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Abstract. - OBJECTIVE: Many studies showed
that long non-coding RNAs (IncRNAs) may serve
as prospective markers for patients with malig-
nant cancers, including cervical cancer (CC). In
this study, we mainly investigate the functions of
IncRNA PTENP1 in the progression of human CC.

MATERIALS AND METHODS: Quantitative
Real Time-Polymerase Chain Reaction (qRT-
PCR) was performed to detect expression levels
of PTENP1, miR-19b and MTUS1 in CC tissues,
the adjacent tissues and CC cell lines. The cor-
relations between PTENP1 with miR-19b, miR-
19b with MTUS1 and PTENP1 with MTUS1 were
analyzed. Overall survival (OS) of patients was
analyzed using Kaplan-Meier method. Prolifera-
tion capacity was measured by CCK-8 assay and
the invasion ability in CC cell line was detected
by transwell assay. Western blot (WB) assay was
performed to measure protein levels of tissues
and CC cell lines. Finally, Dual-Luciferase re-
porter assay was performed to prove the poten-
tial binding sites between PTENP1 and miR-19b,
miR-19b and MTUSH1.

RESULTS: We found that PTENP1 was re-
duced in CC tissues and CC cell lines, which
predicted the poor diagnosis of CC patients.
MiR-19b was increased in CC tissues, which was
negatively correlated with PTENP1 in CC tis-
sues. MTUS1 was reduced in CC tissues, which
was negatively correlated with miR-19b and pos-
itively correlated within PTENP1 CC tissues.
Furthermore, PTENP1 overexpression inhibited
cell proliferation ability and invasion capacity in
HeLa cells, as well as repressed expressions of
Cyclin D1, N-cadherin, and Vimentin. Moreover,
Luciferase gene reporter assays verified that
miR-19b was a direct target miRNA of PTENP1,
and MTUS1 was identified as a direct target of
miR-19b. In addition, the inhibited cell prolifer-
ation and invasion abilities in HeLa cells with
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p-PTENP1 were eliminated following with miR-
19b mimic transfection.

CONCLUSIONS: According to the results,
this study showed that PTENP1 was reduced
in CC patients and it was a prognostic factor
for CC patients. Furthermore, we firstly uncov-
ered that PTENP1 could inhibit cell proliferation
and invasion via miR-19b/MTUS1 in CC patients,
which uncovered the tumor-suppressive role of
PTENP1 in CC and suggested that it might be a
potential target for treating human CC.

Key Words:
LNcRNA PTENP1, MiR-19b, MTUSI, Invasion, Cervi-
cal cancer.

Introduction

Cervical cancer (CC) is one of the most com-
mon gynecological malignant cancers, which is
the fourth cause of cancer-related death for wom-
en worldwide'. Although the incidence and mor-
tality of CC patients are slowly decreasing due
to the new treatments and improved diagnosis
methods, the outcome and future survival rate
remain unsatisfied®>. It still needs more effort to
make a better understanding and further explore
the molecular mechanisms in the development of
CC and find novel ways and therapeutic targets
for treating human CC.

Long non-coding RNAs (IncRNAs) play im-
portant roles in biological functions of human dis-
eases®’. LncRNAs are classes of RNAs more than
200 nucleotides in length and have no capacity of
protein-coding, but they are involved in many can-

Corresponding Author: Qiang Zeng, MD; e-mail: Zenggiang_301@163.com



Reduced long non-coding RNA PTENP1

cers®*!!. Many IncRNAs play critical roles in the
development and treatment resistance of CC'*'.
PTENPI is located at chromosome 9q13.3, which
has been reported to be a tumor suppressor to re-
press tumor formation and development in some
cancers'>!”. PTENP1/miR200c¢ axis was reported to
inhibit PTEN in the development of endometrioid
endometrial carcinoma'®. Hao et al'® reported that
PTENPI inhibited the tumor growth of esophageal
squamous cell carcinoma by regulating SOCS6 ex-
pression and Gao et al”” found that PTENPI could
regulate breast cancer progression by regulating
PTEN. However, the function of PTENP1 in CC
remained unknown.

