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Abstract. To date, little is known regarding the molecular 
mechanisms underlying the deregulation of the giant cell tumor 
of bone (GCTB). Hypoxia has been confirmed to be a charac-
teristic observed in a variety of types of cancer, and a pivotal 
role for hypoxia‑inducible factor-1α (HIF‑1α) has previously 
been indicated in the hypoxia adaptation of GCTBs. However, 
another key regulator, microRNA (miR)‑210, which is closely 
correlated with HIF‑1α, has not previously been identified in 
GCTBs. The present study therefore selected miR‑210, the 
most significantly upregulated miRNA in hypoxic subtypes 
of cancer, for investigation in GCTB tissues. Reverse tran-
scription-quantitative polymerase chain reaction was used 
to evaluate miR‑210 expression levels in GCTB tissues and 
primary GCTB stromal cells. It was revealed that miR‑210 and 
HIF‑1α were upregulated in GCTB specimens and in primary 
GCTB stromal cells under hypoxia, and a positive correlation 
was identified between the two molecules. Furthermore, the 
promotion of miR‑210 expression in primary GCTB stromal 
cells by hypoxia was HIF‑1α‑dependent. To the best of our 
knowledge, the present study was the first to identify the 
overexpression of miR‑210 in an HIF‑1α‑dependent manner in 
GCTB specimens, suggesting an adaptive response to hypoxia 
in GCTB.

Introduction

Giant cell tumor of bone (GCTB) is a relatively uncommon, 
aggressive, non‑cancerous type of tumor, characterized by the 
presence of multinucleated giant (osteoclast‑like) cells. GCTB 
generally occurs in adults between the ages of 20 and 40 years, 
and occurs in males and females with equal frequency (1,2). 
The majority of GCTBs arise in the metaphyseal‑epiphyseal 
areas of the distal femur, proximal tibia and distal radius (3,4). 
Despite being classified as benign, GCTBs are aggressive 
and up to 50% of cases are associated with local recurrence. 
Furthermore, up to 5% of GCTBs metastasize to the lungs 
and GCTB undergoes spontaneous transformation into 
high‑grade malignancy in 1‑3% of patients (2,5). However, 
the pathogenesis and histogenesis of GCTBs have remained 
elusive, without predictable histological values for evaluating 
the clinical outcome.

Hypoxia has been confirmed to be associated with a variety 
of types of cancer, and has become one of the key issues in 
the study of tumor physiology (6,7). A group of transcription 
factors has been reported to be involved in the regulation of 
genes responsible for the metabolic changes induced under 
hypoxic conditions (8,9). A pivotal component of this group 
is hypoxia‑inducible factor 1 (HIF‑1), which exists as a 
heterologous dimer, comprised of an oxygen sensitive HIF‑1α 
subunit and a constitutively expressed HIF‑1β subunit (10). 
HIF‑1 binds to a conserved DNA consensus sequence on the 
promoters of its target genes, known as hypoxia‑responsive 
elements (11‑13). Upregulation of HIF promotes the expres-
sion of gene products required for hypoxic adaptation (14), 
and regulates vascular endothelial growth factor (VEGF) and 
additional angiogenic factors (15,16), which have key roles 
in the growth and progression of solid tumors (17‑20). As a 
result of the generally insidious onset of symptoms in patients 
with GCTB, the tumors frequently grow to a large size prior 
to diagnosis, and therefore potentially undergo hypoxia as 
the overgrowth of tumor cells distances them from the local 
microvessels (21). Few studies have previously indicated the 
significant role of HIF in hypoxia adaptation in GCTBs; 
however, Knowles et al (21) revealed that HIF is promoted in 
GCTBs and mediates paracrine effects on monocyte‑osteo-
clast differentiation via the induction of VEGF.
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The neoplastic ‘driver’ role of the stromal cell was 
indicated by Knowles et al (21) and the results of additional 
studies (22). The in vitro experiments by Knowles et al (21) 
indicated that HIF was induced in primary GCTB stromal 
cells following hypoxia. It was also demonstrated that the 
accumulation of giant cells is due, in part, to the high levels 
of receptor activator of nuclear factor‑κB ligand expression by 
the neoplastic stromal cells (23‑25), suggesting a significant 
role for the stromal cell. Treatment of GCTB stromal cells with 
parathyroid hormone-related protein significantly increased 
the number of multinucleated cells formed from RAW 264.7 
cells in co‑culture experiments (26). Interleukin‑17A has also 
been shown to be overexpressed in GCTB stromal cells, and 
to stimulate the progression of GCTBs (27). Additionally, 
it was demonstrated that stromal cells in GCTB expressed 
matrix metalloproteinase‑9 (28,29) and several types of bone 
morphogenetic protein (BMP‑2, 3, 4, 5 and 6) (30).

