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Background: The dysregulation of microRNAs has been implicated in the progression of
different malignancies. Herein, we sought to identify the precise roles of miR-155-5p in the
progression of cervical cancer.

Materials and methods: The expressions of miR-155-5p in cervical carcinoma cells and
clinical tissues were assessed using qRT-PCR analysis. The functions of miR-155-5p on the
growth of cervical cancer cell were investigated using MTT and colony formation. The Transwell
and wound closure assays were selected to explore the influence of miR-155-5p on the invasion
and migration of cervical cancer cell. The effect of miR-155-5p on cervical carcinoma cell
growth and metastasis in vivo was investigated using xenograft model and experimental lung
metastasis model. Bioinformatics analysis and luciferase reporter assay were applied to identify
that tumor protein p53-inducible nuclear protein 1 (TP53INP1) was the target of miR-155-5p.
Results: MiR-155-5p was significantly upregulated in cervical cancer tissue than that in
control normal tissue. Downexpression of miR-155-5p decreased the growth, migration as
well as invasiveness abilities of cervical cancer cell in vitro whereas overregulation of miR-
155-5p caused the opposite outcomes. In addition, the in vivo mice xenograft model
suggested that downexpression of miR-155-5p restrained the progression of cervical cancer
cell whereas overexpression of miR-155-5p caused opposite outcomes. Furthermore, we
revealed that TP53INP1 was the target of miR-155-5p and the level of TPS53INP1 was
inversely associated with miR-155-5p level in cervical carcinoma. Furthermore, TP53INP1
knockdown mimicked the influence of miR-155-5p on cervical cancer proliferation, migra-
tion and invasion phenotypes. Finally, overexpression of TP53INP1 impaired the promote
effect of miR-155-5p on cervical cancer cell and downregulation of TP53INP1 counteracted
the suppressive impact of miR-155-5p on the aggressiveness of cervical cancer cell.
Conclusion: Our study indicated that miR-155-5p regulated the development of cervical
cancer cell by regulating the expression of TPS3INP1.
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Introduction

As one of the fatal malignant neoplasms, the morbidity of cervical carcinoma
remains has drastically increased worldwide. After cervical carcinoma cell
diffuses to secondary tissues, cervical carcinoma becomes resistant to the con-
ventional therapeutic methods and become an incurable disease.'” MicroRNAs,
which are small non-coding RNAs, post-transcriptionally regulate the expres-
sions of their downstream target genes.’ Substantive studies have shown that
altered expressions of miRNAs are related with the progression of cancers,
including proliferation, angiogenesis, metastasis and chemotherapy resistance.*
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MiRNAs commonly function as oncogenes of tumor
suppressors and play important roles in the diagnosis
Several miRNAs, such as
miR-145, miR-9 and miR-182 have been demonstrated
participate into the invasion and metastasis of cancer

and treatment of cancer.’

cell.®® Specifically, previous studies identify that sev-
eral miRNAs, including miR-155, miR-21, miR-503,
miR-224 and miR-1246, are closely associated with the
prognosis of patients with cervical cancer.” "> Among
them, miR-155-5p is dysregulation in different types of
malignancies, such as breast cancer, colon carcinoma,
hepatocellular carcinoma and gastric cancer.” ' In
hepatocellular carcinoma, miR-155-5p regulates the
malignant phenotypes of tumor cell through indirectly
regulating the glycogen synthase kinase-3B-involved
Wnt/B-catenin signaling and collagen triple helix repeat
containing 1.'7 Additionally, miR-155-5p overexpressing
increases the growth and metastasis of colorectal cancer
cell.'> However, the precise impact of miR-155-5p on
the growth and metastasis of cervical carcinoma has
never been investigated.

The TP53 gene is one of the vital cancer suppressors
which responses to several cell stresses, including meta-
bolic stress, oncogene activation, DNA damage and
hypoxia.'® Previous investigations have demonstrated
that TP53 participates into the progression of multiple
tumor types including breast carcinoma, colorectal can-
cer, and TP53 is commonly mutated in pancreatic carci-
noma and the mutations of TP53 lead to the absence or
dysfunction of p53 gene.'” In addition, TP53 interacts
with plenty of proteins, including the tumor protein p53-
induced nuclear protein 1 (TPS3INP1), which modulates
malignant phenotypes of tumor cell.?® TP53INPI is an
important stress-response gene in pancreatic carcinoma
and is significantly overregulated during pancreatitis.*'
The expression of TP53INP1 is also lost in other types
of cancer, including breast cancer or glioma.”*** Hence,
loss of its expression may contribute to deregulation of
cell proliferation, a hallmark of oncogenesis. Previous
that miR-155
TP53INP1 to regulate hepatocellular carcinoma stem

investigation ~ demonstrates targets
cell self-renewal and acquisition.”* In addition, TGF-B1
acts through miR-155 to downregulate the expression of
TP53INP1 in maintaining cancer stem cell phenotype
and facilitating the epithelial-mesenchymal transition
Nevertheless, the

TP53INP1 and miR-155 in cervical carcinoma has not

process.”’ relationship  between

been well explored.