MicroRNAs (miRNAs) play critical roles in dis-
eases'®? by binding to the 3’ untranslated regions
(UTR) of downstream target genes, which are kinds
of RNAs about 20-22 nucleotides in length. Tay et
al?! assumed that IncRNAs could affect the biolog-
ical functions through IncRNA-miRNA-mRNA
way, which was called mechanism of “competing
endogenous RNA” (ceRNA)* and it was involved
in various biological functions of cancers*2. MiR-
19b has been reported to play an oncogenic role that
promoted cancer cell progression and resistance in
many cancers*®?. Yuan et al?’ reported that miR-
19b could suppress tumor cell apoptosis, promote
proliferation, and induce tumorigenicity of multiple
myeloma cells. Further, it was found that miR-19b
could promote tumor progression via PI3K/AKT
signaling pathway in breast cancer?.

In this study, we firstly investigate the expres-
sions of PTENP1 in CC tissues and we found that
it was significantly decreased in CC tissues; as a
result, we further explored the potential functions
of PTENPI in patients with CC.

Materials and Methods

Patients and Tissue Samples

A total of 56 pairs of CC tissues and adjacent
non-tumor tissues were collected from patients in
our hospital from May 2011 to October 2012. The
patients were diagnosed with CC according to Na-
tional Comprehensive Cancer Network (NCCN)
Guidelines for Cervical Cancer®. Patients with
no cardiac, blood system, liver or kidney diseases
were included, and they did not receive any chemo-
radiotherapy before surgery. All tissues were cut
into small pieces about 30-50 mg and were imme-
diately frozen in liquid nitrogen at -80°C. Patients
who received chemotherapy, radiotherapy or other
treatments were excluded and all patients signed

the informed consent. Our study was approved by
the Faculty of Medicine’s Ethics Committee of our
hospital, which was performed according to the
principles of the Declaration of Helsinki.

Cell Culture

Human normal cervical epithelium cell
(HCvEpC) and human CC cell lines, such as Cas-
ki, C33A, SiHa and HelLa cells, were purchased
from Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). The
cells were cultured in Dulbecco’s Modified Ea-
gle’s Medium (DMEM) medium (Gibco, Grand
Island, NY, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco, Grand Island, NY,
USA), 100 U/ml penicillin, and 100 pg/ml strep-
tomycin. All cells were cultured in an appropriate
incubator at 37°C and 5% CO,.

Construction of Plasmids
and Cell Transfection

The full length of human PTENPI cDNA
was synthesized and constructed into a plasmid
(Invitrogen, Carlsbad, CA, USA), resulting with
PTENPI1 overexpression. MiR-19b mimic, miR-
19b inhibitor, and miR-NC were purchased from
RiBo Biotechnology (Guangzhou, China). The
cells were pre-incubated on 6-well plates until
reached about 60% confluence and cells were
transfected with prepared plasmids or negative
control (NC) or miR-19b mimic or miR-19b inhib-
itor with Lipofectamine 2000 (Invitrogen, Carls-
bad, CA, USA) according to its instructions and
cultured in an incubator at 37°C and 5% CO,. At
indicated time point after transfection, the cells
were harvested for further study.