MicroRNAs (miRNAs) are 18‑22 nucleotide non‑coding 
RNA molecules that regulate gene expression in a variety 
of organisms, ranging from nematodes to humans  (31), 
and are involved in a broad array of mammalian cellular 
processes (32‑34). The suppression of target genes by miRNAs 
induce diverse biological outcomes during normal develop-
ment and pathological responses. In particular, alterations in 
miRNA expression have marked effects on the progression of 
tumorigenesis (35‑37). Studies have indicated the oncogenic 
or tumor suppressive roles of certain deregulated miRNAs in 
bone tumors, particularly in osteosarcoma (38‑43). miR‑210 is 
a key regulator of the hypoxic response, and its upregulation 
has been observed in all cell types evaluated under hypoxic 
conditions so far (44). In addition, miR‑210 was found to be a 
positive regulator of osteoblastic differentiation via inhibition 
of activin A receptor type 1B (45). However, to the best of 
our knowledge there has been no previous report regarding 
miR‑210, the characteristic miRNA deregulated under 
hypoxia, in GCTBs.

In the present study, the expression of miR‑210 and HIF‑1α 
was quantitatively determined in 42 GCTB specimens by 
reverse transcription-quantitative polymerase chain reac-
tion (RT‑qPCR) and western blot analyses. The induction 
of miR‑210 and HIF‑1α expression in primary stromal cells 
isolated from GCTB tissues under hypoxic conditions was also 
further confirmed. Subsequently, the regulatory role of HIF‑1α 
on miR‑210 expression in primary stromal cells was evaluated. 
The present study aimed to provide novel information regarding 
the mechanisms underlying GCTB tumorigenesis.

Materials and methods

Tissue specimens and ethical approval. The utilization of 
42 sacral GCTB specimens was approved by the Internal Review 
Board of the Second Affiliated Hospital of Inner Mongolia 
Medical University (Hohhot, China). All 42 specimens were 
obtained from surgical resections from sacral GCTB patients 
registered at the aforementioned hospital, between January 2008 
and December 2011. A total of 11 osteochondroma tissues were 
obtained from patients matched for age, gender, and tumor 
location for use as control specimens. All tissue samples for 
miR‑210 and HIF‑1α expression analysis were frozen at ‑80˚C 
immediately following surgical resection. The GCTB tissue for 

primary stromal cell isolation was obtained from a GCT located 
on the distal femur and permission was given by the patient 
who was registered at the Second Affiliated Hospital of Inner 
Mongolia Medical University in September 2013. The GCT 
tissue was put on ice and treated for cell isolation immediately 
following surgical resection. The GCTB patients selected for 
this study were all treated with identical programs. Prior to the 
operation, patients granted consent for the use of the excised 
cancer tissue in medical or scientific research.

