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Abstract. – OBJECTIVE: The purpose of 
this study was to detect the expression level 
of microRNA-210-3p (miRNA-210-3p) in cervi-
cal cancer (CC) tissues and its clinical signif-
icance. 

PATIENTS AND METHODS: Expression levels 
of miRNA-210-3p in collected CC tissues, nor-
mal cervical tissues and cervical intraepitheli-
al neoplasia (CIN) tissues (CIN I, CIN II, and CIN 
III) were tested by reverse transcriptase-poly-
merase chain reaction (RT-PCR). The relation-
ship between miRNA-210-3p level and clinical 
data of CC patients was analyzed. Moreover, the 
receiver operating characteristic (ROC) was in-
troduced for assessing the diagnostic potential 
of miRNA-210-3p in CC. 

RESULTS: Results revealed that miRNA-210-
3p level was higher in CC tissues relative to 
normal cervical tissues and CIN tissues. Its ex-
pression was not correlated with age, patho-
logical subtype, and tumor size of CC pa-
tients. However, miRNA-210-3p level was close-
ly linked to FIGO stage, tumor differentiation, 
and lymphatic metastasis in CC. Based on de-
picted ROC, miRNA-210-3p was able to distin-
guish CC from normal cervical tissues and CIN 
tissues. 

CONCLUSIONS: MiRNA-210-3p is upregulat-
ed in CC, and its level is closely correlated with 
FIGO stage, tumor differentiation, and lymphat-
ic metastasis in CC patients. Besides, miRNA-
210-3p produces a pronounced diagnostic effi-
cacy, so it can be utilized as a novel hallmark for 
diagnosing CC and predicting the disease pro-
gression.

Key Words:
Cervical cancer, MiRNA-210-3p, Clinical signifi-

cance, Diagnostic efficacy. 

Introduction

Cervical cancer (CC) is a common malig-
nancy in the female reproductive system. CC 
patients become younger with the rapid devel-
opment of society, attitude towards sex, and 
lifestyle habits1,2. Globally, more than 200,000 
females die of CC3. Tissue biopsy and Papani-
colaou test are generally considered as the accu-
rate diagnostic approaches of CC, but they are 
hardly applied for large-scale screening of high-
risk CC patients. Meanwhile, tissue biopsy is an 
invasive examination that could not be accepted 
by most patients. Therefore, it is necessary to 
develop economic, fast, and effective diagnostic 
methods for CC4.

MicroRNAs (miRNAs) are non-coding, sin-
gle-stranded RNAs. They are widely involved 
in tumor cell behaviors, serving oncogenic or 
anti-tumor effects5,6. Differentially expressed 
miRNAs have been discovered in many types 
of tumors7-9. Pedroza-Torres et al10 screened out 
seven miRNAs that could predict chemothera-
py-resistance and radiotherapy-resistance in lo-
cal advanced CC patients, including miR-31-3p, 
miR-3676, miR-342, miR-125a-5p, miR-125b-5p, 
miR-100-5p, and miR-200a-5p. In HPV infec-
tion-induced malignant transformation of CC, 
miR-29 arrests cell cycle progression and induces 
tumor cell apoptosis11. In addition, abnormally 
expressed miRNAs in blood and vaginal dis-
charge can be utilized as potential markers for 
screening and diagnosing CC12,13. 

MiRNA-210-3p is able to inhibit the expres-
sion of electron transport chain complex, pro-
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mote cell migration and angiogenesis, and it 
functions in tumor diseases as well14. Some 
studies15,16 have demonstrated the downregula-
tion of miRNA-210-3p in brain tissues of hy-
poxia-ischemia rats. Moreover, miRNA-210-3p 
regulates proliferation and invasiveness in tro-
phoblasts by targeting fibroblast growth factor 
1 in selective intrauterine growth restriction17. 
This research first detected the expression level 
of miRNA-210-3p in CC tissues and elucidated 
its clinical significance.

