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Abstract: Objective: The current study was designed to verify the hypothesis that miR-520b inhibits migration and 
invasion of cervical cancer cells via targeting SOS1. Methods: Bioinformatic tools were adopted to predict miRNAs 
that might bind to SOS1. Next, miR-520b was selected. The targeting regulatory relationship between miR-520b 
and SOS1 was verified using luciferase reporter gene assays. Cervical cancer tissues, along with para-cancerous 
tissues, diagnosed from January 2016 to July 2018, were involved in the current experiment. H&E staining was ap-
plied to explore changes in the histopathologic structure. Immunohistochemical staining was adopted to determine 
SOS1 expression in cancer tissues and adjacent tissues. A cervical cancer cell line with the highest expression of 
SOS1 was selected for the following experiments. Subsequently, the cells were transfected with miR-520b mimics, 
miR-520b inhibitors, or SOS1 shRNA sequences. Moreover, qRT-PCR and Western blotting were used to quantify 
mRNA and protein expression levels of MMP-9, SNAIL, and OCT-4. Scratch healing experiments and Transwell as-
says were conducted to evaluate migration and invasion abilities, respectively. Results: Results obtained from bioin-
formatic tools demonstrated that miR-520b was predicted to target SOS1. The targeted relationship was confirmed 
by dual luciferase reporter assays. H&E staining results indicated that the arrangement of cervical cancer tissues 
was disordered. At the same time, cells in the cancer tissues were arranged in nest bulk. Cell structures in the 
para-cancerous tissues were clear and tightly packed. There was an obvious boundary between the cells and sub-
mucosal tissues. Immunohistochemistry results demonstrated that SOS1 was highly expressed in cancer tissues, 
compared with para-cancerous tissues. In vitro experiments showed that, compared with the NC group, mRNA and 
protein expression levels of MMP-9, SNAIL, and OCT-4, as well as migration and invasion abilities, in the miR-520b 
mimic group and SOS1 shRNA group were significantly downregulated (all P < 0.05). Expression levels of MMP-9, 
SNAIL, and OCT-4, as well as migration and invasion abilities, were obviously enhanced in SiHa cell lines treated 
with miR-520b inhibitors. In addition, the effects of miR-520b inhibitors on SiHa could be reversed by SOS1 silenc-
ing. Conclusion: Results of the present study suggest that miR-520b can inhibit migration and invasion abilities of 
cervical cancer cells by targeting SOS1.
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Introduction

Cervical cancer is a kind of common malignant 
tumor that threatens female health, worldwide, 
showing a younger trend [1, 2]. Despite multiple 
measures, including resections, radiotherapy, 
and chemotherapy, adopted in the treatment of 
cervical cancer, recurrent rates and mortality 
rates have remained high. The reason lies in 
the occurrence of invasion and metastasis [3, 
4]. Gene targeting therapy has been more and 
more frequently applied for treatment of sever-

al kinds of tumors. Thus, it is important to dis-
cover new target genes of invasion and metas-
tasis in cervical cancer [5, 6].

Son of sevenless homolog 1 (SOS1) is a mem-
ber of the SOS family [7]. Previous studies have 
demonstrated that SOS1 is involved in occur-
rence and progression of many kinds of cancer. 
It has been reported that SOS1 may promote 
tumor metastasis by forming a complex with 
EPS8 and ABI1 under the action of LPA [8]. 
SOS1 may also participate in tumor prolifera-
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tion, metastasis, and immunity through activat-
ing NF-κB signaling pathways [9]. Accumulating 
evidence has confirmed that there exists rela-
tionship between SOS1 and reproductive sys-
tem cancers. For example, one study revealed 
that the integrity of the SOS1/EPS8/ABI1 com-
plex is an important determinant of metastasis 
of ovarian cancer [8]. Another report showed 
that SOS1 was overexpressed in prostate can-
cer epithelial cells [10]. The present study 
focuses on the role of SOS1 in cervical carci-
noma. SOS1 was selected as the target gene of 
miR-520b, according to the bioinformatics 
method and previous research. Previous stud-
ies have discovered that miR-520b acts as a 
tumor suppressor in colorectal cancer and glio-
mas [11, 12]. However, the effects on cervical 
cancer remain largely unknown. Thus, a hypoth-
esis was proposed for this study, suggesting 
that miR-520b could regulate the biological 
characteristics of cervical cancer cells by tar-
geting SOS1.

