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Overexpression of Long Noncoding RNA PTENP1 Inhibits Cell Proliferation

and Migration via Suppression of miR-19b in Breast Cancer Cells
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This study aimed to investigate the effect of long noncoding RNA PTENPI in the development of breast cancer
(BC). Quantitative real-time PCR was utilized to determine the expression of PTENP1 in tissues and cell lines.
pcDNA3.1 and shRNA were used to over- and low-express PTENP1 in BC cell lines, and miR-19b mimic
and inhibitor were utilized to over- and low-express miR-19b. Then the abilities of cell survival, apoptosis,
migration, and invasion were assessed in BC cells with different expression levels of PTENP1 and miR-19b.
The expression of PTENP1 was significantly downregulated in both BC tissues and cell lines. Overexpressed
PTENPI could significantly increase cell survival, colony forming, migration, and invasion but decrease apo-
ptosis in BC cell lines. However, overexpressed miR-19b performed contrary effects compared with PTENP1
on cell survival, colony forming, migration, invasion, and apoptosis in BC cell lines. miR-19b can be down-
regulated by PTENPI, and the effect of overexpressed PTENP1 on the PI3k/Akt pathway could be aborted by
overexpressed miR-19b. PTENP1 performed a negative role in the development of BC via downregulating
miR-19 probably through the PTEN/PI3K/Akt pathway.

Key words: Phosphatase and tensin homolog pseudogene 1 (PTENP1); Breast cancer (BC);
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INTRODUCTION

Breast cancer (BC) is the most common malignancy
and accounts for the second highest number of cancer
deaths worldwide in women'. Recently, because of the
popularization of the Westernized lifestyle in China, the
diagnosis of BC increased significantly, especially in
the obese and physically inactive population®. It is esti-
mated that the prevalence of BC was 268,600 cases, and
mortality was expected to reach 69,500 cases in Chinese
women for 2015°. Undoubtedly, these increased trends
also induced a heavy burden on the economy and health
of both patients and families®. Surgery resection, radio-
therapy, and chemotherapy are the most common treat-
ments for BC. However, because of their limitations, the
clinical results and prognosis are still not satisfactory’.
In recent decades, several biomarkers and targeted gene
treatment genes have been introduced for BC therapy,
but the clinical effect has still not improved owing to
the comprehensive mechanism of BC development®’.
Therefore, it is of great importance to further explore
the mechanism of BC, so that we can obtain some new
insights into the progression and treatment of BC.

Long noncoding RNAs (IncRNAs) are a class of tran-
scripts more than 200 nucleotides in length, with lim-
ited protein-coding potential®. Recently, IncRNAs were
identified to participate in several biological processes,
such as the proliferation, migration, invasion, and apo-
ptosis of cells”"’. The investigation of IncRNAs in BC is
currently ongoing''. Singh et al. have documented that
IncRNA-21A can serve as a potential tumor suppressor
against the invasion of BC tumor cells". Long intergenic
noncoding RNA for kinase activation (LINK-A) IncRNA
was shown to activate a LINK-A-dependent pathway in
correlation with hypoxia inhibitory factor 1o (HIF1or)
to promote glycolysis reprogramming and tumorgenesis
in BC by Lin et al."”. Growth arrest-specific 5 (GASS)
IncRNA can induce apoptosis in BC cells after respond-
ing to hormones'. Taken together, these findings suggest
that IncRNAs play an important role in the genesis and
progression of BC.

Lately, low levels of IncRNA phosphatase and tensin
homolog pseudogene 1 (PTENP1) have been reported to
significantly correlate with poor survival in patients with
head and neck squamous cell carcinoma, and decreased
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PTENP1 will promote the malignant behaviors of cancer
cells”. Dong et al. have reported that PTENP1 can act as
a biomarker to distinguish patients with gastric cancer
from healthy individuals'®. However, the biofunction of
PTENPI in BC has not been reported. Hence, a series of
BC tissue samples and cell lines were collected in this
study to primarily explore the mechanism of PTENP1
in BC. With these analyses, we aimed to obtain some
basic information about PTENPI1, so that we can pro-
vide some useful information for clinical diagnosis and
treatment.