Patients and Methods

Baseline Characteristics
A total of 95 cases of CC tissues, 68 cases of 

cervical tissues and 169 cases of cervical intraep-
ithelial neoplasia (CIN) tissues (66 cases of CIN 
I, 54 cases of CIN II, and 49 cases of CIN III) 
were collected from Zibo Maternal and Child 
Health Hospital between July 2016 to Decem-
ber 2018. CC tissues were surgically harvested 
from 95 CC patients with 31-69 years (median 
age of 54.5 years). Among the 95 CC patients, 
41 patients were younger than 55 years old, and 
54 were older than 55 years. Based on FIGO 
staging, 56 patients were in stage I and 39 were 
in stage II/III. Pathological subtypes of enrolled 
CC tissues were recorded, including 59 CC cases 
of squamous cell carcinoma, 13 cases of adeno-
carcinoma, and 23 cases of adenosquamous cell 
carcinoma. By analyzing their tumor differentia-
tion levels, 31 were highly differentiated, 29 were 
moderately differentiated, and 35 were poorly 
differentiated. A total of 46 CC tissues were 
smaller than 4 cm, while the remaining 49 cases 
were larger than 4 cm in tumor size. There were 
33 CC patients with lymphatic metastasis and 62 
were non-metastatic. 

Normal cervical tissues were harvested from 
68 people undergoing panhysterectomy because 
of myoma of uterus or other benign diseases in 
the same period. Their age ranged from 28-59, 
with a median age of 48.0 years.

169 CIN patients were pathologically con-
firmed, with 32-62 years old (median age of 52.5 
years old).

Tissue samples were immediately frozen in 
liquid nitrogen and preserved at –80°C. Clinical 
data of every subject were completely recorded. 
Subjects have been fully informed, and this in-
vestigation was approved by the Ethics Commit-
tee of Zibo Maternal and Child Health Hospital.

RNA Isolation
Samples were lysed in TRIzol reagent (Invit-

rogen, Carlsbad, CA, USA) and resting for 5 min. 
The mixture was incubated in 0.2 mL of chlo-
roform, shaken and at rest for 10 min. Next, the 
mixture was centrifuged at 4°C, 12,000 r/min for 
15 min. Then, the upper layer was transferred to 
a new Eppendorf (EP) tube, incubated with iso-
propanol and at rest for 15 min. After 15-min cen-
trifugation, the precipitant was washed with 1 mL 
of ice-cold ethanol, and the purified RNA was 
diluted in 20-30 μL of 4’,6-diamidino-2-phenylin-
dole (DEPC) water (Beyotime, Shanghai, China). 
Finally, RNA concentration and purity were mea-
sured by a spectrophotometer. 1 μg total RNA 
was subjected to 100-V electrophoresis for 30 
min. The isolated RNA was preserved at –80°C. 

Reverse Transcriptase-Polymerase Chain 
Reaction (RT-PCR) 

RNA was reversely transcribed into comple-
mentary deoxyribose nucleic acid (cDNA) and 
preserved at –80°C. Using the cDNA as the 
template, RT-PCR was conducted at 42°C for 
60 min and 70°C for 10 min. Primer sequences 
are as follows: MiRNA-210-3p, forward: 5’-AT-
TATACAATAGTGCAGGGTCCGAGGTATT-3’ 
and reverse: 5’-TAAAATATTACTGTGCGTGT-
GACAGCGG-3’; U6, forward: 5’-CGTGCTTCG-
GCAGCACATAT-3’ and reverse: 5’-TTTGCGT-
GTCATCCTTGCG-3’. 

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 20.0 (IBM, Armonk, NY, USA) was 
used for data analysis. Measurement data were 
expressed as mean ± standard deviation (x– ± SD) 
and analyzed by the independent t-test. Receiver 
operating characteristic (ROC) was introduced 
for assessing the diagnostic potential of miRNA-
210-3p in CC. p<0.05 suggested that the differ-
ence was statistically significant.

