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Objective: Cervical cancer is a common gynecologic cancer, and no study has been 
reported on the way through which lncRNA SNHG1, miR-195 and NEK2 jointly affect 
cervical cancer cells (CCCs), so this paper will explore a new approach to the development 
of cervical cancer in this respect.
Methods: Altogether 72 cervical cancer tissues and 54 adjacent tissues were collected. 
qPCR was performed to quantify lncRNA SNHG1 and miR-195, whose expression vectors 
were constructed and then transfected into CCCs, so as to observe their effects on the cells. 
Western blotting (WB) was carried out to detect protein levels. MTT assay was conducted to 
detect cell activity. Flow cytometry was performed to detect cell apoptosis. Transwell was 
carried out to detect cell invasion and migration.
Results: The expression of lncRNA SNHG1 up-regulated while that of miR-195 down- 
regulated in CCCs. lncRNA SNHG1 regulated NEK2 through its targeted binding to miR- 
195. The down-regulation of lncRNA SNHG1 or the up-regulation of miR-195 led to the 
decrease of NEK2 and the reduction of cells’ activity, migration and invasion, also resulting 
in the increase of cell apoptosis. Rescue experiments showed that the down-regulation of 
miR-195 could offset the cell changes caused by lncRNA SNHG1.
Conclusion: lncRNA SNHG1 promotes the progression of cervical cancer through the miR- 
195/NEK2 axis, so lncRNA SNHG1, miR-195 and NEK2 may have potential values for 
diagnosing and treating cervical cancer.
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Introduction
Cervical cancer is a common female cancer.1 With respect to its pathological 
pathways, human papillomavirus (HPV) is a major cause,2,3 and changes in gene 
expression are also an inducing factor.4–6 Besides, marital status, drinking, smok-
ing, chlamydia trachomatis and sexual hygiene are all risk factors for the 
disease.7–10 Currently, the pathogenic mechanism of cervical cancer is a research 
hotspot in the field of gynecologic cancers. Non-coding RNAs, such as long- 
stranded non-coding RNAs (lncRNAs) and microRNAs (miRNAs), play an impor-
tant role in the development and progression of cervical cancer. Therefore, studying 
the relationship between the two RNAs and cervical cancer is beneficial to the 
treatment or early diagnosis of the disease.

Epigenetics is a regulatory mechanism of genes and does not involve their 
sequence changes. It is through this mechanism that non-coding RNAs that cannot 
participate in gene coding can change gene expression. lncRNAs bind to down-
stream sequences through specific sites, and thus regulate the expression of these 
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sequences. As a lncRNA that is located on human chro-
mosome 11, lncRNA SNHG1 has potential diagnostic and 
prognostic values, because it regulates the progression of 
cancers or diseases by binding to various miRNAs.11–15 

This lncRNA is closely related to the development of 
cervical cancer, so its abnormal expression may lead to 
the cancerization of cervical cancer cells (CCCs).17 

miRNAs and lncRNAs have similar mechanisms of action. 
miR-195, which is located on human chromosome 17, is 
a small RNA with a length of about 87 bp. Although it 
cannot participate in gene coding directly, it regulates the 
post-transcriptional levels of downstream mRNAs at the 
epigenetic level, and thereby affects gene translation. The 
abnormal expression of miR-195 is closely correlated with 
the development of breast cancer and other cancers.18–22 

Moreover, previous studies have pointed out that the 
down-regulation of this miR is associated with the malig-
nant cancerization of CCCs.23–25

In this paper, cervical cancer samples were detected, 
and we found that lncRNA SNHG1 up-regulated while 
miR-195 down-regulated in them. Meanwhile, it was pre-
dicted through the DIANA database that lncRNA SNHG1 
had a targeted relationship with miR-195. NEK2 encodes 
a mitosis-related serine/threonine protein kinase. We found 
in this study that the down-regulation of lncRNA SNHG1 
or the up-regulation of miR-195 could inhibit NEK2 in 
CCCs. Accordingly, it is speculated that lncRNA SNHG1, 
miR-195 and NEK2 may be related to the progression of 
cervical cancer. The way through which the three genes 
affect the development of cervical cancer has been rarely 
studied, so this paper has discussed a possible pathogenic 
mechanism of the disease.