Materials and methods

Ethic statements

All experiments were conducted in accordance 
with the Declaration of Helsinki. The study was 
approved by the Ethics Committee of the Se- 
cond Affiliated Hospital of South China Uni- 
versity (Hengyang, Hunan, China). All patients 
enrolled in the study provided informed con-
sent documentation.

Bioinformatics prediction

SOS1 (Accession number: NM_005633.3) 
mRNA was acquired from NCBI (https://www.
ncbi.nlm.nih.gov/). Afterward, microRNA.org 
(http://www.microrna.org/microrna/home.do), 
miRWalk3.0 (http://mirwalk.umm.uni-heidel-
berg.de/), RNA22 v2.0 (https://cm.jefferson.
edu/rna22/), and miRNApath (http://lgmb.
fmrp.usp.br/mirnapath/tools.php) were used to 
predicted miRNAs that might bind to SOS1. 
Subsequently, Venny2.1.0 (http://bioinfogp.
cnb.csic.es/tools/venny/index.html) was adop- 
ted to screen the intersection.

Dual luciferase reporter gene assays

Dual luciferase reporter gene assays were used 
to verify targeting regulatory relationships be- 
tween miR-520b and SOS1. Wild-type (WT) and 

mutant (MUT) 3’UTR sequences were designed 
and synthesized by Beijing Genomics Institute 
(Beijing, China). Target segments were then 
inserted into pmirGLO (3577193, Promega, 
USA) vectors. Correctly identified sequences of 
the luciferase reporter plasmids, WT and MUT, 
were co-transfected with miR-520b mimics or 
NC mimics into 293T cells (CBP60441, Cobioer, 
China), in accordance with manufacturer in- 
structions for Lipofectamine 3000 (L3000001, 
Thermo Fisher, USA). The medium was changed 
4 hours after transfection. The cells were then 
cultured in an incubator with 5% CO2 at 37°C 
for 48 hours. The cells were washed with PBS 3 
times. Next, the Luciferase Reporter Gene De- 
tection Kit (E2920, Promega, USA) and micro-
plate reader (DXI800, Beckman, USA) were 
used to detect luciferase reporter gene activity. 
This experiment was repeated 3 times. 

Cervical cancer tissue collection and cell cul-
ture

A total of 68 cases of patients diagnosed with 
cervical cancer, from January 2016 to July 
2018, were included in the present study. The 
median age of the patients was 55 (34-71) 
years old. Staging of cervical cancer was deter-
mined according to FIGO classification criteria. 
Out of the above patients, 52 were at I-II and 16 
were at III-IV. In terms of classification, 56 
cases were squamous cell carcinoma, while 12 
cases were adenocarcinoma. A total of 68 pairs 
of resected cervical cancer samples and para-
cancerous tissue samples (over 5 cm away 
from the cancer tissues) were collected. The 
collected tissues were cut into two pieces. One 
piece was fixed with 10% formalin for pathologi-
cal observation, while another was preserved 
in liquid nitrogen and transferred to a -80°C 
refrigerator for subsequent experiments. 

Human cervical epithelial cells (JK-CS0992, 
ATCC, USA) were cultured in a complete medi-
um (xy-059, Shanghai Xin Yu Biotech Co., Ltd, 
China). Cervical squamous cell carcinoma cell 
lines, including Hela (CL0134, Fenghuishengwu, 
China), SiHa (CM-H070, Shanghai Gaining Bio- 
technology Co., Ltd. China), MS751 (FS-X0384, 
Shanghai Fusheng Industry Co., Ltd., China), 
and HCC94 (CM-H470, Shanghai Gaining 
Biotechnology Co., Ltd., China), were cultured in 
minimum Eagle’s medium (MEM) comprised of 
10% FBS and 1% P/S. The cells were then incu-
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bated in conditions of saturated humidity at 
37°C with 5% CO2. The cells were passaged at 
a ratio of 1:2-1:6 when cell confluence reached 
80%. The complete medium was replaced ev- 
ery 2-3 days.

