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and Western Medicine of Zhejiang Province, Zhejiang Academy of Traditional Chinese Medicine, Tongde Hospital of Zhejiang
Province, Hangzhou, China

Chemoresistance is one of the main causes of recurrence in bladder cancer patients and
leads to poor prognosis. Recently, long non-coding RNAs, like HOXA-AS3, have been
reported to regulate chemoresistance in several types of cancer. In this study, we aimed to
determine whether HOXA-AS3 can mediate cisplatin resistance in bladder cancer, and its
potential mechanism of action. We determined the viability, proliferation, and apoptosis of
bladder cancer cells using a CCK-8 assay, EdU staining, and flow cytometry, respectively.
We used western blot analysis to assess the expression of markers of epithelial-
mesenchymal transition (EMT) and Notch1. We then confirmed expression of these
EMT-related markers by immunofluorescence analysis. We found that hypoxia promoted
resistance to cisplatin and upregulated the level of HOXA-AS3 in BC cells. Inhibition of
HOXA-AS3 enhanced hypoxia-induced cisplatin sensitivity by regulating EMT and Notch1
in BC cells. A dual-luciferase reporter assay confirmed that HOXA-AS3 directly targets
miR-455-5p and that Notch1 was a potential target of miRNA-455-5p. We also found that
the positive effect of HOXA-AS3 inhibition on cisplatin resistance and tumorigenesis was
alleviated when BC cells were transfected with miR-455-5p. Finally, we showed
combining HOXA-AS3 small interfering RNA (siRNA) with cisplatin treatment inhibited
tumorigenesis in a BALB/c nu/nu mouse model. Our findings indicate that HOXA-AS3
may function as a competing endogenous RNA (ceRNA) of miR-455-5p to regulate
Notch1 and play an important role in regulating chemotherapeutic drug sensitivity in BC
cells. Therefore, HOXA-AS3 may be a novel therapeutic target for treating bladder cancer.
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INTRODUCTION

Bladder cancer (BC) is ranked as the ninth most common cancer
worldwide, and men are more than three times more likely to
develop the disease than women (1, 2). Cisplatin is extensively
used in the clinic as a first-line treatment for many cancers,
including liver, ovarian, non-small cell lung cancer (NSCLC),
and BC (3–5); however, its efficacy is limited due to severe side
effects and the development of drug resistance (6). Indeed, most
patients become irresponsive to cisplatin and eventually die of
the disease (7). Therefore, understanding the mechanisms
behind cisplatin resistance is key for improving BC treatment
and prognosis.

Long non-coding RNAs (lncRNA), a group of evolutionarily
conserved RNAs longer than 200 nucleotides, modulate gene
expression at the epigenetic, transcriptional, and post-
transcriptional levels (8). Recent studies have shown abnormal
expression of lncRNA in many types of tumors, playing
important roles in cancer progression, including cell
proliferation, differentiation, invasion, and metastasis (9, 10).
Importantly, lncRNAs are considered key regulators in drug
resistance, and may also act as promising prognostic and
therapeutic targets. Several studies have shown lncRNAs may
interact with miRNAs and mutually modulate their expression
(11, 12). They may function as competing endogenous
RNAs (ceRNAs) with miRNAs and subsequently regulate
gene expression by post-transcriptional silencing of the target
RNAs (13, 14). Indeed, the interaction of lncRNAs and
miRNAs may provide new insight into cancer biology. For
instance, knockdown of the lncRNA SBF2-AS1 increased the
chemosensitivity of gemcitabine through inhibiting expression of
the twinfilin actin binding protein 1 (TWF1) by competitively
binding to miR-142-3p in pancreatic cancer (15). In addition, the
absence of the lncRNA FOXD2-AS1 enhanced cisplatin
sensitivity of NSCLC cells by regulating the miR-185-5p-SIX1
axis (16). Therefore, understanding the functions of lncRNAs in
cancer has become an area of extensive research.

HOXA-AS3 belongs to the clusters of HOX genes, a group of
highly homologous transcription factors that regulate
embryological development, and also regulate hematopoietic
lineage and differentiation (17, 18). There is mounting
evidence that lncRNAs, such as HOX-AS3, regulate cancer cell
growth, metastasis, and resistance to chemotherapy in several
types of tumors (19), and this makes them promising targets for
novel cancer therapies (20). Previous studies have shown that
overexpression of the lncRNA HOXA‐AS3 promotes tumor
progression and is a predictor of poor prognosis in glioma
(21). Increased HOXA‐AS3 levels were also found to promote
proliferation in lung adenocarcinoma (22). However, the
mechanisms of these lncRNAs in the various types of cancer
can vary. For instance, knockdown of the lncRNA TUG1
promoted cisplatin sensitivity in an esophageal squamous cell
carcinoma cell line (TE-1) by regulating nuclear factor-like 2
(Nrf-2) expression (23). Further, inhibition of the lncRNA
HOTAIR enhanced doxorubicin sensitivity in breast cancer by
downregulating the PI3K/AKT/mTOR pathway (24). Based on
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these findings, we sought to unravel the role of HOXA-AS3
in BC.

Hypoxia plays a role in resistance to chemotherapeutic
treatments in several cancers (25–27). It is commonly present
in the microenvironment of solid tumors and is associated with
tumor invasion, distant metastasis, and epithelial–mesenchymal
transition (EMT) (28–30). HOXA-AS3 inhibition has been
shown to induce epithelial-mesenchymal transition (EMT) in
NSCLC, and increase its resistance to cisplatin (31). EMT is a
critical mechanism of cancer metastasis. During the EMT
process, cancer cells lose their epithelial features and acquire a
mesenchymal phenotype, and thus obtain enhanced metastatic
ability (32). It has been reported that inhibition of SNHG7 could
promote tumor growth and the EMT phenotype via
upregulation of the targets of miR-34a, including Notch1
(33).Therefore, lncRNAs such as HOXA-AS3 may modulate
EMT in various types of cancer, including BC, by regulating
the expression of Notch1. Indeed, HOXA-AS3 knockdown was
previously shown to inhibit the proliferation, metastasis, and
EMT in hepatocellular carcinoma (HCC) cells via the MEK/ERK
signaling pathway (34). Thus, HOXA-AS3 may regulate EMT in
BC in a similar manner, i.e., by interacting with miRNAs or
altering the expression of proteins such as Notch1. However, the
effect of HOXA‐AS3 on drug sensitivity (e.g., to cisplatin) and
the regulation of EMT in BC are yet to be explored.

