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Abstract. – OBJECTIVE: The aim of this 
study was to investigate the molecular mecha-
nism of miRNA-9-5p in cervical cancer. 

PATIENTS AND METHODS: The expression 
level of microRNA-9-5p (miR-9-5p) in cervical 
cancer (CC) tissues and cell lines was examined 
by quantitative Real Time-Polymerase Chain Re-
action. Cells were transfected with Lipofect-
amine 3000. Cell proliferation was measured 
by Cell Counting Kit-8 (CCK-8). Invasion as-
says were performed in 24-well transwell cham-
bers system with 8 μm pores. Cell invasion was 
evaluated by transwell assay. Western blot was 
used to detect the changes of epithelial-mes-
enchymal transition (EMT) and SOCS5. The ef-
fects of miR-9-5p on tubule formation were ex-
amined under different doses of γ radiation. Im-
munohistochemistry assay was used to analyze 
the protein expression of SOCS5. Fluorescence 
microscopy analysis was used to measure au-
tophagosomes after cells treated with γ irradi-
ation. 

RESULTS: From the Cancer Genome Atlas 
(TCGA) database, the expression of miR-9-5p 
was significantly higher in cervical cancer pa-
tients than in the negative ones, and it was ver-
ified in 22 paired of lymph node-positive pa-
tient tissues and negative. The overexpression 
of miR-9-5p promoted proliferation and invasion 
of cervical cancer cells in vitro and primary tu-
mor growth in vivo. MiR-9-5p reduced the tubule 
generation after the radiation dose of 4Gy. Be-
sides, we identified SOCS5 as the target of miR-
9-5p, and the overexpression of SOCS5 could 
inhibit miR-9-5p mimics from promoting tubule 
formation.

CONCLUSIONS: MiR-9-5p could promote pro-
liferation and invasion of CC cells in vitro and in 
vivo. MiR-9-5p could affect angiogenesis and ra-
diosensitivity of CC cells by targeting SOCS5.
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Introduction

Cervical Cancer (CC) is a common gyne-
cological malignancy and a leading cause of 
cancer-associated mortality in female worldwi-
de1, especially in developing countries. Although 
cervical cancer screening has gained popularity 
around the world, there are still a large number 
of advanced diseases, especially in developing 
countries including China2. Radiotherapy is the 
most common intervention, as either a primary 
or adjuvant therapy. However, the 5-year survival 
rate for patients with advanced cervical cancer 
is still about 66%3, suggesting a need to improve 
the radiosensitivity of cervical cancer. However, 
the mechanism by which cell radiosensitivity is 
regulated is not known in cervical cancer. It has 
been reported that metastasis to lymph nodes and 
distant organs are the main cause of treatment 
failure for cervical cancer4. Therefore, the deve-
lopment of effective treatments is of great signifi-
cance for the aggressive expansion of the disease. 
It is necessary to further elucidate the molecular 
mechanism of lymph node metastasis.

MicroRNA (miRNA) is a group of short and 
non-coding RNAs which are involved in the 
regulation of gene expression by complementary 
base pairing with the 3 -̀UTR of mRNA and 
trigger translation repression or RNA degrada-
tion5-7. Their deletion, amplification or aberrant 
expression may affect tumorigenesis, including 
migration and invasion of cancer cells, which 
may make them an effective tool for diagnosis, 
prognosis, and treatment of cancer8. MiR-9 has 
been found to act as an oncogene or tumor sup-
pressor in different types of cancer9,10. MiR-9-5p, 
as a mediator of hypoxic injury in cardio myobla-
sts, could prevent cardiac remodeling after acute 
myocardial infarction (MI) under suppressed11. 
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MiR-9-5p promotes mesenchymal stem cells mi-
gration by upregulating β-catenin signaling pa-
thway12. Overexpression of miR-9-5p inhibited 
CXCR4 reducing high glucose-induced injury in 
HUVECs13. In addition, it has reported that miR-
9-5p, as a specific for HPV, could induce cervical 
malignancies14. Despite these studies, the role of 
miR-9-5p in cervical cancer lymph node meta-
stasis remains unclear. Therefore, understanding 
how miR-9-5p play a major regulatory role in 
cancer initiation, progression, metastasis, and ra-
dioresistance could open up significant innovati-
ve areas for therapy cervical cancer.