MATERIALS AND METHODS
Human Tissue Samples and Cell Lines

After surgical resection, a total of 20 tissue samples
were collected from patients with BC at the Affiliated
Drum Tower Hospital of Nanjing University Medical
School (Jiangsu, P.R. China) from 2014 to 2016. All sam-
ples, including BC and corresponding adjacent normal
tissues, were preserved in liquid nitrogen within 30 min
after resection. All patients were informed of the proce-
dures and signed consent forms. Normal human mammary
epithelial cell line MCF10A and human BC cell lines
MCEF-7 and MDA-MB-231 (ATCC numbers: American
Type HTB-22 and HTB-26, respectively; Manassas, VA,
USA) were used in this study and cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Gibco, Carlsbad,
CA, USA) with 10% heat-inactivated fetal bovine serum
(FBS; Gibco). The cells were maintained at 37°C in a
humidified atmosphere of 5% CO, and passaged every
2-3 days to maintain exponential growth.

Quantitative Real-Time Reverse Transcription
PCR (qRT-PCR)

Total RNA was extracted using TRIzol (Invitrogen,
Carlsbad, CA, USA), and 1 mg of the total RNA was
reverse transcribed to cDNA using the Omniscript RT Kit
(Qiagen, Hilden, Germany). Each PCR mixture contained
the following: 1 ul of Fast SYBR® Green Master Mix
(Applied Biosystems, Foster City, CA, USA), 0.3 mM
of each primer, and 50 ng of cDNA. Negative controls
were performed using the same reaction mixtures with-
out cDNA. Real-time PCR analyses were performed in
StepOnePlus™ (Applied Biosystems) using the follow-
ing conditions: 20 s at 95°C, and then 40 cycles of 3 s
at 95°C and 30 s at 60°C. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as internal reference
for the relative quantification analysis. Primers used in the
measurement of PTENP1 were for the nonhomologous
3’-untranslated regions (3’-UTRs) as described previ-
ously'”. The mature microRNAs (miRNAs) were quanti-
fied using the TagMan MicroRNA Assays Kit (Applied
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Biosystems) as described'®, based on the quantitative
stem loop PCR with U6 RNA as an internal control.

Western Blot

Total cellular extracts were obtained after the cells
were washed twice with Hanks’ balanced salt solu-
tion and lysed in RIPA buffer. Equal amounts of protein
extracts (50 pg of protein per lane) were separated by
12% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) and transferred to polyvinylidene
fluoride (PVDF) membranes (Millipore, Boston, MA,
USA). The membranes were blocked with 5% skim milk
in Tris-buffered saline with Tween (TBST) for 1 h. The
membranes were incubated overnight at 4°C with primary
antibodies to proteins (1:1,000 dilution) and GAPDH
(1:1,000), and then a secondary antibody conjugated with
horseradish peroxidase (1:5,000; ab7090) was added to
culture the membrane continuously for 1 h at 37°C. The
bands in the membranes were developed using enhanced
chemiluminescence reagent (Santa Cruz) after washing
for three times with 1x TBST. All antibodies were pur-
chased from Abcam (Cambridge, UK), and their basic
information is shown below: antibodies for B-cell CLL/
lymphoma 2 (Bcl-2; ab119506), Bcl-2-associated X pro-
tein (Bax; ab77566), pro- and cleaved caspase 3 (ab32150
and ab2302), pro- and cleaved caspase 9 (ab135544
and ab2324), epithelial (E)-cadherin (ab1416), B-catenin
(ab32572), vimentin (ab16051), oi-smooth muscle actin
(a-SMA; ab5831), phosphatase and tensin homolog
(PTEN; ab228466), pyruvate dehydrogenase kinase 1
(PDK-1) (ab208187), phosphorylated phosphatidylinosi-
tol 3-kinase (p-PI3K), PI3K (ab125633), phosphorylated
protein kinase B (p-Akt), and Akt (ab8804). GAPDH
(ab181603) was used as a loading control.