Results 

Expression Levels of MiRNA-210-3p 
in CC Tissues, Normal Cervical Tissues 
and CIN Tissues 

MiRNA-210-3p levels in 95 cases of CC tissues, 
68 cases of cervical tissues, 66 cases of CIN I, 54 
cases of CIN II and 49 cases of CIN III tissues 
were determined, which was 1.76±1.12, 1.86±0.69, 
2.61±1.33, 3.27±1.50 and 6.39±2.05, respectively 
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(Figure 1, Table I). Compared with that in normal 
cervical tissues, miRNA-210-3p was upregulated 
in CIN and CC tissues. In particular, miRNA-
210-3p level was higher in CIN II/III tissues than 
that in CIN I tissues. Nevertheless, no significant 
difference in miRNA-210-3p level was observed 
between normal cervical tissues and CIN I tissues. 

Relationship Between MiRNA-210-3p 
Level and Clinical Data of CC Patients

Clinical data of enrolled 95 CC patients were 
collected. Analysis suggested that miRNA-210-
3p level was not related to age, pathological 
subtype and tumor size of CC patients. However, 
miRNA-210-3p level was closely linked to FI-
GO stage, tumor differentiation, and lymphatic 
metastasis in CC. In addition, miRNA-210-3p 
level was significantly higher in CC patients with 
FIGO stage II/III (6.97±1.31) than those with 
stage I (5.98±2.36) (p=0.026). Moreover, high-
ly differentiated CC patients presented higher 
level of miRNA-210-3p (8.57±1.09) relative to 
moderately differentiated (6.39±0.61) and poorly 
differentiated CC patients (4.44±1.41) (p<0.001). 
CC patients with lymphatic metastasis expressed 

higher abundance of miRNA-210-3p (7.12±1.02) 
compared to those without lymphatic metastasis 
(5.99±2.34) (p=0.01) (Table II). 

Figure 1. Expression levels of miRNA-210-3p in CC 
tissues, normal cervical tissues and CIN tissues (CIN I, CIN 
II and CIN III). 

Table I. Expression levels of miRNA-210-3p in CC tissues, normal cervical tissues and CIN tissues (CIN I, CIN II, and CIN III).

  No. x–  ± s F p-value

Normal 68 1.76 ± 1.12 140.38 < 0.001
CIN I 66 1.86 ± 0.69  
CIN II 54 2.61 ± 1.33  
CIN III 49 3.27 ± 1.50  
Cervical cancer 95 6.39 ± 2.05  

 Variable No. x–  ± s t/F p-value

Age    
  < 55 41 6.67 ± 1.26 0.36 0.720 
  ≥ 55 54 6.32 ± 2.49  
FIGO staging    
  I 56 5.98 ± 2.36 2.37 0.026
  II/III 39 6.97 ± 1.31  
Pathological subtype    
  Squamous cell carcinoma 59 6.43 ± 2.12 1.08 0.377
  Adenocarcinoma 13 6.67 ± 2.08  
  Adenosquamous carcinoma 23 6.71 ± 1.97  
Differentiation    
  High 31 8.57 ± 1.09 114.54 < 0.001
  Medium 29 6.39 ± 0.61  
  Low 35 4.44 ± 1.41  
Tumor size    
  <4 cm 46 6.40 ± 2.18 0.084 0.933
  ≥ 4 cm 49 6.37 ± 1.94  
Lymphatic metastasis    
  No 62 5.99 ± 2.34 2.63 0.010 
  Yes 33 7.12 ± 1.02  
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Diagnostic Efficacy of MiRNA-210-3p in CC
ROC was introduced for assessing the di-

agnostic efficacy of miRNA-210-3p in CC by 
calculating AUC, 95%CI, sensitivity, specific-
ity, and Youden index. MiRNA-210-3p was 
able to distinguish CC from normal cervi-
cal tissues (AUC=0.9694, 95% CI=0.9481-

0.9908, p<0.001, sensitivity=91.58%, speci-
ficity=86.76%, Youden index=0.7834) (Figure 
2A). It also distinguishes CC from CIN tissues 
(AUC=0.9359, 95% CI=0.9044-0.9675, p<0.001, 
sensitivity=90.53%, specificity=88.32%, Youd-
en index=0.7885) (Figure 2C). In CC tissues, 
normal cervical tissues and CIN tissues, miR-

Table II. Relationship between miRNA-210-3p level and clinical data of CC patients.