In this study, we examined whether HOXA-AS3 mediates
cisplatin resistance in BC cells, and then unraveled its underlying
mechanism(s) of action.
MATERIALS AND METHODS

Cell Culture and Human Tissues
Human bladder cancer cells (UM-UC-3, J82, and BIU-87) were
purchased from ATCC. All cells were cultured in RPMI 1640
medium (Gibco, Grand Island, NY, USA) supplemented with
10% fetal bovine serum (FBS) and 1% penicillin/streptomycin,
maintained in humidified air containing 5% CO2 at 37°C. The
tumor tissue samples of BC patients were obtained from First
Affiliated Hospital of Zhejiang University. All patients received
written informed consent and the study protocol was approved
by the Clinical Research Ethics Committee of the First Affiliated
Hospital of Zhejiang University.

Cell Viability
A cell counting kit-8 (CCK-8; Dojindo, Kumamoto, Japan)
assay was used to determine cell viability. Briefly, BC cells
were plated into 96-well plates at a density of 3 × 103 cells/well
and incubated overnight at 37°C. Subsequently, cells were
treated with a series of concentrations of cisplatin (0, 0.625,
1.25, 2.5, 5, or 10 mM) for 48 h or transfected with HOAXA-
AS3 siRNA, miR-455-5p inhibitor, or HOXA-AS3 siRNA plus
miR-455-5p inhibitor for 48 h. Then, 10 ml of CCK-8 solution
was added to each well and cultured for 3 h at 37°C before the
absorbance at 450 nm was measured using an MRX II
microplate reader (Dynex Technologies, Chantilly, USA).
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Relative cell viability was calculated as a percentage of the
untreated controls.

Cell Transfection
LncRNA HOXA‐AS3 siRNA, plasmid, and negative control
siRNA were constructed by GenePharma (Shanghai, China).
MiR‐455-5p mimic (80 nM), inhibitor (80 nM), negative
control (NC) mimic, and NC inhibitor were prepared by Ribo
Biotechnology (Guangzhou, China). Transfections of these
siRNAs, mimics, inhibitors, or plasmid were conducted using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA) following the
manufacturer’s instructions. The HOXA-AS3 plasmid was
shown in Table 1.

HOXA-AS3 siRNA:
5′-UCUAUUCUCGCAAGGGAAATT-3′
5′-UUUCCCUUGCGAGAAUAGATT-3′
miR-455-5p mimics:
5’–GCAGTCCATGGGCATATACAC–3’;
miR-455-5p inhibitor:
5’–GTGTATATGCCCATGGACTGC–3’.

Western Blot Analysis
Briefly, 40 mg proteins/well were resolved by 10% sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to PVDF (Millipore, Darmstadt, Germany)
membranes. After 1 h of blocking, membranes were incubated
with the following primary antibodies overnight at 4°C: Notch1,
E-cadherin, and Vimentin (Abcam; 1:1,000 dilution). After
washing, the membranes were incubated with secondary
antibodies (Cell Signaling Technology, USA). Finally, the
bands were detected using electrochemiluminescence (ECL;
Pierce, Rockford, Illinois, USA) and visualized using Image Lab
5.0 (Bio-Rad, Hercules, CA, USA).

Quantitative Real-Time PCR Analysis
Total RNA from BC cells was extracted by TRIzol reagent
(Invitrogen, Carlsbad, CA) and RNA from paraffin specimens
was extracted by RNeasy FFPE Reagent kit (Qiagen, Hilden,
Germany) according to the manufacturer’s protocol. Then,
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messenger RNA (mRNA) was reverse transcribed using
SuperScript TM II Reverse Transcriptase (Invitrogen, Carlsbad,
CA), and cDNA detected using SYBR@ Premix Ex TaqTM
(TaKaRa Bio Group, Shiga, Japan). To quantify miRNAs, we
first used a miScript reverse transcription kit (Qiagen, Hilden,
Germany), followed by amplification using SYBR@ Premix Ex
TaqTM (Takara). B-actin and U6 RNA were used as internal
loading controls for mRNAs and miRNAs, respectively. The
primers used for qRT-PCR were as follows: HOXA-AS3 forward:
5’-CACCTCTCTCATCGAAAAACCG-3’; and reverse: 5’-
GCACCAGGAAAGAGGACAATTC-3 ’ ; miR-455-5p:5 ’-
TATGTGCCTTTGGACTACATCG-3’.

Luciferase Assay
HOXA-AS3-3’UTR wild type or mutant reporter plasmids (which
included the binding sequence for miR-455-5p or the mutated
binding sites, respectively) were constructed by GenePharma. The
plasmids were then transiently co-transfected into cells with
luciferase reporter vectors with the miR-455-5p-mimic, miR-
455-5p inhibitor, or control using Lipofectamine 2000. After
transfection for 48 h, the relative luciferase activity of the wild
type or mutant HOXA-AS3-3’-UTR was measured with a dual-
luciferase reporter assay (Promega, USA).

Flow Cytometry Analysis
The number of apoptotic cells was determined by an Annexin
V-FITC Apoptosis Detection Kit (Abcam). In brief, cells
(treated as above) were harvested by trypsinization, rinsed
with ice-cold phosphate PBS, and centrifuged to remove the
supernatant. Then, the cells were resuspended in 100 ml 1×
binding buffer and stained with 5 ml annexin V and 5 ml
propidium iodide (PI) for 15 min at room temperature in the
dark. Finally, the percentage of apoptotic cells was determined
using a flow cytometer (LSRII, BD Biosciences, Franklin Lakes,
NJ, USA)

Cell Proliferation Assay
Cell proliferation was determined using a Click-iT® EdU Imaging
Kit according to the manufacturer’s (Invitrogen) protocols.

