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Abstract: Objective: To explore the expression of miRNA-210 (miR-210) in human ovarian cancer and the effect of 
silencing of miR-210 on the biological behavior of A2780 cells. Methods: Tissue specimens of 20 patients suffer-
ing from ovarian cancer hospitalized in our hospital from June 2010 to June 2012 were collected. Real-time PCR 
was used to detect the expression of miR-210 in ovarian cancer and para-cancer tissues, as well as ovarian cancer 
cell line A2780 and normal ovarian cell line IOSE80. After miR-210 inhibitor was transfected into A2780 cells by 
LipofectamineTM 2000, the proliferation of A2780 cells was detected by MTT and soft agar colony formation assay, 
cell cycle and apoptosis by flow cytometry and cells’ migration and invasiveness by Transwell assay. A tumor model 
was established by inoculating A2780, A2780/NC and A2780/210 cells into BALB/C nude mice subcutaneously. 
Results: The expression level of miR-210 in ovarian cancer tissues and A2780 cells was evidently higher than that in 
para-cancer tissues and normal ovary cells (P<0.01). After transfection with miR-210 inhibitor, the proliferation and 
clonality of A2780 decreased significantly (P<0.05), the number of cells arrested at G0/G1 phase and the ratio of 
apoptotic cells increased significantly (P<0.05), and cell’s migration and invasion were inhibited (P<0.05). Results 
of an in vivo tumor growth experiment showed that, when the expression of miR-210 was inhibited, the growth rate 
of subcutaneous tumors in mice inoculated with A2780/210 cells decreased significantly compared with that in 
mice inoculated with A2780 cells and A2780/NC cells (P<0.05). Conclusion: miR-210 was overexpressed in ovarian 
tissues and cells. The proliferation, migration and invasion of A2780 cells decreased significantly after transfection 
with miR-210 inhibitor. 

Keywords: Ovarian cancer, miRNA-210, proliferation, migration, invasion

Introduction

The morbidity of ovarian cancer ranked third 
among various gynecology malignant tumors, 
while its mortality rate ranked first [1]. Despite 
receiving advanced surgery, conventional che-
motherapy and radiotherapy, the long-term sur-
vival rate of patients with advanced ovarian 
cancer remained not more than 20% [2, 3]. 
Therefore, it is necessary to find out a new ther-
apeutic option to improve patients’ compliance 
and kill tumor cells. 

miRNA, a short endogenous non-coding RNA, 
post-transcriptionally regulates the expression 
of tumor-related genes, and influences (influ-
encing) tumor proliferation, invasion and migra-
tion [4, 5]. It was indicated that [6] the expres-

sion of miRNA-210 (miR-210) was up-regulated 
in kidney, pancreatic and colon cancer and miR-
210 regulated the proliferation, migration and 
invasion of cancer cells in kidney cancer [7-9]. 
As the key factor inducing hypoxia, hypoxia-
inducible factor (HIF) probably played a role in 
regulating miR-210. In kidney cancer cell line 
RCC4, miR-210 induced hypoxia by regulating 
the cancer suppressor gene VHL (vonHippel-
Lindau) [10]. Up to now, there are few studies 
on the effect of miR-210 on the proliferation, 
migration and invasion of ovarian cancer cells. 
This study aims at investigating the expression 
of miR-210 in ovarian cancer, para-cancer tis-
sues, ovarian cancer cells and normal ovary 
cells and further exploring the effect of miR-
210 on the proliferation, migration and invasion 
of ovarian cancer cells in vitro. 
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Materials and methods 

Cell culture 

Human ovarian cell line A2780 and human nor-
mal ovarian cell line IOSE80 were both pur-
chased from Shanghai Institute of Biochemi- 
stry and Cell Biology and stored in our depart-
ment. Inoculated into a RPMI 1640 medium 
with 10% fetal calf serum (GIBCO), these cells 
were subcultured in a cell incubator with 5% 
CO2.