Materials and Methods
Cervical Cancer Samples
Altogether 72 cervical cancer tissues and 54 normal adjacent 
tissues were collected in our hospital. Inclusion criteria were 
as follows: patients who were confirmed with cervical cancer 
according to clinical features or pathological sections; 
patients without mental diseases. Exclusion criteria were as 
follows: patients who were complicated with other tumors; 
patients who had been previously treated for cervical cancer; 
patients who did not cooperate in their treatment; patients 
complicated with other chronic gynecological diseases. The 
hospital informed the patients of the research information 
throughout the study, and all study participants provided 
written informed consents. This study has been approved 

by the First Affiliated Hospital of Jinzhou Medical 
University Ethics Committee. The tissues were sampled, 
sectioned, and then stored at −80°C for testing.

Cell Culture and Transfection
Human immortalized epidermal cells (HaCaT) and cervi-
cal cancer cell lines (HeLa/CasK/ME-180/C33A) were 
purchased from ATCC cell bank. The culture medium 
was composed of basal DMEM (Hyclone), 10% fetal 
bovine serum (FBS) solution (Gibco), and 1% penicillin/ 
streptomycin solution (100X, Solarbio). The cells were 
inoculated into a T25 cell culture flask (Thermo Fisher), 
which was added with a culture medium (5 mL) that was 
preheated to 37°C. They were cultured (37°C, 5% CO2) in 
an animal cell incubator (Binder, German) until they grew 
well. The medium was replaced with an FBS-free medium 
before transfection, and the cells were inoculated into 
a 6-well plate at 1×105 cells/well during transfection. 
Purchased from Sangon Biotech (Shanghai) Co., Ltd., 
lncRNA SNHG1 siRNA, miR-195-mimics, miR-195- 
inhibitor and NC vectors were transfected into the cells 
using Lipofectamine 2000 transfection kits (Invitrogen, 
USA), with operating steps conducted according to the 
kit instruction. After 8-hour transfection, a fresh culture 
medium was exchanged to avoid poisoning cells.

RT-PCR
The tissue samples were ground to prepare into homoge-
nates, and adherent cells were digested with trypsin to 
prepare into a cell suspension. The Trizol method was 
used to draw total RNA from the tissues or cells, and its 
optical density (OD) values at 260–280 nm were obtained 
using an ultraviolet spectrophotometer. The total RNA with 
OD260/OD280 >1.8 was used for subsequent RT-PCR 
quantification. Reverse transcription-fluorescence quantita-
tive kits (TransGen, Beijing) and an ABI PRISM 7000 
instrument (Applied Biosystems, USA) were used for the 
quantitative analysis of the RNA to be detected, using 
FastKing one-step method. Primers for lncRNA SNHG1, 
miR-195 and NEK2 were designed and synthesized by 
Sangon Biotech (Shanghai) Co., Ltd. The primer sequences 
are shown in Table 1. The reaction system of qPCR (50 μL) 
was as follows: 1.25 μL of upstream primers, 1.25 μL of 
downstream primers, 1.0 μL of probes, 10 pg/μg of RNA 
templates, 5 μL of 50×ROX Reference Dye ROX, and 
RNase-Free ddH2O that was finally added to make up to 
50 μL. The reaction process was as follows: cycling 
(reverse transcription at 50°C for 30 min) for once; cycling 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2020:12 11424

Ji et al                                                                                                                                                                  Dovepress

http://www.dovepress.com
http://www.dovepress.com


(pre-denaturation at 95°C for 3 min) for once; cycling 
(denaturation at 95°C for 15 s and annealing at 60°C for 
30 s) for 40 times. The results were analyzed by the ABI 
PRISM 7000 instrument. Internal reference genes were U6 
and GAPDH, which were standardized by 2−ΔΔCt method.