Construction of gene silencing vectors

The coding sequence of SOS (Accession: NM_ 
005633.3) was obtained from NCBI (https://
www.ncbi.nlm.nih.gov/). The SOS1 shRNA se- 
quence (5’-CACCGCAATAGCTGATGCCCAATCAC- 
GAATGATTGGGCATCAGCTATTGC-3’) and nega-
tive control sequence (5’-AATTCAAAAACAAC- 
AAGATGAAGAGCACCAACTCGAGTTGGTGCTC- 
TTCATCTTGTTG-3’) were designed using a 
BLOCK-iT™ RNAi designer. They were then syn-
thesized by Invitrogen (USA). Subsequently, the 
pcDNA3.1-GFP plasmid (#70219, Addgene, 
USA) was digested with EcoR I and Hind III. It 
was then connected with the target gene frag-
ment. The plasmid was transfected and ampli-
fied in DH5α (KL1001, Shanghai Kanglang Bio- 
technology Co., Ltd., China). The recombinant 
vector was extracted using the EasyPure Ge- 
nomic DNA Kit (EE101-01, TRANSGENE BIO- 
TECH, China). After identification via agarose 
gel electrophoresis, the purified recombinant 
plasmid was preserved at -80°C.

Cell grouping and transfection

Western blotting was performed, screening the 
cell line with the highest protein expression of 
SOS1 for the following experiments. Cervical 
cancer cells were then divided into several 
groups, including the NC group (cells transfect-
ed with negative control sequence), miR-520b 
mimic group (cells transfected with miR-520b 
mimics), miR-520b inhibitor group (cells trans-
fected with miR-520b inhibitors), SOS1 shRNA 
group (cells transfected with SOS1 shRNA se- 
quences), and miR-520b inhibitor + SOS1 sh- 
RNA group (cells transfected with miR-520b 
inhibitors and SOS1 shRNA sequences).

Transfection method: Cells at the logarithmic 
phase were transfected using Lipofectamine 
3000 (L3000001, Thermo Fisher, USA). Con- 
crete operating procedures were as follows: 
Transfection was performed when cell conflu-
ence reached 70%-90%. Cell density was 
adjusted to 3 × 105/mL using Opti-MEM. The 
cells were then seeded to 24-well culture 
plates. Subsequently, 1.5 μL Lipofectamine 

3000 was dissolved in 50 μL Opti-MEM (solu-
tion A) and 1 μg DNA (2 μg/μL) containing 50 
μL. Opti-MEM was added with 2 μL P3000TM. 
The two solutions were mixed at a ratio of 1:1 
and incubated at room temperature for 5 min-
utes. Next, the DNA-liposome vector complexes 
were added into 24-well culture plates contain-
ing cervical cancer cells. They were slightly 
shaken, replacing the culture medium after 
24-48 hours.

H&E staining

Pathological changes of cancer tissues and 
para-cancerous tissues were observed through 
application of H&E staining. Slice samples were 
first dried in an oven at 60°C for 1 hour, then 
dewaxed and hydrated with xylene I and II for 
5-10 minutes, respectively. The sections were 
then dehydrated in ethanol (100%, 95%, 90%, 
85%, and 80%) for 2 minutes for a total of 2 
times. They were then washed in distilled water 
for 2 minutes. Next, the sections were stained 
with hematoxylin for 8-10 minutes and washed 
under tap water for 1-2 minutes. They were dif-
ferentiated with 1% hydrochloric alcohol for 30 
seconds and returned to blue under running 
water. Subsequently, the sections were stained 
in eosin for 2-3 minutes. They were then 
washed with tap water for 1-2 minutes and 
dehydrated again in ethanol (100%, 95%, 90%, 
85%, and 80%) for 5 minutes two times. Next, 
the sections were cleared in xylene I and xylene 
II for 3-5 minutes and 5-10 minutes, then 
sealed off with neutral gum. Finally, the sec-
tions were observed using an optical micro-
scope (BX40, Olympus, Japan) and photo-
graphed (10 × 40).