Cell Transfection

Plasmid cDNA-PTENPI was constructed by introduc-
ing a BamHI-EcoRI fragment containing the PTENP1
cDNA into the same site in pcDNA3.1. The high-
expressed and low-expressed PTENP1 were trans-
fected with pcDNA-PTENP1 and short hairpin RNA
for PTENP1 (sh-PTENP1), respectively. The pcDNA-
PTENPI1, pcDNA-control, sh-PTENPI1 or sh-negative
control (NC), miR-19b mimic, mimic NC, inhibitor NC,
or miR-19b inhibitor was transfected into MCF-7 and/or
MDA-MB-231 cells. Transfection was performed using
Lipofectamine 2000 (Invitrogen) according to the manu-
facturer’s instructions.

Cell Proliferation Assays

Cell proliferation was determined using a Cell Prolif-
eration Reagent Kit I (MTT) (Roche Applied Science,
Penzberg, Germany). The MCF-7 and MDA-MB-231
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cells transfected with pcDNA-PTENP1 were grown in
96-well plates. Cell proliferation was assessed every 24 h
following the manufacturer’s protocol. All experiments
were performed in quadruplicate. For colony formation
assays, a total of 500 cells for each cell line were placed
in six-well plates and maintained in complete media.
The medium was replaced every 4 days; 2 weeks later,
cells were fixed with methanol and stained with 0.1%
crystal violet (Sigma-Aldrich, St. Louis, MO, USA).
Visible colonies were then counted. For each treatment
group, wells were assessed in triplicate.

Cell Apoptosis

The MCF-7 and MDA-MB-231 cells transfected with
pcDNA-PTENP1 were harvested 48 h after transfec-
tion by trypsinization. After being double stained with
fluorescein isothiocyanate (FITC)-annexin V and pro-
pidium iodide (PI) using the FITC-Annexin-V Apoptosis
Detection Kit (BD Biosciences, San Jose, CA, USA), the
cells were analyzed with a flow cytometer (FACScan;
BD Biosciences) equipped with CellQuest software (BD
Biosciences). Cells were discriminated into viable cells,
dead cells, early apoptotic cells, and apoptotic cells, and
then the relative ratio of early apoptotic cells was com-
pared with control from each experiment.

Cell Migration and Invasion Assays

For the migration assays, at 48 h posttransfection,
5x10* cells in serum-free medium were placed into the
upper chamber of an insert (§-mm pore size; Millipore,
Billerica, MA, USA). For the invasion assays, 1x10°
cells in serum-free medium were placed into the upper
chamber of an insert coated with Matrigel. Medium
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containing 10% FBS was added to the lower chamber.
After incubation for 24 h, the upper medium was dis-
carded, and the upper membrane surface was wiped with
cotton wool. Cells that had migrated or invaded through
the membrane (lower membrane surface) were stained
with methanol and 0.1% crystal violet, and then the stain-
ing results were imaged, and cell numbers were counted
using an IX71 inverted microscope (Olympus, Tokyo,
Japan). Experiments were independently repeated three
times.

Luciferase Assay

The target relationship between IncRNA PTENPI
and miR-19b was evaluated using a dual-luciferase
reporter assay. The full-length 3’-UTR of PTENPI con-
taining the miR-19b binding site was inserted into the Xbal
site of the pGL3 vector (Promega, Madison, WI, USA)
to construct the pGL3-PTENP1-3-UTR-WT reporter.
The pGL3-PTENPI-3’-UTR-MUT reporter, containing
a mutated PTENP1 binding sequence, was synthesized
using a site-directed mutagenesis kit (Stratagene, La Jolla,
CA, USA). Afterward, cells (1x 10°) were transfected with
1 pg of the silenced PTENP1 vector (or control) and a
Renilla luciferase expression vector using Lipofectamine
2000 (Invitrogen) according to the manufacturer’s instruc-
tions. After 36 h of transfection, luciferase activity was
measured using the Dual-Luciferase® Reporter Assay
System (Promega). Renilla luciferase activity served as
an internal control.