In our work, the function and mechanism of 
miR-9-5p were explored in the progression of 
cervical cancer. We identified miR-9-5p as a 
metastasis-promoting miRNA in CC. Our data 
showed that the ectopic expression of miR-9-5p 
could motivate CC cell proliferation and inva-
sion. Also, MiR-9-5p could affect HUVEC tube 
formation and CC cells autophagy. In addition, 
miR-9-5p affected the radiosensitivity of CC cells 
to γ radiation. Suppressor of cytokine signaling 
5 (SOCS5) was identified as a direct interact of 
miR-9-5p in CC and miR-9-5p overexpression 
increased tube formation in CC cells, and these 
effects were attenuated by the enforced expres-
sion of SOCS5.

Patients and Methods

Patients and Tissue Samples
A total of 44 cases of cervical cancer patien-

ts’ specimens (22 positive lymph nodes and 22 
negative lymph nodes), including paired cancer 
tissues and para-carcinoma normal tissues, we-
re collected for the study. All tissue cases were 
collected from the Department of Obstetrics and 
Gynecology from 2016-2018. The ethical appro-
val was obtained from the Ethics Committee of 
Shandong University Qilu Hospital. All patients 
provided a written informed consent.

Cell Culture and Reagents
Cervical cancer cell lines SiHa, human umbi-

lical vein endothelial cells (HUVEC) were pur-
chased from American Type Culture Collection 
(ATCC, Manassas, VA, USA). All the cell lines 
were cultured in Dulbecco’s Modified Eagle’s 
Medium (DMEM; Gibco, Rockville, MD, USA) 
with 10% fetal bovine serum (FBS; Gibco, Rock-
ville, MD, USA) in a humidified atmosphere 
of 5% CO2 at 37°C. All the miRNA mimics 

and inhibitors were purchased from GenePharma 
(Shanghai, China). Lentiviral transfer plasmid of 
SOCS5 was purchased from Hanbio (Shanghai, 
China). GFP-LC3 adenovirus was obtained from 
Hanbio (Shanghai, China).

Transfection
SiHa cells were transfected with Lipofectami-

ne 3000 (Invitrogen, Carlsbad, CA, USA) accor-
ding to the manufacturer’s protocol. For stable 
transfection, SiHa were infected with SOCS5-LV 
for 24 h and the cells were selected in a medium 
containing puromycin for 2 days.

RNA isolation and Quantitative 
Real Time-Polymerase Chain 
Reaction (qRT-PCR)

Total RNA of samples was extracted with TRI-
zol reagent (Invitrogen, Carlsbad, CA, USA) ac-
cording to the manufacturer̀ s instructions. Total 
RNA was reverse transcribed to complementary 
deoxyribose nucleic acid (cDNA) using the Mir-X 
miRNA First-Strand Synthesis kit (TaKaRa, Da-
lian, China). Real Time PCR was performed 
using SYBR-Green qPCR master mix (TaKaRa, 
Dalian, China). U6 serves as an endogenous con-
trol. The primer sequences employed were as fol-
lows: U6, forward, 5’-GCTTCGGCAGCACATA-
TACTAAAAT-3’, miR-9-5p, forward, 5’-AGCT-
TGCTGCACCTTAGTCT-3’, and the reverse was 
mRQ 3’primer (TaKaRa, Dalian, China).

