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Purpose: A long noncoding RNA called small nucleolar RNA host gene 7 (SNHG7) is
known to be a key regulator of biological processes in multiple human cancer types. In this
study, our aims were to determine the expression status of SNHG7 in cervical cancer, to
figure out the detailed roles of SNHG?7 in cervical cancer cells, and to identify the mechanism
underlying the activity of SNHG7 in cervical cancer.

Methods: Reverse-transcription quantitative PCR was performed to measure SNHG7
expression in cervical cancer. A Cell Counting Kit-8 assay, flow-cytometric analysis, cell
migration and invasion assays, and a tumor xenograft experiment were conducted to respec-
tively determine the effects of SNHG7 on cervical cancer cell proliferation, apoptosis,
migration, and invasion in vitro and tumor growth in vivo.

Results: SNHG7 was found to be markedly upregulated in cervical cancer tissues and cell
lines. Higher SNHG7 expression significantly correlated with FIGO stage, lymph node
metastasis, the depth of cervical invasion, and shorter overall survival in patients with
cervical cancer. Functional experiments indicated that a SNHG7 knockdown attenuated
proliferation, migration, and invasiveness and promoted apoptosis of cervical cancer cells
in vitro. The SNHG7 knockdown also slowed tumor growth in vivo. Further investigation
showed that SNHG?7 acts as a competing endogenous RNA for microRNA-485 (miR-485) in
cervical cancer cells, and the inhibitory actions of the SNHG7 knockdown on the malignant
phenotype were reversed by miR-485 inhibition. P21-activated kinase 4 (PAK4) was identi-
fied as a direct target gene of miR-485 in cervical cancer, and PAK4 expression was
promoted by SNHG?7.

Conclusion: SNHG7 functions as an oncogenic RNA in cervical cancer, competitively
binds to miR-485, and thereby upregulates PAK4. This SNHG7-miR-485-PAK4 regulatory
network may provide insights into the pathogenesis of cervical cancer, and can help in the
identification of novel diagnostic and therapeutic approaches for cervical cancer.
Keywords: small nucleolar RNA host gene 7, P21-activated kinase 4

Introduction

Cervical cancer is the fourth most frequent tumor type and the fourth leading cause
of cancer-associated deaths among females worldwide.! Approximately 530,000
new cervical cancer cases and 250,000 deaths from cervical cancer are reported
every year globally, according to World Health Organization (WHO) data.” At
present, the treatment of cervical cancer involves surgical resection and radiation
therapy as well as chemotherapy.® The considerable progress in the diagnosis and
treatment has significantly improved the clinical outcomes of patients with cervical
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cancer; however, many patients receive the diagnosis at
advanced stages, and the prognosis of these patients
remains unsatisfactory, with a 5-year survival rate of less
than 40%."° Furthermore, the molecular pathogenesis of
cervical cancer is complicated and needs to be elucidated
further.®” Therefore, deeper research into the mechanisms
underlying the initiation and formation of cervical cancer
should help to develop effective therapeutic strategies and
improve the clinical outcomes.

Long noncoding RNAs (IncRNAs) are a novel group of
single-stranded RNA molecules that are composed of over
200 nucleotides.® They do not encode proteins, but are
widely known to modulate various molecular processes
in a tumor.” Changes in the expression of IncRNAs in
cervical cancer have been extensively reported, and have
been implicated in carcinogenesis and progression of cer-
vical cancer. For instance, MEG3,'° STXBP5-AS1,"" and
LINC00052'? are expressed at low levels in cervical can-
cer, and suppress malignancy, whereas LUCATI,"
LINC00511,'* and CASCII" are upregulated in cervical
cancer and play oncogenic roles in the progression of
cervical cancer.

MicroRNAs (miRNAs, miRs) are noncoding short RNAs
that are approximately 17-22 nucleotides in length.'®
MiRNAs regulate gene expression through base-pairing with
a complementary site within the 3’-untranslated region (UTR)
of target mRNA, thereby causing mRNA degradation and/or
translation suppression.'” A variety of studies have revealed
that miRNAs are deregulated in cervical cancer, and that their
deregulation influences the aggressiveness of cervical
cancer.'®?° Accumulating evidence shows that IncRNAs
can act as a competitive endogenous RNA (ceRNA) or
a molecular sponge for certain miRNAs.?' > Therefore, the
regulatory networks involving IncRNA, miRNA, and mRNA
represent promising targets for the diagnosis, prevention, prog-
nosis, and management of cervical cancer.

Recently, IncRNA SNHG?7 was reported to be a key
regulator of biological processes in multiple human cancer
types.”* 7 Nonetheless, few studies have addressed the
expression and functions of SNHG7 in cervical cancer.
Hence, in this study, we attempted to determine the expres-
sion status of SNHG7 in cervical cancer, to figure out the
detailed roles of SNHG7 in cervical cancer cells, and to
identify the mechanism behind the activities of SNHG7 in
cervical cancer. We expected to obtain new insights into the
SNHG7-miR-485-PAK4 pathway as a novel therapeutic
target in human cervical cancer.

Materials and Methods
Tissue Samples from Patients

Cervical cancer tissues and corresponding adjacent normal
tissues were collected from 51 patients who underwent surgi-
cal resection at The Second Hospital of Jilin University. None
of these patients had been treated with preoperative chemor-
adiotherapy or had a diagnosis of other human cancer types.
All the fresh tissue samples were quickly frozen in liquid
nitrogen after tissue resection and were stored in liquid nitro-

gen for further use.

