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Long non-coding RNA PTAR inhibits apoptosis but promotes proliferation,
invasion and migration of cervical cancer cells by binding miR-101
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In this study, the expression of PTAR in cervical cancer tissues and cells was quantified by real- Received 21 April 2021
time PCR. Then, the roles of PTAR in Hela cell proliferation and cell cycle were analyzed by a CCK-  Revised 16 June 2021
8 assay and flow cytometry, respectively.The effects of PTAR on cell migration and invasion were ~ Accepted 17 June 2021
checked by Transwell and wound healing assays.The effect of PTAR on Hela cell apoptosis was KEYWORDS
analyzed using annexin V/FITC staining. Finally, the interaction between PTAR and miR-101 in Uterine cancer: IncRNA;
uterine cancer was verified through a dual-luciferase reporter assay and correlation analysis. The miRNA; proliferation;
results showed that PTAR expression was aberrantly ascended in cervical cancer tissues and cell invasion; migration
lines (Caski, SW756, SiHa, C33A and Hela cells). Overexpressed PTAR could promote cell prolifera-

tion, migration and invasion in Hela cells, which were suppressed by PTAR knockdown. Moreover,

cell cycle progression stalled at the G1-GO phase could be released with PTAR overexpression. The

transfection of a PTAR vector inhibited apoptosis, while si-PTAR transfection increased apoptosis.

Furthermore, PTAR could act as an endogenous sponge by directly binding to miR-101 and

downregulating miR-101 expression. In conclusion, INncRNAPTAR plays a vital role and may be

an effective target for the diagnosis and therapy of cervical cancer.

;ﬂ' ..
He 5-sfbrAh‘ TR
e RO

g a'. .
i A»),

*CONTACT Xuehe Wang, Department of Gynaecology, Songshan Hospital of Qingdao University Medical College, Qingdao266021, Shandong, China Email:
® liheg15@126.com
© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21655979.2021.1946634&domain=pdf&date_stamp=2021-07-27

Introduction

Uterine cancer is the most common and highest
fatality rates malignant tumor of the female repro-
ductive system in developing countries. During
primary surgical treatment, common sites of uter-
ine cancer metastasis, such as adnexa, peritoneal
surfaces, and pelvic and para-aortic lymph nodes,
are identified [1]. It is estimated that there are
approximately 500,000 new cases occur and
275,000 cases died each year worldwide [2].
Thus, a clear molecular mechanism that induce
cell proliferation and migration would benefit the
treatment of uterine cancer.

In recent decades, noncoding RNAs (ncRNAs)
have been increasingly investigated in the field of
molecular oncology because they involve in var-
ious pathway activation in the pathological process
of tumors [3]. The association between ncRNAs
and human disease has been widely investigated in
the context of microRNA (miRNA) [4].However,
long noncoding RNAs (IncRNAs) regulate gene
expression in many manners, including transcrip-
tion, chromosome  remodeling,and  post-
transcriptional processing, which are nonprotein-
coding RNAs that are longer than 200 nucleotides,
resulting in human diseases and cancers [5,6].
Moreover, it has been confirmed that IncRNAs
act as competitive RNA (ceRNA) for microRNAs
(miRNAs) to regulate tumor occurrence, cell inva-
sion and migration [7,8]. PTAR is a newly identi-
fied IncRNA that regulate ETM transition in
ovarian cancer by regulating ZEB1 through bind-
ing miR-101-3p [7]. However, it is still not clear
about the exact role of PTAR in uterine cancer. In
addition, in uterine cancer, miR-101 expression is
obviously inhibited [9]. Therefore, it is reasonable
to speculate that PTAR may promote uterine can-
cer by binding miR-101.

In the present study, we hypothesized that
IncRNA PTAR would be a potential biomarker for
cervical cancer diagnosis and as a sponge to bind
with downstream miRNA. We first analyzed PTAR
expression in cervical cancer tissues, para-carcinoma
tissues and various uterine cancer cell lines. Then,
the effects of PTAR on cellbiology about prolifera-
tion, migration, invasion and apoptosis were ana-
lyzed in uterine cancer. Finally, the interaction
between PTAR and miR-101 was clarified.
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Materials and methods

Ethics statement. This study was performed
according to the guidelines of the Qingdao
University Institutional Review Board (IRB).