Statistical Analysis

Differences between groups were analyzed using
Student’s 7-test or chi-square test. Statistical analyses were
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Figure 1. Long noncoding RNA (IncRNA) phosphatase and tensin homolog pseudogene 1 (PTENP1) was decreased in breast cancer
(BC) tissues and cells as determined by quantitative real-time PCR. (A) Expression of PTENP1 in tissue samples. **p<0.01 compared
to nontumor. (B) Expression of PTENP1 in MCF10A, MCF-7, and MDA-MB-231. **p<0.01 compared to MCF10A.
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Figure 2. Overexpressed PTENP1 inhibited cell proliferation and promoted cell apoptosis. (A) Relative expression of PTENP1 deter-
mined by quantitative real-time PCR. (B) Effect of PTENP1 overexpression on cell viability in MCF-7 cells. (C) Effect of PTENP1
overexpression on cell viability in MDA-MB-231 cells. (D) Effect of PTENP1 overexpression on colony formation in both MCF-7
and MDA-MB-231 cells. (E) Influence of PTENP1 overexpression on apoptosis in both MCF-7 and MDA-MB-231. (F) Expression
of apoptosis markers determined by Western blotting in both MCF-7 and MDA-MB-231. Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-
associated X protein; GAPDH, glyceraldehyde 3-phosphate dehydrogenase. *p<0.05 and **p<0.01 compared to pcDNA-control.
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performed using SPSS version 18.0 (SPSS, Chicago, IL,
USA). For all statistical analyses, a value of p<0.05
was considered statistically significant.

RESULTS
Expressions of PTENPI in BC Tissues and Cell Lines

In the current study, a total of 20 patients were
enrolled, and the expressions of PTENP1 in both tumor
and nontumor tissues were examined via qRT-PCR.
According to the results of qRT-PCR, a significantly
lower expression of PTENP1 was identified in tumor
tissue compared with nontumor tissue (Fig. 1A). Mean-
while, expression levels of PTENPI in BC cell lines
MCEF-7 and MDA-MB-231 were examined by qRT-PCR
with the MCF10A as the normal control. Similar to the
result in tissue, a significant reduction was obtained in
MCF-7 and MDA-MB-231 compared with MCF10A
cells (Fig. 1B).

Overexpression of PTENPI1 on Cell Proliferation
and Cell Apoptosis

For further analysis, PTENP1 was overexpressed in
MCF-7 and MAD-MB-231 cells (Fig. 2A). Then the
influence of overexpressed PTENP1 on cell proliferation
and apoptosis was assessed. The MTT result showed that
overexpressed PTENPI significantly inhibited the pro-
liferation of MCF-7 and MDA-MB-231 at 48 and 72 h
(Fig. 2B and C). Overexpressed PTENP1 also could
significantly suppress the colony-forming abilities of
MCEF-7 and MDA-MB-231 (Fig. 2D). The degree of
apoptosis in MCF-7 and MDA-MB-231 cells was also
investigated. The results showed that overexpressed
PTENPI significantly increased apoptosis in both MCF-7
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and MDA-MB-231 cells (Fig. 2E). Meanwhile, exam-
ination of apoptosis factors also revealed that overex-
pressed PTENP1 significantly increased the expression
levels of Bax, cleaved caspase 3, and cleaved caspase 9,
but remarkably decreased the expressions of Bcl-2, pro-
caspase 3, and procaspase 9 (Fig. 2F).

Overexpression of PTENP1 on Cell Migration
and Invasion

The influence of PTENP1 on cell migration and inva-
sion was also investigated. The results revealed that
overexpressed PTENP1 could significantly inhibit the
migrations of MCF-7 and MDA-MB-231 cells (Fig. 3A).
Meanwhile, overexpressed PTENPI1 also can suppress
the invasion abilities of MCF-7 and MDA-MB-231 cells
(Fig. 3B).

miR-19b Is a Target Gene of PTENPI

To further reveal the possible mechanism of action, the
downstream target of PTENP1 was explored (Fig. 4A).
Based on the luciferase assay, miR-19b was identified
to be negatively regulated by PTENP1 in MCF-7 cells
(Fig. 4B and C). The expression of miR-19b in BC
tissue and cell lines was also examined. The results
showed that the expression of miR-19b was significantly
increased in BC tissue compared with nontumor tissue
(Fig. 4D). Significantly increased expression levels were
also detected in the MCF-7 and MDA-MB-231 cell
lines compared with MCF10A (Fig. 4E).

