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Introduction

Cervical cancer is still the third most common form of cancers in developing
countries' with a five-year survival rate of 17%,” albeit with extensive screening
schemes. Cervical cancer may occur if an individual persistently infects with
a high-risk strain of HPV, mainly including HPV 16 and HPV 18.° It recurs in one-
third of female patients treated, almost ineluctably resulting in fatal outcome.” Long
non-coding RNAs (IncRNAs) were reported to be related to the progression of
cervical cancer. For instance, the study of Yan et al found that the proliferative and

University, N3
Republic of Chin¥

ang, JlangX| Peoples

*These authors contributed equally to
this work
invasive potentials of cervical cancer cells were restrained by IncRNA UCA1

downregulation via miR-206 expression.” In addition, Wen et al suggested that
long noncoding RNA GASS regulated the expression of cisplatin resistance in
cervical cancer as a tumor suppressor via microRNA 21.° This study was designed
to elaborate the epigenetic mechanism of the occurrence, progression, metastasis

and invasion of cervical cancer. Our results are valuable for the improvement of the
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Email tanbuzhennc@sina.com diagnosis and treatment of cervical cancer.
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Long non-coding RNAs (IncRNAs) are non-coding
RNAs that contain >200 nucleotides and may regulate the
gene expression.”® As a result of complex biological effects,
IncRNAs have gained much attention over the years. Certain
IncRNAs have been reported crucial in the proliferation,
apoptosis, infiltration and invasion of many tumor
cells.®*'® LncRNA LINC01783 (Gene ID: 100132147)
locates in the 1p36.13 region of human genome. The role
of LINCO01783 has not been reported so far.

In this study, the TCGA data were screened to identify
differentially expressed IncRNAs in cervical cancer tissues
and normal tissues, and cervical cancer cell lines were
collected for quantitative real-time PCR (qRT-PCR).
LINCO01783 was selected as the object of research. Our
results confirmed highly expressed LINC01783 in cervical
cancer cell lines. LINC01783 overexpression accelerated
the proliferation, migration, invasion and cycle of HelLa
and C-33A cells and suppressed the apoptosis of HeLa and
C-33A cells. In summary, it is proven that LINCO01783 is
involved in the cervical cancer progression through com-
petitively binding to miR-199b-5p to mediate GBP1 (gua-
nylate binding protein 1) expression.

Materials and Methods
Cell Culture and Transfection

10% FBS (Beyotime, Nantong,
mycin and 100 IU/mL penicild

Reverse Transcriptio
lized for reversely transcribing RNAs into cDNAs while
2724 method was used for RNA quantification via normal-
izing to GAPDH. GBP1 primer sequences were shown
below: F: 5'- AGGAGTTCCTTCAAAGATGTGGA-3', R:
5'-GCAACTGGACCCTGTCGTT-3". LINCO01783 primer
sequences were shown below: F: 5-CAAGGACAGCAGGT
GGAGTA-3', R: 5-CTTACAGTGGACTCGGGGTT-3'. All

these experiments were separately conducted for three times.

Cell Proliferation Assay
Cells were subject to culture in 96-well plates and 1 h of
incubation using CCK-8 reagent (Beyotime, Nantong,
China). Next, TECAN infinite M200 Multimode micro-
plate reader (Tecan, Mechelen, Belgium) was applied for
absorbance recording at 450nm.

In regard to EDU assay, EdU reagent was used for 2
h of cell culture. Before EdU staining as recommended by
the manufacturer, 15 min of cell fixation was conducted in
4% paraformaldehyde.

Wound Healing Assay

After seeding transfected

followed by
h and 24 h, are (Carl Zeiss Meditec,

microscope were used for the

was detected by Transwell insert chamber
NY, USA) with Matrigel coating (BD

er was seeded with transfected cells at 2.0x10* cells/well
serum-free medium, while the lower chamber included
DMEM medium with 10% FBS as chemoattractant. After
incubation for 48 h at 37°C, cotton swabs were used for
wiping off the non-invaded cells on the top of Transwell.
The invaded cells on the lower portion were subject to 20
min fixation in 4% paraformaldehyde and 15 min staining
using 1% crystal violet (Sigma). In addition, under a light
microscope (Olympus), the invaded cells in five random
fields per filter were imaged and counted.