Cell Lines

Four human cervical cancer cell lines (HeLa, SiHa,
C-33A, and CaSki) were obtained from the Shanghai
Institute of Cell Biology, the Chinese Academy of
Sciences (Shanghai, China). Ectl/E6E7, a normal human
cervix epithelial cell line, was purchased from the
VA,
USA). All cells were grown in Dulbecco’s modified
Eagle’s medium (DMEM; Gibco; Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with
10% (v/v) of fetal bovine serum (FBS; Gibco; Thermo
Fisher Scientific, Inc.) and 1% (v/v) of a solution of anti-

American Type Culture Collection (Manassas,

Thermo

biotics (final concentration 100 U/mL penicillin and 100
ug/mL streptomycin; Gibco; Thermo Fisher Scientific,
Inc.). All the cells were cultured at 37°C in a humidified
incubator containing 5% CO,.

A Transfection Procedure

Small interfering RNAs (siRNAs) that were used to
silence endogenous SNHG7 expression (si-SNHG7) and
negative control (NC) siRNA (si-NC) were purchased
from RiboBio Technology (Guangzhou, China). MiR-
485 agomir (agomir-485; for increasing miR-485 expres-
sion), negative control (NC) agomir (agomir-NC),
miR-485 antagomir (antagomir-485; for silencing miR-
485 expression), and antagomir-NC were synthesized by
Ltd. (Shanghai, China). PAK4-

overexpressing plasmid pcDNA3.1-PAK4  (hereafter

GenePharma Co.,

referred to as pc-PAK4) was commercially constructed
by the Chinese Academy of Sciences (Changchun,
China). Cells were seeded in 6-well plates, and the
above-mentioned nucleic acids were introduced into the
cells using transfection reagent Lipofectamine 2000

(Invitrogen; Thermo Fisher Scientific, Inc.).
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Reverse-Transcription Quantitative
Polymerase Chain Reaction (RT-qPCR)

The TRIzol Reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) was used to extract total RNA from the tissue samples
or cells. To quantify miR-485 expression, reverse transcrip-
tion was conducted to synthesize cDNA by means of the
miScript Reverse Transcription Kit (Qiagen GmbH, Hilden,
Germany). Next, this cDNA was subjected to PCR amplifi-
cation using the miScript SYBR Green PCR Kit (Qiagen
GmbH). U6 small nuclear RNA served as an endogenous
control of miR-485 expression. To measure PAK4 mRNA
and SNHG?7 expression, total RNA was reverse-transcribed
into cDNA with the PrimeScript RT Reagent Kit (Takara
Biotechnology Co., Ltd., Dalian, China). After that, quanti-
tative PCR was carried out via the SYBR Premix Ex Taq™
Kit (Takara Biotechnology Co., Ltd.). All measurements of
PAK4 and SNHG7 mRNA levels were conducted using
GAPDH as the internal standard. The 2724 method’®
was utilized for calculating relative gene expression.

A Cell Counting Kit-8 (CCK-8) Assay

Changes in cell proliferation were determined in the CCK-
8 assay. In particular, transfected cells were collected after
24 h cultivation, reseeded in 96-well plates at an initial
density of 2 x 10° cells per well, and cultured for 0, 1, 2,
or 3 days. At the indicated time points, 10 pL of the CCK-
8 solution (Dojindo Laboratories, Kumamoto, Japan) was
added into each well, and the cells were incubated at 37°C
and 5% CO, for another 2 h. Finally, absorbance was
measured on a spectrophotometer (BioTek, Winooski,
VT, USA).

Flow-Cytometric Analysis for Evaluation
of Apoptosis

Transfected cells were harvested at 48 h post-transfection
through digestion with EDTA-free 0.25% trypsin (Gibco;
Thermo Fisher Scientific, Inc.), washed with ice-cold phos-
phate-buffered saline (Gibco; Thermo Fisher Scientific, Inc.),
and subjected to the measurement of apoptosis with the
Annexin V-Fluorescein Isothiocyanate (FITC) Apoptosis
Detection Kit (Biolegend, San Diego, CA, USA). After
they were resuspended in 100 pL of binding buffer, cells
were double-stained with 5 uLL of Annexin V-FITC and 5 uL
of a propidium iodide solution, followed by 15 min incuba-
tion at room temperature in darkness. The proportion of
apoptotic cells was analyzed by means of a FACScan flow
cytometer (BD Biosciences, San Jose, CA, USA).

Cell Migration and Invasion Assays
Matrigel (BD Biosciences) diluted in FBS-free DMEM
(for coating of the substrate) was incubated with
Transwell inserts (Costar, Cambridge, MA, USA), and
the resultant inserts were used for a cell invasion assay.
Transwell inserts that were not precoated with Matrigel
served for the assessment of the cellular migratory ability.
For both assays, 5 x 10* transfected cells were resus-
pended in FBS-free DMEM and then placed in the upper
compartments, while DMEM containing 20% of FBS was
employed to fill the lower compartments. After 24
h cultivation at 37°C and 5% CO,, the cells remaining
on the surface of the upper compartments were wiped off.
Prior to staining with 0.1% crystal violet, the inserts were
immersed in 4% paraformaldehyde at room temperature
for 30 min fixation. Counting of the migratory and inva-
sive cells was carried out under an inverted microscope
(IX83; Olympus, Tokyo, Japan). Five visual fields were
randomly chosen in every insert, with the average number
of migratory and invasive cells calculated accordingly.