Immunohistochemistry

Slices of paraffin-embedded biopsies were pro-
duced and dried in an oven at 60°C for 1 hour. 
They were dewaxed and hydrated with xylene I 
and II for 5-10 minutes, respectively. The sec-
tions were dehydrated in ethanol (100%, 90%, 
80%, 70%, 60%, 50%, and 30%) for 5 minutes. 
Next, the slices were treated with 0.3% H2O2 at 
room temperature for 10 minutes and immer- 
sed in 0.01 M citric acid buffer (pH 6.0). They 
were irradiated in a microwave oven for 10 min-
utes. The slices with were washed PBS for 5 
minutes and sealed with bovine serum albumin 
for 20 minutes. After removing the excess liq-
uid, the slices were then incubated with the 
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addition of rabbit polyclonal antibody SOS1 
(1:1000, ab140621, ABCAM, UK) at 37°C for 1 
hours. They were washed with PBS for 3 min-
utes a total of 3 times. The following day, the 
slices were incubated with the addition of rat 
anti-rabbit (IgG) secondary antibody (1 µg/mL, 
ab99697, ABCAM, UK) at 37°C for 20 minutes. 
They were then washed with PBS for 5 minutes 
a total of 3 times. The slice samples were then 
added with streptavidin-biotin complex and 
incubated at 37°C for 30 minutes. They were 
washed with PBS for 5 minutes a total of 3 
times. They were stained with diaminobenzi-
dine (DAB) and counter-stained using hematox-
ylin for 2 minutes. The sections were washed 
with running water and dehydrated it in etha-
nol. They were sealed off with neutral gum. 
Finally, the samples were observed under a 
microscope. Staining intensities (SI) and posi-
tive percentages (PP) of the samples were cal-
culated. The SI score was divided into 4 grades: 
0, 1, 2, and 3 representing colorless, light yel-
low, pale brown, and tan, respectively. The PP 
score was divided into 5 grades: Zero repre-
sents positive cells that were less than 5%; 1: 
Positive cells were 5%-25%; 2: Positive cells 
were 25%-50%; 3: Positive cells were 51%-75%; 
and 4: Positive cells were above 75%. The prod-
uct of SI and PP was considered as the compre-
hensive score. Zero was considered as nega-
tive, 1 was marked as weakly positive (+), and 2 
was regarded as moderately positive (++). 
When the comprehensive score was equal to or 
more than 3, the slices were regarded as 
strongly positive [13].

qRT-PCR

TRIzol Reagent (15596026, Invitrogen, USA) 
was utilized to extract the total RNA in cervical 
cancer cell lines. The RNA was diluted with 
ultrapure water treated by diethyl phosphoro-
cyanidate (DEPC). RNA concentrations and 
quality levels were measured by comparing 
A260/280 ratios. Subsequently, the extracted 

was conducted using SYBR®Premix Ex TaqTM II 
reagent (HRR081B, Shanghai yihui Biological 
Technology Co., Ltd., China). GAPDH was used 
as an internal reference. Primers were designed 
and synthesized by Shenzhen BGI Health 
Technology Co., Ltd. (Shenzhen, China) (Table 
1). The reaction system included: 12.5 μL 
SYBR®Premix Ex TaqTM II (2x, 8.5 μL ddH2O, 2 μL 
DNA Templates, 1μL PCR Forward Primer, 1 μL 
PCR Reverse Primer). Reaction conditions were 
as follows: Pre-denaturation at 95°C for 10 sec-
onds, denaturation at 95°C for 5 seconds, and 
extension at 60°C for 20 seconds (40 cycles). 
Dissolution curves were used to verify the 
specificity and reliability of PCR results. 
Moreover, mRNA expression levels of related 
genes were calculated by 2-ΔΔCt. ΔCt = CT (target 
gene) - CT (GAPDH), ΔΔCt = ΔCt (experimental 
group) - ΔCt (control group). The experiment 
was repeated 3 times.