Isolation, culture and treatment of primary GCTB stromal 
cells or U2 osteosarcoma (OS) cells. Primary GCTB stromal 
cells were isolated from the GCT tissue from the distal femur 
according to a previously published protocol (46,47). Briefly, 
the fresh tissue specimens were placed in ice‑cold isolation 
solution (Miltenyi Biotec, Inc., San Diego, CA, USA), and 
homogenized. The stromal cells were isolated and basal 
CD146 expression was enriched with anti‑CD146 monoclonal 
antibody‑coupled magnetic beads, following the removal of 
CD14- and CD45‑positive cells (46). The stromal cells were 
cultured with RPMI-1640 (Gibco Life Technologies, Carlsbad, 
CA, USA) supplemented with 10% fetal bovine serum (FBS) 
(Invitrogen Life Technologies, Carlsbad, CA, USA), antibiotics 
(100 mg/ml streptomycin and 100 U/ml penicillin; North China 
Pharmaceutical Co., Ltd, Shijiazhuang, China) and 10 nmol/l 
dihydrotestosterone (Sigma‑Aldrich, St. Louis, MO, USA). The 
cells under normoxia were incubated at 37˚C, with 5% CO2. The 
U2 OS cells were obtained from the Cell Resource Center of 
Chinese Academy of Medical Sciences (Beijing, China), and 
cultured in Eagle's minimum essential medium or McCoy's 
5a modified medium supplemented with 10% FBS, and were 
incubated at 37˚C with 5% CO2. For hypoxia treatment, cells 
were placed in a hypoxia incubator (HERAcell  150i  CO2 
incubator; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
infused with 5% CO2, 3% O2 and N. Small interference (si)
HIF‑1α and siRNA control oligomers were synthesized by 
GenePharma Technology (Shanghai, China) and were trans-
fected into the stromal cells at a concentration of 5 nM with 
Lipofectamine® 2000 (Invitrogen Life Technologies) to suppress 
HIF‑1α expression. The overexpression of HIF‑1α was induced 
with HIF‑1α‑pcDNA3.1 plasmid (Sino Biological, Inc., Beijing, 
China) transfection (48).

RNA extraction and RT‑qPCR. A mirVana miRNA Isolation 
kit (Ambion, Austin, TX, USA) was used to extract miRNA 
from clinical specimens or cultured cells. The mirVana 
qRT‑PCR miRNA Detection kit (Ambion) was used to quantify 
miR‑210 expression, and U6 small nuclear RNA was used as 
an internal control. The ∆∆Ct method was used to calculate 
the relative quantification (49). The RNeasy Mini kit (Qiagen, 
Valencia, CA, USA) was used to extract total messenger  
(m)RNA from clinical specimens or cell samples, and RT‑qPCR 
analysis of Drosha, Dicer and HIF‑1α mRNA expression was 
performed using SYBR Green RT‑PCR kit (Takara Bio, Inc., 
Tokyo, Japan) with the LightCycler 2.0 (Roche Diagnostics 
GmbH, Mannheim, Germany). The qPCR was performed as 
follows: 42˚C for 5 min, 95˚C for 10 sec, followed by 40 cycles 
at 95˚C for 15 sec and 60˚C for 30 sec. All mRNA expression 
levels were normalized to GAPDH and quantified using the 
∆∆Ct method (49).
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Western blot analysis. Tissue samples for immunoblotting 
were placed in ice‑cold isolation solution and homogenized. 
Following homogenization, total protein concentration was 
measured using the bicinchoninic acid assay protein assay 
reagent kit (Thermo Fisher Scientific, Inc.) and was adjusted 
to 2 mg/ml with isolation solution. Equal quantities of protein 
and sample buffer were separated by 12% SDS‑PAGE, and 
subsequently transferred onto a polyvinylidene difluoride 
membrane. The membrane was blocked with Tris‑buffered 
saline containing 5% milk at 4˚C for 3 h, and incubated with 
Dicer (cat. no. sc-30226), Drosha (cat. no. sc-33778), HIF‑1α 
(cat. no. sc-10790) or GAPDH (cat. no. sc-25778) rabbit poly-
clonal antibodies (1:500; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA), followed by incubation with horseradish 
peroxidase‑conjugated mouse anti‑rabbit secondary antibody 
(1:1,000; Cell Signaling Technology, Inc., Danvers, MA, USA). 
The proteins were detected using enhanced chemiluminescence 
(Thermo Fisher Scientific, Inc.). All immunoblots are represen-
tative of at least three independent experiments.

Statistical analysis. Statistical analyses were performed using 
SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). The differ-
ences in Dicer, Drosha and HIF‑1α expression between the two 
groups were analyzed by Student's t-test. Correlations between 
miR‑210 and HIF‑1α expression were analyzed using the 
Spearman's rank correlation coefficient. P<0.05 was considered 
to indicate a statistically significant difference.