Tumor Xenograft Experiments

Female BALB/c nude mice at the age of 4-5 weeks were
acquired from the Shanghai SLAC Laboratory Animal
Co., Ltd. (Shanghai, China). Cells transfected with either
si-SNHG7 or si-NC were injected into flank of nude mice
via subcutaneous injection. All the mice were maintained
under specific pathogen-free conditions and were
allowed ad libitum access to water and feed. The dimen-
sions of tumor xenografts were recorded using calipers
with an interval of 3 days, after which their volumes
were calculated via the standard formula: volume = 0.5 x
length x width?. All the mice were euthanized at 4 weeks
post-injection, and then, the tumor xenografts were

resected for weighing.

Bioinformatic Analysis
Prediction of the interaction between SNHG7 and miRNAs
was performed in StarBase 3.0 (http:/starbase.sysu.edu.cn/).

Three bioinformatic databases, StarBase 3.0, miRanda
(http://www.microrna.org) and TargetScan (http://www.tar
getscan.org), were employed to search for the potential tar-
gets of miR-485.

A Luciferase Reporter Assay
Wwild-type (wt) SNHG7 fragments containing the pre-
dicted miR-485-binding site and mutant (mut) SNHG7

OncoTargets and Therapy 2020:13

submit your manuscript

687

Dove


http://starbase.sysu.edu.cn/
http://www.microrna.org
http://www.targetscan.org
http://www.targetscan.org
http://www.dovepress.com
http://www.dovepress.com

Wu et al

Dove

fragments (ie, with the mutated miR-485-binding site)
were designed and synthesized by GenePharma Co., Ltd.
The fragments were inserted into the pMIR-REPORT
plasmid (Promega, Madison, WI, USA); the resulting luci-
ferase reporter plasmids were named as wt-SNHG7 and
mut-SNHG7, respectively. Similar procedures were per-
formed to construct reporter plasmids wt-PAK4 and mut-
PAK4. For the reporter assay, either a wt or mut reporter
plasmid and either agomir-485 or agomir-NC were
cotransfected into cells using transfection reagent
Lipofectamine 2000. After 48 h incubation, the transfected
cells were assayed using the Dual Luciferase Reporter
Assay Kit (Promega) for the evaluation of luciferase activ-
ity. The activity of firefly luciferase was normalized to that
of Renilla luciferase.

RNA Immunoprecipitation (RIP) Assay
This assay was carried out using the Magna RNA-binding
Protein Immunoprecipitation Kit (Millipore, Billerica,
MA, USA) to evaluate SNHG7-miR-485 interaction in
cervical cancer cells. A whole-cell lysate was obtained
after lysing the cells with RIP buffer; then, the lysate
was incubated with magnetic beads conjugated with
a human anti-Argonaute 2 (AGO2) or anti-IgG antibody
(Millipore). The coprecipitated RNA was isolated and
analyzed by RT-qPCR.

Subcellular Fractionation

Separation of the cytoplasmic and nuclear fractions of
cervical cancer cells was conducted with the PARIS Kit
(Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA
was extracted from the cytoplasmic and nuclear fractions
and was used for determining the SNHG?7 distribution.

Western Blot Analysis

Total protein was extracted with the RIPA Protein Extraction
Reagent (Beyotime Biotechnology; Shanghai, China), and the
protein concentration was quantified by the Bicinchoninic
Acid Assay (BCA; Beyotime Biotechnology). Equivalent
amounts of protein were separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis in a 10% gel and were
transferred to a membrane. The latter was blocked at room
temperature for 2 h with 5% nonfat dried milk diluted in Tris-
buffered saline containing 0.1% of Tween 20 (TBST) and next
incubated overnight at 4°C with primary antibodies
against PAK4 (sc-390507; 1:1000 dilution; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) or GAPDH (sc-
47724; 1:1000 dilution; Santa Cruz Biotechnology, Inc.).

GAPDH served as the loading control. After extensive wash-
ing with TBST, the membranes were probed with a goat
anti-mouse IgG antibody conjugated with horseradish
peroxidase antibody (sc-516102; 1:5000 dilution; Santa Cruz
Biotechnology, Inc.) (secondary antibody) at room tempera-
ture for 1 h. The protein bands were visualized by means of the
WesternBright  Sirius  Chemiluminescent Detection Kt
(Advansta, California, USA).

Statistical Analysis

All data were presented as means =+ standard deviation.
The statistical significance of a difference between two
groups was examined by Student’s ¢ test. One-way analy-
sis of variance followed by Tukey’s test was carried out
for assessing the differences among multiple groups. The
correlation between SNHG?7 expression and clinical para-
meters among patients with cervical cancer was assessed
via the y* test. Kaplan—Meier analysis was conducted to
plot survival curves, and the logrank test was performed to
evaluate differences between the survival curves. Pairwise
expression correlations (SNHG7 vs miR-485 and miR-485
vs PAK4) among cervical cancer tissue samples were
determined by Spearman correlation analysis. Data with
P < 0.05 were considered statistically significant.