Western Blotting
The samples were isolated with lysis buffer 

and left on ice for 15 min. The lysate was cen-
trifuged at 12000 x g for 15 min at 4°C. The 
proteins were detected using a bicinchoninic acid 
(BCA) assay kit (Beyotime, Shanghai, China, 
P0010). The proteins were separated by sodium 
dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) and electro transferred to a 
NC membrane (Millipore, Billerica, MA, USA). 
The membrane was blocked with 5% non-fat milk 
for 2 h at room temperature and incubated with 
primary antibodies overnight at 4°C. After in-
cubation with horseradish peroxidase (HRP)-la-
beled secondary antibodies for 2 h, the protein 
bands were detected using an enhanced chemi-
luminescence (ECL) system (GE, Little Chalfont, 
Buckinghamshire, UK). The primary antibodies 
included: anti-β-actin (1:1000, Cell Signaling 
Technology, Danvers, MA, USA), anti-p-mTOR 
(1:1000, Cell Signaling Technology, Beverly, MA, 
USA), anti-E-cadherin (1:1000, Cell Signaling 
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Technology, Danvers, MA, USA), anti-N-cadhe-
rin (1:1000, Cell Signaling Technology, Beverly, 
MA, USA), anti-Vimentin (1:1000, Cell Signa-
ling Technology, Beverly, MA, USA), anti-Snail 
(1:1000, Cell Signaling Technology, Beverly, MA, 
USA), anti-LC3 (1:1000, Cell Signaling Tech-
nology, Beverly, MA, USA), anti-p62 (1:1000, 
Cell Signaling Technology, Beverly, MA, USA), 
anti-p-ULK (1:1000, Cell Signaling Technology, 
Beverly, MA, USA), anti-p-ERK (1:1000, Cell 
Signaling Technology, Beverly, MA, USA), an-
ti-p-VEGFR2 (1:1000, Abcam, Cambridge, MA, 
USA), anti-VEGFA (1:1000, Abcam, Cambridge, 
MA, USA), anti-SOCS5 (1:1000, Abcam, Cam-
bridge, MA, USA).

Cell Proliferation Assay
Cell proliferation was measured by the Cell 

Counting Kit-8 (CCK-8; BestBio, Beijing, China). 
Cells (2 × 103/well) were seeded into a 96-well 
plate and incubated overnight in the previously 
described conditions. Cell proliferation was mo-
nitored at different times. CCK-8 (10 μL) were 
subsequently added to each well and incubated 
for 2 h at 37°C; a microplate reader spectrophoto-
meter (Bio-Rad, Hercules, CA, USA) was used to 
measure the optical density (OD) at 450 nm.

Cell Invasion Assays
Invasion assays were performed in 24-well 

transwell chambers system with 8μm pores. The 
top chamber was coated with Matrigel (BD Bio-
sciences, Franklin Lakes, NJ, USA). The cells (5 
× 104 cells in 200 μL of medium) were placed 
in the upper chamber and 700 μL fresh culture 
medium containing 15% FBS was placed in the 
lower chamber. After 24 h, cells penetrated throu-
gh the membrane were fixed with methanol and 
stained with 0.05% crystal violet.

γ-irradiation
γ-irradiation experiments were performed at the 

Irradiation Facility of Shandong University. The 
medium was replaced prior to irradiation. Cells we-
re divided into different groups and exposed under 
(0, 4Gy) γ-rays separately with a Siemens Primus 
Accelerator machine. Cells and culture medium 
were collected for subsequent experiments.

Tube Formation Assay
The ability of HUVEC to form network 

structures when treated by different conditioned 
media from SiHa cells was tested on Matrigel 
basement membrane matrix (BD Biosciences, 

Franklin Lakes, NJ, USA). First 60 ul Matrigel 
was plated per well on 96-well plates and incu-
bated for 1 h at 37°C. HUVEC cells suspended 
in a different conditioned medium at a density 
of 3×104 /mL. After 4-6 h of incubation at 37°C, 
cells were examined and tube-like structures 
photographed using an Olympus digital camera 
(Olympus, Tokyo, Japan).