CCK-8 assays

Cell proliferation abilities were examined by
using a Cell Counting Kit-8 (CCK-8, Dojindo
Laboratories, Kumamoto, Japan) assay accord-
ing to the protocol. HeLa cells were digested by
0.25% trypsin and seeded on 96-well plates with
a concentration of 1 x10° cells/ml and cultured at
37°C with 5% CO,. For each well, 10 pl CCK-8
solution was added after cultivating for 1 d, 2 d
and 3 d and incubated in darkness for another 4
h at 37°C with 5% CO,. Finally, the optical densi-
ty (OD) value was measured at 450 nm with mi-
croplate reader (Varioskan Flash, Thermo Fisher,
Waltham, MA, USA) and cell proliferation curves
were plotted. Each group was set with three rep-
licate wells and three independent experiments
were repeated to get the mean value.
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Flow Cytometric Analysis of Cell Cycle
After transfection and other treatments, HelLa
cells were digested with trypsin and washed twice
by Phosphate-Buffered Saline (PBS); and cell
precipitation was collected after centrifugation.
Next, it was fixed with 75% ethanol at 4°C for
about 4 h. After washed twice by cooled PBS, the
cell pellet was stained with FITC-Annexin V and
Propidium iodide (PI) at room temperature for 10
mins. The cells were measured by a FACSCalibur
system (BD Pharmingen, San Diego, CA, USA)
and analyzed by FlowlJo software (Tree Star Corp,
Ashland, OR, USA). Three independent experi-
ments were repeated to get the mean value.

Transwell Assay

Cell invasion ability was measured by tran-
swell assay. HeLa cells were put into the upper
wells (5x10* cells/well) of transwell chamber on
the non-coated membrane with 200 pl serum-free
DMEM and 20 pl Matrigel (BD Biosciences,
Franklin Lakes, NJ, USA) and DMEM with 10%
fetal bovine serum (FBS) was added to the lower
chambers, which were incubated at 37°C with 5%
CO, for 24 h. After that, the liquid in the upper and
lower chambers was abandoned and the non-in-
vasive cells in the upper chambers were cleaned
using cotton swab followed by PBS washing three
times. Then, the invasive cells in the lower cham-
ber were fixed and stained with methanol for 10
mins and stained with 0.1% crystal violet (Biyun-
tian, Shanghai, China). Finally, it was observed and
counted using an inverted light microscope (Olym-
pus Corporation, Tokyo, Japan). Three visual fields
of a chamber were randomly chosen at least, and
the invasive cells were counted. Three independent
experiments were repeated to get the mean value.

RNA Extraction and Quantitative
Real Time-PCR

Total RNA was extracted from human CC tis-
sues, non-tumor adjacent tissues and human CC

Table I. Primer sequences for qRT-PCR.

cell lines (Caski, C33A, SiHa and HeLa cells)
using RNAiso Plus (TaKaRa, Otsu, Shiga, Ja-
pan) and purified by using GeneJET RNA Puri-
fication Kit (Thermo Fisher Scientific, Waltham,
MA, USA) according to the protocols. Reverse
transcription assay was performed using Prime-
Script™ RT reagent Kit (TaKaRa, Otsu, Shiga,
Japan) in accordance with the manufacturer’s
protocol and it was carried out in Reverse Tran-
scription System A3500 (Promega, Madison, W1,
USA). Gene primers were synthesized by Gene
Pharma (Shanghai, China) and were listed in Ta-
ble I. nRNA expressions were detected by SYBR
Premix Ex Taq II (TaKaRa, Otsu, Shiga, Japan),
which were normalized to GAPDH or U6 and
2-8T method was used to calculate the relative
mRNA expressions.

Protein Extraction and Western
Blot (WB) Assay

Total proteins were extracted from human tis-
sue samples and human CC cells by using a RIPA
lysis buffer (Biyuntian, Shanghai, China) with
proteinase inhibitor (Roche, Basel, Switzerland).
Protein concentrations were measured by using
a BCA kit (Pierce Chemical Co., Rockford, 1L,
USA). 40 ug proteins were added to 10% poly-
acrylamide gel electrophoresis (PAGE) and were
separated. Then, the proteins were transferred
onto polyvinylidene difluoride (PVDF) mem-
branes and the membranes were incubated with
primary antibodies overnight at 4°C. All prima-
ry antibodies were purchased from Abcam (Ab-
cam, Cambridge, MA, USA), including MTUSI
(ab163572, 1:1000, 62 kDa), Cyclin D1 (ab134175,
1:10000, 34 kDa), N-cadherin (ab18203, 1:10000,
100 kDa), Vimentin (ab92547, 1:5000, 54 kDa),
and E-cadherin (ab40772, 1:10000, 97 kDa),
GAPDH (ab8245, 1:10000, 36 kDa). These mem-
branes were subsequently incubated with matched
secondary antibodies for 1 h at room temperature.
Bio-Rad Gel Dol EZ Imager (Gel DocEZ Imager;