Results

miR‑210 is upregulated in GCTB specimens. miR‑210, the 
most significantly upregulated miRNA in cancer under 

hypoxic conditions, was selected for investigation in GCTB 
tissues in the present study. RT‑qPCR was used to evaluate 
miR‑210 expression levels in 42 GCTB tissues and 11 osteo-
chondroma tissues. The clinical information regarding the 
patients with GCTB evaluated in the present study is listed 
in Table I. The results demonstrated that the relative miR‑210 
expression levels in GCTB were 3.105±1.002, significantly 
higher than those in the osteochondroma tissues (1.010±0.194) 
(P<0.01; Fig. 1A). In order to confirm the overexpression of 
miR‑210, the miR‑210 protein expression levels in the above 
specimens were also assessed by western blotting. The results 
of the western blot analysis also demonstrated significantly 
higher expression of miR‑210 in GCTB specimens than 
those in the osteochondroma specimens (35.939±9.033 vs. 
22.791±4.217) (P<0.05; Fig. 1B). It was therefore concluded 
that miR‑210 was upregulated in GCTB specimens. To further 
evaluate the upregulation of miR‑210 in GCTBs, the expres-
sion of key miRNA-processing enzymes, Dicer and Drosha, 
was evaluated in the GCTB specimens. The results of western 
blotting (Fig. 1C and D) and RT‑qPCR (Fig. 1E) analyses 
demonstrated that the protein and mRNA expression levels of 
Dicer and Drosha were upregulated in GCTB specimens. The 
association between miR‑210 expression and clinicopatho-
logical parameters was statistically evaluated, and a significant 
difference in miR‑210 level was detected amongst patients 
with varying Jaffe grades, as well as patients with or without 
recurrence (P=0.031 and 0.004, respectively). There was no 
significant association detected between miR‑210 expression 
and the other clinicopathological parameters evaluated.

HIF‑1α is upregulated in GCTB specimens and positively 
correlated with miR‑210 overexpression. miR‑210 has 

Table I. Correlation between miR‑210 and HIF‑1α expression levels and clinicopathological parameters in giant cell tumor of 
bone specimens.

	 miR‑210 levels	 HIF‑1α mRNA levels
Clinicopathological	 -----‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑ -----‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----‑‑‑‑‑‑‑‑
parameter	 Cases (n)	 Mean ± SD 	 P‑value	 Mean ± SD 	 P‑value

Gender			   0.365		  0.640
  Male	 20	 2.985 ± 0.547		  3.136 ± 0.703
  Female	 22	 3.214 ± 0.623		  3.076 ± 0.672
Age (years)			   0.134		  0.093
  ≤20	 12	 3.327 ± 0.606		  3.323 ± 0.574
  21‑40	 23	 2.926 ± 0.502		  3.042 ± 0.620
  >41	   7	 3.312 ± 0.622		  2.937 ± 0.663
Jaffe grade			   0.031a		  0.022a

  I	 14	 2.468 ± 0.381		  2.994 ± 0.525
  II	 23	 3.336 ± 0.533		  3.102 ± 0.578
  III	   5	 3.826 ± 0.420		  3.431 ± 0.626
Recurrence			   0.004b		  0.009b

  No	 33	 2.915 ± 0.436		  2.968 ± 0.564
  Yes	   9	 3.802 ± 0.562		  3.608 ± 0.731

aP<0.05, bP<0.01, compared with the three groups. miR-210, microRNA-210; HIF-1α, hypoxia-inducible factor-1α; mRNA, messenger RNA; 
SD, standard deviation.
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GUO et al:  miR-210 IS UPREGULATED BY HIF-1α IN STROMAL CELLS6188