Clinical data

The object of study was specimens taken from 
20 patients pathologically diagnosed with ovar-
ian cancer who underwent surgery from June 
2010 to June 2012. These patients were 48-62 
years old. Ovarian cancer and para-cancer tis-
sues (normal ovary tissues at least 5 cm away 
from tumor edge) were taken from their spe- 
cimens, preserved in liquid nitrogen within 10 
min after separation and reserved for subse-
quent experiments. Before operation, patients 
were informed of the objective and methods of 
this study and signed informed consent forms. 
This study had been approved by the ethics 
committee of Hospital.

Main reagents 

RPMI 1640 medium was purchased from Gibco 
(the US); fetal calf serum from Zhejiang Tian- 
hang Biological Technology Co., Ltd.; total RNA 
extraction reagent, reverse transcription kit, 
real-time PCR kit from TaKaRa (Japan); trans-
fection reagent LipofectamineTM 2000 and 
Opti-MEM both from Invitrogen (the US); MTT 
from Sigma (the US); cell cycle detection kit 
DNA PrepTM from Beckman Coulter (the US); 
apoptosis antibody Annexin VPE from BD (the 
US); agar from Biosharp; Millicell PET film (8.0 
μm) from Millipore (the US); CO2 incubator  
from Thermo (the US); PCR instrument from 
BIO-RAD (the US); fluorescent quantitative  
PCR instrument from ABI (the US); centrifuger 
from XiangYi Centrifuge Instrument CO., LTD. 
(Changsha, Hunan, China); inverted micros- 
cope from Nikon (Japan); fluorescent inverted 
microscope from Lycra (Germany); microplate 
reader from Thermo (the US); and a flow cyto- 
meter from BD (the US). miR-210 primer, miR-
210 inhibitor and miRNA inhibitor NC were  
synthesized in ChinaPeptides Co., Ltd. (Shang- 
hai, China). 

The expression of miR-210 detected by real-
time PCR 

Total RNA was extracted from ovarian cancer 
tissues and was reverse-transcribed into cDNA. 
The upstream primer sequence of miR-210 was 
CTGTGCGTGTGACAGCGGCTGA and the down-
stream primer was a general primer Uni-miR 
real-time PCR primer (produced by TaKaRa). 
Amplification was performed by taking cDNA  
as a template and U6B as an internal refer-
ence, using SYBR Primix Ex Taq II (TaKaRa kit). 
Three duplicates were set. The reaction condi-
tion was as follows: after predegenerating for 
30 s at 95°C, degenerating for 5 s at 95°C  
and then annealing and extension for 31 s at 
60°C (40 cycles in total). The expression level 
of miR-210 was expressed as 2-ΔΔCt. 

A2780 and IOSE80 cells were prepared for cell 
recovering, culturing and subculturing. RNA 
was extracted from cell lines in good growth 
condition and reverse-transcribed to cDNA. The 
expression level of miR-210 in different cell 
lines was detected by qPCR. With U6B used  
as a reference gene, results obtained were  
analyzed by 2-ΔΔCt method as well. 

Transfecting A2780 cells with miR-210 inhibi-
tor 

After miR-210 inhibitor (sequence: UCAGCCG- 
CUGUCACACGCACAG) and miRNA inhibitor NC 
(sequence: CAGUACUUUUGUGUAGUACAA; sin- 
ce this sequence was not non-homologous to 
human genome, it had no interference effect 
on any miRNA; miR-NC in short) powders were 
centrifuged, they were prepared into 20 μmol/L 
solution. One day before transfection, cells 
were laid on a 24-well plate so that the cell  
confluence reached up to 30%-50%. Then, 500 
μl medium without antibiotics was added into 
the plate. The diluted miRNA and Lipofecta- 
mineTM 2000 was mixed and incubated for 20 
min at room temperature. The mixture was  
later added into A2780 cells, which was sha- 
ken and homogenized. After that, cells were 
incubated at 37°C for 24 h and cryopreserved 
and reserved for subsequent usage.