Immunofluorescence Analysis
NSCLC cells were seeded into 48-well plates at a density of
3 × 103 cells/well. Cells were fixed with 4% formaldehyde for
15 min, washed with PBS, treated with 5% bovine serum albumin
(BSA) for 30 min at room temperature, and incubated with anti-
E-cadherin (1:200) or anti-human vimentin (1:200) primary
antibodies (Cell Signaling Technology, Danvers, MA, USA) at
4°C overnight. The cells were incubated with a FITC-conjugated
anti-rabbit secondary antibody (Abcam, Cambridge, USA) at
4°C for 2 h. Nuclear staining was performed with DAPI (Sigma,
St. Louis, MO, USA) at room temperature for 5 min. Following
two washes with PBS, cells were observed using an inverted
fluorescence microscope (Olympus, Tokyo, Japan).

Nude Mouse Xenograft Model
Female BALB/c nu/nu mice (4–5 weeks old) were purchased
from Shanghai SLAC Laboratory Animal Co., Ltd (Shanghai,
TABLE 1 | Plasmid profile of B3442 PEX-3-HOXA-AS3.

pEX-3-HOXA-AS3
7.9Kb

CMV

HOXA-AS3

SV40 pA

Kan/Neo

pUC ori

HSV TK pA

f1 ori

Bam HI (4564)

Sal I (640)
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China). UMUC-3 cells were subcutaneously injected into the
left hip of three mice. After the tumor was formed, a small
section (1 mm3) of tumor tissue was inoculated into the
experimental group nude mice. After 10 days, the tumors had
a diameter of 0.5 cm and reached a volume of ~50–100 mm3.
The mice were randomly divided into four groups (n = 16 per
group): control, HOXA-AS siRNA (2 nmol), cisplatin (2.5 mg/
kg), or HOXA-AS3 siRNA plus cisplatin. HOXA-AS3 siRNA
was injected intratumorally four times from day 0 to 14, while
cisplatin was injected into the tail vein once every 2 days for 2
weeks. Tumor volumes were recorded every 2 days and body
weight was measured daily. The tumor volume (mm3) was
calculated using the formula V = (length × width2/2). 8 8 mice
per group were sacrificed humanely on day 15 after treatment,
the resected tumors were weighed and observe the survival of
the remaining mice. All experimental protocols were approved
by the Medical Ethics Committee of the First Affiliated Hospital
of Zhejiang University. The experimental procedures
conformed to the National Institutes of Health Guide for
Care and Use of Laboratory Animals (NIH Publications, No.
8023, revised 1978).

Immunocytochemistry
Immunohistochemical staining was performed on paraffin-
embedded mouse tissue sections (5 mm) to determine Ki-67
and Notch1 expression. The slides were incubated with anti–
Ki-67 and anti-Notch1 antibodies (1:500, Abcam) overnight
at 4°C. A horseradish peroxidase (HRP) detection system
(ZSGB-Bio, Beijing, China) and the diaminobenzidine (DAB)
substrate kit (ZSGB-Bio) were used as detection reagents. After
counterstaining with hematoxylin (ZSGB-Bio), the sections were
dehydrated and mounted, and observed under a light microscope
(Olympus, Tokyo, Japan). The positive rates were measured
using Image-Pro Plus v.6.0 software (Media Cybernetics,
Bethesda, MD, USA).
Frontiers in Oncology | www.frontiersin.org 4
Terminal Deoxynucleotidyl Transferase
dUTP Nick End Labeling
TUNEL was used to identify apoptosis in paraffin-embedded
mouse tissue sections (5 mm) with an in situ cell death detection
kit (Roche, Basel, Switzerland) according to the manufacturer’s
instructions. The apoptotic cells were observed under a light
microscope (Olympus, Tokyo, Japan). The assay was
independently repeated three times. The positive rates were
measured using Image-Pro Plus v.6.0 software.

Statistical Analysis
The experimental data are presented as means ± standard
deviation (SD). Statistical analysis was performed using
GraphPad Prism 7 (GraphPad, San Diego, CA, USA). The
significance of differences between two groups was analyzed by
Student’s t-test and multiple group comparisons were analyzed
with one-way ANOVA. *P < 0.05, **P < 0.01, and ***P < 0.001
were considered significant.
RESULTS

Hypoxia Induced a Reduction in
Chemosensitivity to Cisplatin and
Upregulation of HOXA-AS3 in BC Cells
Hypoxia has been found to induce chemotherapy resistance in
various tumors and cancer cells (25, 26). Accordingly, the
present findings from CCK-8 analysis indicated that hypoxia
could induce resistance of BC cells to cisplatin, as indicated by
the IC50 values in the histogram in Figure 1A. Next, we used
qRT-PCR to detect the level of a series of lncRNAs after cisplatin
treatment under hypoxic or normoxic conditions. We found
that HOXA-AS3 expression was significantly increased under
hypoxic conditions in BC cells (Figure 1B). Using gene
expression profiling interactive analysis (GEPIA), we analyzed
A

B
D

C

FIGURE 1 | Hypoxia induces cisplatin resistance and upregulation of HOXA-AS3 in bladder cancer (BC) cells. (A) CCK-8 was used to determine cell viability after
treatment with cisplatin under normoxic and hypoxic conditions. *P < 0.05 vs. control. (B) The level of long non-coding RNAs (lncRNAs) after cisplatin treatment
under hypoxic or normoxic conditions was examined by qRT-PCR. (C) Gene expression profiling interactive analysis (GEPIA) database analysis of HOXA-AS3
expression in bladder cancer tumor samples and paired normal tissues. (D) Quantitative RT-PCR analysis of HOXA-AS3 levels in bladder cancer tissue and adjacent
normal tissue.
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HOXA-AS3 expression across all tumor samples and paired
normal tissues and found that HOXA-AS3 was significantly
upregulated in bladder tumor tissues compared with normal
tissues (Figure 1C). We also analyzed the clinical analysis of the
relationship between HOXA-AS3 expression and the
clinicopathological parameters in bladder cancer, showing that
high HOXA-AS3 expression in 30 bladder cancer patients was
closely related to large tumor size (P=0.0123), the advanced
TNM stage (P=0.0173), and invasion(muscle) (P=0.0352) (Table
2). Furthermore, qRT-PCR confirmed that the level of HOXA-
AS3 in cancer tissue was higher than that in adjacent tissue
(Figure 1D). We also confirmed that HOXA-AS3 expression was
gradually upregulated with increasing cisplatin concentrations
using qRT-PCR analysis (Supplemental Figures 1A). Therefore,
hypoxia upregulated HOXA-AS3 and appears to reduce
chemosensitivity to cisplatin in BC cells.