previously been determined to be induced by hypoxia 
via HIF‑1α (50,51). To evaluate the hypoxic regulation of 
miR‑210 in GCTB specimens, HIF‑1α mRNA expression in 
the GCTB and osteochondroma specimens was determined 
by RT‑qPCR. As shown in Fig.  2A, the relative HIF‑1α 
mRNA expression was 2.286±0.677 in the GCTB specimens, 
significantly higher than 1.010±0.194 in the osteochon-
droma specimens (P<0.01). HIF‑1α overexpression was 
also evaluated in the aforementioned specimens by western 
blotting, and the HIF‑1α protein expression relative to 
GAPDH was 81.333±11.590%, also significantly higher than 
56.667±10.599% in the osteochondroma specimens (P<0.05; 
Fig. 2B). To further examine the correlation between miR‑210 
overexpression and HIF‑1α upregulation, Spearman's rank 

analysis was conducted on the miR‑210 and HIF‑1α mRNA 
expression levels in each GCTB specimen. It was revealed 
that the HIF‑1α mRNA expression was positively correlated 
with miR‑210 expression in GCTB specimens. (R2=0.3169, 
P<0.01; Fig.  2C). Statistical evaluation also revealed an 
association between HIF‑1α overexpression and Jaffe grade 
and recurrence. There were higher HIF‑1α mRNA levels in 
patients with higher Jaffe grade or recurrence (P=0.022 and 
0.009, respectively). No association was detected between 
HIF‑1α mRNA expression and any other clinicopathological 
parameter evaluated.

miR‑210 and HIF‑1α are upregulated in primary GCTB 
stromal cells under hypoxia. To further confirm the correla-

Figure 2. Positive correlation between miR‑210 upregulation and HIF‑1α overexpression in GCTB specimens. (A) Relative HIF‑1α mRNA expression, exam-
ined by RT‑qPCR, in OC tissues (n=11) and GCTB speciments (n=42). (B) HIF‑1α protein expression in GCTB specimens (n=42) determined by western blot 
analysis. (C) Correlation between relative miR‑210 and HIF‑1α mRNA expression. Values are expressed as the mean ± standard deviation; *P<0.05, **P<0.01. 
GCTB, giant cell tumor of bone; OC, osteochondroma; miR-210, microRNA-210; mRNA, messenger RNA; HIF-1α, hypoxia-inducible factor-1α.

Figure 1. miR‑210 and microRNA processing enzymes are upregulated in GCTB specimens. (A) Relative miR‑210 expression, examined by RT‑qPCR, in OC 
tissues (n=11) and GCTB specimens (n=42). Relative expression levels of Drosha and Dicer, determined by (B and C) western blot analysis and (D) RT‑qPCR in 
OC tissues (n=11) or GCTB specimens (n=42). GAPDH was used as a loading control. Values are expressed as the mean ± standard deviation; *P<0.05, **P<0.01. 
miR-210; microRNA-210; GCTB, giant cell tumor of bone; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; OC, osteochondroma.
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tion between miR‑210 and HIF‑1α expression and hypoxia 
in GCTBs, primary stromal cells were isolated from GCTB 
tissues and the miR‑210 and HIF‑1α expression levels were 
examined under hypoxia in the primary stromal and U2 OS 
human osteosarcoma cells. The miRNA and mRNA samples 
from the two types of cell under normoxia or hypoxia, were 
analyzed using RT‑qPCR. In agreement with the results of 
the analysis of the clinical specimens, there was a significant 
induction of miR‑210 expression under hypoxia in the primary 
stromal and U2 OS cells. The miR‑210 expression began 
increasing from 4 h post hypoxia treatment, reaching the 
highest levels at 12 h post treatment (P<0.05 or P<0.01; Fig. 3A 

and B). Analogous results were observed in the HIF‑1α expres-
sion levels in primary stromal and U2 OS cells. Under hypoxic 
conditions, HIF‑1α expression was significantly upregulated 
in primary stromal cells from 8-24 h post treatment, and in 
U2 OS cells from 4-24 h post treatment (P<0.05 or P<0.01; 
Fig. 3C and D). Western blot analysis was utilized to evaluate 
the upregulation of HIF‑1α protein expression in the primary 
stromal cells under hypoxia. As shown in Fig. 3E, from 8 to 
48 h post hypoxia treatment, HIF‑1α was significantly upregu-
lated (P<0.05 or P<0.01). Taken together, these in vitro results 
confirmed the upregulation in miR‑210 and HIF‑1α expression 
under hypoxia.