MiR-155-5p and miR-155-3p, two different miRNA
strands, produced from the miR-155 host gene produces.
In the current research, we revealed that miR-155-5p was
significantly upregulated in clinical cervical cancer tis-
sues and cells. Downregulation of miR-155-5p markedly
suppressed cervical carcinoma cell proliferation, invasion
and metastasis in vitro and in vivo, whereas overregula-
tion of miR-155-5p resulted in the opposite results. In
addition, we demonstrated that TP53INPI1, the target
gene of miR-155-5p, played very important roles in this
process.

Materials and methods
Cervical carcinoma cell lines and clinical

tissues

Twenty-four cases of cervical carcinoma samples and
paratumor tissues were collected from Binzhou Central
Hospital. Written informed consent for participation was
obtained from patients before participation in this study.
The ethical approval was obtained from the ethics com-
mittee of the Binzhou Central Hospital. The research con-
forms to the Code of Ethics of the World Medical
Association (Declaration of Helsinki) printed in the
British Medical Journal (July 18, 1964). The cervical
cancer cell lines, including C-33 A, C-4-1, SiHa and
CaSki, were purchased from the Chinese Academy of
Sciences Cell Bank of Type Culture Collection
(CBTCCCAS, Shanghai, People’s Republic of China).
The human cervical surface epithelial cell, HcerEpic was
obtained from Nanjing Cobioer (Nanjing, Jiangsu,
People’s Republic of China). The HEK-293T cell was
purchased from GuangZhou Jennio (Guangzhou,
Guangdong, People’s Republic of China). The SiHa and
CaSki cells were cultured in 1,640 media supplemented
with 10% FBS (Thermo Fisher Scientific, Carlsbad, CA,
USA), 100 pg/mL streptomycin/penicillin. The C-33 A,
C-4-1, HecerEpic and HEK-293T cells were cultured using
DMEM media containing 10% FBS (Thermo Fisher
Scientific). Cells were cultured in an incubator containing
95% air and 5% CO, at 37°C.

Cell transfection

MiR-155-5p and its negative control (miR-NC), as well as
miR-155-5p inhibitor and its negative control (miR-NC
inhibitor) were obtained from GeneCopoeia (Guangzhou,
Guangdong, People’s Republic of China). MiR-155-5p or
miR-155-5p inhibitor transfection was carried out using
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Lipofectamine RNAIMAX transfection reagent (Thermo
Fisher Scientific) according to the manufacturer’s protocol.
The shRNAs against the human TP53INP1 gene were
designed and purchased from Genepharma Co., Ltd
(Shanghai, People’s Republic of China). The
pcDNA3.1-TP53INP1 plasmid encoding TP53INP1 and
pcDNA3.1 empty vector were bought from GeneCopoeia
(Guangzhou, Guangdong, People’s Republic of China).
The pcDNA3.1-TP53INP1 or empty vector was trans-
fected into SiHa cell using the Lipofectamine 3000 trans-
fection reagent (Thermo Fisher Scientific). For the
generation of stable cell line, SiHa cell stably overexpres-
sing miRNA was constructed by lentiviral transfection
with a vector expressing miR-155-5p or miR-155-5p inhi-
bitor (Genepharma Co., Ltd, Shanghai, People’s Republic
of China) using the Lenti-miR™ miRNA precursor clones
(SBI System Biosciences, Palo Alto, CA, USA).

In situ hybridization

The miR-155-5p level in normal tissue and cervical carcinoma
tissue was analyzed using the biotin-labeled miR-155-5p
probe (Beyotime Biotechnology, Nanjing, Jiangsu, People’s
Republic of China). Paraffinized cervical carcinoma tissue or
normal tissue was deparaffinized using xylene and 100%
ethanol. The tissue was then incubated with the biotin-
labeled probe (Beyotime Biotechnology) for 18 hrs at 40°C.
DAB substrate (Beyotime Biotechnology) was used for colori-
metric detection of miR-155-5p. Finally, tissue was stained
using hematoxylin followed by dehydration in graded alcohols
and xylene.

Luciferase reporter gene analysis

HEK-293T cell (1 x 10°) was cultured into 6-well plate
for 24 hrs. The luciferase reporter vector for the wild
type (WT) or mutant type (MUT) 3'-UTR of TP53INP1
that containing binding sites between miR-155-5p was
inserted into the pMIR-reporter luciferase system
(Thermo Fisher Scientific). The MUT 3’-UTR of
TPS53INP1 was constructed by the QuikChange XL Site-
Directed Mutagenesis Kit (Agilent Technologies, Santa
Clara, CA, USA). MiR-155-5p or miR-NC combination
with the vector expressing firefly luciferase reporter
fused with WT or MUT 3'-UTR of TP53INP1 was
cotransfected into HEK-293T cell. After 24 hrs, cell
was collected and the luciferase activity was detected
utilizing the dual-luciferase
(Promega, Madison, WI, USA).

reporter gene assay

MTT assay

Cells (1 x 10*) were cultured into 96-well plate, and were
cultured for 24, 48 or 72 hrs days, respectively. MTT
(5 mg/mL) was added to plates and the cell was incubated
for another 4 hrs. Then, the supernatant was gently
removed and 200 pL dimethylsulfoxide was added, the
OD value was assessed at 490 nm.