Downregulation of HOXA-AS3 Enhances
Cisplatin Sensitivity Under Normoxic and
Hypoxic Conditions
We showed BIU-87 had the lowest HOXA-AS3 expression
among all three human bladder cancer cell lines tested (Figure
2A). We also showed BIU-87 was more sensitive to cisplatin than
J82 and UM-UC-3 cells, indicating the level of HOSA-AS3 was
negatively correlated to cisplatin sensitivity in BC cells (Figure
2A). Next, we examined the effect of HOXA-AS3 on cisplatin
sensitivity and its potential mechanism of action in BC cells.
Using a CCK-8 cell viability assay, we found all three BC cell lines
that were transfected with HOXA-AS3 siRNA had increased
cisplatin sensitivity compared with the negative controls
(Figures 2B–E), while the HOXA-AS3 plasmid had reduced
cisplatin sensitivity (Supplemental Figures 2A–D). These results
were confirmed by EdU staining analysis of cell proliferation
(Figures 2F, G). qRT-PCR confirmed the expression of HOXA-
AS3 following transfection with or without HOXA-AS3 siRNA
Frontiers in Oncology | www.frontiersin.org 5
(Figure 2E). Finally, as cisplatin-induced refractoriness to
apoptosis is an important characteristic of chemoresistance, we
examined the effect of HOXA-AS3 on apoptosis using flow
cytometry. As shown in Figure 2H, combining HOXA-AS3
siRNA and cisplatin treatment significantly increased the rate
of apoptosis of BC cells. Furthermore, knockdown of HOSX-
AS3 could reverse hypoxia-induced cisplatin resistance (Figure
2I). Together, these findings indicate that HOX-AS3 may
regulate cisplatin sensitivity in BC cells under normoxic and
hypoxic conditions.

HOXA-AS3 Regulates Notch1 Expression
and Reverses Hypoxia-Induced EMT
in BC Cells
Increasing evidence shows EMT plays an important role in
regulating proliferation, migration, and chemoresistance in
cancer cells (35, 36). Recent studies have reported that HOX-AS3
is closely related to cisplatin resistance and EMT. Therefore, we
examined levels of EMT-related proteins in BC cells transfected
with either HOXA-AS3 or HOXA-AS3 siRNA. Using western blot,
we found that HOXA-AS3 siRNA treatment upregulated the
expression of E-cadherin and downregulated Notch1 and
vimentin expression in BC cells. Furthermore, transfection with
HOXA-AS3 siRNA reversed the effects of hypoxia by upregulating
E-cadherin expression and downregulating Notch1 and
vimentin expression (Figures 3A, B). Immunofluorescence
analysis of E-cadherin and vimentin expression was consistent
with these results (Figures 3C, D). These findings indicate that
inhibition of HOXA-AS3 could reverse hypoxia-induced EMT in
BC cells.

HOXA-AS3 Targets miR-455-5p
Recent studies suggest that lncRNAs could act as a sponge or
decoy and compete with other genes for miRNA binding, and
thereby, reduce the regulatory effect of miRNAs on their target
TABLE 2 | The correlations between HOXA-AS3 and clinical characteristics of bladder cancer patients.

Clinical parameters N = 30 HOXA-AS3 expression p-value

High Low

Sex Female 9 3 6 0.6256
Male 21 9 12

Age(year) <70 17 6 9 0.3096
≥70 13 7 6

Stage I–II 19 7 12 0.0173*
III–IV 11 9 2

Tumor size (cm) <3 17 4 13 0.0123*
≥3 13 9 4

Invasion (muscle) Yes 12 8 4 0.0352*
NO 18 5 13

Lymphatic metastasis Yes 8 4 v 0.6568
NO 22 13 9

Distant metastasis Yes 5 4 v 0.1017
NO 25 10 15

Histological grade High 13 7 6 0.7851
Low 17 10 7
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mRNAs (11). In order to determine whether HOXA-AS3
brings about its effects by interacting with miRNA, we
examined the effect of cisplatin on all the miRNAs deposited
in the RegRNA2.0 database (http://regrna2.mbc.nctu.edu.tw/).
We examined the level of all the miRNAs after treatment with
or without cisplatin in BC cells and found that miR-455-5p
was significantly downregulated after cisplatin treatment
(Supplemental Figure 3A). This indicates that HOXA-AS3
may interact with miR-455-5p via complementary base
pairing. Therefore, we constructed two versions of HOXA-AS3,
Frontiers in Oncology | www.frontiersin.org 6
that is, WT-HOXA‐AS3 and Mut-HOXA‐AS3, and used a
luciferase reporter assay to verify the interaction between
HOXA‐AS3 and miR‐455-5p. The 3′UTR residues predicted to
interact with miR-455-5-p were mutated in Mut-HOXA‐AS3
(Figure 4A). We found that the addition of an miR‐455-5p
mimic considerably reduced the luciferase activity of WT-
HOXA‐AS3, while the addition of an miR‐455-5p inhibitor
increased its activity (Figure 4B). However, neither the miR‐
455-5p mimic nor the miR‐455-5p inhibitor had any impact on
the luciferase activity of Mut-HOXA‐AS3 (Figure 4B).
A