Immunohistochemistry
Histologically healthy and cervical cancer 

samples were fixed in formalin and embedded in 
paraffin and 4 μm thick tissue sections were cut. 
After blocking endogenous peroxidase, antigen 
retrieval, serum albumin closed the non-specific 
binding sites. The tissue sections were incubated 
at 4°C for overnight with SOCS5 (1:200, Abcam, 
Cambridge, MA, USA) antibodies. The next day, 
the slides were washed with phosphate-buffered 
saline (PBS) and incubated with a secondary an-
tibody that HRP-labeled goat anti-rabbit antibo-
dies for 30 min at room temperature. The staining 
was detected by treatment with diaminobenzi-
dine (DAB; Solarbio, Beijing, China) for 1 min. 
Staining scores were calculated using Image-Pro 
Plus 6.0 (Media Cybernetics, Silver Springs, MD, 
USA). The final score of each sample was deter-
mined by two pathologists on the basis of intensi-
ty and extent of staining across the section.

Dual-Luciferase Reporter Assay
The 3’-untranslated regions (3’-UTR) of the 

SOCS5 mRNA sequence containing the puta-
tive miR-9-5p binding sites were cloned into 
the pmirGLO Dual-Luciferase miRNA Target 
Expression Vector (Promega Corporation, Ma-
dison, WI, USA). The SOCS5 mutant sequences 
were constructed by Genechem Co., Ltd. (Shan-
ghai, China) and cloned into a pmirGLO vector. 
SiHa were co-transfected with miR-9-5p mimics 
and the pmirGLO vector. After 48 h, luciferase 
activity was measured using the Dual-Glo Luci-
ferase Assay System.

Immunofluorescence
Autophagosomes were monitored by Nikon 

C-HGFI Intensilight Fiber Illuminator (Nikon, 
Tokyo, Japan) fluorescence microscope. Briefly, 
after transfected with miR-9-5p mimics, SiHa 
cells were then infected with GFP-LC3 adeno-
viral vectors (Hanbio, Shanghai, China). Fluore-
scence microscopy analysis was used to measure 
autophagosomes after cells treated with 4Gy γ 
irradiation.
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In Vivo Studies
Animal studies were performed according to 

institutional guidelines. SiHa cells were stably 
transfected with NC or miRNA-9-5p over-expres-
sion vectors. A total of 5×106 viable cells was 
injected into the right flank region of nude mice 
(female, age, 4-5 weeks). Tumor sizes were me-
asured using a Vernier caliper every 5 days and 
the tumor volume was calculated using the fol-
lowing formula: volume = 1/2 × length × width2. 
Following 4 weeks, the mice were sacrificed to 
determine tumor weight and volume.

Bioinformation Analyses
The TCGA miRNA expression data (http://

www.tcga.org/) of cervical cancer were proces-
sed and analyzed. To identify predicted miRNA 
sequences that may regulate SOCS5, TargetScan 
(http://www.targetscan.org/) and miRanda (ht-
tp://www.microrna.org/) were employed.

Statistical Analysis
Data are expressed as the mean ± standard 

deviation of three independent experiments. 
Statistical analysis was performed using Sta-
tistical Product and Service Solutions (SPSS) 
version 18.0 software (SPSS Inc., Chicago, IL, 
USA). The t-test was used for analyzing me-
asurement data. Differences between the two 
groups were analyzed by using the Student’s 
t-test. Comparison between multiple groups 
was done using One-way ANOVA test followed 
by Post-Hoc Test (Least Significant Differen-
ce). p<0.05 was considered a statistically signi-
ficant difference.