Western Blotting (WB)
20 mmol/L of Tris-HCl solution (pH7.5, Solarbio) was evenly 
mixed with a protein inhibitor (Solarbio) to form cell protein 
extracts. The adherent cells were digested with 1 mL of trypsin 
(Solarbio, 0.25×) to prepare into a suspension, which was 
added with 1 mL of the extracts and repeatedly blown until 
the cells completely lysed. The extracts were centrifuged at 
1.6×104 ×g and 4°C in a precooling centrifuge for 20 min. The 
supernatant was taken out and the protein concentration was 
determined using BCA protein assay kits (Thermo Fisher). 
Next, the protein was separated with SDS-PAGE, then trans-
ferred to PVDF membrane (EMD millipore), and finally 
allowed to stand at room temperature for 1 hour (sealed with 
5% skimmed milk-PBS solution). After that, the membrane 
was added with the protein to be tested and β-actin primary 
antibody, and then allowed to stand overnight at 4°C. After 
washed with PBS solution for 3 times, it was added with goat 
anti-rabbit secondary antibody (HRP cross-linked), and then 
allowed to stand at room temperature for 1 hour. Finally, it was 
washed with PBS solution, and ECL luminescent solution was 
used for visualization. With β-actin used as an internal refer-
ence, the relative expression level of the protein to be detected 
= the gray value of the band to be detected/the gray value of the 
β-actin band. NEK2, apoptosis-related proteins (Caspase-3/ 
Caspase-9/Bax/Bcl-2), migration- and invasion-related pro-
teins (E-cadherin/N-cadherin/β-catenin), β-actin and goat anti- 
rabbit (HRP cross-linked) were all purchased from Abcam.

Transwell
The cells were inoculated into the upper chamber of 
migration at 2×104 cells/well (the upper chamber was 

added with 200 μL of the mixed solution containing 10% 
FBS and 1% DMEM in advance), and 500 μL of DMEM 
(containing 10% FBS) was added to the lower chamber. 
Both chambers were cultured at 37°C and with 5% CO2 

for 24 hours. Next, after liquid in the upper chamber was 
removed and the adherent cells were wiped off, the cells 
on the opposite side of the Transwell chamber were fixed 
with 4% paraformaldehyde for 20 min, and then stained 
with crystal violet for 15 min. Finally, PBS buffer solution 
was used to clean the chamber. The photographs of cell 
migration were collected under a 200-fold microscope, and 
cell number was calculated in 3 visual fields that were 
randomly selected, with the average value considered as 
the number of cells penetrating the membrane. The experi-
ment was repeatedly conducted for 3 times. As for experi-
ments for cell invasion, 8% matrigel was paved based on 
the above steps, and the number of cells in each well was 
increased to 5×104 cells/well.

MTT Assay
MTT (Sigma-Aldrich) was dissolved in DMSO (Solarbio) 
at a concentration of 5 mg/mL. Four 96-well plates were 
taken out, and 3 wells in each plate were randomly 
selected for inoculation at a density of 5×103 cells/100 
μL per well. These plates were respectively taken out at 
24, 48, 72 and 96 hours after inoculation, and then added 
with MTT solution at 10 μL/well, and finally cultured at 
37°C and with 5% CO2 for 4 hours. The culture medium 
was removed, and the OD values at 570 nm were mea-
sured using a microplate reader.

Flow Cytometry
The cells lysed with trypsin to prepare into a cell suspen-
sion in which their number was controlled to 1×106. They 
were fixed with 70% ice-cold ethanol at 4°C for 30 min. 
After the ethanol was removed, the mixed solution of 
propidium iodide (50 ng/mL)/RNase (0.2 mg/mL)/0.1% 
Triton X-100 was added to the cells, which were then 
incubated at room temperature for 30 min. The FACScan 
flow cytometer (Becton Dickinson, USA) was used to 
analyze the cell apoptosis.