miR-19b Promotes Cell Proliferation and Metastasis

Moreover, the biofunction of miR-19b in BC was
explored. The effect on miR-19b levels of overexpres-
sion and knockdown of miR-19b vectors in MCF-7 was
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Figure 3. PTENP1 overexpression inhibited cell migration and invasion. (A) Effect of PTENP1 overexpression on migration assay.
(B) Effect of PTENP1 overexpression on invasion assay. **p<0.01 compared to pcDNA-control.
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Figure 4. MicroRNA-19b (miR-19b) was a target gene of PTENP1. (A) Schematic of the miR-19b putative binding site in wild-type
PTENPI. (B) Luciferase activity assay performed between PTENP1 and miR-19b. WT, wild type; MUT, mutant. *p<0.05 compared
to pre-negative control (NC). (C) Expression of miR-19b in MCF-7 with different expression of PTENP1. sh, short hairpin. *p<0.05
compared to sh. (D) Expression of miR-19b in tissue. ***p<0.01 compared to nontumor. (E) Relative expression of miR-19b in cancer

cell lines. **p<0.001 compared to MCF10A.

assessed in Figure 5A. The results demonstrated that
overexpression of miR-19b can significantly increase
the ability of survival, but inhibition of miR-19b would
decrease the ability of survival (Fig. 5B). The same
effects were also observed on colony forming (Fig. 5C),
migration (Fig. 5D), and invasion (Fig. SE) in MCF-7
cells. Results of Western blotting also showed that over-
expressed miR-19b could significantly downregulate
the expression levels of E-cadherin and B-catenin but
upregulate the expression levels of vimentin and o-SMA,
while inhibiting the expression of miR-19b would
markedly upregulate the expression levels of E-cadherin

and [B-catenin but downregulate the expression levels of
vimentin and o-SMA (Fig. 5F). In addition, upregulat-
ing the expression of miR-19b decreased the apoptosis
of MCF-7, but downregulating the expression of miR-
19b remarkably increased the apoptosis of MCF-7 cells
(Fig. 5G). Moreover, the Western blot also showed that
increasing the expression of miR-19b would significantly
increase the expression of procaspase 3 and procaspase 9
but decrease the expression of Bax-2, cleaved caspase 3,
and cleaved caspase 9, whereas suppressing the expres-
sion of miR-19b would markedly inhibit the expression
of Bcl-2, procaspase 3, and procaspase 9, but promote
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the expression of Bax-2, cleaved caspase 3, and cleaved
caspase 9 (Fig. SH).

PTENPI Inhibits BC Cell Proliferation and Metastasis
by Downregulation of miR-19b

The correlation between PTENP1 and miR-19b was
also further investigated. The analytical result showed
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that overexpression of PTENP1 presented obvious inhibi-
tory effects on MCF-7 cell viability (Fig. 6A), colony
forming (Fig. 6B), migration (Fig. 6C), and invasion
(Fig. 6D) and expression of migration proteins (Fig. 6E).
However, these results could be significantly opposed by
overexpression of miR-19b. Moreover, overexpression
of PTENP1 also could conduct a significant promotive
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Figure 6. PTENP1 inhibited BC cell proliferation and metastasis by downregulation of miR-19b. (A) Effect of overexpression of
PTENP1 and miR-19b on cell viability. (B) Effect of miR-19b mimics and inhibitors on colony formation. (C) Effect of miR-19b mim-
ics and inhibitors on migration. (D) Effect of miR-19b mimics and inhibitors on invasion. (E) Effect of miR-19b mimics and inhibi-
tors on expression of migration markers determined by Western blotting. (F) Effect of miR-19b mimics and inhibitors on apoptosis.
(G) Effect of miR-19b mimics and inhibitors on expression of apoptosis markers determined by Western blotting. *p <0.05, **p<0.01,

*##%p<0.001 compared with the nontumor group.
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effect on apoptosis of MCF-7 (Fig. 6F), and the apoptotic
factors were also changed correspondingly (Fig. 6G).

Effects of PTENP1 on the PTEN/PI3K/Akt Pathway

Finally, the possible PTENP1 pathway that might be
involved in BC genesis and progression was further
explored. The results showed that overexpression of
PTENP1 could significantly increase the expression of
PTEN, while it could decrease the expression of PDK-1,
p-PI3K, PI3K, and p-Akt. However, overexpression of
miR-19b could decrease the expression of PTEN and
PI3K and increase the expression of PDK-1, p-PI3K, and
p-Akt. Moreover, the influence of PTENP1 on the PI3K/
Akt pathway can be significantly aborted by the overex-
pression of miR-19b (Fig. 7).