MTT assay 

According to the instructions for use of Lipo- 
fectamineTM 2000, transfection was performed 
in a 96-well plate and three groups, including 
an experimental group transfected with miR-
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and then put into an incubator overnight. The 
cell density was adjusted to 1×106 cells/ml. In 
each well, 200 μl serum-free cell suspension 
with 0.2% BSA was added and 1300 μl com-
plete medium was added into the lower plate. 
Then, the plate was cultured in an incubator 
with 5% CO2 for 24 h at 37°C. After that, it  
was fixed with 70% methanol and stained  
by 0.4% crystal violet. At last, after mounting, 
four visual fields (×100) were selected at ran-
dom for counting. The mean value was calcu-
lated. This assay was repeated twice. 

This assay was conducted 48 h after trans- 
fection into A2780 cells. On the previous day, 
matrigel was diluted with a serum-free medium 
at the rate of 1:8. The resultant dilution was 
laid on a chamber (60 μl), air dried and set 
aside. The cell density was adjusted to 1×106 
cells/ml. In each well, 200 μl serum-free cell 
suspension with 0.2% BSA was added and 
1300 μl complete medium was added into the 
lower plate. Then, the plate was cultured in an 
incubator with 5% CO2 for 24 h at 37°C. After 
that, it was fixed with 70% methanol and 
stained by 0.4% crystal violet. At last, after 
mounting, four visual fields (×100) were sele- 
cted at random for counting. This assay was 
repeated twice.

In vivo anti-tumor assay 

Female BAL B/C nude mice at the age of  
6-8 weeks were inoculated subcutaneously 
5×106 A2780, A2780/NC and A2780/210 
cells. Then, the length and width of their tumor 
were measured every week and the forma- 
tion and growth of subcutaneous tumor were 
observed. Tumor volume was calculated acco- 
rding to the following formula: Volume of tumor 
= 1/2 long diameter × short diameter2.

Six weeks later, mice were killed by cervical  
dislocation. Tumor tissues were weighed and 
statistical analysis was performed concerning 
weight. 

Results

The expression of miR-210 in ovarian cancer 
tissues and cells

In this study, the expression of miR-210 in  
ovarian cancer and para-cancer tissues rela-
tive to the housekeeping gene U6 was pres- 

210 inhibitor (miR-210 inhibitor transfection 
group), a miR-NC control group (miR-NC trans-
fection group) and a non-transfected group, 
each group was set with 6 duplicates. Results 
were detected 1, 2, 3, 4 and 5 days after  
transfection. In each well, 20 μl MTT reagents 
were added. After incubation in an incubater 
with 5% CO2 at 37°C for 4 h, 150 μl DMSO was 
added in each well, which was oscillated over-
night. Then, the optical density (D) value at  
570 nm was measured by using a microplate 
reader. This assay was repeated three times. 

Colony formation assay

The assay was conducted 48 h after transfec-
tion into A2780 cells. 0.6% agar and RPMI 
1640 medium with 10% fetal calf serum were 
mixed at the rate of 1:1 (1.5 ml) and the mixture 
was laid on a 6-well plate. After clotting, 0.3% 
agar and cell suspension with 10% fetal calf 
serum and 1×103 cells/well were mixed (1.5 ml) 
and the mixture was laid on the upper layer. 
After clotting, the mixture was placed in an 
incubator. Then, it was stained by 0.4% crystal 
violet, four visual fields (×100) were selected  
at random and the number of colonies with 
more than ten cells was counted. This assay 
was repeated three times.

Flow cytometry assay 

A2780 cells were used in this assay after  
transfection for 48 h. Apoptosis was detected 
as follows: 1×104 cells were collected and sus-
pended with 100 μl PBS suspension; after-
wards, 100 μl DNA Prep LPR was added; after 
incubation for 20 min, 1 ml DNA Prep Stain  
was added and the mixture was incubated for 
another 20 min. Cell cycle was detected by  
flow cytometry as follows: 1×104 cells were col-
lected and washed with PBS; then, 50 μl 
Annexin buffer solution, 5 μl 7AAD and 5 μl 
AnnexinV-PE were added. After reaction for 15 
min, 200 μl buffer solution was added and the 
result was analyzed with a flow cytometer. This 
assay was repeated three times. 