Gene names Primer sequences

PTENPI Forward: 5'-CCTGTTAAGAAAATGAGAAGACA-3'
Reverse: 5“TGTCCCTTATCAGATACATGACTTT-3'

MiR-16b Forward: 5'-UGUGCAAAUCCAUGCAAAACUG-3'
Reverse: 5'-GCTCACGCAACCTCCTCCTCC-3'

GAPDH Forward: 5'-GGAGTCCACTGGTGTCTTCA-3'
Forward: 5'-GGGAACTGAGCAATTGGTGG-3'

U6 Forward: 5'-CGCTTCGGCAGCACATATACT-3'
Forward: 5'-CGCTTCACGAATTTGCGTGTC-3'
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Bio-Rad, Hercules, CA, USA) was used to detect
the protein bands. GAPDH was used as the inter-
nal reference and three independent experiments
were repeated to get the mean value.

Dual-Luciferase Reporter Gene Assay

The segments containing the binding sites of
miR-19b were constructed into GLO plasmids
(Promega, Madison, WI, USA) with wild types
PTENPI-wt and MTUSI-wt, mutant sequences
PTENPI-mut and MTUSI-mut. The cells were
seeded into 48-well plates (1x10° cells/well) and
cultured for 24 h, then, the reporter gene plasmid
and miR-19b mimic were co-transfected into the
prepared cells according to Lipofectamine 2000
instructions for 24 h. GLO basic plasmids were
mixed with Lipofectamine 2000 and DMEM me-
dium for 30 mins, which were then transfected into
former cells for other 24 h. Finally, a Promega Lu-
ciferase Assay (Promega, Madison, WI, USA) was
used to measure the activities of firefly Luciferase
and Renilla Luciferase according to the protocol
and the relative Luciferase activity was normalized
to the activity of Renilla Luciferase gene.

Statistical Analysis

Data were analyzed by Statistical Product
and Service Solution 19.0 (IBM Corp., Armonk,
NY, USA) and figures were graphed by Graph-
Pad Prism 5.0 (GraphPad Software, La Jolla, CA,
USA). Statistical significance was analyzed using
Student’s #-test, or One-way ANOVA and SNK
method. Count data were processed by Chi-square
test. Pearson’s correlation analysis was used to
analyze the gene correlations. Kaplan-Meier sur-
vival was used to analyze overall survival (OS)
rate. If p<0.05, it was considered to be statistically
significant.

Results

PTENP1 Was Reduced in CC Tissues
and CC Cell Lines

To investigate the roles of PTENP1 in CC, we
detected expressions of PTENP1 in 56 pairs of CC
tissues and adjacent non-tumor tissues using qRT-
PCR. The results showed that PTENP1 was signifi-
cantly downregulated in CC tissues (Figure 1A)
(p<0.001), compared to the adjacent non-tumor
tissues. Furthermore, PTENP1 expression from
patients at stage I-II was much lower than these
from stage III-IV (Figure 1B) (p<0.001). Patients
were divided into PTENPI low expression group

and high expression group and Kaplan-Meier sur-
vival analysis was performed. The results revealed
that CC patients with PTENPI low expression had
a worse overall survival than the high expression
group (Figure 1C) (p<0.05). Moreover, we ana-
lyzed the correlation between PTENPI1 expression
and clinicopathological features in CC patients.
The results showed that the PTENPI low expres-
sion was correlated with advanced FIGO stage,
metastasis and recurrence (Table II) (p<0.05).
In addition, to further explore the functions of
PTENPI in CC in vivo, we detected the PTENP1
expressions in human normal cervical epithelium
cell line (HCvEpC) and human CC cell lines, in-
cluding Caski, SiHa, C33A, and HeLa. The results
showed that PTENP1 was reduced in CC cell lines
(Figure 1D) (p<0.05), especially in HeLa cells; as a
result, we used HelLa cells for further experiment.
These data revealed that PTENP1 was reduced in
CC tissues, which was correlated with the poor of
CC patients. However, the functions of PTENP1 in
CC remained unknown.