Western blotting

RIPA lysate was added to the PMSF. The final 
concentration of PMSF was 1 mM. Cervical 
cancer cells were washed with PBS 3 times, 
then added with RIPA lysate (5 × 106 cells were 
added with 1 mL RIPA lysate). Subsequently, 
the cells were incubated on ice and the lysates 
were centrifuged at 12,000 × g for 30 minutes. 
Protein concentrations were detected using a 
BCA kit (AR0146, Wuhan Boster Biological 
Technology Ltd., China). After separating via 
sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE), the proteins were 
transferred onto PVDF membranes. Next, the 
membranes were blocked with tris buffered 
saline with Tween 20 (TBST) containing 5% 
bovine serum albumin for 1 hour. Next the 
blocking liquid was abandoned. Subsequently, 
the membranes were incubated with primary 
antibody SOS1 (1:1000, ab140621, ABCAM, 
UK), MMP-9 (1 μg/mL, ab73734, ABCAM, UK), 
SNAIL (2 μg/mL, ab53519, ABCAM, UK), OCT-4 
(1 μg/mL, ab27985, ABCAM, UK), and GAPDH 

Table 1. Primer sequences
Gene Forward primer (5’-3’) Reverse primer (5’-3’)
SOS1 GAGTGAATCTGCATGTCGGTT CTCTCATGTTTGGCTCCTACAC
MMP-9 TGGACGATGCCTGCAACGTG GTCGTGCGTGTCCAAAGGCA
SNAIL CCACTATGCCGCGCTCTTT TCAGCGGGGACATCCTGAGCA
OCT-4 AGCAACTCCGATGGGGCTCC GCCCCACATCGGCCTGTG
GAPDH TGCACCACCAACTGCTTAGC TCTTCTGGGTGGCAGTGATG

RNA was reverse-transcribed into 
cDNA using the SuperScript IV First-
Strand Synthesis System (1809- 
1200, Invitrogen, USA). The reaction 
system was as follows: 1 μg RNA 
template, 1 μL Oligo d (T20), 1 μL 
Ribonuclease inhibitor, 1 μL DTT, 1 
μL dNTP mix, 4 μL SSIV buffer, and 
20 μL DEPC-treated water. RT-qPCR 
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(1:1000, ab8245, ABCAM, UK) and placed at 
4°C overnight. The membranes were then 
washed with TBST for 30 minutes and added 
with second antibody IgG (1:2000, ab6721, 
ABCAM, UK). After culturing for 4-6 hours, the 
membranes were washed with PBST for 3 × 15 
minutes. Chemiluminescence signals were 
detected using ECL (Pierce, Waltham, MA, USA). 
Target protein expression levels were quanti-
fied by determining the relative density of tar-
get protein bend to the internal reference 
(GAPDH). The experiment was repeated 3 
times.

Scratch healing testing

Each well of the 6-well plate was seeded with 5 
× 105 cells after transfecting for 48 hours. The 
next day, a sterile gun was used to draw a 
straight line on the cell surface under the guid-
ance of the straight edge. The cells were then 

washed with PBS for 5 minutes for a total of 3 
times. They were incubated with a serum-free 
medium. Each group of cells were photo-
graphed under an inverted microscope at 0 
hours and 48 hours after culturing. Relative 
mobility was calculated using the following for-
mula: (0 h scratch width - 48 h scratch width)/0 
h scratch width × 100%. The experiment was 
independently repeated 3 times.

Transwell assays

Matrigel gel (356234, Beijing Think Far 
Technology Co., Ltd., China) was diluted with 
precooling serum-free DMEM medium at a ratio 
of 1:10. The Transwell upper chamber was then 
added with 100 μL diluted matrigel gel and 
incubated at 37°C for 4 hours. Next, 200 μL 
cell suspension (5 × 105/mL) was added to the 
Transwell upper chamber while the lower cham-
ber was added with 600 μL DMEM medium. 