Dual-Luciferase Reporter Gene Assay
The DIANA database was used to predict the target sites 
of miR-195 and lncRNA SNHG1. The cells were inocu-
lated into a 24-well plate (5×103 cells/well) and cultured 
until they grew well. The vectors of GLO-SNHG1-wt 
(containing miR-195 binding site) and GLO-SNHG1-mut 

Table 1 Primer Sequences

F (5ʹ→3ʹ) R (5ʹ→3ʹ)

SNHG1 CCTAAAGCCAC 
GCTTCTTG

TGCAGGCT 
GGAGATCCTACT

miR-195 TAGCAGCACA 
GAAATATTGGC

TGCTGTGCC 
AGCTGCAGT

NEK2 GCTTAGGTAGCCC 
TTTTCATTTACA

GCCTCAGGTCTAT 
GAACCCAG
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(without miR-195 binding site) were constructed, and co- 
transfected with miR-195-mimics and NC-mimics into 
CCCs, respectively. After 48-hour transfection, luciferase 
intensities were detected using the dual-luciferase reporter 
gene assay system (Promega).

Statistics and Analysis
The data were statistically analyzed using SPSS 20.0 (Asia 
Analytics Formerly SPSS China), and the figures were plotted 
using Graphpad 8.0. Measurement data were expressed as 
mean±SD. Their comparison between two groups was con-
ducted by an independent samples t test, and the comparison 
between multiple groups was conducted by one-way analysis 
of variance, and LSD-t test was used for post hoc pairwise 
comparison. All data were analyzed by a two-tailed test. 95% 
was considered as the confidential interval, and the difference 
was statistically significant when P<0.05.

Results
Up-Regulation of lncRNA SNHG1 and 
Down-Regulation of miR-195
Altogether 72 cervical cancer tissues and 54 normal adja-
cent tissues were collected, in which the levels of lncRNA 
SNHG1 and miR-195 were quantified by RT-PCR. Figure 
1 shows increasing lncRNA SNHG1 and decreasing miR- 
195 in cervical cancer tissues compared with those in 
normal adjacent tissues. Then, the levels of the two 
genes in CCCs and human cervical epithelial cells were 
detected by RT-PCR. The results showed up-regulating 
lncRNA SNHG1 and down-regulating miR-195 in both 
cells. This indicates that lncRNA SNHG1 up-regulates 
and miR-195 down-regulates in cervical cancer and that 
the changes may involve the malignant biological beha-
viors of CCCs. Thus, this paper focused on the relation-
ship between the two genes and cervical cancer. 
Additionally, lncRNA SNHG1 has the highest expression 
in HeLa cells, which were therefore selected as the 
research objects for this study.

Targeted Relationship of lncRNA 
SNHG1/miR-195/NEK2 Axis
lncRNA SNHG1 and miR-195 showed an expression trend 
of “one high and one low” in cervical cancer, so it was 
speculated that lncRNA SNHG1 may bind to miR-195 
through a specific site and thus lower its level. The 
DIANA database was used to predict and find the binding 
site between the two genes, and the results showed that 

there was a sequence fragment that could pair with and 
bind to miR-195 in the 3ʹ non-coding region of lncRNA 
SNHG1 (Figure 2A). The dual-luciferase reporter gene 
assay was performed to verify the existence of this site, 
and the results showed that the luciferase activity 
decreased after miR-195-mimics and lncRNA SNHG1 wt 
(Figure 2B) were co-transfected into the cells. Figure 2C 
and D showed that decreasing lncRNA SNHG1 increased 
miR-195. This indicates that lncRNA SNHG1 can bind to 
miR-195 and thus inhibit its level. Interestingly, the down- 
regulation of lncRNA SNHG1 or the up-regulation of 
miR-195-mimics can down-regulate NEK2, which reveals 
that NEK2 may be a downstream target gene of miR-195- 
mimics.