Results

MiR-9-5p was Highly Expressed in 
Human CC with Positive Lymph Nodes 

To verify the expression levels of miR-9-5p in 
lymph nodes positive and negative patients with 
cervical cancer, TCGA database was used to 
analyze the difference (Table I) and the results 
showed that miR-9-5p in positive lymph nodes 
patients was significantly higher than in negative 
lymph nodes patients (Figure 1A and 1B). To 
confirm this trend, we examined the differential 
expression of miR-9-5p in 22 lymph node-positive 
patients and 22 lymph node-negative patients. As 
shown in Figure 1C, the expression of miR-9-5p 
was significantly higher in lymph node-positive 
patients than in negative. The association betwe-
en miR-9-5p expression and clinicopathological 
parameters was also analyzed that no statistically 
significant associations were identified (Table II). 
There was no significant difference in the overall 
survival between the two groups (Figure 1D). 

MiR-9-5p Promoted Proliferation, 
Invasion, and Migration of Cervical 
Cancer Cells

We transfected SiHa with miR-9-5p mimics 
and inhibitor, CCK-8 assay demonstrated that 
interference of miR-9-5p decreased the capaci-
ty of cell proliferation in SIHA cell lines and 
the cell proliferation ability of the transfected 
miR-9-5p mimics group was higher than that of 
control group (Figure 2A). The effect of miR-9-
5p on cell invasion and migration was evaluated 
by transwell assay. The results showed that 
compared with the control group, the invasive 

Table I. The expression of miRNA in patients with positive and negative cervical cancer lymph nodes showed statistically 
differences from TCGA.

 logFC Average expression t p-value

hsa-miR-9-3p -0.56886 1.823811 -3.71274 0.000281
hsa-miR-191-5p 0.233048 6.010281 3.28545 0.001248
hsa-miR-9-5p -0.65025 8.152127 -2.99976 0.003128
hsa-miR-873-5p -0.20649 0.212552 -2.95234 0.003622
hsa-miR-378a-3p -0.37733 6.049653 -2.78039 0.006071
hsa-miR-624-5p -0.1973 1.021108 -2.70819 0.00749
hsa-miR-149-5p -0.40851 4.078928 -2.6138 0.009796
hsa-miR-425-5p 0.277102 5.198176 2.597157 0.010264
hsa-miR-519a-5p 0.355264 0.439575 2.532684 0.012268
hsa-miR-375 0.834256 6.848745 2.517146 0.012801
hsa-miR-151b 0.173339 0.838116 2.498006 0.013485
hsa-miR-874-3p 0.225087 2.702216 2.48445 0.01399
hsa-miR-92b-5p 0.163392 0.454164 2.481989 0.014083
hsa-miR-3605-3p 0.12462 0.73279 2.435371 0.015959
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Figure 1. The high expression of miR-9-5p in positive lymph nodes of cervical cancer. A, Heat map diagram depicting 
expression of miRNAs dysregulated in cervical cancer from TCGA. B, The expression of miR-9-5p in positive or negative 
lymph nodes of cervical cancer patients from TCGA. C, Relative expression of miR-9-5p in cervical cancer patients from Qilu 
hospital. LN+: positive lymph nodes, LN-: negative lymph nodes. D, Overall survival of patient with CC from TCGA, divided 
into lymph nodes positive and negative group.

Note: *Denotes significant p-values (p < 0.05).

Table II. Association between miR-9-5p expression and the clinicopathological features of patients with cervical cancer.