Migration assay

Cells (1 x 10°) were cultured into 6-well plates and cul-
tured for overnight. A wound was made in the monolayer
cell using a 100 pL tip, and cell was cultured using serum-
free medium for 24 hrs. The pictures of wound width at 0
and 24 hrs were recorded using a common microscope,
and the percent of wound closure was analyzed using the
following formula: (0 hr wound width - 24 hrs wound
width)/0 hr wound widthx100%.%°

Transwell invasion analysis

Cells (1 x 10°) were seeded into a chamber with an 8 um
pore size that was pre-coated with BD Matrige]™
Basement Membrane Matrix (BD, Shanghai, People’s
Republic of China) and placed in a 24-well plate. After
24 hrs, the lower chamber cell was fixed and stained using
0.1% crystal violet. The invaded cells were counted.?’

Colony formation

Cells were seeded in 25 mm® culture dish and cultured in
an incubator for 3 weeks. After that, colonies were stained
with 0.1% crystal violet and the cell colonies were
counted.

Annexin V-FITC/PI assay

The Annexin V-FITC/PI apoptosis detection kit was obtained
from Beyotime Biotechnology (Nanjing, Jiangsu, People’s
Republic of China). The harvested cell (1x10° cells/mL) was
resuspended in binding buffer. Then, cell was incubated with
5 pL Annexin V-fluorescein isothiocyanate (Annexin
V-FITC) followed by 10 uL propidium iodide (PI). The
samples were kept in the dark at room temperature for 15
mins. Flow cytometry was used to detect fluorescence.

Xenograft model of cervical cancer and

cervical cancer cells metastasis in vivo

All nude mice were bred and housed in AAALAC-accredited
SPF rodent facilities at Binzhou Central Hospital. MiR-155-5p
or miR-155-5p inhibitor stable transfected SiHa cell was
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subcutaneously inoculated into nude mice. The tumor sizes
were recorded every 3 days with a caliper, and tumor volume
was calculated using the following formula: lengthxwidth?/2.
For experimental lung metastasis model, miR-155-5p inhibitor
or miR-155-5p stable transfected SiHa cell was injected into
mice via tail vein. After 2 weeks, mice were sacrificed and
lungs were excised. Lungs were stained with Bouin’s solution
for 24 hrs and then paraffin-embedded, sectioned and stained
with H&E. Animal experiments were approved by the
Institutional Animal Care and Use Committee at Binzhou
Central Hospital according to the NIH Guide for the Care
and Use of Laboratory Animals (NIH publication no. 85-23,
revised 1985).

qRT-PCR

The total RNA was extracted from tissue or cell using Trizol
(TakaraBio, Tokyo, Japan).
transcripted to cDNA using a PrimeScript RT reagent kit
(TakaraBio, Tokyo, Japan). gRT-PCR was conducted to detect
the level of miR-155-5p or other genes using IQ™ SYBR
Green supermix and the iQ5 real-time detection system (Bio-
Rad Laboratories, Hercules, CA, USA). The comparative
cycle threshold (Ct) method was applied to quantify the
expression levels through calculating the 202Y method. U6

1 pg RNA was reverse-

and GAPAH were endogenous controls. The primers used for
PCR were as follows: GAPDH (forward primer):
5-CTGGGCTACACTGAGCACC-3' and (reverse primer):
5'-AAGTGGTCGTTGAGGGCAATG-3"; TP53INP1 (for-
ward primer): 5-TTCCTCCAACCAAGAACCAGA-3' and
(reverse primer): 5'-GCTCAGTAGGTGACTCTTCACT-3'
miR-155-5p (forward primer): 5'-GAGGGTTAATGCTAAT
CGTGATAGG-3' and (reverse primer): 5'-GCACAGAATCA
ACACGACTCACTAT-3"; U6 (forward primer): (forward
primer): 5-GAGGGTTAATGCTAATCGTGATAGG-3' and
(reverse primer): 5-GCACAGAATCAACACGACTCAC
TAT-3" and (reverse primer): 5'-GCACAGAATCAACACGA
CTCACTAT-3'.

Statistical analysis

Data were presented as meantSD for the three experi-
ments in each group. P<0.05 was considered as significant.
The difference among groups was determined using the
one-way ANOVA followed by a Bonferroni post hoc test
for multiple groups or the unpaired, two-tailed Student’s
t test for two groups.