Transwell assay 

This assay was conducted 48h after transfec-
tion into A2780 cells. On the previous day, 
1300 μl complete medium was added into a 
24-well plate, which was laid on a chamber  
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ented in Figure 1A. Results of statistical ana- 
lysis showed that the expression of miR-210  
in ovarian cancer tissues (Figure 1B) was sig-
nificantly higher than that in para-cancer tis-
sues ((7.92 ± 2.21) vs (1.15 ± 0.15), P<0.01). 
Besides, the relative expression of miR-210 in 
A2780 cells (Figure 1C) was also significantly 
higher than that in normal IOSE80 cells ((6.43 
± 1.03) vs (0.86 ± 0.11), P<0.01). These results 
suggested that the expression level of miR-210 
in ovarian cancer tissues and cells was signifi-
cantly higher than that in normal ovary tissues 
and cells. 

The expression of miR-210 after transfecting 
miR-210 inhibitor into A2780 cells

Results of RT-qPCR indicated (Figure 1D) that 
after cells being transfected with miR-210 inhi- 

Again, no significant difference was found 
between the non-transfected group and the 
miR-NC transfection group (P>0.05) (Figure 
2B). These results suggested that miR-210 
inhibitor could inhibit the proliferation of  
A2780 cells.

Cell cycle arrested at G0/G1 phase and apop-
tosis after transfecting miR-210 inhibitor into 
A2780 cells 

The number of A2780 cells arrested at G0/G1 
phase was significantly higher in the miR-210 
inhibitor transfection group compared with the 
miR-NC transfection group ((68.32 ± 3.87)%  
vs (51.18 ± 1.29)%, P<0.01), while the number 
of cells at S phase was not evidently different 
from that in the miR-NC transfection group 

bitor, the relative expression 
of miR-210 in A2780 cells 
decreased from (6.73 ± 0.84) 
to (3.89 ± 0.27) with stati- 
stically significant difference 
(P<0.01). It confirmed that 
miR-210 inhibitor had been 
transfected into A2780 cells 
successfully. 

MTT assay and cell colony 
formation assay

Three, four and five days  
after transfection, the proli- 
feration of cells in the miR-
210 inhibitor transfection 
group decreased significa- 
ntly compared with the miR-
NC transfection group and 
the non-transfected group. 
The difference was stati- 
stically significant (P<0.05). 
However, no significant dif- 
ference was found between 
the non-transfected group 
and the miR-NC transfec- 
tion group (P>0.05) (Figure 
2A). Further, the colonies 
counting in the miR-210 
inhibitor transfection group 
was (22.58 ± 2.21), which 
was significantly lower than 
that in the miR-NC trans- 
fection group (49.34 ± 3.31). 
The difference was statis- 
tically significant (P<0.01). 

Figure 1. Expression of miR-210 in tissues and cells detected by RT-qPCR. A, 
B. Expression of miR-210 in cancer and para-cancer tissues in patients with 
ovarian cancer; C. Expression of miR-210 in ovarian cancer cell line A2780 
and normal ovary cell line IOSE80; D. Expression of miR-210 after transfect-
ing miR-210 inhibitor into A2780 cells. **P<0.05.
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((21.15 ± 2.76)% vs (22.09 ± 2.12)%, P>0.05) 
and the number of cells at G2/M phase dec- 
reased compared with that in the miR-NC  
transfection group ((12.18 ± 0.61)% vs (18. 33  
± 0.65)%, P<0.05) (Figure 3A). These results  
suggested that miR-210 inhibitor could arrest 
A2780 cells at G0/G1 phase and thus inhibit 
their proliferation. 

The apoptosis rate in the miR-210 inhibitor 
transfection group was significantly higher  
than that in the miR-NC transfection group 
((34.07 ± 3.51)% vs (15.25 ± 0.88)%, P<0.01), 
while no significant difference was found bet- 
ween the non-transfected group and the miR-
NC transfection group (P>0.05) (Figure 3B). 
These results suggested that miR-210 inhibitor 
could promote the apoptosis of A2780 cells.

