 0.05. C. The representative FACS profile was presented (top panel). The data
about cell cycle was shown (bottom panel, *P< 0.05). D. The caspase-3,7 activity was investigated.
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Fig. 5. miR-210 represses cell growth in a mouse xenograft model. A. SCC10A cells with ectopic expression of miR-210 and control cells were injected s.c. in nude mice at a
density of 2� 106 cells. The pictures of xenograft tumors were shown in the top panel. B. Shown is negative correlation between the size of xenograft tumors and corresponding
miR-210 expression level. C. SCC10A cells were left untreated or transfected with ectopic expression of miR-210, or transfected with ectopic expression of miR-210 and FGFRL1
without a 30-UTR region. After 48 h, whole cell lysates were prepared and FGFRL1 expression was analyzed by immunoblotting. D. FGFRL1 could partially rescue the suppression of
cell growth caused by ectopic expression of miR-210 in Laryngocarcinoma Cell SCC10A. Error bar indicates standard deviation. Student’s t-test was performed for statistical
analysis, *,# P< 0.05. E. SCC10A cells with ectopic expression of miR-210, expressing miR-210 and FGFRL1 coding sequence without a 30-UTR region and control cells were
injected s.c. in nude mice at a density of 2� 106 cells. F. Schematic representation of miR-210 signaling pathways inhibiting the cell proliferation in SCC10A cells.
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Therefore, further studies are needed to detect deeply the molecular
mechanism of decreased growth by miR-210.

In conclusion, we identified miR-210 as a robust hypoxia-
inducible microRNA under hypoxia. In LSCC, our finding reveals a
newmechanism that miR-210 inhibits the proliferation via inducing
cell cycle arrest and apoptosis by the targeting of FGFRL1.

ACKNOWLEDGMENTS
This work was supported by National Nature Science Foundation of
China (81272960), Key Research Program from Science and
Technology Department of Hunan Province, China (2013WK2010),
Research Program from Education Department of Hunan Province,
China (12C0343), Research Program from Health Department of
Hunan Province, China (B2012-047).

REFERENCES
Ambros V. 2008. The evolution of our thinking about microRNAs. Nat Med
14:1036–1040.

American Cancer Society Ed., Cancer Facts, and Figures (2012) American
Cancer Society, Atlanta, GA, USA 2012.

Ba�dulescu F, Ba�dulescu A, CriSsan A, Popescu FC. 2013. Study of the diagnosis
and treatment of cancer located in the head and neck and correlation
with expression of prognostic markers. Rom J Morphol Embryol 54:487–
497.

Ballo H, Koldovsky P, Hoffmann T, Balz V, Hildebrandt B, Gerharz CD, Bier H.
1999. Establishment and characterization of four cell lines derived from
human head and neck squamous cell carcinomas for an autologous
tumorfibroblast in vitro model. Anticancer Res 19:3827–3836.

Bindra R, Crosby M, Glazer P. 2007. Regulationof DNA repair in hypoxic
cancer cells. Cancer Metastasis Rev 26:249–260.

Boeckx C, Weyn C, Vanden-Bempt I, Deschoolmeester V, Wouters A,
Specenier P, Van Laer C, Van den Weyngaert D, Kockx M, Vermorken JB,
Peeters M, Pauwels P, Lardon F, Baay M. 2014. Mutation analysis of genes in
the EGFR pathway in head and neck cancer patients: implications for anti-
EGFR treatment response. BMC Res Notes 7:337.DOI: 10.1186/1756-0500-7-
337

Camps C, Buffa FM, Colella S, Moore J, Sotiriou C, Sheldon H, Harris AL,
Gleadle JM, Ragoussis J. 2008. Hsa-miR-210 is induced by hypoxia and is an
independent prognostic factor in breast cancer. Clin Cancer Res 14:1340–
1348.

Chan SY, Zhang YY, Hemann C, Mahoney CE, Zweier JL, Loscalzo J. 2009.
MicroRNA-210 controls mitochondrial metabolism during hypoxia by
repressing the iron-sulfur cluster assembly proteins ISCU1/2. Cell Metab
10:273–284.

Cheng AL, Huang WG, Chen ZC, Peng F, Zhang PF, Li MY, Li F, Li JL, Li C, Yi
H, Yi B, Xiao ZQ. 2008. Identification of novel nasopharyngeal carcinoma
biomarkers by laser capture microdissection and proteomic analysis. Clin
Cancer Res 14(2):435–445.