Results
MiR-155-5p is overregulated in cervical

cancer

Firstly, 24 cases of cervical carcinoma and paratumor tissues
were collected and the levels of miR-155-3p and miR-155-5p
were detected using qRT-PCR assay. We found that miR-
155-5p was overregulated in cervical cancer tissue compared
to that in the control tissue (Figure 1A). Nevertheless, there
was no difference of miR-155-3p level between cervical
carcinoma and paratumor tissue (data not shown). The level
of miR-155-5p in cervical cancer cell was also detected by
gRT-PCR. Consistently, miR-155-5p was overexpressed in
cervical carcinoma cells (Figure 1B). Then, the in situ hybri-
dization assay was used to assess the level of miR-155-5p in
normal tissue and cervical cancer tissue. As shown in Figure
S1, miR-155-5p was obviously overregulated in tumor tissue
when compared to that in peritumor tissue. To study the
impact of miR-155-5p on the growth of cervical cancer
cell, we constructed the miR-155-5p downexpression system
using miR-155-5p inhibitor. MiR-155-5p was markedly
downexpressed in miR-155-5p inhibitor transfected cervical
carcinoma SiHa and CaSki cell (Figure 1C). The MTT assay
results showed that miR-155-5p inhibitor transfection
obviously inhibited the proliferation of cervical cancer cell
(Figure 1D). Meanwhile, the colony formation analysis
future indicated that downexpression of miR-155-5p inhib-
ited the colony growth of SiHa and CaSki cell (Figure 1E).
Next, the influence of miR-155-5p downregulation on SiHa
cell apoptosis was investigated using the Annexin V-FITC/PI
assay. As shown in Figure S2A, downregulation of miR-155-
5p significantly induced the apoptosis of SiHa cell. Finally,
Kaplan—Meier analysis indicated that patient who had
a higher level of miR-155-5p exhibited a poor survival
(Figure S3 and Table S1). These data suggested that miR-
155-5p was a cancer promoter in cervical carcinoma in vitro.

Downregulation of miR-155-5p
suppresses migration and invasion of

cervical carcinoma cell

Subsequently, we explored the precise role of miR-155-5p
on SiHa and CaSki cell migration in vitro using the wound
closure analysis. We observed that miR-155-5p inhibitor
transfection significantly reduced the migration abilities of
SiHa and CaSki cell (Figure 2A). Additionally, we observed
the shorter distance in wound edge of miR-155-5p
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Figure | Downregulation of miR-155-5p inhibits the growth of cervical cancer cell. (A). The levels of miR-155-5p in cervical cancer tissues and paratumor tissues were
determined by qRT-PCR assay. (B). The levels of miR-155-5p in four cervical cancer cell lines and human cervical surface epithelial cell line, HcerEpic were detected using
qRT-PCR. ** P<0.01, compared to HcerEpic cell. (C). SiHa and CaSki cells were transfected with miR-NC inhibitor or miR-155-5p inhibitor. The level of miR-155-5p was
determined by qRT-PCR. ** P<0.01, compared to miR-NC inhibitor. (D). SiHa or CaSki cells were plated into 96-well plates and cultured for |, 2 or 3 days. The proliferation
of SiHa and CaSki cell was measured by MTT assay. (E). SiHa or CaSki cell was transfected with miR-NC inhibitor or miR-155-5p inhibitor and was subjected to colony

formation assay. * P<0.05, ** P<0.01, compared to miR-NC inhibitor.

overexpressing SiHa and CaSki cell when compared to
parental cell (Figure 2C). To future investigate the effect
of miR-155-5p on cervical cancer cell invasion in vitro, we
conducted the Transwell invasion assay, in which we
observed that miR-155-5p inhibitor markedly impaired the
invasion abilities of CaSki and SiHa cell (Figure 2B). We
also proved that overregulation of miR-155-5p accelerated
SiHa and CaSki cell invasion in vitro (Figure 2D).

The metastasis of cervical cancer cell is
inhibited by down-regulation of mir-155-5p
in vivo

In vitro, downregulation of miR-155-5p significantly impaired
cervical cancer cell proliferation and aggressiveness. Whether
miR-155-5p could regulate the progression of cervical

carcinoma cell in vivo needs to be further investigated. MiR-
155-5p inhibitor stable transfected SiHa cell was subcuta-
neously inoculated into nude mice. Downregulation of miR-
155-5p obviously restrained cervical cancer cell growth in vivo
(Figure 3A). After 28 days, mice were sacrificed and tumor
tissue was subjected to immunohistochemical (IHC) staining
assay. The level of Ki67 is associated with the growth of cancer
cell, and is widely used in routine pathological investigation as
a proliferation marker. Meanwhile, Ki67 is a meaningful prog-
nostic indicator for the assessment of cancer biopsies.”* We
found that the Ki67 positive staining was significantly inhib-
ited in tumor tissue formed by miR-155-5p inhibitor trans-
fected cell than that in the tumor which was formed by miR-
NC inhibitor transfected cell (Figure 3B), which confirmed that
downregulation of miR-155-5p inhibited the growth of SiHa
cell in vivo. Moreover, the incidence of lung metastasis in mice
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that was injected with miR-155-5p inhibitor stable transfected
cervical cancer SiHa cell was remarkably suppressed, as com-
pared with miR-NC inhibitor group (Figure 3C). To further
determine the effects of miR-155-5p on the progression of
SiHa cell in vivo, miR-155-5p stable overexpressing SiHa
cell was inoculated into nude mice. Overexpression of miR-
155-5p significantly promoted the growth of SiHa cell in vivo
(Figure 3D). Then, we analyzed the level of Ki67 in tumor
tissue by IHC staining. The IHC staining assay suggested that
the level of Ki67 in tumor derived from miR-155-5p trans-
fected SiHa cell was significantly higher compared to that in
tumor tissue derived from miR-NC transfected SiHa cell
(Figure 3E). Finally, miR-155-5p stable transfected SiHa cell
was injected into nude mice via tail vein. As expected, the lung
metastasis nodules in mice that were injected with miR-155-5p
transfected cell were significantly increased (Figure 3F). All
results proved that miR-155-5p promoted the development of
cervical carcinoma in vivo.