Migration and invasion of A2780 cells inhib-
ited after transfecting miR-210 inhibitor into 
A2780 cells 

Results of migration assay (Figure 4A) showed 
that the number of emigrated cells in the miR-
210 inhibitor transfection group decreased  
significantly compared with that in the miR- 
NC transfection group ((342.00 ± 43.64) vs 
(1239.22 ± 91.68), P<0. 01), while no signifi-
cant difference was found between the non-
transfected group and the miR-NC transfec- 
tion group (P>0.05). Besides, results of inva-
sion assay (Figure 4B and 4C) showed that 
matrix degradation and the number of emig- 
rated cells in the miR-210 inhibitor transfec- 
tion group (112.63 ± 26.44) decreased sig- 
nificantly compared with that in the miR-NC 

Figure 2. Effects of cell proliferation (A) and clonogenic ability (B) after transfecting miR-210 inhibitor into A2780 
cells. **P<0.05 vs miR-NC group and untransfected group.

Figure 3. Effects of cell cycle (A) and cell apoptosis (B) after transfecting miR-210 inhibitor into A2780 cells. 
**P<0.05 vs miR-NC group and untransfected group.
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Figure 4. miR-210 inhibitor transfection inhibited the migration (A) and invasion (B and C) of A2780 cells (×100). 
**P<0.05 vs miR-NC group and untransfected group.

Figure 5. Effects of miR-210 silence on the in vivo tumor growth rate for the A2780 cells. A. Growth of tumor. B. At 42 
days after inoculation, the mice were sacrificed and dissected, with the weight of tumor measured. Weight of tumor 
is expressed in mean ± SD (n = 4), **P<0.01.

transfection group (593.18 ± 21.20). The diffe- 
rence was of statistical significance (P<0.01). 

However, there was no significant difference 
between the non-transfected group and the 
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miR-NC transfection group (P>0.05). These 
results suggested that the migration and  
invasion of A2780 cells decreased signifi- 
cantly after the expression of miR-210 was 
inhibited. 

The effect of transfection of miR-210 inhibitor 
on the tumor growth of A2780 cells 

In order to detect the effect of transfection  
of miR-210 inhibitor on the tumor growth of 
A2780 cells, a subcutaneous tumor model  
of A2780 cells was established in BAL B/C 
nude mice and tumor formation and growth of 
A2780, A2780/NC and A2780/210 cells were 
observed. Results indicated that (Figure 5A) 
ovarian tumors could be detected subcut- 
aneously in nude mice about 14 days after  
subcutaneous inoculation. Thereafter, tumors 
grew slowly. 42 days after inoculation, the 
tumor volume in A2780/210 group reached up 
to (822.3 ± 115.4) mm3, which was smaller 
than that of A2780 group (2104.5 ± 131.5 
mm3) and A2780/NC group (1949.4 ± 157.9 
mm3). Results of statistical analysis showed 
that the difference of tumor growth rate 
between A2780 group and A2780/NC group 
was not statistically significant (P>0.05), while 
that of A2780/210 group was significantly 
slower compared with A2780 group (P<0.01) 
and A2780/NC group (P<0.01). After mice were 
killed, tumor within their body was weighed. 
Results showed (Figure 5B) that the tumor 
mass of A2780/210 group was (0.58 ± 0.12) g, 
which was significantly lower than that of 
A2780 group (1.82 ± 0.25) g and A2780/NC 
group (1.74 ± 0.21) g. The differences were 
both of statistical significance (P<0.01).

Discussion

Ovarian cancer is currently the most common 
malignant tumor found in women and its mor-
bidity in China is increasing year by year [11, 
12]. So far, there is no precise and effective 
treatment methods for ovarian cancer. As mol- 
ecular targeting treatment has become an 
emerging therapeutic method in recent years, 
looking for an effective therapeutic target  
has become a hotspot. Under this circum-
stance, the appearance of miRNA provided a 
new direction for exploring the treatment and 
diagnosis of ovarian cancer. Studies showed 
[13-15] that over a half of miRNA was located 
at tumor-related genomic regions and fragile 