Crosby ME, Kulshreshtha R, Ivan M, Glazer PM. 2009. MicroRNA regulation
of DNA repair gene expression in hypoxic stress. Cancer Res 69:1221–1229.

Jordanovski D, Herwartz C, Pawlowski A, Taute S, Frommolt P, Steger G.
2013. The Hypoxia-inducible transcription factor ZNF395 is controlled by
IkB kinase-signaling and activates genes involved in the innate immune
response and cancer. Plos ONE 8:e74911.

Fasanaro P, D0Alessandra Y, Di Stefano V,Melchionna R, Romani S, Pompilio
G, Capogrossi MC, Martelli F. 2008. MicroRNA-210 modulates endothelial

cell response to hypoxia and inhibits the receptor tyrosine kinase ligand
ephrin-A3. J Biol Chem 283:15878–15883.

Gee HE, Camps C, Buffa FM, Patiar S, Winter SC, Betts G, Homer J, Corbridge
R, Cox G, West CM, Ragoussis J, Harris AL. 2010. Hsa-mir-210 is a marker of
tumor hypoxia and a prognostic factor in head and neck cancer. Cancer
116:2148–2158.

Goda N, Dozier SJ, Johnson RS. 2003. HIF-1 in cell cycle regulation,
apoptosis, and tumor progression. Antioxid Redox Signal 5(4):467–473.

Giannakakis A, Sandaltzopoulos R, Greshock J, Liang S, Huang J, Hasegawa
K, Li C, O0Brien-Jenkins A, Katsaros D, Weber BL, Simon C, Coukos G, Zhang
L. 2008. MiR-210 links hypoxia with cell cycle regulation and is deleted in
human epithelial ovarian cancer. Cancer Biol Ther 7:255–264.

Hanahan D, Weinberg RA. 2011. Hallmarks of cancer: the next generation.
Cell 144(5):646–674.

Harris AL. 2010. Hsa-mir-210 is a marker of tumor hypoxia and a prognostic
factor in head and neck cancer. Cancer. 116:2148–2158.

He J,Wu J, XuN, XieW, LiM, Li J, Jiang Y, Yang BB, ZhangY. 2013.MiR-210
disturbs mitotic progression through regulating a group of mitosis-related
genes. Nucleic Acids Res 41:498–508.

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

Huang X, Ding L, Bennewith KL, Tong RT, Welford SM, Ang KK, Story M, Le
QT, Giaccia AJ. 2009. Hypoxia-inducible mir-210 regulates normoxic gene
expression involved in tumor initiation. Mol Cell 35:856–867.

Jiang LY, Lian M, Wang H, Fang JG, Wang Q. 2012. Inhibitory effects of
5-Aza-20- deoxy- cytidine and trichostatin A in combination with
p53-expressing adenovirus on human laryngocarcinoma cells. Chin J Cancer
Res 24:232–237.

KikuchiM, Yamane T, Shinohara S, Fujiwara K, Hori SY, Tona Y, Yamazaki H,
Naito Y, Senda M. 2011. 18F-fluoromisonidazole positron emission
tomography before treatment isapredictorof radiotherapy outcome and
survival prognosis in patients with head and neck squamous cell carcinoma.
Ann Nucl Med 25(9):625–633.

Kim HW, Haider HK, Jiang S, Ashraf M. 2009. Ischemic preconditioning
augments survival of stem cells viamiR-210 expression by targeting caspase-
8-associated protein 2. J Biol Chem 284:33161–33168.

Kosaka N, Iguchi H, Hagiwara K, Yoshioka Y, Takeshita F, Ochiya T. 2013.
Neutral sphingomyelinase 2 (nSMase2)-dependent exosomal transfer of
angiogenic microRNAs regulate cancer cell metastasis. J Biol Chem
288(15):10849–10859.

Maranchie JK, Vasselli JR, Riss J, Bonifacino JS, Linehan WM, Klausner RD.
2002. The contribution of VHL substrate binding and HIF1-alpha to the
phenotype of VHL loss in renal cell carcinoma. Cancer Cell 1(3):247–255.

Masuda M, Toh S, Wakasaki T, Suzui M, Joe AK. 2013. Somatic evolution of
head and neck cancer-biological robustness and latent vulnerability. Mol
Oncol 1:14–28.