Figure 1. Verification of 
miR-520b target site on 
SOS1. Note: (A) Four predic-
tion tools confirmed miR-
520b as the intersection; 
(B) miR-520b has binding 
sites on SOS1 3’UTR pre-
dicted by bioinformatics 
tools; (C) Verification of miR-
520b binding site on SOS1 
by dual luciferase reporter 
gene assay. (D-F) Overex-
pression of miR-520b could 
downregulate SOS1 expres-
sion. Compared with NC, *, 
P < 0.05, **, P < 0.01, ***, 
P < 0.001.
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After staining with 0.5% crystal violet for 15 
minutes, in accordance with the introduction of 
Transwell (3413, Beijing Solarbio Science & 
Technology Co., Ltd., China), an inverted micro-
scope (XDS-800D, Shanghai Caikon Optical 
Instrument Co., Ltd., China) was adopted to 
detect staining results. Three visual fields were 
randomly selected to calculate cells penetrat-
ing the Matrigel. The invasion rate was calcu-
lated using the following formula: cells pene-
trating the Matrigel/total number of cells × 
100%. The experiment was repeated 3 times.

Statistical analysis

Statistical analysis was performed using SPSS 
21.0 software. Experiment data are presented 
as mean ± standard deviation. Normal distribu-
tion and variance homogeneity were measured. 
Comparisons were performed using t-tests. 
Differences between multiple groups were 
compared via one-way analysis of variance 
(ANOVA). Post-hoc tests were also performed 
using Tukey’s multiple comparisons in one-way 
ANOVA. Non-normal distributions of measure-
ment data were compared using Kruskal-Wallis 

reported that miR-520b could inhibit the growth 
and proliferation of glioma cells [12]. Another 
report confirmed that miR-520b overexpres-
sion could induce proliferation of ovarian can-
cer cells [14]. However, few studies have 
revealed the effects of miR-520b on cervical 
cancer cells. The present study confirmed that 
miR-520b has binding sites with SOS1 3’UTR, 
according to dual luciferase reporter assays. At 
the same time, qRT-PCR and Western blotting 
experiments indicated that miR-520b could 
downregulate SOS1 expression (Figure 1B-F). 
Thus, whether miR-520b could affect the inva-
sion and metastasis of cervical cancer cells by 
targeting SOS1 will be explored in the following 
experiments.

H&E staining results

H&E staining was utilized to detect the histo-
pathological characteristics of cancer tissues 
and para-cancerous tissues. Results indicated 
that (Figure 2) cervical cancer specimens were 
arranged in nest bulk. The nuclear were of dif-
ferent sizes. Deep stained, thickened karyothe-
ca, and pathologic mitosis could be seen. In 

Figure 2. H&E staining results of cervical cancer and adjacent tissues 
(200×).

Figure 3. SOS1 expression in cervical cancer tissues and para-cancerous 
tissues detected using immunohistochemistry (400×).

tests. P < 0.05 indicates sta-
tistical significance.

Results

Bioinformatics prediction 
results

RNA22 v2.0, miRWalk 3.0, 
microRNA.org, and miRNA-
path were used to predict 
miRNA that might have bind-
ing sites on SOS1 and 82, 
1160, and 1989. A total of 28 
miRNAs were selected, res- 
pectively. Interestingly, it was 
found that miR-520b was the 
intersection of these miRNAs 
predicted according to the 
above four prediction softwa- 
re systems (Figure 1A). Acc- 
umulating evidence has indi-
cated that miR-520b plays a 
cancer suppressor role in ma- 
ny kinds of cancer A previous 
study indicated that overex-
pression of miR-520b could 
inhibit the invasion and metas-
tasis of colorectal cancer cells 
[11]. In addition, another study 
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adjacent tissues, cell structures were clear and 
complete tightly packed. The intercellular space 
could be obviously observed. There was also a 
clear boundary between adjacent tissues and 
submucosal tissues.

Immunohistochemical staining results

Immunohistochemistry was utilized to detect 
SOS1 expression in cervical cancer and adja-
cent tissues. Results revealed that (Figure 3; 
Table 2) an uneven expression existed in the 
cytoplasm and nucleus, compared with para-
cancerous tissues. Moreover, positive SOS1 
expression was upregulated in cancer tissues 
(P < 0.05).