PTENP1 Overexpression Inhibited
Cell Proliferation and Invasion
in Hela Cells

To explore the functions of PTENP1 in CC,
plasmid PTENP1 (p-PTENPI1) was constructed
and resulted with PTENP1 overexpression. The
plasmid was transfected into HeLa cells, and the
results showed that PTENP1 was significantly
upregulated (Figure 2A) (p<0.001). Then, CCK-
8 assay was performed to measure the prolifera-
tion ability of HeLa cells. The results showed that
PTENPI1 overexpression inhibited cell prolifera-
tion, compared with p-NC (Figure 2B) (p<0.01).
Furthermore, flow cytometry (FACS) revealed
that PTENP1 overexpression inhibited cell growth
by preventing cells from being in S phase and im-
proving cell distribution in G0/G1 phase (Figure
2C) (p<0.01). Moreover, transwell assay indicat-
ed that PTENP1 overexpression could also inhibit
cell invasion ability, compared with p-NC (Figure
2D) (p<0.01). In addition, WB was performed to
detect the expressions of proliferation associated
gene Cyclin D1 and invasion associated genes,
including N-cadherin, Vimentin, and E-cadherin.
The results revealed that Cyclin D1, N-cadherin,
and Vimentin were repressed, while E-cadherin
was increased (Figure 2E, F) (p<0.01), which in-
dicated that the proliferation and invasion abilities
were promoted. Collectively, these data suggested
that overexpression of PTENP1 inhibited cell pro-
liferation and invasion in HeLa cells.
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Figure 1. PTENPI was reduced in CC tissues and CC cell lines. A, The expression of PTENP1 in CC tissues (n=56) and adja-
cent non-tumor tissues (n=56) was detected by qRT-PCR. B, The expression of PTENP1 in patients with stage I-II (n=33) and
stage III-IV (n=23) was analyzed. C, Kaplan-Meier survival analysis was performed to analyze the overall survival of patients
with PTENPI high expression (n=28) and low expression (n=28). D, The expressions of PTENP1 in CC cell lines were detected
by qRT-PCR. Data are shown as mean + SD based on at least three independent experiments, *p<0.05, **p<0.01, ***p<0.001.

Table Il. The relationships between PTENP1 and clinical parameters in CC patients.

Parameters Low PTENP1 (n=28) High PTENP1 (n=28) p-value

Age 0.775
<50 10 8
>50 18 20

FIGO stage 0.028
I-1T 12 21
1-1v 16 7

Lymphatic metastasis 0.015
Yes 18 8
No 10 20

Distant metastasis 0.028
Yes 16 7
No 12 21

Recurrence 0.040
Yes 9 2
No 19 26
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Figure 2. PTENPI1 overexpression inhibited cell proliferation and invasion in HeLa cells. A, Expressions of PTENP1 were
detected after transfecting p-PTENP1 or p-NC into HeLa cells. B, CCK-8 assay was performed to measure cell proliferation
abilities. C, FACS was performed to evaluate the cell cycle distribution. D, Transwell assay was used to detected cell invasive
abilities. E-F, The protein levels of Cyclin D1, N-cadherin, Vimentin and E-cadherin were detected by WB. Data are shown as
mean £ SD based on at least three independent experiments, **p<0.01, ***p<0.001.