                                        MiR-9-5p expression

 Characteristics Patient (n = 44) Low (n = 23) High (n = 21) p

Age    
  < 50 35 20 15 0.202
  ≥ 50  9  3  6 
FIGO stage    
  I 27 13 14 0.49
  II 17 10  7 
Tumor diameter    
  ≤ 4 cm 34 19 15 0.377
 > 4 cm 10  4  6 
Differentiation grade    
  High 12  8  4 0.242
  Middle+Low 32 15 17 
Lymph node metastasis    
  Positive 22  5 17 0.000*
 Negative 22 18  4 
Vasoinvasion    
  Yes 28 16 12 0.392
  No 16 7  9 
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and migration ability of cells transfected with 
miR-9-5p mimics was significantly enhanced, 
while the invasive and migration ability of cells 
transfected with miR-9-5p inhibitor was decrea-
sed (Figure 2B and 2C). Western blot was used 
to detect the changes of epithelial-mesenchymal 
transition (EMT) and proliferation-related mo-
lecules after interference and overexpression of 
miR-9-5p. We found that knockdown miR-9-5p 
enhanced the expression of epithelial marker 
E-cadherin, while reduced mesenchymal mar-
ker N-cadherin, Vimentin, Snail and p-mTOR 
compared with siNC group in CC cells. On the 
contrary, the expression of N-cadherin, Vimen-
tin, Snail, and p-mTOR was increased after 
miR-9-5p mimics transfection, while E-cadherin 
was downregulated (Figure 2D).

MiR-9-5p Affected the Radiosensitivity of 
Cervical Cancer Cells to γ Radiation

We examined the effect of miR-9-5p on tubule 
formation under different doses of γ radiation. 
The radiation dose we used was 0Gy and 4Gy, re-
spectively. Without irradiation, tubule generation 
increased in miR-9-5p mimics group compared 
with control group (Figure 3A and 3B). After the 
radiation dose of 4Gy, tubule generation in miR-
9-5p mimics group was significantly reduced 
compared with that in control group. It has been 
reported that radiotherapy is associated with au-
tophagy, we speculated that miR-9-5p might af-
fect radiation by autophagy. First, we monitored 
autophagosome by fluorescence microscopy in 
the SiHa cells infected with GFP- LC3 adenovi-
rus. As shown in Figure 3C and 3D, the number 
of autophagosomes of miR-9-5p mimics group 
was less than NC group. After 4Gy doses of ra-
diation, the number of autophagosomes of both 
groups were all increased. Moreover, we measu-
red the expression of tubule form related protein 
and autophagy-related protein by Western blot. 
As shown in Figure 3E, upregulation of miR-
9-5p accelerated p-VEGFR2, p-ERK, VEGFA, 
p62, p-ULK accumulation but impaired LC3-II 
accumulation. After 4Gy doses of radiation, the 
accumulation of p-VEGFR2, p-ERK, VEGFA 
were all decreased, but the autophagy-related 
protein was increased.

SOCS5 Was a Target Gene of MiR9-5p 
and Low Expression in Cervical Cancer

We used the bioinformatics database Target-
Scan and miRanda to predict the target genes 
of miR-9-5p and preliminarily screened the 

predicted genes. Through the NCBI gene sear-
ch and literature retrieval, we finally selected 
SOCS5 as a potential target gene of miR-9-5p 
(Figure 4A). A dual-luciferase reporter assay 
was subsequently employed to verify the bin-
ding sites for miR-9-5p in the SOCS5 3’UTR 
region. Upregulation of miR-9-5p decreased 
the luciferase activity of cells transfected with 
wild-type SOCS5 vector (Figure 4B). Then, we 
used immunohistochemical staining to analyze 
the protein expression of SOCS5 in 30 cases 
of cervical cancer and adjacent normal tissues. 
The results showed that SOCS5 positive stai-
ning was mainly in the cytoplasm, with a low 
expression ratio of 83.3% and a high expression 
ratio of 16.7% in cervical cancer tissues, while 
the high expression ratio of 73.3% and the low 
expression ratio of 26.7% in adjacent normal 
tissues (Figure 4C and 4D).

Overexpression of SOCS5 Could 
Inhibit MiR-9-5p Mimics from 
Promoting Tubule Formation

MiR-9-5p could promote the formation of 
tubules and regulated the expression of SOCS5 
(Figure 5A), which is a tumor suppressor gene. 
We transfected SiHa with SOCS5-LV and miR-9-
5p mimics, the tubule-forming ability of HUVEC 
cells was then tested. As shown in Figure 5A and 
5B, after transfected with miR-9-5p mimics, the 
numbers of tube formation were significantly de-
creased in the SOCS5 overexpression group than 
the control group. Western blot detected the cor-
responding changes in tubule-formation related 
molecules and EMT targets (Figure 5C).