Results
SNHG7 Is Overexpressed in Cervical
Cancer and Associated with Poor Clinical

Outcomes of Patients with Cervical Cancer
To better understand the functions of SNHG?7 in cervical can-
cer, RT-qPCR was carried out to measure SNHG7 expression
in cervical cancer tissue samples and in the corresponding
adjacent-normal-tissue samples collected from 51 patients.
The results indicated that the expression of SNHG7 was appar-
ently higher in cervical cancer tissue samples than that in the
corresponding adjacent normal tissues (Figure 1A, P < 0.05).
We then analyzed the clinical value of SNHG?7 in patients with
cervical cancer. All the 51 patients with cervical cancer were
classified into either the high-SNHG?7 (n = 26) or low-SNHG7
expression group (n = 25) based on the median value of the
SNHG?7 levels in the 51 cervical cancer tissue samples. Higher
expression of SNHG7 was found to be associated with FIGO
stage (P = 0.012), lymph node metastasis (P = 0.001), and the
depth of cervical invasion (P = 0.045) in the patients with
cervical cancer (Table 1). Survival analysis revealed that the
patients with cervical cancer in the high-SNHG7 expression
group showed shorter overall survival than did the patients in
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Figure | Higher expression of SNHG7 correlates with poor clinical outcomes among patients with cervical cancer. (A) The expression of SNHG7 was measured by RT-qPCR
in 51 pairs of cervical cancer tissue samples and the corresponding adjacent normal tissues. *P < 0.05 vs adjacent normal tissues. (B) Kaplan—Meier analysis illustrates the
5-year survival rates of patients with cervical cancer in the high-SNHG7 expression group (n = 26) and low-SNHG7 expression group (n = 25). P = 0.024. (C) The expression
of SNHG?7 in four cervical cancer cell lines (Hela, SiHa, C-33A, and CaSki) and in normal human cervix epithelial cell line Ect|/E6E7 was analyzed via RT-qPCR. *P < 0.05 vs

the Ectl/E6E7 group.

Table | Clinicopathological Parameters Associated with Long
Noncoding RNA SNHG7 Expression Among Cervical Cancer

Patients
Clinicopathological Parameters | SNHG7 Expression | P value
High Low
(n=26) | (n=25)

Age 0.404
< 60 years 14 10
2 60 years 12 15

Tumor size 0.776
<4cm 17 15
24cm 9 10

Differentiation grade 0.781
WVell I 12
Moderately and Poorly 15 13

FIGO stage 0.012
=l 9 18
n-1v 17 7

Lymph node metastasis 0.001
No I 22
Yes 15 3

Depth of cervical invasion 0.045
<2/3 I 18
22/3 15 7

the low-SNHG?7 expression group (Figure 1B, P = 0.024).
Furthermore, SNHG7 was overexpressed in all four tested
cervical cancer cell lines (HeLa, SiHa, C-33A, and CaSki)

relative to that in the normal human cervix epithelial cell line,
Ectl/E6E7 (Figure 1C, P < 0.05). HeLa and C-33A cell lines
manifested the highest SNHG7 expression among the four
tested cervical cancer cell lines; accordingly, these two cell
lines were chosen for subsequent experiments. These results
meant that SNHG7 was upregulated in cervical cancer tissues
and cell lines, implying its high oncogenicity in cervical

cancer.

The SNHG7 Knockdown Inhibits the
Malignant Characteristics of Cervical

Cancer Cells in vitro

To examine the functions of SNHG?7 in the malignancy of
cervical cancer, the expression of SNHG7 was silenced in
HeLa and C-33A cells through si-SNHG7 transfection
(Figure 2A, P < 0.05), and si-NC—transfected cells served
as the control. The impact of the SNHG?7 knockdown on the
proliferation of cervical cancer cells was investigated in the
CCK-8 assay. The results showed that the knockdown of
SNHG?7 reduced the capacity for proliferation in HeLa and
C-33A cells (Figure 2B, P < 0.05). Flow-cytometric analysis
was then conducted to determine the apoptosis status of
HeLa and C-33A cells after either si-SNHG7 or si-NC
transfection. The proportion of apoptotic HeLa and C-33A
cells substantially increased after the SNHG7 knockdown
(Figure 2C, P < 0.05). Cell migration and invasion assays
were then conducted to evaluate the effects of the SNHG7
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knockdown on the migration and invasiveness of cervical by acting as a ceRNA for miRNAs.>**' To illustrate the
cancer cells. The results showed that the reduction in SNHG7  oncogenic mechanisms of SNHG?7 action on cervical cancer
expression noticeably inhibited the migratory (Figure 2D,  cells, we first determined the distribution of SNHG7 within
P < 0.05) and invasive (Figure 2E, P < 0.05) abilities of =~ HeLaand C-33A cells. The results suggested that SNHG7 was
HeLa and C-33A cells. Consequently, SNHG7 may play an ~ mainly located in the cytoplasm of HeLa and C-33A cells

oncogenic part in the progression of cervical cancer in vitro. ~ (Figure 3A), implying that this IncRNA may serve as
a ceRNA in cervical cancer cells. Bioinformatic analysis was