MiR-19b Was Increased in CC Tissues
and it Was Negatively Correlated
with PTENP1

To further investigate the underlying mecha-
nism that PTENP1 regulated tumor cell prolifer-
ation and invasion in CC, starBase v2.0 database
was used and miR-19b was identified as a po-
tential target miRNA of PTENPI. Then, we de-
tected the expressions of miR-19b in CC tissues
and its adjacent tissues. The results showed that
miR-19b was significantly increased in CC tis-
sues (Figure 3A) (p<0.001). Furthermore, miR-
19b expression in patients at stage III-IV was
much higher than these at stage I-1I (Figure 3B)
(p<0.001). Moreover, correlation analysis was
performed, and results revealed that miR-19b
was negatively correlated with PTENP1 in CC
patients, especially in patients at the stage of 111-
IV (Figure 3C, D) (p<0.001). Besides, the expres-
sions of miR-19b were significantly increased in
CC cell lines, especially in HeLa cells (Figure
3E) (p<0.001). Additionally, we found that miR-

19b was significantly decreased in Hela cells
transfected with p-PTENP1, compared to p-NC
(Figure 3F) (p<0.001). Collectively, these data
indicated that PTENP1 was negatively interact-
ed with miR-19b and it was predicted as a tar-
get miRNA of PTENP1 (Figure 3G). To confirm
whether PTENP1 could function as a ceRNA to
competitively bind with miR-19b, PTENP1 wild
type and PTENP1 mutant sequences were con-
structed into GLO vectors and the Luciferase re-
porter assay was performed. The results showed
that the relative Luciferase activity in HeLa cells
co-transfected with PTENP1-wt and miR-19b
mimic was significantly repressed compared
with that in the cells transfected with miR-NC.
Furthermore, the Luciferase activity was re-
versed in cells co-transfected with PTENP1-mut
and miR-19b mimic (Figure 3H) (p<0.01). Sim-
ilar results were found in 293 cells (Figure 31)
(p<0.01). These results suggested that PTENP1
could directly bind with miR-19b in CC and
HelLa cells.
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Figure 3. MiR-19b was increased in CC tissues and it was negatively correlated with PTENPI1. A, The expression of miR-
19b in CC tissues (n=56) and adjacent non-tumor tissues (n=56) were detected by RT-PCR. B, The expression of miR-19b in
patients with stage I-II (n=33) and stage I1I-IV (n=23) were analyzed. C-D, Correlations between PTENP1 and miR-19b were

analyzed using correlation analysis. E, MiR-19b levels in CC

cell lines were detected by qRT-PCR. F, MiR-19b levels were

detected by RT-PCR in HeLa cells transfected with p-PTENP1 or p-NC. G, Potential wild type binding sequence and mutant
sequence of PTENPI and miR-19b were constructed. H-I, Luciferase gene reporter assay was performed to verify the bind-
ing site in HeLa cells and 293 cells. Data are shown as mean + SD based on at least three independent experiments, *p<0.05,

#£p<0.01, ***p<0.001.

MiR-19b Regulated Cell Proliferation
and Invasion in Hela Cells

To further explore the functions of miR-19b
in CC, the miR-19b mimic or miR-19b inhibi-
tor or miR-NC was respectively transfected into
HeLa cells. The results showed that miR-19b
was significantly increased after miR-19b mimic
transfection (Figure 4A) (p<0.001), while it was
significantly repressed after miR-19b inhibitor
transfection (Figure 4A) (p<0.001). CCK-8 assay
revealed that the cell proliferation ability was re-
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pressed and was followed by miR-19b inhibition,
while it was improved following miR-19b over-
expression (Figure 4B) (p<0.01). FACS assay
showed that cell distribution in G0O/G1 phase was
improved following miR-19b inhibition, while it
was repressed following miR-19b overexpression
(Figure 4C) (p<0.001). Transwell assay revealed
that miR-19b inhibition significantly inhibited
cell invasion, while miR-19b overexpression dras-
tically promoted cell invasion ability (Figure 4D)
(p<0.01). Besides, proliferation associated gene
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Cyclin DI and invasion associated genes were
detected by WB. The results showed that Cyclin
D1, N-cadherin, Vimentin were repressed and
E-cadherin was increased following miR-19b
inhibition, while it showed the opposite results
following miR-19b overexpression (Figure 4E, F)
(p<0.01). Collectively, these data suggested that
miR-19b regulated cell proliferation and invasion
in HeLa cells. However, the detailed mechanism
of miR-19b in CC cells remained unknown.