MiR-9-5p Promoted Primary Tumor 
Growth In Vivo

Further, orthotopic xenograft mouse models 
were introduced to assess the effect of miR-9-5p 
on CC cell tumorigenesis in vivo. SiHa tran-
sfected with miR-9-5p mimics or miR-NC were 
inoculated into nude mice, and after 4 weeks, the 
mice were sacrificed, and the tumor volume was 
measured. As shown in Figure 6A and 6B, the 
tumors volume from mice in the miR-9-5p ove-
rexpression group was significantly larger com-
pared with the control group. With the extension 
of time, the tumors volume gradually increased, 
and the volume of miR-9-5p mimics group was 
significantly larger than that of miR-NC group 
(Figure 6C). The results indicated that miR-9-5p 
may promote the proliferation of cervical cancer 
in vivo.
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Figure 4. SOCS5, target gene of miR9-5p, low expression in cervical cancer. A, TargetScan and miRanda predicted 
the potential site of the 3`UTR region of SOCS5 mRNA binding to miR-9-5p. B, Reporter vectors with wild-type or 
mutant SOCS5 3’UTRs were co-transfected with miR-9-5p mimics in SiHa and the relative luciferase activities are shown. 
C, Representative images of immunohistochemical staining of SOCS5 in the cancer tissues and normal cervical tissues 
(magnification: 100×). D, Distribution of immunohistochemical score, showed in histogram, indicates that SOCS5 is weak 
expression in CC. ***p<0.001.

Figure 5. Overexpression of SOCS5 could inhibit miR-9-5p mimics from promoting tubule formation. A, B, After transfected 
with miR-9-5p mimics, the numbers of tube formation was significantly decreased in the SOCS5 overexpression group than 
the control group (magnification: 2,000×). C, Western blot detected tubule-formation related molecules and EMT targets. SiHa 
transfected with SOCS5-LV and miR-9-5p mimics. NC-LV: pHBLV-CMV-MCS-3flag-Zsgreen-puro negative control; SOCS5-
LV: pHBLV-CMV-MCS-3flag-Zsgreen-puro tagged SOCS5.
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Discussion

Cervical cancer is a common gynecological 
malignancy and is one of the leading causes 
of cancer-related mortality in women worldwi-
de15,16. Radiotherapy, chemotherapy, and surgery 
are standard treatments for cervical cancer, but 
the 5-year survival rate of patients with advan-
ced disease is still very low17,18. Lymph nodes 
and distant organ metastasis have been reported 
to be the main cause of treatment failure19,20. At 
present, the molecular mechanism that reveals the 
development of cervical cancer is of great signifi-
cance for individualized treatment. More and mo-
re miRNA have been shown to be involved in the 
development and progression of various human 
malignancies and may become new diagnostic 
and prognostic markers21-23. MiR-487a, mediated 
by heat shock factor 1, promotes proliferation and 
metastasis of hepatocellular carcinoma24. Ecto-
pic expression of miR-3978 in the MKN45 cell 
line significantly reduced cell proliferation and 
inhibited cell migration, and invasion, and the 
miR-3978 mimic inhibited the progression of 
metastasis in gastric cancer mice models by regu-

lating the expression of legumain protein25. MiR-
9-5p promoted the proliferation, metastasis and 
invasion of non-small cell lung cancer (NSCLC) 
cells26 and we found similar phenomena in cervi-
cal cancer cells. It has been reported that miR-9 
mediated down-regulation of E-cadherin leads 
to activation of β-catenin signaling, resulting in 
upregulation of genes encoding vascular endothe-
lial growth factor (VEGF) and in turn leads to 
increased tumor angiogenesis27. In our research, 
we first found that miR-9-5p expression was si-
gnificantly higher in patients with positive lymph 
nodes of cervical cancer than in patients with 
negative lymph nodes. We also observed that 
miR-9-5p promotes the proliferation and invasion 
of cervical cancer cells. MiR-9-5p may sensiti-
ze tumor cells to EMT-inducing signals arising 
from the tumor microenvironment. This results 
in cancer cells gaining interstitial features later in 
tumor progression, which in turn may contribute 
to metastatic spread.