. carried out to search for miRNAs that have complementary
SNHG7 Functions as a ceRNA for sequences for binding to SNHG?7. This analysis indicated that

miR-485 in Cervical Cancer Cells miR-485 contains a putative binding site for SNHG7
An increasing number of studies indicate that IncRNAs  (Figure 3B). MiR-485 is reported to be downregulated, and
located in the cytoplasm exert their effects on human cancers  to exert tumor-suppressive effects in multiple human cancer
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Figure 2 The knockdown of SNHG7 decreases the proliferation, migration, and invasiveness as well as increases the apoptosis of HeLa and C-33A cells. (A) The expression
of SNHG7 was determined in Hela and C-33A cells after the transfection of either si-SNHG7 or si-NC. *P < 0.05 vs group “si-NC.” (B) The CCK-8 assay was carried out to
evaluate the proliferative capacity of the above-mentioned transfected cells. *P < 0.05 vs the si-NC group. (C) Apoptosis was measured by flow-cytometric analysis of HeLa
and C-33A cells after either si-SNHG7 or si-NC transfection. *P < 0.05 vs group si-NC. (D, E) Cell migration and invasion assays of SNHG7-depleted Hela and C-33A cells
were conducted to assess cell migratory and invasive abilities. *P < 0.05 vs the si-NC group.
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types;

quent experiments. To test whether miR-485 can directly

consequently, this miRNA was chosen for subse-

interact with the binding site in SNHG7, we generated the
luciferase reporter plasmids harboring either the wild-type or
mutant miR-485-binding site. Each of these plasmids was
cotransfected with either agomir-485 or agomir-NC into
HeLa and C-33A cells. The luciferase reporter assay revealed
that the transfection with agomir-485 markedly increased
miR-485 expression in HeLa and C-33A cells (Figure 3C,
P < 0.05), and that this miRNA significantly decreased the
luciferase activity of the wt-SNHG7 plasmid (Figure 3D,
P < 0.05). By contrast, the luciferase activity of the mut-
SNHG7 plasmid was unaltered in HeLa and C-33A cells
after the miR-485 upregulation. Furthermore, the RIP assay
was conducted to demonstrate the direct interaction between
SNHG?7 and miR-485 in cervical cancer cells. MiR-485 and

SNHG7 were found to be specifically enriched in an
AGO2 immunoprecipitate from the lysates of both HeLa and
C-33A cells, as compared with the IgG control group (Figure
3E, P <0.05). After that, by RT-gPCR, we measured miR-485
expression in the 51 pairs of cervical cancer tissue
samples and adjacent-normal-tissue samples. MiR-485 turned
out to be downregulated in the cervical cancer tissue
samples (Figure 3F, P < 0.05), manifesting an inverse expres-
sion correlation with SNHG7 (Figure 3G; r = —0.5579,
P < 0.0001). RT-qPCR was finally carried out to quantify
miR-485 expression in HeLa and C-33A cells that were trans-
fected with either si-SNHG?7 or si-NC. The expression of miR-
485 was dramatically higher when SNHG7 was knocked
down in HeLa and C-33A cells (Figure 3H, P < 0.05). Thus,
SNHG?7 may act as a ceRNA for miR-485 in cervical cancer
cells.
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Figure 3 SNHG7 acts as a ceRNA on miR-485 in cervical cancer cells. (A) The percentages of SNHG7, GAPDH, and U6 in the cytoplasmic and nuclear fractions
of Hela and C-33A cells were analyzed by subcellular fractionation along with RT-qPCR. (B) The wild-type and mutant binding sites in SNHG7 for miR-485. (C)
Hela and C-33A cells were transfected with either agomir-485 or agomir-NC, and the transfected cells were subjected to RT-qPCR analysis to assess the
transfection efficiency. *P < 0.05 vs group agomir-NC. (D) Luciferase activity of HelLa and C-33A cells after cotransfection with either agomir-485 or agomir-NC
and either the wild-type or mutant luciferase reporter plasmid was quantified by means of the Dual Luciferase Reporter Assay Kit. *P < 0.05 vs the agomir-NC
group. (E) The interaction between miR-485 and SNHG7 in Hela and C-33A cells was evaluated by the RIP assay. *P < 0.05 vs group IgG. (F) MiR-485
expression in the 51 pairs of cervical cancer tissue samples and in the corresponding adjacent normal tissues was quantified by RT-qPCR. *P < 0.05 vs adjacent
normal tissues. (G) The association between miR-485 and SNHG7 expression levels in the 51 cervical cancer tissues was assessed through Spearman correlation
analysis; r = —0.5579, P < 0.0001. (H) MiR-485 expression in SNHG7-depleted Hela and C-33A cells was evaluated by RT-qPCR. *P < 0.05 vs group si-NC.

submit your manuscript

OncoTargets and Therapy 2020:13 691

Dove


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

Wu et al

Dove

MiR-485 Directly Targets PAK4 mRNA to
Suppress the Aggressive Phenotype of

Cervical Cancer Cells

We next investigated the detailed involvement of miR-485 in
cervical cancer and elucidated its mechanisms of action.
A series of functional experiments was conducted in ago-
mir-485—transfected or agomir-NC—transfected HeLa and
C-33A cells and suggested that the ectopic miR-485 expres-
sion caused an obvious decrease in cell proliferation
(Figure 4A, P < 0.05), an increase in apoptosis (Figure 4B,
P <0.05), and diminution of migration (Figure 4C, P < 0.05)
and invasion (Figure 4D, P < 0.05).