Figure 3. Overexpression of miR‑210 and HIF‑1α in primary stromal cells under hypoxia. (A and B) Hypoxia upregulated miR‑210 expression in primary 
stromal and U2 OS human osteosarcoma cells, as determined by RT‑qPCR. (C and D) Hypoxia upregulated HIF‑1α mRNA expression in primary stromal and 
U2 OS cells, as determined by RT‑qPCR. (E) Hypoxia upregulated HIF‑1α protein expression levels in primary stromal cells relative to GAPDH, as determined 
by western blot analysis. All experiments were performed in triplicate. Values are expressed as the mean ± standard error; *P<0.05, **P<0.01. GCTB, giant 
cell tumor of bone; OS, osteosarcoma; miR-210, microRNA-210; mRNA, messenger RNA; HIF-1α, hypoxia-inducible factor-1α; H.P.T, hours post-treatment.

  A   B

  C

  E

  D

https://www.spandidos-publications.com/10.3892/mmr.2015.4170


GUO et al:  miR-210 IS UPREGULATED BY HIF-1α IN STROMAL CELLS6190

Promotion of miR‑210 expression in primary GCTB stromal 
cells by hypoxia is HIF‑1α‑dependent. In order to explore the 
correlation between miR‑210 expression and the production of 
HIF‑1α, the regulatory effect of HIF‑1α on miR‑210 overexpres-
sion was determined in primary stromal cells. HIF‑1α-specific 
siRNA was used to block HIF‑1α expression and, as shown 
in Fig. 4A, siHIF‑1α specifically inhibited HIF‑1α expression, 
without altering HIF‑2α expression (P<0.01). Subsequently, 
miR‑210 levels in stromal cells under hypoxic conditions, 
with or without HIF‑1α blockage by siHIF‑1α were evalu-
ated. Hypoxia promoted miR‑210 expression levels to ~5-fold 
greater than those under normoxia in primary stromal cells 
transfected with control siRNA (P<0.01), while this promotion 
was blocked by siHIF‑1α (no significant difference compared 
with the normoxia group; Fig. 4B). To verify that the promotion 
of miR‑210 expression by hypoxia was HIF‑1α‑dependent, a 
HIF‑1α‑pcDNA3.1 recombinant plasmid was constructed and 
transfected into the primary stromal cells. HIF‑1α expression 
was significantly upregulated following recombinant plasmid 
transfection at the mRNA (P<0.05 or P<0.01; Fig. 4C) and 
protein levels (P<0.05 or P<0.01; Fig. 4D and E). Furthermore, 

the high expression of HIF‑1α induced by plasmid transfection 
significantly enhanced miR‑210 expression in the stromal cells, 
12 and 24 h post recombinant plasmid transfection (P<0.05 or 
P<0.01; Fig. 4F).

Discussion

The oncogenic or tumor suppressive roles of miRNAs 
have previously been identified in primary malignant bone 
tumors, particularly in osteosarcomas  (38‑43) and Ewing 
sarcoma cancers  (52,53), but not in primary benign bone 
tumors, including osteomas, osteochondromas and giant cell 
tumors. Zuntini et al (54) initially identified the deregulated 
miRNA profiling in multiple osteochondromas, indicating 
disease‑specific miRNA expression in cartilage. A significantly 
decreased level of miR‑136 in metastatic versus non‑metastatic 
GCTBs was also confirmed by RT‑qPCR analysis (55). Whether 
other miRNAs were involved in the GCTBs had remained to 
be elucidated. In the present study, it was revealed that miR‑210 
was overexpressed in GCTB specimens, and that this miR‑210 
overexpression was associated with HIF‑1α overexpression in 