B
D

E

F

G

I

H

C

FIGURE 2 | Downregulation of HOXA-AS3 enhances cisplatin sensitivity. (A) Quantitative RT-PCR analysis of HOXA-AS3 levels in three bladder cancer cell lines.
Cell viability (CCK-8) analysis of bladder cancer cells treated with various concentrations of cisplatin *P < 0.05 vs. UM-UC-3. Correlation curve showing the
association of the expression of long non-coding RNA (lncRNA) HOXA-AS3 with sensitivity to cisplatin in bladder cancer (BC) cells. (B–D) Cell viability (CCK-8)
analysis of bladder cancer cells transfected with HOXA-AS3 small interfering RNA (siRNA) or a negative control followed by treatment with different concentrations of
cisplatin (0, 0.625, 1.25, 2.5, 5, 10 mM). *P < 0.05 vs. negative control. (E) The interference efficiency of HOXA-AS3 siRNA was determined by qRT-PCR. *P < 0.05,
**P < 0.01. (F, G) Photomicrographs and bar graphs depicting EdU staining and relative EdU-positive ratio in bladder cancer cells after treatment with cisplatin alone,
or cisplatin combined with HOXA-AS3 siRNA. *P < 0.05, **P < 0.01. (H) The number of apoptotic cells in bladder cancer cells transfected with a negative control or
HOXA-AS3 siRNA followed by cisplatin treatment, as detected by flow cytometry. *P < 0.05, **P < 0.01, ***P < 0.001 vs. negative control plus cisplatin. (I) Knockdown of
HOXA-AS3 siRNA enhanced cisplatin sensitivity under hypoxic conditions.
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Furthermore, miR-455-5p expression was significantly
upregulated following transfection with HOXA-AS3 siRNA,
while it was downregulated after transfection with the HOA-
AS3 plasmid in BC cells compared with the negative control
(Figures 4C, D). In addition, compared with normoxic
conditions, hypoxia significantly downregulated the level of
miR-455-5p and upregulated the expression of HOXA-AS3
(Figures 4E, F). We also found HOXA-AS3 levels were
significantly downregulated in BC cells transfected with a miR-
455-5p mimic but and upregulated by the miR-455-5p inhibitor
(Figure 4G). Moreover, the expression of Notch1 was
downregulated by the miR-455-5p mimic, while it was
upregulated by the inhibitor (Figure 4H). Luciferase reporter
assay also confirmed the interaction between miR‐455-5p and
Notch1 (Figures 4I, J). The binding of miR-455-5p to HOXA-
AS3 was shown to lead to a decrease in HOXA-AS3 transcript
levels and a concomitant increase in the translation of the
HOXA-AS3-associated mRNA Notch1. The data indicate that
HOXA-AS3 may function as a competing endogenous RNA
(ceRNA) of miR-455-5p to regulate Notch1 in BC, which in turn,
may affect cisplatin sensitivity.

miR-455-5p Mediates the Regulatory
Effect of HOXA-AS3 on Cisplatin
Sensitivity
Next, we explored whether miR-455-5p is involved in HOXA-
AS3-mediated reduction in cisplatin sensitivity in BC cells. Using
Frontiers in Oncology | www.frontiersin.org 7
a CCK-8 (cell viability) assay, we showed miR-455-5p inhibition
reduced the sensitivity of BC cells to the effects of cisplatin
(Figures 5A–C). Meanwhile, HOXA-AS3 siRNA enhanced the
sensitivity of BC cells to cisplatin, but these positive effects
disappeared following the addition of the miR-455-5p inhibitor
(Figures 5A–C). These results were consistent with those of EdU
analysis (Figures 5D, E). We also found that the miR-455-5p
inhibitor reduced the apoptosis rate of BC cells after transfection
with HOXA-AS3 siRNA along with cisplatin treatment (Figures
5F, G). Therefore, both miR-455-5p and HOXA-AS3 are
involved in modulating the cisplatin sensitivity of BC cells.

In terms of its effects on EMT, we found HOXA-AS3 siRNA
reversed the miR-455-5p-induced decrease of E-cadherin
expression and increase of Vimentin expression (Figure 6A).
Immunofluorescence analysis of E-cadherin and vimentin
expression showed consistent results (Figure 6B). We also
showed HOXA-AS3 siRNA significantly downregulated
Notch1 expression (Figure 6C). Meanwhile, miR-455-5p
restored Notch1 expression after HOXA-AS3 siRNA treatment
(Figure 6D). Together these findings reveal miR-455-5p
mediates the regulatory effect of HOXA-AS3 on cisplatin
sensitivity in BC cells.

Suppression of HOXA-AS3 Enhances
Cisplatin Sensitivity of BC Cells In Vivo
To explore the effect of HOXA-AS3 on the sensitivity to cisplatin
in vivo, we used UMUC-3 cells to establish a tumor xenograft
A

B

DC

FIGURE 3 | HOXA-AS3 regulates Notch1 expression and reverses hypoxia-induced EMT in bladder cancer (BC) cells. (A, B) Protein levels of EMT markers and
Notch1 in bladder cancer cells transfected with a negative control or HOXA-AS3 small interfering RNA (siRNA) under normoxic or hypoxic conditions, by western blot
analysis. **P < 0.01, ***P < 0.001. (C, D) Immunofluorescence analysis of E-cadherin and vimentin expression in BC cells transfected with a negative control or
HOXA-AS3 siRNA under normoxic or hypoxic conditions.
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mouse model. Mice were treated with normal saline, cisplatin,
HOXA-AS3 siRNA, or HOXA-AS3 siRNA plus cisplatin.
As shown in Figures 7A, D, the tumor volume was significantly
reduced in mice treated with HOXA-AS3 siRNA plus cisplatin. In
Frontiers in Oncology | www.frontiersin.org 8
addition, the tumor inhibitory rate was higher in mice treated with
HOXA-AS3 siRNA plus cisplatin than the other treatment groups
(Figure 7C). HOXA-AS3 siRNA could prolong the survival of
tumor-bearing mice (Figure 7E). The body weight of mice on day
A

B

D E F

G

I

H

J

C

FIGURE 4 | HOXA-AS3 may function as a competing endogenous RNA of miR-455-5p. (A) The predicted binding site between HOXA-AS3 and miR-455-5p and
the mutation in the predicted seed region. (B) Relative luciferase activity of bladder cancer (BC) cells co-transfected with WT-HOXA-AS3 or Mut-HOXA-AS3 and NC,
inhibitor NC or miR-455-5p mimics, and inhibitor. *P < 0.05 vs. NC; #P < 0.05 vs. inhibitor NC. (C, D) Expression of miR-455-5p in BC cells transfected with
HOXA-AS3 small interfering RNA (siRNA) or HOXA-AS3 detected by qRT-PCR. **P < 0.01. (E, F) qRT-PCR results showing the level of miR-455-5p and HOXA-AS3
under hypoxic or control conditions. *P < 0.05, **P < 0.01. (G) Expression of HOXA-AS3 in BC cells transfected with the miR-455-5p mimic or inhibitor detected by
qRT-PCR. *P < 0.05 vs. negative control (NC); #P < 0.05 vs. inhibitor NC. (H) Expression of Notch1 in BC cells transfected with the miR-455-5p mimic or inhibitor,
as detected by qRT-PCR. *P < 0.05 vs. negative control (NC); #P < 0.05, ##P < 0.01 vs. inhibitor NC. (I, J) Relative luciferase activity of BC cells co-transfected with
WT-Notch1 or Mut-Notch1 and NC, inhibitor NC or miR-455-5p mimics, and inhibitor. *P < 0.05 vs. negative control (NC); #P < 0.05 vs. inhibitor NC.
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12 after tumor cell injection was significantly lower in the
cisplatin-treated group than in the other three groups; however,
the body weight was higher in mice treated with HOXA-AS3
siRNA plus cisplatin than in those treated with cisplatin alone
(Figure 7B).