MiR-155-5p binds to the 3’-UTR of
TP53INPI

Generally, miRNAs regulate their target genes by binding to
their 3'-untranslated region (3'-UTR). Bioinformatics analysis
tools (miRDB, miRTarBase and TargetScan) were utilized to
predict the targets of miR-155-5p. The 25 common potential
target genes are summarized in Figure S4A. Then, we detected
the minimum free energy of target genes bind to miR-155-5p
using RNAhybrid (https://bibiserv.cebitec.uni-bielefeld.de/rna
hybrid). As shown in Figure S4B, miR-155-5p bound to

TP53INP1 with the minimum free energy of —34.2 kcal/mol.
To verify that TPS3INP1 gene was the potential target of miR-
155-5p, the WT 3’-UTR of TPS3INP1 or MUT 3'-UTR of
TP53INP1 that containing the miR-115-5p binding sites was
inserted into pMIR-REPORT luciferase system (Figure 4A).
Then, miR-155-5p combination with 3'-UTR of TP53INP1
was cotransfected into HEK-293T. The luciferase activity in
HEK-293T cell that was transfected with WT 3-UTR of
TP53INP1 was inhibited by miR-155-5p; however, miR-155-
5p had no suppressive role on luciferase activity in HEK-293T
transfected with MUT 3'-UTR of TP53INP1 (Figure 4B).
Next, the qRT-PCR assay indicated that TPS3INP1 was down-
regulated in cervical cancer cell lines than that in human
cervical surface epithelial cell line, HcerEpic (Figure 4C).
TP53INP1 was also downexpressed in cervical cancer tissue
in contrast to normal tissue as demonstrated by qRT-PCR
(Figure 4D). Then, IHC assay was used to further determine
the levels of TP5S3INP1 in cervical cancer tissues. As shown in
Figure S5, TPS3INP1 was downexpressed in cervical cancer
tissue than normal tissue. Furthermore, Kaplan-Meier analysis
revealed that the lower level of TPS3INP1 was related to the
poor survival (Figure S6 and Table S2). We also investigated
the relationship between TP53INP1 gene and miR-155-5p in
cervical cancer tissue by qRT-PCR and found that miR-155-5p
level was inversely correlated with TPS3INP1 (Figure 4E).
Additional, the level TPS3INP1 was distinctly reduced in miR-
155-5p transfected SiHa cell (Figure 4F), whereas TP53INP1
was remarkably upregulated in miR-155-5p inhibitor trans-
fected SiHa cell (Figure 4G). These results indicated that
TP53INP1 was the target of miR-155-5p.
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Figure 3 Effect of miR-155-5p on SiHa cell tumor growth and metastasis in vivo. (A). SiHa cell was stable transfected with miR-NC inhibitor or miR-155-5p inhibitor and then was
implanted into the nude mice. The tumor volume was measured each week. (B). Tumor tissue was subjected for immunohistochemical (ICH) staining using Ki67 antibody. (C). SiHa
cell was stable transfected with miR-NC inhibitor or miR-155-5p inhibitor and was injected into nude mice via tail vein. The metastatic lesions in the lung tissue were counted after 2
weeks. ** P<0.01, compared to miR-NC inhibitor. (D). SiHa cell was stable transfected with miR-NC or miR-155-5p and then was implanted into the nude mice. The tumor volume
was measured each week. (E). Tumor tissue was collected and subjected for ICH staining using Kié7. (F). SiHa cell was stable transfected with miR-NC or miR-155-5p and was
injected into nude mice via tail vein. The metastatic lesions in the lung tissue were counted after 2 weeks. ** P<0.01, compared to miR-NC.