The highest expression level of SOS1 was 
found in SiHa cell lines

Western blotting was adopted to screen cervi-
cal cancer cell lines with the highest expression 
of SOS1. Results indicated that (Figure 4), com-
pared with HCECs, SOS1 protein expression 
was upregulated in Hela, SiHa, and MS751 (all 
P < 0.05). Moreover, SiHa cells showed the 
highest expression of SOS1. Thus, the SiHa cell 
line was selected for subsequent experiments.

miR-520b inhibited the migration ability of 
SiHa through targeting SOS1

SiHa cell lines were treated with miR-520b 
mimics, miR-520b inhibitors, or SOS1 shRNA. 
Scratch healing experimentation was then per-

miR-520b inhibited the invasive ability of SiHa 
through targeting SOS1

SiHa cell lines were treated with miR-520b 
mimics, miR-520b inhibitors, or SOS1 shRNA. 
Transwell assays were then performed to 
detect the invasion ability in each group. 
Results demonstrated that (Figure 6), com-
pared with the NC group, migration rates in the 
miR-520b mimic group and SOS1 shRNA group 
were significantly reduced. The migration ability 
of cervical cancer cells in the miR-520b inhibi-
tor group was highly induced (all P < 0.05). At 
the same time, the invasive ability of SiHa 
induced by miR-520b inhibitors could be 
reversed by SOS1 shRNA.

Western blotting and qRT-PCR were adopted to 
determine mRNA and protein expression levels 
of MMP-9, SNAIL, and OCT-4 in each group. 
Results showed that (Figure 7), compared with 
the NC group, MMP-9, SNAIL, and OCT-4 mRNA 
and protein expression levels were obviously 
decreased in the miR-520b mimic group and 
SOS1 shRNA group. However, the above index-
es were all increased when cells were treated 
with miR-520b inhibitors (all P < 0.05). SOS1 
silencing could partly reverse expression of 
MMP-9, SNAIL, and OCT-4 induced by miR-
520b inhibitors.

Discussion

Cancer is difficult to cure for a variety of rea-
sons. One reason is invasion and metastasis 

Table 2. SOS1 expression in cervical cancer tissues and para-cancerous tissues
SOS1 expression

P
Negative (-) Weakly positive (+) Medium positive (++) Strong positive (+++)

adjacent tissue 14 35 16 3 0.0079
Gastric tissue 3 23 25 17

Figure 4. SOS1 protein expression in different cervical cancer cell lines. 
Note: (A) Protein band of SOS1 in different cervical cancer cell lines; (B) 
Quantification of SOS1 protein expression in different cervical cancer cell 
lines. Compared with HCECs, Δ, P < 0.05, ΔΔ, P < 0.01, ΔΔΔ, P < 0.001.

formed to detect the migra-
tion ability in each group. Re- 
sults indicated that (Figure 
5), compared with the NC 
group, the scratch healing 
rate in the miR-520b mimic 
group and SOS1 shRNA group 
was significantly downregu-
lated, while that in the miR-
520b inhibitor group was ob- 
viously upregulated (all P < 
0.05). Furthermore, the migr- 
ation ability of SiHa induced 
by miR-520b inhibitors could 
be reversed by SOS1 shRNA.
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[15, 16]. Cervical carcinoma is one of the major 
diseases threatening the health of women, 
worldwide. It is important to reveal its develop-
ment and progression mechanisms, aiming to 
improve curative effects of patients. From the 
perspective of biological characteristics of cer-
vical cancer cells, the present study revealed 
the effects of miR-520b in regulating migration 
and invasion of cervical cancer cells through 
targeting SOS1.