Cell Apoptosis and Cell Cycle Assay
Propidium iodide (PI) and Annexin V-FITC were used for
cell dyeing, while flow cytometer (BD Biosciences,
Franklin Lakes, NJ, USA) was used for determining the
cell apoptosis.

PI and flow cytometry were used for cell staining and
determination, respectively, while flow cytometer
(FACScan; BD Biosciences, USA) installed with Cell
Quest software (BD Biosciences) was performed to ana-
lyze the cell cycle.
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Subcellular Distribution

PARIS Kit (Life Technologies, USA) was applied for
extracting RNAs in cytoplasm and nucleus, while qRT-
RCR was used for the quantification of total RNA in each
fraction. Nucleus and cytoplasm internal references were
U6 and GAPDH, respectively.

Dual-Luciferase Reporter Gene Assay

Mutant-type plasmids of LINC01783 MUT and GBP1 MUT
and wild-type plasmids of LINC01783 WT and GBP1 WT
were constructed. After seeding HeLa and C-33A cells into
24-well plates, Lipofectamine 2000 was used for co-
transfection with 50 nM miR-199b-5p mimics or negative
control and mutant- or wild-type plasmid. Every 80 ng of
plasmid was added with 5 ng of pRL-SV40. On a microplate
reader, luciferase intensity was detected with dual-luciferase

reporter assay kit (Promega, Madison, WI, USA).

RNA Immunoprecipitation (RIP) Assay

RIP assay was performed using Magna Nuclear RIP™
(Native) Nuclear RNA-Binding Protein Immunoprecipitation
Kit (Millipore, Bedford, MA, USA). Then, cell lysis was
conducted in complete RIPA buffer with RNase ik

IgG control or human anti-Ago2 anti@y illi
i . i - gl

-human IgG antibodies against
GBP1 and §
ondary antibod

PDH as primary antibodies and their sec-
. Chemiluminescence was used for the
development of band exposure.

Bioinformatics Analysis
For The cancer genome atlas (TCGA) data, the TCGA
(https://portal.gdc.cancer.gov/) was used for identifying

gene expression difference. P < 0.05 and the log2 fold
change (1og2FC) >1 or <—1 was considered statistically
significant.

Statistical Processing

All statistical analyses in the present study were performed
with GraphPad Prism 6.0 and SPSS 20.0 software.
Quantitative data were indicated as mean + SD. T-test
was made for analyzing measurement data, whereas non-
parametric test was used for data not in normal distribu-
tion. P<0.05 indicated statistically significant difference.

Results
LINCOI783 Expressmn in Cerwcal Cancer

expression based on TCGA
e overall survival rate of cervical cancer

r cell lines (SW756, C-33A, SiHa, CaSki and
[a) and normal human cervical epithelial cell (HcerEpic).

LINCO01783 Functions in Cervical Cancer
Cell Lines

Among the selected cervical cancer cell lines for subsequent
experiments, the greatest LINCO01783 expression was
observed in HelLa cells whereas the lowest expression
Furthermore, qRT-PCR
(Supplementary Figure 2A, B) was used for the verification
of transfection efficacy of LINC01783 siRNA and LINC01783

overexpression vector in cervical cancer cells. Meanwhile, the

was observed in C-33A cells.

proliferation abilities of cervical cancer cells were considerably
decreased by downregulated LINCO01783 as indicated by
CCK-8 assay while the proliferation rate of cervical cancer
cells was accelerated by overexpressed LINCO01783
(Figure 2A). EdU experiment yielded the same results as
CCK-8 assay (Figure 2B). Moreover, wound healing assay
showed that the migration abilities of cervical cancer cells
were reduced by downregulated LINC01783 and promoted
by overexpressed LINC01783 (Figure 2C). Meanwhile,
Transwell invasion assay showed that the invasion abilities of
cervical cancer cells were reduced by downregulated
LINCO01783 and promoted by overexpressed LINCO01783