Figure 4. Hypoxia upregulates miR‑210 expression in primary stromal cells in an HIF‑1α‑dependent manner. (A) Reverse transcription-quantitative polymerase 
chain reaction analysis of HIF‑1α knockdown by HIF‑1α specific siRNA transfection for 24 h in primary stromal cells. (B) Abrogation of miR‑210 induction 
by hypoxia following HIF‑1α knockdown by transfection of siHIF1α or siCon for 24 h. Overexpression of HIF‑1α at (C) mRNA level and (D and E) protein 
level by HIF‑1α‑pcDNA3.1 transfection for various time-periods (0, 6, 12 and 24 h). (F) Upregulation of miR‑210 by the overexpression of HIF‑1α. All experi-
ments were performed in triplicate. Values are expressed as the mean ± standard error; *P<0.05, **P<0.01. GCTB, giant cell tumor of bone; OS, osteosarcoma; 
miR-210, microRNA-210; mRNA, messenger RNA; HIF-1α, hypoxia-inducible factor-1α.
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clinical GCTB specimens, as well as primary GCTB stromal 
cells. Furthermore, the upregulated miR‑210 expression in 
GCTB specimens was correlated with the tumor Jaffe grade and 
recurrence. Thus, a significant deregulation of miR‑210 expres-
sion was confirmed in the GCTB stromal cells and specimens, 
and the miR‑210 expression levels may function as a clinical 
marker for the degree of tumor growth in vivo.

The deregulated growth of solid tumors always involves 
a hypoxic microenvironment, which drives tumor cells to 
undergo genetic and phenotypic adaptations that allow them 
to survive and sustain this deregulated growth under hypoxic 
conditions. The present study provided evidence indicating 
that miR‑210 was involved in a crucial hypoxia-response 
network in GCTBs. In order to aid the elucidation of the regu-
latory networks involved in mediating the hypoxia response, 
the potential regulators of miR‑210 expression were deter-
mined, Drosha and Dicer, which are also upregulated under 
hypoxia. The in vitro results in GCTB stromal cells indicated 
that HIF‑1α inhibition by siRNA blocked the hypoxia-induced 
upregulation of miR‑210 in primary GCTB stromal cells, 
while the manipulated overexpression of HIF‑1α significantly 
enhanced miR‑210 expression under normoxia. Therefore, 
these results revealed that the upregulation of miR‑210 induced 
by hypoxia was HIF‑1α‑dependent.

Oxygen‑dependent regulation of HIF‑1α is dependent on a 
family of prolyl hydroxylases (PHDs) that hydroxylate HIF‑1α 
protein at two prolines under normoxic conditions, resulting in 
the degradation of HIF‑1α (56). Conversely, the expression of 
PHDs is selectively controlled by HIF‑1 and ‑2 proteins (57). 
There is a positive feedback loop between the PHDs and 
HIF‑1α (58,59) under hypoxic conditions. During hypoxia, these 
prolines are not hydroxylated and therefore HIF‑1α degradation 
is blocked. It has previously been demonstrated that miR‑210 
targets glycerol-3-phosphate dehydrogenase 1-like, resulting in 
the stabilization of HIF‑1α (59). Furthermore, in certain types 
of cell it has been demonstrated that hypoxia‑induced miR‑210 
is an HIF‑1α target (60), and therefore a positive feedback loop 
between miR‑210 and HIF‑1α has been identified. However, to 
the best of our knowledge there has been no previous study that 
has identified the deregulation of miR‑210 and HIF‑1α expres-
sion in GCTBs, let alone a positive feedback loop between 
them. The present study demonstrated that the hypoxia‑induced 
miR‑210 overexpression in primary GCTB stromal cells was 
induced by HIF‑1α. Whether miR‑210 in turn upregulates 
HIF‑1α under hypoxic conditions in GCTBs remains to be 
elucidated and requires further investigation.

In conclusion, the overexpression of miR‑210 and HIF‑1α 
was identified in GCTB specimens and primary GCTB stromal 
cells, and a correlation between the two was observed. The 
in vitro experiments also indicated that the hypoxia‑induced 
miR‑210 upregulation was mediated by HIF‑1α. The identified 
overexpression of miR‑210 and HIF‑1α in GCTB specimens in 
the present study suggests an adaptive response to hypoxia in 
GCTB, thus implying that hypoxia-associated molecules may 
be an effective target for treatment of GCTB.
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