lncRNA SNHG1 Promoted 
Hyperproliferation and Malignant 
Proliferation of CCCs
In order to explore the relationship between the up- 
regulation of lncRNA SNHG1 and cervical cancer, 
lncRNA siRNA vectors were constructed to down- 
regulate lncRNA SNHG1 (Figure 3A). MTT assay was 
performed to detect cell activity. Transwell was carried 
out to detect cell migration and invasion. Flow cytome-
try was performed to detect the apoptotic rate of cells. 
WB was performed to detect the levels of related pro-
teins. Figure 3B shows that the down-regulation of 
lncRNA SNHG1 decreased cell activity and inhibited 
cell proliferation. Figure 3C shows that the down- 
regulation induced an increase in the apoptotic rate. 
Caspase-3, Caspase-9 and Bax are pro-apoptotic pro-
teins, while Bcl-2 is an anti-apoptotic protein. During 
cell apoptosis, the pro-apoptotic proteins increased while 
the anti-apoptotic protein decreased. E-cadherin, 
N-cadherin and β-catenin are proteins related to cell 
migration and invasion. E-cadherin can inhibit cell inva-
sion, while N-cadherin and β-catenin can promote cell 
migration and invasion. Figure 3D shows that the down- 
regulation reduced the migrating and invasive cells, and 
inhibited cell invasion and migration. Figure 3C 
and D showed that the down-regulation decreased cell 
migration and invasion but increased cell apoptosis. 
Therefore, the detection of related proteins can help 
understand the influences of lncRNA SNHG1 on cell 
apoptosis, invasion and migration from the perspective 
of molecular biology. Figure 3E shows that the down- 
regulation decreased N-cadherin, β-catenin and Bcl-2, 
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but increased Caspase-3, Caspase-9, Bax and E-cadherin. 
These findings reveal that lncRNA SNHG1 promotes the 
hyperproliferation and malignant proliferation of CCCs, 
so the down-regulation of this gene inhibits the hyper-
proliferation and malignant proliferation and promotes 
cell apoptosis.

miR-195 Inhibited Hyperproliferation and 
Malignant Proliferation of CCCs
Since miR-195 is regulated by lncRNA SNHG1 and 
down-regulates in cervical cancer, its role in the disease 
was investigated in this study. miR-195-mimics vectors 
were constructed to up-regulate miR-195 (Figure 4) and 

the effects on CCCs were observed. The results showed 
that the up-regulation of miR-195 decreased cell activity, 
as well as inhibited cell migration and invasion and pro-
moted cell apoptosis through down-regulating N-cadherin, 
β-catenin and Bcl-2 and up-regulating Caspase-3, 
Caspase-9, Bax and E-cadherin. These findings indicate 
that miR-195 inhibits the hyperproliferation and malignant 
proliferation of CCCs.

Rescue Experiments
Figure 5A and B showed that lncRNA SNGH1 regulated 
NEK2 through miR-195. Figure 5C and D showed that 
lncRNA SNHG1 and miR-195 regulated the biological 

Figure 1 Up-regulation of lncRNA SNHG1 and down-regulation of miR-195. (A) lncRNA SNHG1 up-regulated in cervical cancer tissues and cells. *Indicates P<0.05. 
**Indicates P<0.01. ***Indicates P<0.001. T indicates cervical cancer tissues. N indicates normal adjacent tissues. (B) miR-195 up-regulated in cervical cancer tissues and 
cells. *Indicates P<0.05. **Indicates P<0.01. ***Indicates P<0.001. T indicates cervical cancer tissues. N indicates normal adjacent tissues.
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behaviors of CCCs. Therefore, it was speculated that the 
two genes may regulate the behaviors through NEK2. In 
order to verify this inference, lncRNA SNHG1 siRNA and 
LNC RNA SNHG1 siRNA+miR-195-inhibitor were 
respectively transfected into CCCs, so as to observe their 
changes. Figure 5E shows that the down-regulation of 
miR-195 could offset the decrease of NEK2, the reduction 
of cells’ activity, migration and invasion, and the increase 
of cell apoptosis, which were caused by the down- 

regulation of lncRNA SNHG1. These findings indicate 
that lncRNA SNHG1 promotes the hyperproliferation 
and malignant proliferation of CCCs through the miR- 
195/NEK2 axis.

Discussion
As a malignant gynecological tumor that occurs in the 
cervix, cervical cancer is difficult to precisely diagnose 
owing to its unapparent early features. At present, the 