DISCUSSION

In the current study, PTENP1 was significantly down-
regulated in both BC tissue samples and cell lines.
Meanwhile, upregulation of PTENP1 significantly inhib-
ited cell viability, colony forming, migration, and invasion
and promoted cell apoptosis in BC cell lines. miR-19b
is an important downstream target of PTENP1 and may
serve a positive role in the development of BC. Further
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Figure 7. Expression of proteins involved in the PI3K/Akt
pathway was changed by aberrant expression of PTENP1 and
miR-19b. PTEN, phosphatase and tensin homolog; PDK-1,
pyruvate dehydrogenase kinase 1; p-PI3K, phosphorylated
phosphatidylinositol 3-kinase; p-Akt, phosphorylated protein
kinase B.
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analyses suggested that the effect of the low expression
of PTENP1 could be reversed by inhibiting the expres-
sion of miR-19b through the PTEN/PI3K/Akt pathway.

PTENP1 originates from a duplication of the tumor
suppressor PTEN". As a pseudogene of PTEN, PTENP1
has several binding sites for miRNAs that target PTEN
in the 3’-UTR'®, Owing to this manifestation, PTENP1
also presents an important role against the development
of tumors. Tay et al. have documented that overexpressed
PTENPI can significantly inhibit cell growth via com-
peting with PTEN'’. A previous study had reported that
the expression levels of PTEN and PTENPI were both
downregulated in hepatocellular carcinoma (HCC), and
overexpressed PTENP1 will significantly impair the
tumorigenic ability of HCC cell lines and increase the
autophagy and apoptosis of cell lines”. Downregulated
PTENP1 expression was also observed in BC tissue
samples and cell lines. Overexpressed PTENP1 nega-
tively regulated cell viability, proliferation, migration,
and invasion of BC cell lines. This evidence suggested
that PTENP1 acted via a negative role in the develop-
ment of BC. However, the mechanism for the downregu-
lation of PTENP1 is not clearly elucidated. Kovalenko et
al. have indicated that the methylation of PTENP1 in its
5’-terminal regions contributes to this decrease in expres-
sion”'. Thus, we deduced that the methylation of PTENP1
might be the explanation for the decline of PTENP1
expression, but this still needs to be verified.

PTEN can be regulated by several mechanisms,
including miRNAs*. miR-19b has been confirmed to
target PTEN through binding sites in the 3’-UTR, which
is also contained in PTENP1%. Therefore, the biofunc-
tion of miR-19b was also explored in this study. With an
increased expression of miR-19b, significant promotive
effects were identified on cell viability, colony forming,
migration, and invasion, and an obvious inhibitive effect
on apoptosis in BC cell lines, while these effects can be
opposed by downregulating the expression of miR-19b.
These results meant that miR-19b served a positive role
in the progression of BC. This positive role has also
been identified in colon cancer’* and non-small cell lung
cancer”. Downregulating miR-19b expression with an
inhibitor appeared to reverse the effect of low PTENP1
expression on cell viability, colony forming, migration,
and invasion. All of these results indicate that miR-19b
is a downstream target of PTENP1. The PI3K/Akt path-
way is a crucial role for PTEN to develop its biofunc-
tion. Chen et al. have revealed that elevated expression
levels of PTENP1 and PTEN can suppress cell prolif-
eration, migration, and invasion via inhibiting the PI3K/
Akt pathway in HCC®. Hence, the PI3K/Akt pathway
was also explored in this study, and the results showed
that increasing PTENP1 expression could also increase
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the expression of PTEN but reduce the activation of the
PDK-1 and PI3K/Akt pathway, while miR-19b acted
in a contrary way. Taken together, the PTEN/PI3K/Akt
pathway was the main signal transduction pathway for
PTENP1 in BC.

In conclusion, PTENPI is an important tumor sup-
pressor for the development of BC, but miR-19b is an
oncogenic gene for BC. PTENPI can inhibit cell viabil-
ity, colony forming, migration, and invasion and promote
cell apoptosis via downregulating miR-19 potentially
through the PTEN/PI3K/Akt pathway. Therefore, PTENP1
can serve as a potential target gene for BC treatment.
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