In addition, recent evidence suggests that a 
variety of miRNAs are involved in therapeutic 
response and play an important role in radia-
tion. For instance, miR-208a could affect the 

Figure 6. MiR-9-5p accelerated tumor growth in vivo. A, SiHa cells with or without miR-9-5p overexpression were 
subcutaneously inoculated into nude mice. Each group contains 4 mice. B, Tumor volumes of control and miR-9-5p mimics. 
C, Growth curves of tumors̀  volume in control and miR-9-5p overexpression group.
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radiosensitivity of human lung cancer cells by 
targeting p2128. Overexpression of MiR-200c in-
creases the radiosensitivity of breast cancer cells 
by inhibiting cell proliferation, increasing apop-
tosis, and DNA double-strand breaks29. A high 
expression of miR-9 also significantly enhanced 
the radiosensitivity of NSCLC30. Overexpression 
of miR-145 enhanced radiosensitivity of cervical 
cancer by inhibiting cell viability and increasing 
radiation-induced apoptosis31. Recently, targeting 
the tumor vasculature to “starve a tumor to dea-
th” has become a clinical cancer therapy strate-
gy along with chemotherapy and radiotherapy32. 
VEGF is one of the most critical pro-angiogenic 
factors which mediated through VEGF receptor 2 
(VEGFR2)33. In the current study, we discovered 
that miR-9-5p as a positive regulator of angioge-
nesis via targeting VEGFR2. Moreover, after the 
radiation dose of 4Gy, tubule generation in miR-
9-5p mimics group was significantly reduced 
compared with that in control group. MiR-9-5p 
contributes to enhancing the radiosensitivity of 
cervical cancer cells.

Many cellular processes, such as DNA dama-
ge repair, cell cycle arrest, and autophagy, are 
involved in the development of radio-resistance34. 
Accumulating evidence35,36 indicates that the au-
tophagic response of cancer cells to radiation may 
have a major role in cellular survival. It has been 
reported that miRNAs can regulate the levels of 
autophagy in cells, while autophagy levels can, in 
turn, regulate the expression of miRNAs37. In our 
results, the overexpression of miR-9-5p causes a 
change in autophagy, which was consistent with 
the protein expression results after given the ra-
diation. Results encouraged us further examining 
the mechanism of cervical cancer radioresistance 
related to miR-9-5p and its effects on cellular 
pathways leading to cervical cancer progression.

We indicated that SOCS5, as a target of miR-
9-5p, is a tumor suppressor in cervical cancer. 
Several studies38-40 have found that SOCS5 may 
be regulated by miRNAs, such as miR-302a-
3p, miR-885-5p, miR-18/miR-25 and so on. Our 
analysis showed that miR-9-5p targets SOCS5 
and SOCS5 expression was shown to be down-
regulated when miR-9-5p was overexpressed, 
resulting in increased EMT transition and tube 
formation.

This is the first report showing miR-9-5p as a 
potential oncomiR in cervical cancer that promo-
tes tumor growth, invasion, and angiogenesis by 
targeting SOCS5. MiR-9-5p regulated autophagy 
and contributed to a radiosensitizing effect. 

Conclusions

MiR-9-5p may be a novel radiosensitizing tar-
get in cervical cancer. This opens up new op-
portunities for further research into alternative 
approaches to cervical cancer treatment targets.
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