 Variable No. x–  ± s t/F p-value

Age    
  <55 41 6.67 ± 1.26 0.36 0.720 
  ≥55 54 6.32 ± 2.49  
FIGO staging    
  I 56 5.98 ± 2.36 2.37 0.026
  II/III 39 6.97 ± 1.31  
Pathological subtype    
  Squamous cell carcinoma 59 6.43 ± 2.12 1.08 0.377
  Adenocarcinoma 13 6.67 ± 2.08  
  Adenosquamous carcinoma 23 6.71 ± 1.97  
Differentiation    
  High 31 8.57 ± 1.09 114.54 < 0.001
  Medium 29 6.39 ± 0.61  
  Low 35 4.44 ± 1.41  
Tumor size    
  < 4 cm 46 6.40 ± 2.18 0.084 0.933
  ≥ 4 cm 49 6.37 ± 1.94  
Lymphatic metastasis    
  No 62 5.99 ± 2.34 2.63 0.010 
  Yes 33 7.12  ± 1 .02  

Figure 2. Diagnostic efficacy of miRNA-210-3p in CC. ROC is introduced for assessing the diagnostic efficacy of miRNA-
210-3p in CC. A, CC tissues vs. normal cervical tissues. B, CIN tissues vs. normal cervical tissues. C, CC tissues vs. CIN 
tissues. D, CC tissues vs. CIN tissues and normal cervical tissues.
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NA-210-3p was capable of diagnosing CC 
(AUC=0.9457, 95% CI=0.9182-0.9731, p<0.001, 
sensitivity=89.40%, specificity=86.92%, Youd-
en index=0.7632) (Figure 2D). Nevertheless, 
miRNA-210-3p failed to distinguish CIN tis-
sues from normal cervical tissues (AUC=0.5591, 
95% CI=0.4804-0.6378, p=0.1547, sensitivi-
ty=52.94%, specificity=56.21%, Youden in-
dex=0.0915) (Figure 2B). It is suggested that 
miRNA-210-3p exerted diagnostic potential for 
CC.

Discussion 

CC is a highly prevalent tumor affecting wom-
en’s health18, whose major subtype is squamous 
cell carcinoma. Early detection and radical treat-
ment of cervical squamous cell carcinoma can 
effectively prevent tumor recurrence19. However, 
the 5-year survival of CC is lower than 50%20. 
Early screening and in time treatment of CC are 
the key events for improving clinical outcomes21. 
It is urgent to search for effective diagnostic and 
therapeutic targets for CC.

Non-coding RNAs are able to regulate tumor 
cell phenotypes, thus influencing tumor progres-
sion22. MiRNAs and lncRNAs belong to the 
non-coding RNA family23,24. MiRNAs regulate 
downstream genes through complementary base 
pairing25,26. In CC cell lines, miR-21 is upregulat-
ed. Knockdown of miR-21 suppresses CC cells to 
proliferate27. Liu et al28 showed upregulation of 
miR-196a in CC tissues and cell lines. Monitoring 
serum level of miR-196a helps to evaluate disease 
progression and prognosis of CC, exerting a cer-
tain diagnostic value. 

In this paper, miRNA-210-3p level was higher 
in CC tissues relative to that in normal cervical 
tissues and CIN tissues. It is speculated that 
miRNA-210-3p may exert a promotive effect 
on the carcinogenesis of cervical epithelium as 
an oncogene. Its expression was not correlated 
with age, pathological subtype, and tumor size 
of CC patients. However, miRNA-210-3p level 
was closely linked to FIGO stage, tumor differ-
entiation, and lymphatic metastasis in CC. Ac-
cording to ROC analyses, miRNA-210-3p was 
able to distinguish CC from normal cervical and 
CIN tissues. It was believed that miRNA-210-
3p could be utilized as a diagnostic hallmark 
for CC. The findings of this study may provide 
certain references for developing individualized 
therapy in CC patients. 

Conclusions

Collectively, miRNA-210-3p is upregulated in 
CC, and its level is closely correlated to FIGO 
staging, tumor differentiation, and lymphatic me-
tastasis in CC patients. In addition, miRNA-210-
3p exerts a pronounced diagnostic efficacy, which 
could be utilized as a novel hallmark for diagnos-
ing CC and predicting the disease progression. 
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