The growth and metastasis of cervical
(shRNAs) targeting TPS3INP1 (shTPS3INP1 #1 and

Farcmoma cell suppressed b)’ miR-| 55-5P shTPS3INP1 #2) were utilized to reduce the level of
is rescued TP53INPI TP53INP1 in SiHa cell (Figure 5A). To reveal the role of
To explore the impact of TP53INPI in the progression of TP53INP1 on cervical carcinoma cell growth, invasion and
cervical carcinoma cell, two different short hairpin RNAs  migration, the effects of TP53INP1 knocked-down on SiHa
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Figure 4 TP53INPI is a direct target of miR-155-5p. (A). Predicted miR-155-5p target sequences in 3’-UTR of TP53INPI. (B). Luciferase activity of TP53INPI (wild type or
mutant type) was evaluated after miR-155-5p transfection into HEK-293T cell. ** P<0.01, compared to miR-NC. (C). The levels of TP53INPI were detected by qRT-PCR
assay in cervical cancer cell lines and human cervical surface epithelial cell line, HcerEpic. (D). The levels of TP53INPI in cervical cancer tissues and paratumor tissues were
measured by qRT-PCR. (E). The level of miR-155-5p was negative with the level of TP53INPI in cervical cancer tissues. (F). The level of TP53INPI in SiHa cell that was
transfected with miR-NC inhibitor or miR-155-5p inhibitor was measured by western blotting. (G). The expression level of TP53INPI in CaSki cell that was transfected with

miR-155-5p or miR-NC was measured by western blotting assay.

cell proliferation, clone formation, invasion and migration
were examined (Figure SB-E). Downregulation of TPS3INP1
significantly promoted the aggressiveness of SiHa cell in vitro,
which suggested that TP53INP1 served as a tumor suppressor
in cervical carcinoma. To investigate the function of
TP53INP1 on the apoptosis of SiHa, the Annexin V-FITC/PI
assay was conducted. As shown in Figure S2B, overexpression
of TP53INP1 induced the apoptosis of SiHa cell. To investigate
whether downregulation of miR-155-5p inhibited the prolif-
eration, migration and invasion abilities of cervical cancer cell
through inhibiting TPS53INP1, miR-155-5p inhibitor and
shTPS3INP1 was cotransfected into SiHa cell. The western
blot analysis showed that the level of TP53INP1 in SiHa cell
that was promoted by miR-155-5p inhibitor was decreased by

shTP53INP1 (Figure 6A). Then, MTT assay, colony forma-
tion, migration and Transwell invasion assays indicated that
downregulation of TPS3INP1 neutralized the suppressive
effect of miR-155-5p inhibitor on cervical cancer cell prolif-
eration and metastasis (Figure 6B-6E).

MiR-155-5p impairs the progression of
cervical carcinoma cell via regulating
TP53INPI

Since TPS53INPI is the functional target of miR-155-5p,
we further verified whether the function of miR-155-5p on

the development
TPS3INPI.

of cervical cancer

miR-155-5p

depended on

Hence, and pcDNA3.1-

submit your manuscript

3188

Dove

OncoTargets and Therapy 2019:12


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

Dove

Li et al

\*\
Q N4
o c,'b\‘\ 6'5\‘\
0 <2 K
& BN o

TPS3INPT | N
caron [ N -

P53INP
I

shTP53INP1 #1 shTP53INP1 #2

shTP53INP1 #1 shTP53INP1 #2

<‘->~""!nq SRR ¢ % .
?‘

SiHa
3 shCon

%‘L 3 shTPS3INP1 #1

R shTPS3INP1 #2

[ shCon
30 shTP53INP1 #1
@B shTP53INP1 #2

1200+

Number
of colony foramtion

900+ i
600+
300+

0-

SiHa

3 shCon
3 shTP53INP1 #1

hTPS53INP1 #2
120- R s

e

nﬂl

3 shCon
3 shTP53INP1 #1
@l shTP53INP1 #2

©
i

w
i

Percentage
of wound closure (%)
(2}
o
i

o
T

3001

200+
1004
04

v

Number of invaded cells

Figure 5 TP53INP| knock-down mimics the effect of miR-155-5p on SiHa cell proliferation, migration and invasion. (A). To knock-down TP53INPI, shTP53INPI #1 or shTP53INPI|
#2 was transfected into SiHa cell. The expression of TP53INP | was detected by western blotting assay. (B). The proliferation of SiHa cell was measured by MTTassay. (C). shTP53INPI
or shCon was transfected into SiHa cell. The colony formation assay was conducted. (D). SiHa cell was transfected with shTP53INP| or shCon, and then the migration ability of SiHa
cell was investigated using the wound healing assay. (E). The invasion capacity of SiHa cell was investigated using the Transwell invasion assay. ** P<0.01, compared to shCon.

TP53INP1 plasmid were cotransfected into SiHa cell
(Figure 7A). Then, the proliferation analysis indicated
that the beneficial function of miR-155-5p on the prolif-
eration of SiHa cell was inhibited by overregulation of
TP53INP1 (Figure 7B). Consistently, the clone formation

test showed that the promote impact of miR-155-5p on
SiHa growth was suppressed by overexpression of
TP53INP1 (Figure 7C). In addition, the wound closure
and Transwell assay revealed that the facilitating function
of miR-155-5p on SiHa migration and invasion was
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Figure 6 The effect of miR-155-5p inhibitor on cervical cancer cell can be rescued by downexpression of TP53INPI. (A). SiHa cell was transfected with miR-155-5p
inhibitor alone or cotransfected with miR-155-5p inhibitor and shTP53INPI. The expression of TP53INP| was detected by western blotting analysis. (B). Cell proliferation
activity was measured by MTT assay. (C). Growth ability of SiHa cell was measured by the colony formation assay in vitro. (D). SiHa cell was transfected with miR-155-5p
inhibitor alone or cotransfected with miR-155-5p inhibitor and shTP53INPI. Then, the migration ability of SiHa cell was investigated using wound healing assay. (E). The
invasion ability of SiHa cell was investigated using Transwell invasion assay. ** P<0.01, compared to miR-NC inhibitor. ## p<0.01, compared to cell cotransfected with miR-