We also showed that treatment with HOXA-AS3 siRNA plus
cisplatin downregulated the cisplatin-induced elevation of
Notch1 expression (Figure 7F). In addition, treatment with
HOXA-AS3 siRNA plus cisplatin significantly decreased tumor
cell proliferation and increased tumor cell apoptosis compared to
the other three groups (Figures 7G, H). Furthermore, treatment
with HOXA-AS3 siRNA plus cisplatin significantly
downregulated the level of HOXA-AS3, Notch1, and miR-455-
5p, as revealed by qRT-PCR (Figures 7I–L). Notch1 protein
expression was also reduced following treatment with HOXA-
Frontiers in Oncology | www.frontiersin.org 9
AS3 siRNA plus cisplatin, compared with the cisplatin group, as
revealed by western blot analysis (Figure 7K). These data
support our findings from the in vitro studies and, thus,
confirm the in vivo function of HOXA-AS3.
DISCUSSION

HOXA-AS3 was previously shown to function as an oncogene
and was upregulated in various cancers including glioma
tissues, NSCLC, and HCC (21, 31, 34). Similarly, we found
HOXA-AS3 was upregulated in BC tumor tissues and BC cell
lines. The high HOXA-AS3 expression in 30 bladder cancer
patients was closely related to large tumor size, the advanced
TNM stage and invasion(muscle). Moreover, the expression
A B

D

E

F

G

C

FIGURE 5 | miR-455-5p mediates the regulatory effect of HOXA-AS3 on cisplatin sensitivity. (A–C) Viability of BC cells (CCK-8 assay) treated with different
concentrations of cisplatin for 48 h (0, 0.625, 1.25, 2.5, 5, 10 mM) following transfection with HOXA-AS3 small interfering RNA (siRNA), miR-455-5p inhibitor, or
HOXA-AX3 plus miR-455-5p inhibitor. *P < 0.05 vs. negative control. (D–E) Cell proliferation of BC cells (EdU staining) after treatment with cisplatin, or combined
with HOXA-AS3 siRNA, or miR-455-5p inhibitor, or HOXA-AS3 siRNA plus miR-455-5p inhibitor. *P < 0.05, **P < 0.01, ***P < 0.001. (F, G) Apoptotic rate of BC
cells in different treatment groups (Negative siRNA plus cisplatin, HOXA-AS3 siRNA plus cisplatin, HOXA-AS3 siRNA plus miR-455-5p plus cisplatin) detected by flow
cytometry. *P < 0.05, **P < 0.01, ***P < 0.001.
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of HOXA-AS3 in BC cells was correlated with the sensitivity
to cisplatin, indicating that HOXA-AS3 might be a useful
biomarker to predict sensitivity to cisplatin in BC. Our in vitro
and in vivo experiments confirmed HOXA-AS3 inhibition
could reduce BC cell viability and tumor growth. We also
clarified the role of HOXA-AS3 in mediating cisplatin
resistance in BC cells. Overall, our findings indicate that
targeting HOXA-AS3 could be useful for optimizing cisplatin
treatment in BC.

Extensive evidence has revealed that lncRNAs could serve as
ceRNAs or molecular sponges to directly interact with and
negatively regulate miRNAs, thus modulating the expression of
specific genes targeted by miRNAs (11, 37). For instance,
overexpression of the lncRNA UBE2R2-AS1 promoted glioma
cell apoptosis via targeting the miR-877-3p/TLR4 axis (38). In
addition, suppression of the lncRNA MALAT1 enhanced
cisplatin sensitivity via regulating the miR-101-3p/VEGF-C
pathway in BC (20). Similarly, we showed miR-455-5p was a
direct target of HOXA-AS3: HOXA-AS3 siRNA transfection
Frontiers in Oncology | www.frontiersin.org 10
increased miR-455-5p levels, while HOXA-AS3 transfection
decreased them. Indeed, a growing number of studies have
demonstrated miRNAs participate in regulating drug
sensitivity in several cancers, including BC. Therefore, we
explored the effects of miR-455-5p on cisplatin resistance in BC.

Previous studies have shown miR-455-5p can function as
either a tumor promoter or suppressor in various cancers. For
example, miR-455-5p was downregulated in colorectal
carcinoma and gastric cancer, but was upregulated in NSCLC
(39–41). We confirmed that miR-455-5p inhibition could
decrease the sensitivity of BC cells to cisplatin, as well as
promote BC cell proliferation and reduce apoptosis, indicating
miR-455-5p acts as a tumor suppressor in BC. We also found
that combining an miR-455-5p inhibitor with HOXA-AS3
siRNA alleviated the effect of HOXA-AS3 siRNA on cisplatin
sensitivity. These findings indicate HOXA-AS3 regulates
cisplatin sensitivity via regulation of miR-455-5p in BC.