MiR-19b Directly Targeted at MTUS 1
and it was Positively Correlated
with PTENP1
To make a better understanding of how miR-
19b regulated tumor cell proliferation and inva-
sion, we used TargetScan database and MTUSI
was identified as a target gene, which was report-
ed to be associated with cell proliferation and tu-
morigenesis in some cancers’?’. As a result, we
detected the protein expressions of MTUSI in

CC tissues and the adjacent tissues. The results
showed that MTUSI was significantly decreased
in CC tissues (Figure 5A) (p<0.001). Further-
more, MTUSI levels in patients at stage III-1V
was much lower than these at stage I-II (Figure
5B) (p<0.001). Moreover, Correlation analysis
revealed that miR-19b was negatively correlated
with MTUSI in CC patients (Figure 5C) (p<0.01),
especially in patients at stage of [1I-1V (Figure 5D)
(p<0.001). Besides, MTUSI was positively cor-
related with PTENPI1 in CC patients (Figure SE)
(p<0.01) and in patients at stage of III-IV (Fig-
ure 5F) (p<0.001). Additionally, MTUSI protein
levels in CC cell lines were increased, especial-
ly in HeLa cells (Figure 5G) (p<0.001). MTUSI
was increased following PTENP1 overexpression
(Figure 5H) (p<0.001), it was repressed following
miR-19b overexpression, while it was increased
following miR-19b inhibition (Figure S5SH, 1)
(p<0.01). Above all, these results indicated that
miR-19b was negatively interacted with MTUSI,
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which was also predicted as a target gene of miR-
19b. To verify whether it could target MTUSI in
CC, MTUSI-wt and MTUSI-mut sequences were
constructed into GLO vectors (Figure 5J) and Lu-
ciferase gene reporter assay was performed. The
results demonstrated that the overexpression of
miR-19b significantly attenuated the Luciferase
activity of MTUS1-wt but not that of MTUSI-mut
vector in HeLa cells and 293 cells (Figure 5K,
L) (p<0.01). Collectively, these results suggested
that miR-19b could directly target MTUSI and it
was positively correlated with PTENP1. As a re-
sult, we might assume that PTENP1 could sponge
with miR-19b, which directly repressed MTUSI
expression and regulated cell proliferation and in-
vasion of CC patients.

PTENP1 Inhibited Proliferation and Invasion
Via miR-19b/MTUS1 Axis in HelLa Cells

To verify the assumption, miR-19b mim-
ic or miR-NC was respectively transfected

into HeLa cells with p-PTENPI1. After trans-
fecting miR-19b mimic into HeLa cells with
p-PTENPI, the repressed miR-19b levels and
promoted PTENPI levels were reversed (Figure
6A) (p<0.001). Furthermore, the repressed cell
proliferation ability and invasion ability were
also reversed (Figure 6B, D) (p<0.001). More-
over, FACS assay showed that the improved
cell distribution in G0/G1 phase was reduced
following with miR-19b mimic transfection
into HelLa cells with p-PTENP1 (Figure 6C)
(p<0.01). Additionally, WB assay revealed that
the repressed protein levels of MTUSI, Cyclin
D1, N-cadherin, and Vimentin were improved,
while the promoted E-cadherin level was re-
duced following miR-19b mimic transfection
into HeLa cells with p-PTENP1 (Figure 6E, F)
(p<0.01). Collectively, these results suggested
that PTENPI might inhibit proliferation and in-
vasion via miR-19b/MTUSI in CC patients and
HeLa cells.
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Figure 6. PTENPI1 inhibited proliferation and invasion via miR-19b/MTUSI axis in HeLa cells. A, The mRNA levels of miR-
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Discussion