Tissue collection. Cancer tissues and corre-
sponding para-carcinoma tissues were collected
from Songshan Hospital, Affiliated Hospital of
Qingdao University (Qingdao, China) from
February 2017 to January 2018. Patients aged
>18 years with histologically confirmed advanced
or recurrent uterine cervical cancer, or STS not
curable by surgical or radiation therapy were eli-
gible. Other main inclusion criteria were: 21 pre-
vious chemotherapy regimen for advanced/
recurrent uterine cervical, or 22 previous che-
motherapy regimens for advanced/recurrent STS;
>]1 measurable lesion as defined in the RECIST
guidelines, version 1.1; ECOG performance status
score of 0 or 1; and adequate hematological, hepa-
tic, and renal function.

Cell culture. The Caski, SW756, SiHa, C33A
and HeLa human cervical cancer cell lines were
cultured using RMPI-1640 medium (HyClone,
LA, USA). 293 T cells were cultured using
DMEM medium (HyClone, LA, USA) supple-
mented with 10% fetal bovine serum (FBS,
HyClone, LA, USA) and 1% penicillin and strep-
tomycin (HyClone, LA, USA) and were incu-
bated at 37°C with 5% CO,.

Plasmid  construction  and  transfection.
A pcDNA3.1 vector cDNA was used for encod-
ing PTAR subcloning. PTAR siRNA was synthe-
sized by Sigma-Aldrich (MO, USA) for PTAR
knockdown (HeLa-si-PTAR cells). Vectors of
hsa-miR-101 mimics or inhibitors were to the
plates and incubated for 48 h, after 6 h
transfection.

Dual-luciferase procedure. PTAR with a wild-
type miR-101-3p binding site and PTAR with
a mutatedmiR-101-3p binding site were generated
and fused to the luciferase reporter vector psi-
CHECK™-2 (Promega, WI, USA). A dual-
luciferase reporter assay kit (Promega, WI, USA)
was used for the luciferase assays. Briefly, the
harvested cells were washed once with cold PBS.
Cells were lysed with passive lysis buffer (100 pL),
and the supernatant was collected by centrifuga-
tion at 12,000 x g for 30s. Promega GloMax (W1,
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USA) was used to determine the relative luciferase
expression values. The results are presented as the
relative luciferase activity (firefly luciferase/Renilla
luciferase).

Real-time PCR procedure. Total RNA of tissues
and cells was extracted using TRIzol reagent
(Invitrogen, CA, USA) and reverse transfected
using cDNA reverse transcription kits (Promega,
WI, USA). The 7500 Fast RT-PCR instrument was
used for detection. The PCR amplification process
included the following parameters: 95°C for
2 min, 40 cycles at 95°C for 15 s, and 60°C for
32 s. The relative mRNA expression was detected
by the 2-AACt method, using GAPDH orU6 as the
reference genes. The PCR primer sequences are
shown in Table 1.

Cell proliferation assay. The CCK-8 kit was cho-
sen for cell proliferation evaluation according to
previous instructions. Briefly, cells were plated and
cultured in 96-well plates. Then, 10 puL of CCK-8
reagent was added for viable cell staining. After an
additional incubation for 4 h, the spectrophoto-
metric absorbance at 450 nm was recorded. Cell
proliferation was calculated using the following
equation proliferation (%) = (1-OD,gsessment time
/ODy 1,) x100%.

Cell cycle analysis. Cells were cultured to 75-
80% confluence. First, PBS was used to wash the
cells three times. Then, the cells were trypsinized,
collected and washed with PBS. Next, the cells
were fixed in 70% cold ethanol and stored at
—20°C. After fixation, the cells were washed with
PBS and stained with 50 ug/mL PI in the dark for
30 min at 4°C. The cells were subsequently ana-
lyzed using flow cytometry.