Figure 2 Targeted relationship of lncRNA SNHG1/miR-195/NEK2 axis. (A) The DIANA database was used to predict the binding site between lncRNA SNHG1 and miR- 
195. The red part was the sequence fragment capable of pairing and binding. (B) The dual-luciferase reporter gene assay. *Indicates P<0.05 compared with that in the NC- 
mimics group. (C) decreased lncRNA SNHG1 and increased miR-195. **Indicates P<0.01. (D) The down-regulation of lncRNA SNHG1 or the up-regulation of miR-195- 
mimics down-regulated NEK2. *Indicates P<0.05.
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treatment and diagnosis of the disease mainly depend on 
patients’ regular inspection and self-management aware-
ness due to the high occult nature of it. Therefore, how to 
effectively prevent and treat cervical cancer is the main 
purpose of research on the disease. Non-coding RNAs 
have attracted researchers’ attention due to their unique 
regulatory mechanisms and potential diagnostic/therapeu-
tic values. During the detection of cervical cancer samples, 
lncRNA SNHG1 was found to up-regulate and miR-195 
was found to down-regulate. Their abnormal expression 
seemed to be related to the development and progression 
of cervical cancer. lncRNAs regulating miRNAs is 
a common molecular regulatory mechanism in cells, so 
when the two RNAs have abnormal expression, the cell 
regulation in which they are involved will be inevitably 
out of control. In addition, the regulation of their levels in 
CCCs resulted in changes in NEK2 expression. The 

lncRNA/miRNA axis can also affect the normal function-
ing of cells via binding to downstream target genes, so the 
abnormal expression of miR-195 and lncRNA SNHG1 
may be the main reason for the changes in NEK2. 
Therefore, it is speculated that lncRNA SNHG1, miR- 
195 and NEK2 may regulate the development of cervical 
cancer through some connection.

lncRNA SNHG1 and miR-195 showed an expression 
trend of “one high and one low” in cervical cancer 
(Figure 1), which was similar to others’ findings.17,23–25 

Therefore, it is speculated that lncRNA SNHG1 may bind 
to miR-195 through a specific site and thus lower its level. 
The DIANA database was used to predict and find the 
binding site between the two genes, and the results showed 
that there was a sequence fragment that could pair with 
and bind to miR-195 in the 3ʹ non-coding region of 
lncRNA SNHG1 (Figure 2A). The dual-luciferase reporter 

Figure 3 lncRNA SNHG1 promoted hyperproliferation and malignant proliferation of CCCs. (A) siRNA down-regulated lncRNA SNHG1. *Indicates P<0.05. (B) lncRNA 
SNHG1 promoted cell activity because its inhibition reduced cell activity. *Indicates P<0.05 compared with that in the NC siRNA group. (C) lncRNA SNHG1 inhibited cell 
apoptosis because its inhibition increased the apoptotic rate. *Indicates P<0.05. (D) lncRNA SNHG1 promoted cell invasion and migration because its inhibition reduced cell 
migration and invasion. *Indicates P<0.05. (E) Effects of lncRNA SNHG1 on apoptosis- and migration-related proteins. *Indicates P<0.05 compared with that in the NC 
siRNA group.
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gene assay was performed to verify the existence of this 
site, and the results showed that the luciferase activity 
decreased when miR-195-mimics and lncRNA SNHG1 
wt were co-transfected into the cells (Figure 2B). This 
indicates that lncRNA SNHG1 can bind to miR-195 and 
thus inhibit its level. Interestingly, the down-regulation of 
lncRNA SNHG1 or the up-regulation of miR-195-mimics 
can down-regulate NEK2. Accordingly, lncRNA SNHG1 
may regulate NEK2 through binding to miR-195, thus 
participating in the progression of cervical cancer.

In this paper, corresponding expression vectors were 
constructed to explore the specific effects of lncRNA 
SNHG1, miR-195 and NEK2 on cervical cancer. WB was 
conducted to detect the levels of NEK2, Caspase-3, 
Caspase-9, Bax, Bcl-2, E-cadherin, N-cadherin and β- 
catenin. MTT assay was performed to detect cell activity. 