LncRNAs are crucial regulators during bi-
ological processes and functions in diseases®’,
especially in various kinds of human cancers®'.
Recent studies'™" found that PTENP1 was in-
volved in repressing the development of some
cancers. However, whether it played some roles in
CC remained unknown. As a result, for the first
time, we detected the expressions of PTENP1 in
CC tissues and adjacent non-tumor tissues. We
demonstrated that PTENP1 was significantly de-
creased in CC tissues, which was correlated with
advanced FIGO stage, metastasis and recurrence
of patients. Furthermore, we also detected the
expressions of PTENP1 in CC cell lines, and the
results showed that PTENP1 was reduced, espe-
cially in HeLa cells.

To investigate the functions of PTENP1 in CC,
p-PTENPI1 was constructed and transfected into
HeLa cells. PTENP1 was significantly increased
after p-PTENPI1 transfection. The PTENP1 over-
expression inhibited cell proliferation and inva-
sion abilities, as well as inhibited cell growth by
improving cell distribution in GO/G1 phase. Cy-
clin D1 is associated with cell proliferation in var-
ious cancers*?°. Epithelial-mesenchymal transi-
tion (EMT) is a process in which epithelial cells
are transformed into cells with mesenchymal
phenotype and the cell adhesion molecules are
decreased, playing important roles in promoting
metastasis of malignant tumors, such as CC¥8,
Invasion associated genes, including N-cadherin
and Vimentin, play an important role in promot-
ing tumor cell invasion in cancers®*'. We found
that these genes were repressed following with
PTENP1 overexpression. However, the detail un-
derlying mechanism remained unknown.

MiRNAs have been reported to play critical
roles in diseases by sponging IncRNAs?"*> and miR-
NAs are involved in various biological functions of
cancers> 2. To further explore the mechanism that
PTENPI regulated tumor cell proliferation and in-
vasion in CC, starBase v2.0 database was used and
miR-19b was identified as a potential target miRNA
of PTENPI, which was reported to be an oncogenic
gene in many cancers**?. We found that miR-19b
was significantly increased in CC tissues and CC
cell lines, which was negatively correlated with
PTENPI in CC patients. Further, it was remarkably
repressed following PTENP1 overexpression. The
Luciferase gene reporter assay demonstrated that
PTENPI could directly sponge miR-19b in HeLa
cells and 293 cells. To further explore the functions
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of miR-19b in CC, the miR-19b mimic or miR-19b
inhibitor was respectively transfected into HeLa
cells. The results showed that the cell proliferation
ability and invasion were repressed following with
miR-19b inhibition, while they were reversed fol-
lowing with miR-19b overexpression.

To further explore the mechanism of miR-19b
regulated tumor cell proliferation and invasion,
TargetScan database was used and MTUSI1 was
identified as a target gene, which was associated
with cell proliferation and tumorigenesis in some
cancers®?*. Then, we found that MTUSI was re-
duced in CC tissues and cell lines, and was nega-
tively correlated with miR-19b and was positively
correlated with PTENP1 in CC patients. The Lu-
ciferase gene reporter assay confirmed that miR-
19b could directly bind MTUSI in CC. Thus, we
might assume that PTENP1 could sponge miR-
19b, which directly targeted the repression of
MTUSI expression and regulated cell proliferation
and invasion of CC patients. Finally, to verify that
assumption, miR-19b mimic was transfected into
HeLa cells with p-PTENPI. We found that the
repressed cell proliferation ability and invasion
ability were also reversed following miR-19b over-
expression. Collectively, these results showed that
PTENPI1 inhibited cell proliferation and invasion
via miR-19b/MTUSI axis in CC patients.

Conclusions

Above all, our study detected that PTENP1
was reduced in CC patients and it was a prognos-
tic factor for CC patients. Furthermore, we firstly
uncovered that PTENPI could inhibit cell prolif-
eration and invasion via miR-19b/MTUSI in CC
patients, which uncovered the tumor-suppressive
role of PTENPI in CC and suggested that it might
be a potential target for treating human CC.
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