Not only is EMT is strongly correlated with drug resistance,
the emergence of drug resistance may also occur as a result of
A

B

D

C

FIGURE 6 | HOXA-AS3 small interfering RNA (siRNA) reversed miR-455-5p-induced EMT. (A) Western blot analysis of the expression of EMT-related proteins.
*P < 0.05, **P < 0.01, ***P < 0.001. (B) Immunofluorescence analysis of E-cadherin and vimentin expression in bladder cancer cells transfected with a negative
control, HOXA-AS3 siRNA, miR-455-5p inhibitor, or HOXA-AS3 siRNA combined with miR-455-5p inhibitor, followed by cisplatin treatment. (C) Quantitative RT-PCR
analysis of Notch1 expression following treatment with HOXA-AS3 siRNA alone, HOXA-AS3 siRNA plus miR-455-5p inhibitor, or the negative control. *P < 0.05,
**P < 0.01. (D) Western blot analysis of the expression of Notch1 following treatment with HOXA-AS3 siRNA alone, HOXA-AS3 siRNA plus miR-455-5p inhibitor, or
the negative control. *P < 0.05, **P < 0.01.
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EMT (42, 43). Emerging evidence indicates that Notch signaling
plays an important role in cell proliferation and apoptosis,
which are involved in the development and functioning of
many organs (44). Activation of the Notch1 pathway has
been commonly observed in many human malignancies
including PC (45). Downregulation of the lncRNA XIST in
NSCLC cells could suppress cell proliferation and TGF-b1-
induced EMT through activation of the Notch1 pathway via
regulation of miR-137 (46). In addition, recent studies show
HOXA-AS3 may regulate cisplatin resistance and metastasis in
NSCLC and HCC cells via modulating EMT (31, 34). Similarly,
we showed that HOXA-AS3 siRNA enhanced cisplatin sensitivity
in BC via modulating EMT, and confirmed that Notch1 was
mediating these effects.

In conclusion, HOAX-AS3 inhibition may suppress tumor
progression and enhance sensitivity to cisplatin in BC via
modulation of the miR-455-5p-Notch1 axis. As the HOXA-
AS3–miR-455-5p–Notch1 network plays a central role in
cisplatin resistance, targeting HOXA-AS3 may help optimize
the efficacy of cisplatin treatment for BC in the future.
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Supplementary Figure 3 | A.QRT-PCR determined the expression of miRNA
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REFERENCES
1. Antoni S, Ferlay J, Soerjomataram I, Znaor A, Jemal A, Bray F. Bladder

Cancer Incidence and Mortality: A Global Overview and Recent Trends. Eur
Urol (2017) 71:96–108. doi: 10.1016/j.eururo.2016.06.010

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin (2016)
66:7–30. doi: 10.3322/caac.21332

3. Wang Y, Liu Y, Liu Y, ZhouW, Wang H,Wan G, et al. A polymeric prodrug of
cisplatin based on pullulan for the targeted therapy against hepatocellular
carcinoma. Int J Pharm (2015) 483:89–100. doi: 10.1016/j.ijpharm.2015.02.027

4. Dasari S, Tchounwou PB. Cisplatin in cancer therapy: molecular mechanisms
of action. Eur J Pharmacol (2014) 740:364–78. doi: 10.1016/j.ejphar.2014.
07.025

5. Liu J, Bi J, Li Z, Li Z, Liu X, Kong C. miR214 reduces cisplatin resistance by
targeting netrin1 in bladder cancer cells. Int J Mol Med (2018) 41:1765–73.
doi: 10.3892/ijmm.2018.3374

6. Thomas MB, O’Beirne JP, Furuse J, Chan AT, Abou-Alfa G, Johnson P.
Systemic therapy for hepatocellular carcinoma: cytotoxic chemotherapy,
targeted therapy and immunotherapy. Ann Surg Oncol (2008) 15:1008–14.
doi: 10.1245/s10434-007-9705-0

7. Tatokoro M, Koga F, Yoshida S, Kawakami S, Fujii Y, Neckers L, et al.
Potential role of Hsp90 inhibitors in overcoming cisplatin resistance of
bladder cancer-initiating cells. Int J Cancer (2012) 131:987–96. doi: 10.1002/
ijc.26475

8. Tay Y, Rinn J, Pandolfi PP. The multilayered complexity of ceRNA crosstalk
and competition. Nature (2014) 505:344–52. doi: 10.1038/nature12986

9. Lin C, Yang L. Long Noncoding RNA in Cancer: Wiring Signaling Circuitry.
Trends Cell Biol (2018) 28:287–301. doi: 10.1016/j.tcb.2017.11.008

10. Geisler S, Coller J. RNA in unexpected places: long non-coding RNA functions
in diverse cellular contexts. Nat Rev Mol Cell Biol (2013) 14:699–712.
doi: 10.1038/nrm3679

11. Paraskevopoulou MD, Hatzigeorgiou AG. Analyzing MiRNA-LncRNA
Interactions. Methods Mol Biol (2016) 1402:271–86. doi: 10.1007/978-1-
4939-3378-5_21

12. Shi SL, Zhang ZH. Long non-coding RNA SNHG1 contributes to cisplatin
resistance in non-small cell lung cancer by regulating miR-140-5p/Wnt/beta-
catenin pathway. Neoplasma (2019) 66:756–65. doi: 10.4149/neo_2018_
181218N980

13. Poliseno L, Salmena L, Zhang J, Carver B, Haveman WJ, Pandolfi PP. A
coding-independent function of gene and pseudogene mRNAs regulates
tumour biology. Nature (2010) 465:1033–8. doi: 10.1038/nature09144

14. Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A ceRNA hypothesis: the
Rosetta Stone of a hidden RNA language? Cell (2011) 146:353–8. doi: 10.1016/
j.cell.2011.07.014

15. Hua YQ, Zhu YD, Xie GQ, Zhang K, Sheng J, Zhu ZF, et al. Long non-coding
SBF2-AS1 acting as a competing endogenous RNA to sponge microRNA-142-
3p to participate in gemcitabine resistance in pancreatic cancer via
upregulating TWF1. Aging (Albany NY) (2019) 11:8860–78. doi: 10.18632/
aging.102307
16. Ge P, Cao L, Yao YJ, Jing RJ, Wang W, Li HJ. lncRNA FOXD2-AS1 confers
cisplatin resistance of non-small-cell lung cancer via regulation of miR185-5p-
SIX1 axis. Onco Targets Ther (2019) 12:6105–17. doi: 10.2147/OTT.S197454

17. Duboule D. The rise and fall of Hox gene clusters. Development (2007)
134:2549–60. doi: 10.1242/dev.001065

18. Eklund E. The role of Hox proteins in leukemogenesis: insights into key
regulatory events in hematopoiesis. Crit Rev Oncog (2011) 16:65–76. doi:
10.1615/CritRevOncog.v16.i1-2.70