Bioinformatics analysis was performed to predict the
potential target of miR-485. P4K4 was predicted as
a potential target gene of miR-485 (Figure 4E) and was
selected for further experiments because PAK4 is closely
associated with the malignancy of cervical cancer.’® The
luciferase reporter assay next showed that miR-485 over-
expression significantly reduced the luciferase activity
generated by the wt-PAK4 plasmid (Figure 4F, P < 0.05)
but had no influence on the luciferase activity generated by
mut-PAK4. In addition, the miR-485 upregulation signifi-
cantly decreased the expression of PAK4 in HelLa and
C-33A cells at both mRNA (Figure 4G, P < 0.05) and
protein levels (Figure 4H, P < 0.05). The association
between miR-485 and PAK4 was then investigated in the
cervical cancer tissue samples. PAK4 mRNA expression
was higher in the cervical cancer tissue samples than in the
adjacent normal tissues (Figure 41, P < 0.05). Furthermore,
the expression levels of miR-485 and P4K4 mRNA
showed a significant negative correlation among the 51
cervical cancer tissue samples, as confirmed by Spearman
correlation analysis (Figure 4J; r = —0.6099, P < 0.0001).
Collectively, these data proved that miR-485 plays tumor-
suppressive roles in cervical cancer cells and that PAK4 is
a direct target gene of miR-485 in cervical cancer cells.

Restoration of PAK4 Expression Reverses
the Tumor-Suppressive Effects of miR-485

on Cervical Cancer Cells

Rescue experiments were carried out to test whether the
decrease in PAK4 expression is essential for the suppressive
effects of miR-485 upregulation on the malignant charac-
teristics of cervical cancer cells in vitro. To this end, HeLa
and C-33A cells were cotransfected with agomir-485 and
either pc-PAK4 or the empty pcDNA3.1 vector. The miR-

485 overexpression—mediated decrease in PAK4 mRNA
and protein levels was reversed in HeLa and C-33A cells
after pc-PAK4 cotransfection (Figure 5A, P < 0.05).
Meanwhile, restoration of PAK4 abrogated the tumor-
suppressive effects of miR-485 overexpression, such as
those involving proliferation (Figure 5B, P < 0.05), apop-
tosis (Figure 5C, P <0.05), migration (Figure 5D, P <0.05),
and invasiveness (Figure SE, P < 0.05) of HeLa and C-33A
cells. Collectively, these observations suggested that miR-
485 inhibited the malignancy of cervical cancer cells by
decreasing PAK4 expression.

SNHG7 Performs Its Oncogenic
Functions in Cervical Cancer Cells by
Upregulating the Output of the miR-485-

PAK4 Axis

The above results revealed that SNHG?7 acts as a ceRNA for
miR-485, and that PAK4 is a direct target of miR-485 in
cervical cancer cells; accordingly, we next determined whether
PAK4 levels can be modulated by SNHG? in cervical cancer
cells through the sponging of miR-485. For this purpose, RT-
gPCR and Western blotting were conducted to measure PAK4
mRNA and protein levels in SNHG7-depleted HeLa and
C-33A cells, respectively. Knockdown of SNHG?7 suppressed
the expression of PAK4 mRNA (Figure 6A, P < 0.05) and
protein (Figure 6B, P < 0.05) levels in both HeLa and C-33A
cells. Next, si-SNHG7 and either antagomir-485 or antagomir-
NC were cotransfected into HeLa and C-33A cells, and
expression levels of miR-485 and PAK4 protein were deter-
mined in cotransfected cells. First, the efficiency of antagomir-
485 transfection was evaluated by RT-qPCR (Figure 6C,
P < 0.05). The upregulation of miR-485 in HeLa and C-33A
cells by the SNHG7 knockdown was attenuated by antagomir-
485 cotransfection (Figure 6D, P < 0.05). Similarly, inhibition
of miR-485 abrogated the influence of the SNHG7 knockdown
on PAK4 mRNA (Figure 6E, P <0.05) and protein (Figure 6F,
P <0.05) levels in HeLa and C-33A cells. After that, the CCK-
8 assay, flow-cytometric analysis, and cell migration and
invasion assays were performed, and the results indicated
that the SNHG7 knockdown attenuated the proliferation of
HeLa and C-33A cells (Figure 6G, P < 0.05), facilitated their
apoptosis (Figure 6H, P < 0.05), and restricted their migration
(Figure 6I, P < 0.05) and invasion (Figure 6J, P < 0.05),
whereas these phenomena were neutralized upon antagomir-
485 cotransfection. Altogether, these results suggest that the
miR-485-PAK4 axis is necessary for the oncogenic activities
of SNHG7 in cervical cancer cells.
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Figure 4 PAK4 is a direct target gene of miR-485 in cervical cancer cells. (A, B) The proliferation and apoptosis of miR-485—overexpressing HelLa and C-33A cells
were evaluated by the CCK-8 assay and flow cytometry. *P < 0.05 vs the agomir-NC group. (C, D) The migratory and invasive abilities of Hela and C-33A cells
after either agomir-485 or agomir-NC transfection were examined in cell migration and invasion assays. *P < 0.05 vs group agomir-NC. (E) A schematic of wild-
type and mutant binding sites for miR-485 in the 3’-UTR of PAK4 mRNA. (F) Luciferase activity was quantitated in HeLa and C-33A cells after cotransfection with
either wt-PAK4 or mut-PAK4 and either agomir-485 or agomir-NC. *P < 0.05 vs agomir-NC. (G, H) Hela and C-33A cells were transfected with either agomir-
485 or agomir-NC. Total RNA and protein were isolated from the transfected cells and then used for the quantitation of PAK4 mRNA and protein. *P < 0.05 vs
the agomir-NC group. (I) PAK4 mRNA expression was analyzed by RT-qPCR in the 51 pairs of cervical cancer tissue samples and adjacent normal tissues. *P < 0.05
vs adjacent normal tissues. (J) Spearman correlation analysis was carried out to assess the relation between PAK4 mRNA and miR-485 expression levels among the
51 cervical cancer tissue samples. r = -0.6099, P < 0.0001.
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Figure 5 PAK4 reintroduction abrogates the tumor-suppressive actions of miR-485 overexpression in cervical cancer cells. Agomir-485 and either pc-PAK4 or the empty
pcDNA3.2 vector were cotransfected into Hela and C-33A cells. (A) PAK4 protein expression was determined by Western blotting. *P < 0.05 vs group agomir-NC. *P <
0.05 vs the agomir-485+pcDNA3.| group. (B, C) The CCK-8 assay and flow-cytometric analysis were conducted to respectively assess the proliferation and apoptosis of the
above cells. *P < 0.05 vs group agomir-NC. **P < 0.05 vs group agomir-485+pcDNA3.1. (D, E) The migratory and invasive abilities of the aforementioned cells were
determined by cell migration and invasion assays. *P < 0.05 vs group agomir-NC. **P < 0.05 vs the agomir-485+pcDNA3.| group.