155-5p inhibitor and shCon.

counteracted by overexpression of TP53INP1 (Figure 7D-
E). In conclusion, these data demonstrated that miR-155-
Sp suppressed the proliferation and aggressive phenotypes
of cervical cancer cell by regulatingTP53INP1.

Discussion

Cervical carcinoma remains one of the most aggressive
gynecological oncologies, and its metastasis results in an
unsatisfactory overall survival of a patient. Hence, the
investigation of metastatic-associated biomarkers will

contribute to improve the outcomes of cervical carcinoma
patient. Nearly, miRNAs are involved into tumor cell
invasion and metastasis, and might be the potential non-
invasive biomarkers in various cancers.”> Previous inves-
tigations have suggested that miR-155 was markedly over-
expressed in cervical cancer tissues when compared to
normal tissues and miR-155 increases the proliferation of
cervical carcinoma cell via suppressing its target gene liver
kinase B1.>%3! Consistently, we reported that miR-155-5p
was a metastasis-related miRNA that played vital
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Figure 7 MiR-155-5p promotes the proliferation, migration and invasion of SiHa cell by regulating TP53INPI. (A). SiHa cell was transfected with miR-155-5p alone or
cotransfected with miR-55-5p and pcDNA3.1-TP53INP| plasmid. The expression of TP53INP| was detected using western blot analysis. (B). SiHa cell was transfected with
miR-155-5p alone or cotransfected with miR-155-5p and pcDNAZ3.I-TP53INPI plasmid. Proliferation assay was conducted. (C). Colony formation. (D). SiHa cell was
transfected with miR-155-5p alone or cotransfected with miR-155-5p and pcDNA3.1-TP53INPI plasmid. The migration of SiHa cell was measured by wound healing assay.
(E). The invasion of SiHa cell was detected using Transwell invasion assay. ** P<0.01, compared to miR-NC. ** P<0.01, compared to cell cotransfected with miR-155-5p and

vector.

functions in regulating the metastasis and growth of cervi-
cal cancer cell. We demonstrated that miR-155-5p was
overexpressed in cervical cancer cell line and tissue.
Moreover, overexpression of miR-155-5p accelerated the
aggressiveness of cervical cancer cell by direct targeting
TP53INPI. of miR-155-5p

Finally, overregulation

promoted the progression of cervical carcinoma in vivo.
Totally,
a potential biomarker and a therapeutic target for the

our findings proved that miR-155-5p was

treatment of cervical cancer.
Cancer cell metastasis is a complicated event including

adhesion reduction, cytoskeletal rearrangement, cell
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detachment, extracellular matrix degradation, migration,
colonization and growth. In colorectal carcinoma, over-
expression of miR-155-5p increases cell proliferation,
mobility and metastasis.'> Additional, miRNA-155 facil-
itates the growth and invasion of gastric cancer cell
through negatively regulating the expression of TGF-B
receptor 2.°> Nevertheless, the impact of miR-155-5p in
cervical carcinoma metastasis has not been well studied,
and its mechanism is not clear. In our research, we proved
that miR-155-5p was upregulated in cervical carcinoma
tissue and cell line. More importantly, miR-155-5p pro-
moted cervical carcinoma cell growth and aggressiveness
in vitro, indicating the great potential function of miR-
155-5p in cervical cancer progression. Our study also
proved the role of miR-155-5p in promoting cervical car-
cinoma cell growth and metastasis in vivo. In summary,
these results verified the crucial functions of miR-155-5p
in the progression of cervical cancer cell. It has been
demonstrated that downregulation of miR-155 induces
cell cycle arrest and apoptosis through regulating many
anti-apoptotic genes.”> Consistently, our study revealed
that downexpression of miR-155 raised SiHa cervical can-
cer cell apoptosis.

It is well known that miRNAs regulate gene expression
by binding to the 3'-UTR of the target gene.** It has been
reported that miR-155-5p directly targets certain oncogenes,
and overregulation of miR-155-5p in tumor decreases the
expression of target genes.'* In clear cell renal cell carci-
noma, miR-155 regulates the proliferation and invasion of
cancer cell by targeting E2F transcription factor 2 (E2F2).*”
Additionally, downexpression of miR-155 markedly reduces
the expressions of matrix metalloproteinase-2 (MMP-2),
MMP-9 and vascular endothelial growth factor , thereby
inhibiting the metastasis of gastric cancer cell.*® In this
work, the target gene of miR-155-5p was identified using
the bioinformatics analysis tools, and tumor protein 53-
induced nuclear protein 1 (TP53INP1) was selected as the
candidate target. The luciferase reporter assay confirmed that
miR-155-5p bound to the 3'-UTR of TP53INP1. The western
blot assay also proved that the level of TPS3INP1 was
negatively regulated by miR-155-5p in SiHa cell.