sites, regions of loss of heterozygosity, amp- 
lification regions or regions of break point, 
which suggested that miRNA could act as an 
oncogene or cancer suppressor gene. miRNAs 
regulate post-transcriptional gene-expression 
regulation and mainly acted as a negative  
regulator for gene expression [16, 17]. A role 
similar to cancer suppressor genes could be 
played when the expression of miRNA was 
down-regulated [18-20]. It was found that, in 
ovarian cancer and other tumors, miRNA often 
had abnormal expression, which played differ-
ent roles in tumor cell migration, invasion and 
angiogenesis and other phases [21-23]. In this 
study, through quantitative detection of the 
expression of miR-210 in specimens taken 
from patients with ovarian cancer and ovarian 
cancer cells, it was found that the expression  
of miR-210 in ovarian cancer tissues and cells 
was higher than that of normal ovarian tissues 
and cells. After inhibiting miR-210 expression 
with miR-210 inhibitor, the proliferation and 
clonality of ovarian cancer cells decreased  
and cells were arrested at G0/G1 phase. It  
was also shown that transfection with miR- 
210 inhibitor increased the apoptosis ratio of  
ovarian cancer cells. Besides, when the exp- 
ression of miR-210 was successfully inhibited, 
the invasion and migration of A2780 cells 
decreased significantly. It suggested that miR-
210 played an important role in the invasion 
and migration of ovarian cancer cells. 

A study [24] showed that the miRNA expres- 
sion in the peripheral blood was associated 
with the miRNA expression in corresponding 
tissues and was closely related to clinical  
tumor stage, lymphatic metastasis and prog- 
nosis. It indicated that miRNA was a poten- 
tial diagnostic and prognostic marker for ovari-
an cancer [25-27]. Furthermore, since serum 
miRNA detection has advantages such as non-
invasion, good stability and high sensitivity, 
miRNA isqualified to become an ideal tumor 
marker [28]. In this study, as a highly expres- 
sed miRNA in ovarian cancer, miR-210 could 
become a new generation of biomarkers for  
the diagnosis of ovarian. In addition to the  
diagnostic value, miRNA could become a new 
targeting therapy. One miRNA could regulate 
the expression of multiple oncogenes or can- 
cer suppressor genes. So it would be more 
effective to take miRNA as a therapeutic tar- 
get rather than a single oncogene or cancer 
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suppressor gene. Currently, drugs associated 
with small interfering RNA (siRNA) whose func-
tion is similar to that of miRNA have entered 
into the clinical trial stage. It is reported that 
transfecting miRNA inhibitor into cells can spe-
cifically silence the expression of target genes 
which promotes tumor migration and prevent 
the formation of metastatic sites [29].

Conclusion

miR-210 inhibitor could inhibit proliferation, 
invasion and migration of ovarian cancer,  
which indicates silencing miR-210 is poten- 
tially promising for the treatment of ovarian 
cancer. Therefore, miR-210 can become a new 
target for the treatment of ovarian cancer and 
miR-210 down-regulated expression combin- 
ing (combinating) with conventional therapies 
is expected to improve the survival rate of 
patients with ovarian cancer. 

Disclosure of conflict of interest

None.

Address correspondence to: Chenchen Ding, Dep- 
artment of Gynecology and Obstetrics, Tengzhou 
Central People’s Hospital, No. 181, Xingtan Road, 
Tengzhou 277599, Shandong, P. R. China. Tel: +86-
632-5512227; Fax: +86-632-5512227; E-mail: 
m13306327939@163.com 

References

[1] Despierre E, Lambrechts D, Neven P, Amant F, 
Lambrechts S and Vergote I. The molecular ge-
netic basis of ovarian cancer and its roadmap 
towards a better treatment. Gynecol Oncol 
2010; 117: 358-365.

[2] Singh M, Hawtrey A and Ariatti M. Lipoplexes 
with biotinylated transferrin accessories: nov-
el, targeted, serum-tolerant gene carriers. Int J 
Pharm 2006; 321: 124-137.

[3] Bookman MA, Brady MF, McGuire WP, Harper 
PG, Alberts DS, Friedlander M, Colombo N, 
Fowler JM, Argenta PA, De Geest K, Mutch DG, 
Burger RA, Swart AM, Trimble EL, Accario-Win-
slow C and Roth LM. Evaluation of new plati-
num-based treatment regimens in advanced-
stage ovarian cancer: a Phase III Trial of the 
Gynecologic Cancer Intergroup. J Clin Oncol 
2009; 27: 1419-1425.