A previous study showed that SOS1 was associ-
ated with morbidity of various kinds of cancer 
and that it could activate proto oncogene Ras 
[17]. Evidence demonstrated that SOS1/Ras 
signaling pathways are important targets in the 
treatment of metastatic cancer [18, 19]. In 
addition, research on reproductive system can-
cer has shown that expression of SOS1 was sig-
nificantly upregulated in prostate cancer epi-

thelial cells [10]. Another study revealed that 
SOS1 and Ras protein may be involved in the 
development of epithelial ovarian cancer. High 
expression of SOS1 and Ras was shown to be 
related to shorter progression-free survival of 
patients [20]. Results obtained from immuno-
histochemistry staining showed that, compared 
with para-cancerous tissues, SOS1 expression 
was significantly upregulated in cervical cancer 
tissues. This indicates that SOS1 might partici-
pate in the development of cervical carcinoma. 
The current study found that SOS1 has binding 
sites on miR-520b, according to the bioinfor-
matics method. According to previous studies, 
miR-520b is a tumor suppressor in colorectal 
cancer and gliomas [11, 12]. The targeting reg-
ulatory relationship between miR-520b and 
SOS1 was confirmed by the dual luciferase 
reporter gene assay system. Subsequently, 
qRT-PCR and Western blotting were performed. 

Figure 5. Cervical cancer cell migration abilities in each 
group. Note: (A) Cell migration at 0 hours and 48 hours 
was detected by scratch healing experiment; (B) Quanti-
fication of scratch healing rate in each group. Compared 
with NC group, #P < 0.05; Compared with miR-520b inhibi-
tor group, &P < 0.05.
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Results indicated that miR-520b could inhibit 
expression of SOS1.

SiHa cell lines, with the highest expression of 
SOS1, were selected for the subsequent experi-
ments. Results of scratch healing experimenta-
tion indicated that miR-520b overexpression or 
SOS1 silencing could inhibit the migration abil-
ity of SiHa. Results obtained from Transwell 
assays showed that overexpression of miR-
520b or SOS1 silencing could inhibit invasion 

abilities of SiHa. At the same time, silencing of 
SOS1 could reverse the induction of invasion in 
SiHa by miR-520b inhibitors. Matrix metallopro-
teinase-9 (MMP-9) is a member of Matrix metal-
loproteinases (MMPs). According to recent 
research, MMP-9 was overexpressed in multi-
ple cancers and associated with the infiltration 
and development of carcinoma [21, 22]. High 
expression of SNAIL protein showed an obvi-
ously positive correlation with grading and stag-
ing of tumors. It can also promote tumorigene-

Figure 6. Invasion abilities of SiHa in each group. Note: (A) Crystal violet 
was adopted to demostrate SiHa accross the membrane (400×); (B) In-
vasion rate of SiHa in each group. Compared with NC group, #P < 0.05; 
Compared with miR-520b inhibitor group, &P < 0.05.

Figure 7. MMP-9, SNAIL, and OCT-4 mRNA and protein expression of SiHa in each group. Note: (A) mRNA expres-
sion of MMP-9, SNAIL, and OCT-4 in each group; (B) Protein bands of MMP-9, SNAIL, and OCT-4 in each group; (C) 
Quantification of protein expression of MMP-9, SNAIL, and OCT-4. Compared with NC group, #P < 0.05; Compared 
with miR-520b inhibitor group, &P < 0.05.
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sis and development [23, 24]. A clinical study 
showed that overexpression of SNAIL was 
closely related to high aggressiveness and poor 
prognosis of cancer [25, 26]. OCT4 is a member 
of the POU family of transcription factors. It is 
mainly expressed in embryonic stem cells. 
Accumulating evidence has indicated that it 
could participate in maintaining the infinite pro-
liferative capacity of cells [27]. Other evidence 
has demonstrated that OCT4 overexpression 
could induce the malignant ability and growth 
of tumors [28, 29]. The current study found that 
miR-520b overexpression or SOS1 inhibition 
could inhibit expression of MMP-9, SNAIL, and 
OCT4, indicating that miR-520b overexpression 
or SOS1 inhibition could reduce the malignant 
degree of cancer.

In conclusion, the present study illustrated that 
miR-520b could inhibit migration and invasion 
of cervical cancer cells through targeting SOS1. 
Present results may explain the molecular me- 
chanisms of cervical carcinoma, providing eff- 
ective experimental evidence and therapy me- 
thods in cervical carcinoma. However, whether 
this study was affected by downstream path-
ways of miR-520b/SOS1 requires further in- 
vestigation.
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