TP53INP1 is a tumor suppressor gene located on chromo-
some 8q22.14 and participates in cancer progression in p53-
independent and p53-dependent processes.’” TP53INP1 has
been identified as a major tumor suppressor in diverse cancers,
such as gastric cancer, pancreatic cancer and breast
cancer.”>*"*® Consistent with the previous findings, we
found that TP53INP1 was significantly downexpressed in

cervical cancer tissues. In addition, knocked-down of
TP53INP1 promoted the aggressiveness of SiHa cell, suggest-
ing that TP53INP1 also played a crucial role in the prolifera-
tion and metastasis of cervical carcinoma cell. Importantly, the
proliferation, mobility and invasion abilities of cervical carci-
noma cell that was inhibited by miR-155-5p inhibitor transfec-
tion were rescued by downexpression of TP53INP1. In order
to confirm it, pcDNA3.1-TP53INP1 plasmid combination
with miR-155-5p was into SiHa cell.

Consistently, the proliferation, migration and invasion assay

cotransfected

indicated that overexpression of TPS3INP1 reduced the malig-
nant phenotypes of cervical carcinoma cell that was promoted
by miR-155-5p transfection. All these data indicated that
TPS3INP1 was the direct functional target of miR-7-5p in
cervical carcinoma and miR-155-5p accelerated the progres-
sion of cervical cancer cell through targeting TP53INP1.

Conclusion

In conclusion, we demonstrated that miR-155-5p was
overexpressed in cervical carcinoma. Downregulation of
miR-155-5p impaired the growth, invasion and metastasis
of cervical carcinoma cell, whereas overexpression of
miR-155-5p resulted in the opposite results. TPS3INPI,
the target gene of miR-155-5p, played a crucial role in this
process. These results might be helpful to more deeply
understand the role of miR-155-5p in the development of
cervical cancer, and might provide a potential therapeutic
target combating the metastasis of cervical carcinoma.
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Figure S| The expression of miR-155-5p in cervical cancer and control normal tissues was analyzed by in situ hybridization. Scale bar represents 200 pm.
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Figure S2 MiR-155-5p downregulation and TP53INPI upregulation induce the
apoptosis of cervical cancer cell SiHa. SiHa cells transfected with miR-155-5p
inhibitor (A) or TP53INPI (B) were stained by Annexin V-FITC/PI and the apop-
tosis were analyzed with flow cytometry. The areas of Annexin V(+)/PI(-) and
Annexin V(+)/PI(+) were included in apoptotic cells.
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ARID2 6.4
ETS1 1.9
ZNF652 139
CARHSP1 5.7
RNF123 9.2
JARID2 224
BACH1 7.5
TP53INP1 -34.2
DHX40 -20.5
PALD1 242
MAP3K10 132
CSFIR 33
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PKN2 9.3
LCORL 25
MORC3 59
TLE4 6.1
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Figure S4 TP53INPI is a target of miR-155-5p. (A). Venn graph represented the number of common target genes that were determined by three bioinformatics analysis.
(B). The minimum free energy (MFE) of target genes (ARID2, ETSI, ZNF652, CARHSPI, RNF123, JARID2, BACHI, TP53INPI, DHX40, PALDI, MAP3K 10, CSFIR, HBPI,
WBPIL, RAB5C, RCN2, MYBLI, PKN2, LCORL, MORC3, TLE4, NOVAI, TERFI, GPM6B, SMAD2) bind to miR-155-5p were predicted using RNAhybrid (https://bibiserv.

cebitec.uni-bielefeld.de/rnahybrid).
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Figure S5 The expression of TP53INPI in cervical cancer and control normal tissues was analyzed using immunohistochemical (IHC) assay. Scale bar represents 200 pm.
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Figure S6 Overall survival analysis of cervical cancer patients with high or low level of TP53INPI.
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Table S1 The association between miR-155-5p expression and
clinic-pathological factors in cervical cancer patients

Table S2 The association between TP53INP| expression and

clinic-pathological factors in cervical cancer patients

Clinical parameter miR-155-5p P-value Clinical parameter TP53INPI P-value
High Low High Low

Age (years) 0.071 Age (years) 0.108
<40 6 3 <40
>40 8 7 >40 5

Size (cm) Size (cm)
>4 I 6 0.064 >4 8 3 0.089
<4 4 3 <4 6 7

FIGO stage FIGO stages
| 3 7 0.014 | 3 4 0.024
-1 8 6 11111 9 8

Lymphatic metastasis Lymphatic metastasis
Yes 9 6 0.033 Yes 8 9 0.013
No 5 No 2 5

Abbreviation: FIGO, International Federation of Gynecology and Obstetrics.
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