The Knockdown of SNHG7 Inhibits

Cervical Cancer Growth in vivo

Tumor xenograft experiments were conducted to assess the
participation of SNHG?7 in cervical cancer growth in vivo.
HeLa cells were transfected with either si-SNHG7 or si-NC
and were subcutaneously inoculated into nude mice.
Figure 7A indicates that the volume of tumor xenografts in
the si-SNHG7 group began to significantly lag behind
(as compared with the si-NC group) starting from the
16th day after the inoculation (P < 0.05). Four weeks after
the cell injection, all the mice were euthanized, and the tumor
xenografts were resected and photographed. Representative
images of the tumor xenografts from groups si-SNHG7 and
si-NC are presented in Figure 7B. The tumor weight was
obviously lower in the si-SNHG7 group than in the si-NC
group (Figure 7C, P <0.05). Furthermore, RT-qPCR analysis
of these subcutaneous tumor xenografts revealed that

SNHG7 expression was lower (Figure 7D, P < 0.05) while
miR-485 expression was higher (Figure 7E, P < 0.05) in the
tumor xenografts derived from si-SNHG7—transfected HeLa
cells. In addition, we determined the amount of the PAK4
protein in the subcutaneous tumor xenografts from both
groups. The results suggested that PAK4 protein expression
was notably lower in the si-SNHG7 group than in the si-NC
group (Figure 7F, P < 0.05). Collectively, these findings
meant that the knockdown of SNHG?7 slowed the tumor
growth of cervical cancer cells in vivo, and this influence
was mediated by downregulation of the miR-485-PAK4 axis
output.

Discussion

Nowadays, a variety of IncRNAs are known to be dysregu-
lated in cervical cancer.>*>® Accumulating evidence has con-
firmed the contribution of IncRNA dysregulation to the
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Figure 6 The SNHG7 knockdown restrains cervical cancer progression by means of the miR-485-PAK4 axis. (A, B) The PAK4 mRNA and protein expression was
measured by RT-qPCR and Western blotting, respectively, when SNHG7 was knocked down in Hela and C-33A cells. *P < 0.05 vs group si-NC. (C) The efficiency of
antagomir-485 transfection was evaluated by RT-qPCR. Antagomir-NC served as the control. *P < 0.05 vs group antagomir-NC. (D-F) Hela and C-33A cells were
cotransfected with si-SNHG7 and either antagomir-485 or antagomir-NC. Then, miR-485 and PAK4 mRNA and protein levels were respectively determined by RT-qPCR and
Western blotting. *P < 0.05 vs the si-NC group. **P < 0.05 vs group si-SNHG7+antagomir-NC. (G=J) A series of functional experiments, including the CCK-8 assay, flow-
cytometric analysis, and cell migration and invasion assays, was performed to respectively determine the proliferation, apoptosis, migration, and invasiveness of Hela and
C-33A cells treated as described above. *P < 0.05 vs group si-NC. **P < 0.05 vs the si-SNHG7+antagomir-NC group.

aggressiveness of cervical cancer, although only a few
IncRNAs have been validated as being involved in cervical
cancer.”’ > Therefore, identifying the IncRNAs associated
with cervical cancer will improve our knowledge of the role
of IncRNAs in the malignancy of cervical cancer, thus high-
lighting their usefulness as therapeutic and/or prognostic tar-
gets in cervical cancer. In this study, we aimed to characterize
the expression status, functions, and the mechanisms of action
of SNHG?7 in cervical cancer. Our study may help identifyan
effective, novel, IncRNA-based strategy against cervical
cancer.