Annexin V-FITC flow cytometry. Analysis of
apoptosis was performed using an Annexin
V-FITC Apoptosis Detection Kit (Keygen,
Nanjing, China). Briefly, the cells were trypsinized
and collected after they were treated. After wash-
ing, the cells twice with PBS, the cells were stained

Table 1. PCR primer sequences used in this study.

Gene name Primer sequences

Inc-PTAR-F: 5’ACAGATGTAAACCAACCAGA

Inc-PTAR-R: 5'ATGCTACTGGAGACTTTAGG

miR-101-F: 5'ACACTCCAGCTGGGTACAGTACTGTGATAA
miR-101-R: 5'CTCAACTGGTGTCGTGGA

U6-F: 5'CTCGCTTCGGCAGCACA

U6-R: 5'AACGCTTCACGAATTTGCGT

with PI and annexin V-FITC before flow cytome-
try analysis.

Western blot analysis. Total proteins were
extracted and separated by electrophoresis
(Bio-Rad) and then electrophoreticallytrans-
ferred into the NC membranes. Then, the NC
were blocked with 3% milk
(Sangon Biotech), and incubated in primary
antibody solution overnight at 4°C. After wash-
ing with TBST for 3 times, the corresponding
secondary antibody was used for membrane
incubation for 1 h at RT temperature. Blots
were then developed with an ECL detection
system as reported methods. Rabbit anti-BCL
-W, anti-BCL-2, anti-BCL-XL and anti-BAX
antibodies were purchased from Cell Signaling
Technology (MA, USA). A rabbit anti-caspase
-3 antibody was purchased from Abcam (MA,
USA). A rabbit anti-GAPDH antibody was
obtained from Akasomics (Shanghai, China).
IgG-HRP secondary antibodies were purchased
from Southern Biotech (AL, USA).

Cell migration and invasion. For the invasion
assay, the upper chamber was coated with
a mixture of MEM (HyClone, LA, USA) and
Matrigel (BD Biosciences, CA, USA). Non-
invading cells on the upper side were removed
using a cotton swab. Cells that migrated through
the filters were stained with 0.5% crystal violet
(Sigma-Aldrich, MO, USA). Images of the cells
were acquired at 200x magnification.

Wound healing assay. HeLa cells were seeded in
six-well plates (1 x 10° cells/mL) (Corning, NY,
USA) overnight to form a monolayer. Confluent
monolayers (100%) were scratched with 10 pL
micropipette tips to produce a wound are that
did not contain cells. Growth medium deprived
of FBS was added to the plates. After transfection,
wound healing images were obtained by micro-
scopy at 0, 6, 24 and 48 h. Wound size was quan-
tified using Image-Pro Plus 6.0 and calculated
using the following equation migration
(%) = (1-wound width assessment time/wound
width0 h)x100%.

Statistical analysis.All data was shown as mean
+ SD. For comparison between 2 groups, Student’s
t-test was used for statistical analysis.Statistically
significance was set at P < 0.05 using GraphPad
Prism 6.0 software.

membranes



Results

The expression of PTAR IncRNA in cervical cancer. In
order to investigate the biological function of PTAR
in cervical cancer, we collected 28 pairs of uterine
cancer tissues and corresponding para-carcinoma
tissues. Then, we determined the expression level of
PTAR by real-time PCR. The results indicated that
the expression level of PTAR in the uterine cancer
tissues was significantly greater than that in the para-
carcinoma tissues (P < 0.05) (Figure 1a). Next, PTAR
expression was also analyzed in 5 types of cervical
cancer cell lines, including Caski, SW756, SiHa,
C33A and Hela cells. The PTAR expression level
was significantly increased in all investigated cervical
cancer cell lines compared with the End1/E6E7 nor-
mal cervical cell line (P < 0.05). Moreover, the PTAR
expression level in HeLa cells was significantly
greater than that in Caski, SW756, SiHa and C33A
cells (P < 0.01) (Figure 1b). Therefore, for the sub-
sequent experiments, we used HeLa cells to further
explore the role of PTAR in uterine cancer.