(Figure 2D). LINCO01783 overexpression mainly promoted
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Figure | LINCOI1783 is increased in cervical cancer. (A) LINCO1783 expression in cervical cancer tissues and normal tissues on TC4
cervical cancer patients stratified by LINCO1783 expression based on TCGA dataset. (C) LINC01783 expression in cervical cancer
and CaSki) and normal human cervical epithelial cell line HcerEpic as determined by qRT-PCR. *P<0.05, **P<0.01, ***P<0.001.

>
w

HelLa cell line C-33A cell line
°

_5 207 - sh-NC .5 251 - vector 3 T
‘é'_ -« LINC01783 si Ezo - LINC01783 OE e g
0 1.5 o~ s °°
0 [7] » S
2o Q15 o
«© w © o 23

1.0 a s o.
£ € 1o w s
c S 29
3 os B os 01783 si ==,
< < § si-NC  LINC01783 si

" 00
o 1 2 3 4 5 6 7 1 2 3 4 5 6

D -
ays C-33A cell line
@
3 10
3=
o
k-] .
C g g 0.8
.(-B 8 0.6
g _g 0.4
: E % 0.2
oh g4 £
S . vector LINC01783 OE s vector LINC01783 OE
o

HelLa cell line

24h |

Invasion of cell number

si-NC  LINCO01783 si

C-33A cell line

Wound Healing (%)

Wound Healing

IS

0
si-NC LINC01783 si vector LINC01783 OE

©

(to vector)

vector LINC01783 OE

Invasion of cell number

vector  LINC01783 OE

Figure 2 Regulatory effect of LINC01783 on proliferation, migration and invasion of cervical cancer cells. (A, B) Proliferation of Hela post transfection with LINCO01783
siRNA and C-33A cells post transfection with LINCO1783 overexpression vector from CCK-8 assay and EdU assay. (C) Migration of Hela post transfection with
LINCO1783 siRNA and C-33A cells post transfection with LINCO1783 overexpression vector based on Wound healing assay. (D) Invasion of Hela post transfection with
LINCO01783 siRNA and C-33A cells post transfection with LINCO1783 overexpression vector as shown by Transwell assay. *¥P<0.01, ***P<0.001.
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S phase in C-33A cells. However, S phase was shortened in
HeLa cells with LINC01783 knockdown (Figure 3A). The
apoptosis rate of cervical cancer cells was increased by
LINCO01783 si, but inhibited by LINC01783 OE (Figure 3B).
In summary, these results revealed that LINC01783 might
exert regulatory effect on cell migration, proliferation, inva-
sion, apoptosis and cycle progression of cervical cancer cells.

Subcellular Distribution of LINCO1783
The biological functions of IncRNA depend on subcellular
distribution.""'* To verify the cellular location of LINC01783,
cervical cancer cells were isolated into nuclear and cytoplas-
mic fractions, with U6 and GAPDH as controls, respectively.
LINCO01783 distribution was observed in the cytoplasmic
fraction of C-33A and HeLa cells as shown by QRT-PCR
(Figure 4A). A conclusion might be drawn that LINC01783
involved in the progression of cervical cancer via posttran-
scriptional regulation.

miR-199b-5p Is the Target of LINCOI783

In view of the main distribution of LINC01783 in cytoplasmic
fraction, it was postulated that LINCO01783 might be
a competitive endogenous RNA (ceRNA) in the progugssi

QRT-PCR, LINCO01783 was enriched in
anti-Ago2 antibody relative to controls. miR-199b-5p obtained

containing

similar results (Figure 4G). It was suggested that miR-199b-5p
could bind to LINCO01783.