SNHG?7 has been well studied in multiple human cancer
types. It is upregulated in breast cancer and positively corre-
lates with tumor stage, lymph node metastasis, and distant

metastasis.>* Patients with breast cancer overexpressing

SNHG?7 show shorter overall survival than do the patients
with low SNHG?7 expression.”* SNHG?7 is overexpressed in
prostate cancer tissues and cell lines.>?® High SNHG7
expression is significantly associated with the Gleason
score and tumor stage.”> The expression of SNHG?7 is exces-
sive in bladder cancer.”” > Overexpression of SNHG7 is
obviously related to tumor grade, lymph node metastasis,

and pathological stage in bladder cancer.”’
30,31

Furthermore,

lung cancer, gastric cancer,’” colorectal
cancer,***

glioblastoma, >
and osteosarcoma®’ all
overexpress SNHG7. Nevertheless,

esophageal cancer,’®
the expression of
SNHG7 in cervical cancer has not been investigated until
this study. Here, our major finding is that SNHG?7 is upregu-
lated in cervical cancer, and its upregulation notably corre-
lates with FIGO stage, lymph node metastasis, and the depth
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Figure 7 The knockdown of SNHG7 inhibits the tumor growth of cervical cancer cells in vivo. (A) Mice were injected with Hela cells transfected with either si-SNHG7 or
si-NC. The growth curves of tumor xenografts in the si-SNHG7 group and si-NC group. *P < 0.05 vs group si-NC. (B) Representative images of tumor xenografts from both
groups. (C) Subcutaneous tumor xenografts were weighed at 4 weeks after the inoculation. *P < 0.05 vs the si-NC group. (D, E) The levels of SNHG7 and miR-485 in the
subcutaneous tumor xenografts were determined via RT-qPCR. *P < 0.05 vs the si-NC group. (F) Western blotting analysis of the PAK4 protein expression in the
subcutaneous tumor xenografts derived from either si-SNHG7—transfected or si-NC—transfected Hela cells. *P < 0.05 vs the si-NC group.

of cervical invasion. Additionally, patients with cervical can-
cer in the high-SNHG?7 expression group showed shorter
overall survival relative to the patients in the low-SNHG7
expression group.

SNHG?7 has been confirmed to serve as an oncogenic
IncRNA in human cancers. For instance, a knockdown of
SNHG?7 suppresses the proliferation, migration, and inva-
siveness of breast cancer cells in vitro and their tumor
growth in vivo.***%!" An SNHG7 knockdown inhibits
prostate cancer cell proliferation, migration, invasion, and
epithelial-mesenchymal transition and induces cell cycle
arrest at the GO—G1 transition in vitro as well as decreases
tumor growth in vivo.?>2® A reduction in SNHG7 expres-
sion attenuates bladder cancer cell viability, proliferation,
motility, invasion, and epithelial-mesenchymal transition
and promotes apoptosis and G0-G1 cell cycle arrest.>” %’
Nonetheless, to the best of our knowledge, the function-
ality of SNHG?7 in cervical cancer has not been reported to
date. Accordingly, a series of function experiments was
conducted here to examine the involvement of SNHG7 in
the malignancy of cervical cancer. The results indicated
that the knockdown of SNHG?7 restricts the proliferation,
migration, and invasiveness and promotes the apoptosis of
cervical cancer cells. Further investigation revealed that
the SNHG7 knockdown retarded tumor cell growth in
cervical cancer in vivo.

Recently, IncRNAs have been widely demonstrated to
function as ceRNAs, and to directly interact with the
mRNA-binding site in miRNAs to attenuate either the
translational suppression or degradation of target mRNA:s,
thereby increasing the mRNA and protein levels of target
genes.* "> To investigate whether SNHG7 acts as an
miRNA sponge, bioinformatic prediction was performed,
and the findings indicated that an miR-485-binding site is
present in SNHG7. The luciferase reporter and RIP assays
confirmed the direct interaction between SNHG7 and miR-
485 in cervical cancer cells. Subsequent experiments
revealed that miR-485 is downregulated in cervical cancer
tissue samples, and that its expression shows an inverse
correlation with that of SNHG?7. Furthermore, SNHG7
repressed miR-485 expression, while PAK4 was upregu-
lated by SNHG?7 in cervical cancer cells through the spong-
ing of miR-485. Inhibition of miR-485 was found to reverse
the inhibitory effect of SNHG7 knockdown with respect to
the malignant phenotype of cervical cancer cells.
Collectively, these results provide adequate evidence that
SNHG?7 functions as a ceRNA that sponges miR-485,
thereby upregulating PAK4 in cervical cancer.

MiR-485 is underexpressed in a variety of human can-
cers and exerts tumor-suppressive effects during cancer
progression.**>? Herein, our results confirm that miR-485
is downregulated in both cervical cancer tissues and cell
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lines. Functionally, miR-485 was found to perform tumor-
suppressive activities and was implicated in the control of
malignant behavior of cervical cancer cells. After that, we
also elucidated the mechanisms underlying the actions of
miR-485 in cervical cancer. Our data show that miR-485
directly targets PAK4 mRNA and decreases PAK4 expres-
sion in cervical cancer, thereby inhibiting the malignant
characteristics. Accordingly, we demonstrated a cervical
cancer pathogenesis—related regulatory network, which is
composed of SNHG7, miR-485, and PAK4. This informa-
tion about the SNHG7-miR-485-PAK4 pathway may help
to devise promising diagnostic and therapeutic strategies
against cervical cancer.

Conclusion

Thus, we identified an oncogenic IncRNA, SNHG7, that
plays a role in cervical cancer. SNHG7 increases PAK4
expression in cervical cancer cells by acting as a ceRNA
for miR-485, and thus enhances the malignant properties
of cervical cancer, thereby hinting at possible SNHG?7-
based diagnostics and therapeutics.
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