PTAR IncRNA increased uterine carcinoma cell
proliferation. To examine the effects of PTAR on
uterine carcinoma cell proliferation over 96 h,
a PTAR overexpression vector and si-PTAR were
transfected into HeLa cells. The PTAR overexpres-
sion vector significantly increased the PTAR
expression level (P < 0.05), while si-PTAR mark-

edly decreased the PTAR expression level
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(P < 0.05) (Figure 2a). Then, a CCK-8 assay was
performed to evaluate HeLa cell proliferation with
PTAR overexpression and knockdown. The results
showed that beginning on day 2, the proliferation
rate of HeLa cells overexpressing PTAR was sig-
nificantly increased (P < 0.05); in contrast, PTAR
knockdown significantly contributed to a decrease
in cell proliferation beginning on day 3 (P < 0.05)
(Figure 2b). Then, flow cytometry was used to
further investigate the cell cycle. Figure 2c¢ dis-
played that cell cycle progression stalled at the G1-
GO phase could be released with PTAR
overexpression.

PTAR IncRNA promoted uterine carcinoma cell
migration and invasion. Transwell assays were per-
formed to evaluate the migration and invasion
abilities of HeLa cells with PTAR overexpression
and knockdown. Figure 3 shows that PTAR over-
expression significantly enhanced the migration
and invasion abilities of HelLa cells (P < 0.01);
however, si-PTAR led to a decrease in cell migra-
tion and invasion abilities (P < 0.01). Then,
a scratch wound healing assay was carried out to
further confirm the role of PTAR on cell migra-
tion. As shown in Figure 4, at 24 and 48 h after the
wound was established, compared with HeLa-NC
cells, HeLa-PTAR cells were observed to migrate
toward the open wound to close the scratched
wound and significantly accelerated the wound
healing process (P < 0.05). However, HeLa-si-

B
LncRNA PTAR expression

a

Relative Expression

Figure 1. LncRNA PTAR expression was increased in uterine cancer tissues and Hela cell line. (a) Expression of IncRNA PTAR
was detected by qRT-PCR and using GAPDH for normalization. The IncRNA PTAR expression in 28 pairs of uterine cancer compared
with corresponding para-carcinoma specimens, **P < 0.01 vs Control. (b) PTAR expression was examined by gRT-PCR in uterine
cancer cell lines and the normal cervical cell line End1/E6E7. N = 3, Letters indicate P < 0.05 vs Control.
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Figure 2. LncRNA PTAR promoted Hela cell proliferation. (a) PTAR expression in Hela cell line was examined by qRT-PCR after
transfection with si-PTAR or PTAR vector. (b) Proliferation rate of the Hela cells was determined by CCK-8 assay after transfection
with si-PTAR or PTAR for 0 h, 24 h, 48 h, 72 h and 96 h. (c) Cell cycle of Hela cells was analyzed by flow cytometry using Pl staining.

n = 3, *P < 0.05 vs control.

PTAR cells showed a negative trend toward wound
healing at 6, 24 and 48 h (P < 0.05).

PTAR IncRNA inhibited the apoptosis of uterine
carcinoma cells. To further investigate the role of
PTAR in cell apoptosis, we detected the apoptotic
cells by flow cytometry. The percentage of apopto-
tic HeLa cells is shown in Figure 5a by flow cyto-
metry under the same culture conditions. PTAR
overexpression contributed to decreases in early
and late apoptotic cells (P < 0.05). In contrast,

for PTAR knockdown, the ratio of viable cells to
total cells was decreased, while the percentages of
late apoptotic cells were increased (P < 0.05). To
further confirm the apoptosis of Hela cells,
Western blotting was performed to analyze the
expression of antiapoptotic and proapoptotic pro-
teins. As shown in Figure 5b, the expression levels
of the antiapoptotic BCL-2 family members BCL-
W, BCL-2 and BCL-XL were significantly upregu-
lated by PTAR overexpression (P < 0.05) but
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Figure 3. LncRNA PTAR promoted Hela cell migration and invasion. The cell (a) migration and (b) invasion ability was
determined by transwell assay after transfection with si-PTAR or PTAR vector. n = 4, **P < 0.01 vs control. Images of the cells

were photographed at 200 x magnification.

significantly downregulated by PTAR knockdown
(P < 0.05). In contrast, the expression levels of
BAX and caspase-3, which are two proapoptotic
proteins, were significantly decreased in HeLa-
PTAR cells (P < 0.05) and increased in HeLa-si-
PTAR cells (P < 0.05).