LINCOI1783 Regulates GBPI, a Target
Gene of miR-199b-5p

Target genes of miR-199b-5p by bioinformatics prediction
were screened out for the purpose of exploring the

possible roles of miR-199b-5p in the progression of cervi-
cal cancer. Finally, GBP1 was selected for subsequent
analyses. MiR-199b-5p mimics or miR-NCs were used
for the co-transfection of constructed luciferase plasmids
(pGL3-GBP1 WT and pGL3-GBP1 MUT) in HeLa and
C-33A cells, respectively (Figure 5A). Luciferase activity
of MUT reporter remained the same whereas WT reporter
group was suppressed (Figure 5B). Based on the above
results, GBP1 was a potential target of miR-199b-5p.
Next, qRT-PCR was utilized for determining the GBP1

expression in cervical cancer cg % The RNA levels

rgeting miR-199b-5p. In HeLa cells, upregu-
expression was observed following transfec-
iR-199b-5p inhibitor. However, co-transfection
v C01783 siRNA and miR-199b-5p inhibitor reversed
this effect (Figure 6A and B). Moreover, inhibition of GBP1
expression was found following transfection with miR-199b-
5p mimics in C-33A cells. However, co-transfection with
LINCO01783 overexpression plasmid and miR-199b-5p
mimics reversed this effect (Figure 6C and D). Next, before
determining GBP1 expression, LINC01783 WT overexpres-
sion plasmid and its mutant overexpression plasmid were used
for the transfection of C-33A cells. Western blot and gRT-PCR
revealed that GBP1 expression was upregulated in cervical
cancer cells by overexpressed wild-type LINCO01783, whereas
the base pairing between LINC01783 and miR-199b-5p was
not disrupted by mutant-type LINC01783 (Figure 6E and F).
In brief, it was confirmed that LINC01783 showed a positive
regulation of GBP1 expression through directly binding to
miR-199b-5p.

LINCO1783/miR-199b-5p Axis Regulates

Behaviors of Cervical Cancer Cells

Subsequently, this study investigated whether miR-199b-
S5p affected the proliferative and invasive abilities of HelLa
and C-33A cells. Firstly, qRT-PCR verified the transfection
of miR-199b-5p and mimics

efficiency inhibitor
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partially reverse this effect (Figure 7B, D, E). The prolif-
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these results, LINC01783/miR-199b-5p/GBP1 axis pre-
sented with significant impact on the behavior regulation
of cervical cancer cells.

Discussion

The cervical cancer rate is increasing worldwide. As
shown by World Cancer Report (Geneva), the total annual
rate of cervical cancer was 493,000 cases in 2002 and is
expected to increase by nearly 42% (702,500 cases) as of
2020."* It has been reported that LncRNA acts as
a regulator of many cellular processes. It has also been
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A number of studies demonstrate that miRNA may act
as a diagnostic biomarker and a tool to inhibit the protein
translation.>™'” And, IncRNAs may bind to miRNA and
control the function of miRNA for therapeutic purposes.'®”
20 A study suggests that MiR-199b-5 is a tumor-inhibiting
factor in renal cell carcinoma.?’ Another study indicates

that miR-199b-5p restrains proliferative and invasive

Relative miR-199b-5p expression

miRNA binding sites in GBP| sequences. (B) Direct target sites as verified by dual-luciferase reporter gene
-33A, SiHa, Hela and CaSki) and normal human cervical epithelial cell line HcerEpic based on qRT-PCR.
C-33A cell lines. (E) GBPI expression in cervical cancer tissues and normal tissues on TCGA dataset. (F)
on TCGA dataset. *P<0.05, **P<0.01, ***P<0.001.

potentials of head and neck cancer cells.”> Our study
found that miR-199b-5 bound to LINC01783 and showed
low expression in cervical cancer cell lines.