[4] Negrini M and Calin GA. Breast cancer metas-
tasis: a microRNA story. Breast Cancer Res 
2008; 10: 203.

[5] Zhong J, Ali AN, Voloschin AD, Liu Y, Curran WJ 
Jr, Crocker IR and Shu HK. Bevacizumab-in-
duced hypertension is a predictive marker for 

improved outcomes in patients with recurrent 
glioblastoma treated with bevacizumab. Can-
cer 2015; 121: 1456-1462.

[6] Redova M, Poprach A, Besse A, Iliev R, Nekvin-
dova J, Lakomy R, Radova L, Svoboda M, 
Dolezel J, Vyzula R and Slaby O. MiR-210 ex-
pression in tumor tissue and in vitro effects of 
its silencing in renal cell carcinoma. Tumour 
Biol 2013; 34: 481-491.

[7] Camps C, Buffa FM, Colella S, Moore J, Sotiriou 
C, Sheldon H, Harris AL, Gleadle JM and Ra-
goussis J. hsa-miR-210 Is induced by hypoxia 
and is an independent prognostic factor in 
breast cancer. Clin Cancer Res 2008; 14: 
1340-1348.

[8] Wang X, Matta R, Shen G, Nelin LD, Pei D and 
Liu Y. Mechanism of triptolide-induced apopto-
sis: Effect on caspase activation and Bid cleav-
age and essentiality of the hydroxyl group of 
triptolide. J Mol Med (Berl) 2006; 84: 405-415.

[9] Fukui H, Koike T, Saheki A, Sonoke S, Tomii Y 
and Seki J. Evaluation of the efficacy and toxic-
ity of amphotericin B incorporated in lipid na-
no-sphere (LNS). Int J Pharm 2003; 263: 51-
60.

[10] Yang X, Koh CG, Liu S, Pan X, Santhanam R, Yu 
B, Peng Y, Pang J, Golan S, Talmon Y, Jin Y, Mu-
thusamy N, Byrd JC, Chan KK, Lee LJ, Marcucci 
G and Lee RJ. Transferrin receptor-targeted 
lipid nanoparticles for delivery of an antisense 
oligodeoxyribonucleotide against Bcl-2. Mol 
Pharm 2009; 6: 221-230.

[11] Corcoran C, Friel AM, Duffy MJ, Crown J and 
O’Driscoll L. Intracellular and extracellular mi-
croRNAs in breast cancer. Clin Chem 2011; 57: 
18-32.

[12] Taylor DD and Gercel-Taylor C. MicroRNA signa-
tures of tumor-derived exosomes as diagnostic 
biomarkers of ovarian cancer. Gynecol Oncol 
2008; 110: 13-21.

[13] Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K, Guo J, 
Zhang Y, Chen J, Guo X, Li Q, Li X, Wang W, 
Wang J, Jiang X, Xiang Y, Xu C, Zheng P, Zhang 
J, Li R, Zhang H, Shang X, Gong T, Ning G, Zen 
K and Zhang CY. Characterization of microR-
NAs in serum: a novel class of biomarkers for 
diagnosis of cancer and other diseases. Cell 
Res 2008; 18: 997-1006.

[14] Dumont N and Tlsty TD. Reflections on miR-ing 
effects in metastasis. Cancer Cell 2009; 16: 
3-4.

[15] Frankel LB, Christoffersen NR, Jacobsen A, Lin-
dow M, Krogh A and Lund AH. Programmed cell 
death 4 (PDCD4) is an important functional 
target of the microRNA miR-21 in breast can-
cer cells. J Biol Chem 2008; 283: 1026-1033.

[16] Ma L, Teruya-Feldstein J and Weinberg RA. Tu-
mour invasion and metastasis initiated by mi-
croRNA-10b in breast cancer. Nature 2007; 
449: 682-688.

mailto:m13306327939@163.com


Role of miRNA-210 on the biological behavior of ovarian cancer

506 Int J Clin Exp Med 2017;10(1):498-506

[17] Iorio MV, Ferracin M, Liu CG, Veronese A, Spiz-
zo R, Sabbioni S, Magri E, Pedriali M, Fabbri M, 
Campiglio M, Menard S, Palazzo JP, Rosenberg 
A, Musiani P, Volinia S, Nenci I, Calin GA, Quer-
zoli P, Negrini M and Croce CM. MicroRNA gene 
expression deregulation in human breast can-
cer. Cancer Res 2005; 65: 7065-7070.