PTAR IncRNA negatively regulated miR-101
expression. In order to check the molecular
mechanism of PTAR, we analyzed the down-
stream miRNA of PTAR. According to the pre-
diction results, there is a binding site for miR-
101 in PTAR (Figure 6a). It is observed that hsa-
miR-101 reduced the luciferase activities of the
wild-type (WT) PTAR vector. However, the luci-
ferase activity in 293 T cells transfected with the
miR-101 inhibitor was increased, indicating the
direct binding between PTAR and miR-101
(Figure 6b). Then, the miR-101 expression level
in HeLa cells was analyzed. The results showed
that miR-101 expression was significantly down-
regulated by PTAR overexpression (P < 0.01) but

was significantly upregulated by PTAR knock-
down (p < 0.01) (Figure 6¢). Moreover, the para-
carcinoma tissues had a higher miR-101 expres-
sion level than the cancer tissues (P < 0.01)
(Figure 6d), and the correlation analysis sug-
gested that the expression of miR-101 was nega-
tively correlated with the expression of PTAR in
cancer tissues (R* = 0.75718) (Figure 6e).

Discussion

Uterine cancer is the main cause of death for
female tumor. In recent decades, augmenting evi-
dence has shown that IncRNAs provide a cellular
growth advantage, leading to progressive and
uncontrolled tumor growth [10,11]. Therefore,
efforts should be made to clarify the biological
and molecular mechanisms of IncRNAs in cervical
cancer.

In the present study, we demonstrated that the
expression of PTAR, which is a novel IncRNA, was
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Figure 4. LncRNA PTAR promoted Hela cell wound healing. The cell migration ability after transfection with si-PTAR or PTAR
vector for 0 h, 6 h, 24 h and 48 h were further determined by wound healing assay. n = 4, *P < 0.05 vs control. The black thick lines
indicate the wound edges.Images of the cells were photographed at 200 x magpnification.

significantly upregulated in uterine cancer tissues
and uterine cancer cell lines (Figure 1).
Specifically, an increased PTAR expression level
was shown to promote HelLa cell proliferation,
migration and invasion and decrease cell apoptosis
(Figs. 2-5). However, the knockdown of PTAR
expression led to the significant inhibition of cell
proliferation, migration and invasion and led to
a significant increase in cell apoptosis (Figs. 2-5).
These findings suggest that PTAR plays a direct
role in the modulation of cell proliferation and
uterine cancer progression and could be a useful
novel prognostic and progression marker for uter-
ine cancer.

Although most IncRNAs have been demon-
strated to play crucial biological roles in human
cancers, accurate molecular alterations modulated
by IncRNAs remain largely unknown. Commonly,
ceRNAs refer to all transcripts that may become
the targets of miRNA such as IncRNA, pseudogene
RNA, and circular RNA [12]. Increasing reports
have suggested that interactions between noncod-
ing RNAsplay key roles in cancer progression reg-
ulation. For example, UICLM IncRNA acts as