Mutharasan RK, Nagpal V, Ichikawa Y, Ardehali H. 2011. MicroRNA-210 is
upregulated in hypoxic cardiomyocytes through Akt- and p53-dependent
pathways and exerts cytoprotective effects. Am J Physiol Heart Circ Physiol
301:H1519–H1530.

Nie Y, Han BM, Liu XB, Yang JJ, Wang F, Cong XF, Chen X. 2011.
Identification Of microRNAs involved in hypoxia-and serum deprivation-
induced apoptosis in mesenchymal stem cells. Int J Biol Sci 7:762–768.

Porkka KP, Pfeiffer MJ,Waltering KK, Vessella RL, Tammela TLJ, Visakorpi T.
2007. MicroRNA expression profiling in prostate cancer. Cancer Res
67:6130–6135.

Pulte D, Brenner H. 2010. Changes in survival in head and neck cancers in the
late 20th and early 21st century: a period analysis. Oncologist 15:994–1001.

Rajendran J, Schwartz D, O0Sullivan J, Peterson LM, Ng P, Scharnhorst J,
Grierson JR, Krohn KA. 2006. Tumor hypoxia imaging with [F-18]

JOURNAL OF CELLULAR BIOCHEMISTRY1048 MIR-210 LINKS HYPOXIA WITH CELL PROLIFERATION



fluoromisonidazole positron emission tomography in head and neck cancer.
Clin Cancer Res 12:5435–5341.

Raval RR, Lau KW, Tran MG, Sowter HM, Mandriota SJ, Li JL, Pugh CW,
Maxwell PH, Harris AL, Ratcliffe PJ. 2005. Contrasting properties of hypoxia-
inducible factor 1 (HIF-1) and HIF-2 in von Hippel-Lindau-associated renal
cell carcinoma. Mol Cell Biol 25(13):5675–5686.

Rothe F, Ignatiadis M, Chaboteaux C, Haibe-Kains B, Kheddoumi N, Majjaj S,
Badran B, Fayyad-Kazan H, Desmedt C, Harris AL, Piccart M, Sotiriou C.
2011. Global microRNA expression profiling identifies miR-210 associated
with tumor proliferation, invasion and poor clinical outcome in breast
cancer. PLoS ONE 6:e20980.

Shen GM, Li XB, Jia YF, Piazza GA, Xi Y. 2013. Hypoxia-regulated
microRNAs in human cancer. Acta Pharmacologica Sinica 34:336–341.

Wang J, Zhao J, Shi M, Ding Y, Sun H, Yuan F, Zou Z. 2014. Elevated
expression ofmiR-210 predicts poor survival of cancer patients: A systematic
review and meta- analysis. PLoS ONE 9(2):e89223.

Zhang H, Gao P, Fukuda R, Kumar G, Krishnamachary B, Zeller KI, Dang CV,
Semenza GL. 2007. HIF-1 inhibits mitochondrial biogenesis and cellular

respiration in VHL-deficient renal cell carcinoma by repression of C-MYC
activity. Cancer Cell 11:407–420.

Zhang Z, Sun H, Dai H, Walsh RM, Imakura M, Schelter J, Burchard J, Dai X,
Chang AN, Diaz RL, Marszalek JR, Bartz SR, Carleton M, Cleary MA, Linsley
PS, Grandori C. 2009. MicroRNA miR-210 modulates cellular response to
hypoxia through the MYC antagonist MNT. Cell Cycle 8:1–13.

Zhang M, Truscott J, Davie J. 2013. Loss of MEF2D expression inhibits
differentiation and contributes to oncogenesis in rhabdomyosarcoma cells.
Mol Cancer 12(150):1–14.

Zuo J, Ishikawa T, Boutros S, Xiao Z, Humtsoe JO, Kramer RH. 2010. Bcl-2
overexpression induces a partial epithelial to mesenchymal transition and
promotes squamous carcinoma cell invasion and metastasis. Mol Cancer Res
8:170–182.

Zuo J, Zhu W, Li MY, Li XH, Yi H, Zeng GQ, Wan XX, He QY, Li JH, Qu JQ,
Xiao ZQ. 2011. Activation of EGFR promotes squamous carcinoma SCC10A
cell migration and invasion via inducing EMT-like phenotype change and
MMP-9-mediated degradation of E-cadherin. J Cell Biochem 112:2508–
2517.

JOURNAL OF CELLULAR BIOCHEMISTRY MIR-210 LINKS HYPOXIA WITH CELL PROLIFERATION 1049