[18] Scott GK, Goga A, Bhaumik D, Berger CE, Sul-
livan CS and Benz CC. Coordinate suppression 
of ERBB2 and ERBB3 by enforced expression 
of micro-RNA miR-125a or miR-125b. J Biol 
Chem 2007; 282: 1479-1486.

[19] Jiang S, Zhang HW, Lu MH, He XH, Li Y, Gu H, 
Liu MF and Wang ED. MicroRNA-155 functions 
as an OncomiR in breast cancer by targeting 
the suppressor of cytokine signaling 1 gene. 
Cancer Res 2010; 70: 3119-3127.

[20] Radojicic J, Zaravinos A, Vrekoussis T, Kafousi 
M, Spandidos DA and Stathopoulos EN. Mi-
croRNA expression analysis in triple-negative 
(ER, PR and Her2/neu) breast cancer. Cell Cy-
cle 2011; 10: 507-517.

[21] O’Day E and Lal A. MicroRNAs and their target 
gene networks in breast cancer. Breast Cancer 
Res 2010; 12: 201.

[22] Mitchell PS, Parkin RK, Kroh EM, Fritz BR, 
Wyman SK, Pogosova-Agadjanyan EL, Peter-
son A, Noteboom J, O’Briant KC, Allen A, Lin 
DW, Urban N, Drescher CW, Knudsen BS, Stire-
walt DL, Gentleman R, Vessella RL, Nelson PS, 
Martin DB and Tewari M. Circulating microR-
NAs as stable blood-based markers for cancer 
detection. Proc Natl Acad Sci U S A 2008; 105: 
10513-10518.

[23] Yang J, Mani SA, Donaher JL, Ramaswamy S, 
Itzykson RA, Come C, Savagner P, Gitelman I, 
Richardson A and Weinberg RA. Twist, a mas-
ter regulator of morphogenesis, plays an es-
sential role in tumor metastasis. Cell 2004; 
117: 927-939.

[24] Al-Kafaji G, Al-Mahroos G, Al-Muhtaresh HA, 
Skrypnyk C, Sabry MA and Ramadan AR. De-
creased expression of circulating microR-
NA-126 in patients with type 2 diabetic ne-
phropathy: A potential blood-based biomarker. 
Exp Ther Med 2016; 12: 815-822.

[25] Chen L, Lin YL, Peng G and Li F. Structural ba-
sis for multifunctional roles of mammalian 
aminopeptidase N. Proc Natl Acad Sci U S A 
2012; 109: 17966-17971.

[26] Masferrer JL, Leahy KM, Koki AT, Zweifel BS, 
Settle SL, Woerner BM, Edwards DA, Flickinger 
AG, Moore RJ and Seibert K. Antiangiogenic 
and antitumor activities of cyclooxygenase-2 
inhibitors. Cancer Res 2000; 60: 1306-1311.

[27] Jeong SH, Ryu YB, Curtis-Long MJ, Ryu HW, 
Baek YS, Kang JE, Lee WS and Park KH. Tyrosi-
nase inhibitory polyphenols from roots of 
Morus lhou. J Agric Food Chem 2009; 57: 
1195-1203.

[28] Farh KK, Grimson A, Jan C, Lewis BP, Johnston 
WK, Lim LP, Burge CB and Bartel DP. The wide-
spread impact of mammalian MicroRNAs on 
mRNA repression and evolution. Science 
2005; 310: 1817-1821.

[29] Qiu L, Chen QH, Zhang JX, Zhong X, Zhou JJ, 
Guo YJ, Chen QX. Inhibitory effects of α-cyano-
4-hydroxycinnamic acid on the activity of 
mushroom tyrosinase. Food Chem 2009; 112: 
609-613.