a ceRNA for miR-215 to promote colorectal cancer
metastasis [13]. In gallbladder cancer, PAGBC
IncRNA promotes tumor growth by competitively
binding to miR-133b and miR-511 [14]. In
a recent study, PTAR IncRNA was found to pro-
mote epithelial-to-mesenchymal transition and
tumor cell invasion and metastasis in malignant
ovarian cancer by binding miR-101-3p [7]. In the
present study, we also identified miR-101-3p as
a target of PTAR in uterine cancer by bioinfor-
matics prediction based on sequence complemen-
tarity and dual-luciferase assays. Since PTAR was
highly expressed in uterine cancer tissue, we
turther investigated the effects of PTAR in uterine
cancer and its relationship with miR-101.In HeLa
cells, overexpression of PTAR decreased miR-101
level, while silencing of PTAR increased miR-101
expression, because PTAR may promote uterine
cancer by regulating miR-101 targeted mRNAs.
Similar results can be found in the study of Zhao
et al., in which the knockdown of IncRNA ANRIL
could increase the expression of its target miRNA,
let-7a [15]. Moreover, in the present study, we also
observed that the miR-101 expression level in
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Figure 5. LncRNA PTAR inhibited Hela cell apoptosis. (a)The cell apoptosis after transfection with si-PTAR or PTAR vector were
determined by Annexin V/FITC using flow cytometry. (b) Protein levels of BCL-W, BCL-2, BCL-XL, BAX, caspase3 and GAPDH in Hela
cells were determined using Abs recognizing total protein. The expression of the apoptosis-related proteins was normalized to
GAPDH expression.N = 3, Letters indicate P < 0.05, **P < 0.01 vs control.

para-carcinoma tissues was significantly greater
than that in cancer tissues (Figure 6), suggesting
that miR-101-3p is downstream of PTAR. The
inverse correlation between the expression levels
of PTAR and miR-101-3p in clinical uterine cancer
samples further validated the targeted association
between the two noncoding RNAs (Figure 6e). The
involvement of miR-101 in cancer development
has been investigated by many groups. For exam-
ple, downregulation of miR-101 expression in gas-
tric and colon cancers is correlated with tumor

growth [16,17]. Forced expression of miR-101
inhibits prostate cancer cell growth [18].
Moreover, in uterine cancer, miR-101 has been
reported to suppress the proliferation and invasion
of aggressive cancer cells [19]. Similarly, our study
also suggested the tumor-promoting role of miR-
101.Overall, these data indicate that PTAR may
serve as an endogenous sponge of miR-101 and
that miR-101 facilitates uterine cancer.

In summary, our work showed that PTAR func-
tions as an oncogene by promoting the proliferation,
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invasion, and migration of uterine cancer cells and
inhibiting the apoptosis of uterine cancer cells.
Notably, mechanistic analysis uncovers that PTAR-
miR-101 pathway plays an important role in uterine
cancer. The role of PTAR in uterine cancer suggest
that PTAR may be an effective target for uterine
cancer therapies.However, limitations exist in this
study. For example, data were absent on additional
cell lines besides HeLa cells, and the evaluation of
apoptosis can be more persuasive if detected under
certain stress. Moreover, the possible downstream
targets of miR-101 were not included. Since PTAR
is a newly found IncRNA that can regulate ovarian
cancer, it is aimed to figure out the effect of PTAR in
uterine cancer and its possible mechanism of action.
So here we only analyzed the binding site between
PTAR and miR-101. In some literatures, miR-101
was discovered to regulate many downstream tar-
gets, such as EZH2, MCL-1, FOS, ZEBI and TRIM44
[19-21]. Thus, in the future study, the possible
downstream targets of PTAR-miR-101 will be inves-
tigated in cervical cancer. There are still limitations

in this study, we enrolled participants histologically
confirmed advanced or recurrent uterine cervical
cancer, and we did not divide the participants into
different groups according to histological types
(squamous cell carcinoma, adenocarcinoma, or
endometrial cancer). Therefore, we did not measure
the pTAR expression in different groups. We will
perform further investigation in this direction.

Conclusion

In this study, we investigated the biological functions
of IncRNA PTAR in cervical cancer. Those novel
findings suggest that PTAR plays a direct role in
the modulation of cell proliferation and uterine can-
cer progression and could be a useful novel prog-
nostic and progression marker for uterine cancer.

Highlight

(1) LncRNA PTAR was ascended in cervical cancer tissues
and cell lines;



(2) LncRNA PTAR as sponge by directly binding to miR-
101;

(3) LncRNA PTAR could be used as potential therapy
target.
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