Flow cytometry was carried out to detect cell apoptosis. 
Transwell was conducted to detect cell invasion and migra-
tion. Figures 3 and 4 show that the down-regulation of 
lncRNA SNHG1 or the up-regulation of miR-195 decreased 
cell activity and NEK2, increased cell apoptosis, and 
reduced cell malignant proliferation; the down-regulation 
or the up-regulation also decreased N-cadherin, β-catenin 
and Bcl-2, but increased Caspase-3, Caspase-9, Bax and 
E-cadherin. Caspase-3, Caspase-9, Bax, E-cadherin, Bcl-2, 
N-cadherin and β-catenin are proteins related to cell prolif-
eration, apoptosis, invasion and migration, so detecting 
their levels can help know the mechanism of changes in 
the above-mentioned biological functions. The rescue 
experiments showed that the down-regulation of miR-195 
can offset the increase, the decrease and the reduction, 
which were caused by the down-regulation of lncRNA 

Figure 4 miR-195 inhibited hyperproliferation and malignant proliferation of CCCs. (A) mimics down-regulated miR-195. *Indicates P<0.05. (B) miR-195 inhibited cell 
activity because its up-regulation reduced cell activity. *Indicates P<0.05 compared with that in the NC mimics group. (C) miR-195 promoted cell apoptosis because of the 
increased apoptosis. *Indicates P<0.05. (D) miR-195 inhibited cell invasion and migration because its up-regulation reduced cell migration and invasion. *Indicates P<0.05. (E) 
Effects of miR-195 on apoptosis- and migration-related proteins. *Indicates P<0.05 compared with that in the NC mimics group.
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SNHG1 (Figure 5). During cell mitosis, NEK2 protein not 
only promotes centriole separation, but also monitors cor-
rect chromosome division.26 Passive or active changes in its 
level are very likely to lead to the disorders of cell life 
process. Previous studies believe that highly active NEK2 
protein is positively correlated with the development of 
cervical cancer.26,27 Therefore, in this paper, the down- 
regulation of NEK2, which was caused by lncRNA 
SNHG1 down-regulation and miR-195 up-regulation, 
leads to the disorders of cell mitosis and thus inhibits cell 
activity and proliferation. However, the down-regulation of 
miR-195 offset the down-regulation of NEK2 that was 
caused by lncRNA SNHG1 down-regulation, which 

therefore restored cell mitosis and enhanced cell activity 
and proliferation. These findings confirm that lncRNA 
SNHG1 up-regulates NEK2 by down-regulating miR-195, 
thereby promoting the up-regulation of cervical cancer.

In this paper, cell experiments showed a close relation-
ship between the lncRNA SNHG1/miR-195/NEK2 axis 
and cervical cancer. miR-195 and NEK2 might have nega-
tive regulation, but the targeted relationship between miR- 
195 and NEK2 was not explored in this paper, which is the 
limitation. Therefore, their targeted sites will be found and 
confirmed in the following research, and whether the axis 
has potential values for diagnosing and treating cervical 
cancer will be discussed, so as to provide reliable and 

Figure 5 Rescue experiments. (A) The down-regulation of miR-195 offset NEK2 down-regulation, which was caused by the down-regulation of lncRNA SNHG1. *Indicates 
P<0.05. (B) The down-regulation of miR-195 offset the decrease in cell activity, which was caused by the down-regulation of lncRNA SNHG1. *Indicates P<0.05 compared 
with that in the SNHG1 si group. (C) The down-regulation of miR-195 offset the increase in cell apoptosis, which was caused by the down-regulation of lncRNA SNHG1. 
*Indicates P<0.05. (D) The down-regulation of miR-195 offset the decrease in cell migration and invasion, which was caused by the down-regulation of lncRNA SNHG1. 
*Indicates P<0.05. (E) The down-regulation of miR-195 offset the increase in Caspase-3, Caspase-9, Bax and E-cadherin and the decrease in N-cadherin, β-catenin and Bcl-2, 
which were caused by the down-regulation of lncRNA SNHG1. *Indicates P<0.05.
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scientific data for promoting the research on the disease. In 
addition, it is essential to study whether the three genes 
affect the resistance of CCCs to anti-cancer drugs (such as 
cisplatin and paclitaxel), so subsequent research may be 
beneficial to the development of the target therapy for 
cervical cancer.

Conclusion
In summary, lncRNA SNHG1 promotes the effects of 
NEK2 on CCCs through down-regulating miR-195, thus 
inducing the development and progression of cervical 
cancer. Therefore, lncRNA SNHG1, miR-195 and NEK2 
may help to improve the diagnostic efficiency and thera-
peutic effect on the disease.
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