Through bioinformatics prediction and dual luciferase
reporter gene assay, we indicate that GBP1 is the potential
target gene of miR-199b-5p. Previous studies showed that
GBP1 promotes the progress of cancers. Ji X pointed out that
overexpression of GBP1 predicts poor prognosis and promotes
tumor growth in human glioblastoma multiforme.* Li L found
that GBP1 promotes lymph node metastasis in human esopha-
geal squamous cell carcinoma.”* Our results showed a higher
level of GBP1 in five cervical cancer cell lines compared with
HcerEpic cells. Nevertheless, to further explore the expression

submit your manuscript

370

Dove

Cancer Management and Research 2020:12


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

Dove

Chen et al

. B
A HelLa cell line HeLa cell line
E *x *x a kk i
g 25 pb—— % 25
5 g. 2.0- o g o0
g § 1.5 GBP1 | — — E’ 5
23 2215
<32 a
25" GAPDH WP W - G o
2 £ o5 2o
2 N o o o=
s &0¢ o0 W
© 0.0~ RN 00" . 2
© G o RS o™ A CASSUARAN 5
N PP T P 2
8 o o° X N
\“‘\\‘0 AQ? 9‘0% X\ o ‘\GQ
C
% 1.5
T}
"5 —_
T2 10
i
<z: £
Zgos
o
2
k) 0.0
[
e g «© s
« ‘({\?‘ Q‘({\‘(\ “\’\‘“\0
1\99‘0’ g‘h“'%?o?'
& e
« PN
N
W
E .
C-33A cell line -
E -
& 257 3 .
) g
‘S © 2.0 .
38 %
3815 2705 2
23 K
< 8 104 c
g ot 3 g 14 —
2 o5 g
::: 9:05 :Z: o
K] X N2
&) 420‘0 .‘0 .‘0?’
> W
Al >
RO
W W

overexpressi®
LINCOI783 M
Abbreviation: ns,

erexpression plasmid. **P<0.01, ***P<0.001.
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of GBP1 in cervical cancer, the GBP1 Immunohistochemistry
results of in situ expression of GBP1 protein in cervical cancer
tissues in further studies.
Subsequently, we analyzed the expression of GBP1 in cervical
cancer cells and the correlation between GBP1 levels and miR-
199b-5p levels on TCGA dataset. Bioinformatics analysis
showed that GBP1 is negatively correlated to miR-199b-5p.

should be complemented

for GBP| expression. (A) Transfection of MiR-199b-5p inhibitor with or without LINC01783 siRNA into Hela cells and
) Western blot of GBPI protein level after treatment of Hela cells, GAPDH as the control. (C) Transfection of C-33A cells
INCO01783 overexpression plasmid and relative RNA levels of GBP| as detected by qRT-PCR. (D) Relative protein level of GBPI

83 WT overexpression plasmid. (F) Relative protein level of GBPI for transfection with LINCO1783 WT overexpression plasmid or

Then, Western blot assays showed that LINC01783 adjusted
the expression of GBP1 which was a downstream target of
miR-199b-5. Importantly, the results of biological function
assays showed that miR-199b-5 mimics inhibited the prolif-
erative and invasive abilities of cervical cancer cells whereas
LINCO01783 overexpression could partially reverse such
effects of miR-199b-5 mimics on cervical cancer cells.
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Figure 7 LINCO01783 regulates cell functions via miR-199b-5p. (A, B) Proliferation of HeLa and C-33A cells as determined by CCK-8 assay. (C, D) Proliferation of Hela and
C-33A cells as determined by EdU assay. (E) Invasion abilities after altering HelLa and C-33A cell lines post different transfections. (F) Proliferation of cells treated with
LINCO01783 MUT overexpression plasmid as determined by EdU assay. (G) Invasion of C-33A cells after treatment with LINCO1783 MUT overexpression plasmid as
detected by Transwell assay. (H) Cell cycle after treatment of cells with LINCO1783 MUT overexpression plasmid in C-33A cell lines. (I) Cell apoptosis after treatment of
cells with LINCO1783 MUT overexpression plasmid in C-33A cell lines. ¥P<0.05, **P<0.01, **P<0.001.

Abbreviation: ns, no significant difference.
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Conclusion

Taken together, LINC01783 was a ceRNA to regulate
GBP1 expression by sponging miR-199b-5p, thereby reg-
ulating the progression of cervical cancer.
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