19. Chen QN, Wei CC, Wang ZX, Sun M. Long non-coding RNAs in anti-cancer
drug resistance. Oncotarget (2017) 8:1925–36. doi: 10.18632/oncotarget.12461

20. Liu P, Li X, Cui Y, Chen J, Li C, Li Q, et al. LncRNA-MALAT1 mediates
cisplatin resistance via miR-101-3p/VEGF-C pathway in bladder cancer. Acta
Biochim Biophys Sin (Shanghai) (2019) 18(51):1148–57. doi: 10.1093/abbs/
gmz112

21. WuF,ZhangC,Cai J,YangF,LiangT,YanX, et al.Upregulationof longnoncoding
RNA HOXA-AS3 promotes tumor progression and predicts poor prognosis in
glioma.Oncotarget (2017) 8:53110–23. doi: 10.18632/oncotarget.18162

22. Zhang H, Liu Y, Yan L, Zhang M, Yu X, Du W, et al. Increased levels of the
long noncoding RNA, HOXA-AS3, promote proliferation of A549 cells. Cell
Death Dis (2018) 9:707. doi: 10.1038/s41419-018-0725-4

23. Zhang Z, Xiong R, Li C, Xu M, Guo M. LncRNA TUG1 promotes cisplatin
resistance in esophageal squamous cell carcinoma cells by regulating Nrf2.
Acta Biochim Biophys Sin (Shanghai) (2019) 51:826–33. doi: 10.1093/abbs/
gmz069

24. Li Z, Qian J, Li J, Zhu C. Knockdown of lncRNA-HOTAIR downregulates the
drug-resistance of breast cancer cells to doxorubicin via the PI3K/AKT/
mTOR signaling pathway. Exp Ther Med (2019) 18:435–42. doi: 10.3892/
etm.2019.7629

25. Shen X, Zhi Q, Wang Y, Li Z, Zhou J, Huang J. Hypoxia Induces Multidrug
Resistance via Enhancement of Epidermal Growth Factor-Like Domain 7
Expression in Non-Small Lung Cancer Cells. Chemotherapy (2017) 62:172–
80. doi: 10.1159/000456066

26. Feng L, Shen F, Zhou J, Li Y, Jiang R, Chen Y. Hypoxia-induced up-regulation
of miR-27a promotes paclitaxel resistance in ovarian cancer. Biosci Rep (2020)
40:BSR20192457. doi: 10.1042/BSR20192457

27. Minassian LM, Cotechini T, Huitema E, Graham CH. Hypoxia-Induced
Resistance to Chemotherapy in Cancer. Adv Exp Med Biol (2019)
1136:123–39. doi: 10.1007/978-3-030-12734-3_9

28. Rankin EB, Giaccia AJ. Hypoxic control of metastasis. Science (2016) 352:175–
80. doi: 10.1126/science.aaf4405

29. Semenza GL. Hypoxia-inducible factors: mediators of cancer progression and
targets for cancer therapy. Trends Pharmacol Sci (2012) 33:207–14.
doi: 10.1016/j.tips.2012.01.005

30. Liu Y, Liu YW, Yan XL, Xu Y, Luo F, Ye J, et al. HIFs enhance the migratory
and neoplastic capacities of hepatocellular carcinoma cells by promoting
EMT. Tumor Biol (2014) 35:8103–14. doi: 10.1007/s13277-014-2056-0

31. Lin S, Zhang R, An X, Li Z, Fang C, Pan B, et al. LncRNA HOXA-AS3 confers
cisplatin resistance by interacting with HOXA3 in non-small-cell lung
carcinoma cells. Oncogenesis (2019) 8:60. doi: 10.1038/s41389-019-0170-y
February 2021 | Volume 10 | Article 572672

https://www.frontiersin.org/articles/10.3389/fonc.2020.572672/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2020.572672/full#supplementary-material
https://doi.org/10.1016/j.eururo.2016.06.010
https://doi.org/10.3322/caac.21332
https://doi.org/10.1016/j.ijpharm.2015.02.027
https://doi.org/10.1016/j.ejphar.2014.07.025
https://doi.org/10.1016/j.ejphar.2014.07.025
https://doi.org/10.3892/ijmm.2018.3374
https://doi.org/10.1245/s10434-007-9705-0
https://doi.org/10.1002/ijc.26475
https://doi.org/10.1002/ijc.26475
https://doi.org/10.1038/nature12986
https://doi.org/10.1016/j.tcb.2017.11.008
https://doi.org/10.1038/nrm3679
https://doi.org/10.1007/978-1-4939-3378-5_21
https://doi.org/10.1007/978-1-4939-3378-5_21
https://doi.org/10.4149/neo_2018_181218N980
https://doi.org/10.4149/neo_2018_181218N980
https://doi.org/10.1038/nature09144
https://doi.org/10.1016/j.cell.2011.07.014
https://doi.org/10.1016/j.cell.2011.07.014
https://doi.org/10.18632/aging.102307
https://doi.org/10.18632/aging.102307
https://doi.org/10.2147/OTT.S197454
https://doi.org/10.1242/dev.001065
https://doi.org/10.1615/CritRevOncog.v16.i1-2.70
https://doi.org/10.18632/oncotarget.12461
https://doi.org/10.1093/abbs/gmz112
https://doi.org/10.1093/abbs/gmz112
https://doi.org/10.18632/oncotarget.18162
https://doi.org/10.1038/s41419-018-0725-4
https://doi.org/10.1093/abbs/gmz069
https://doi.org/10.1093/abbs/gmz069
https://doi.org/10.3892/etm.2019.7629
https://doi.org/10.3892/etm.2019.7629
https://doi.org/10.1159/000456066
https://doi.org/10.1042/BSR20192457
https://doi.org/10.1007/978-3-030-12734-3_9
https://doi.org/10.1126/science.aaf4405
https://doi.org/10.1016/j.tips.2012.01.005
https://doi.org/10.1007/s13277-014-2056-0
https://doi.org/10.1038/s41389-019-0170-y
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. HOXA-AS3-Regulated Sensitivity to Cis in BC
32. Zaravinos A. The Regulatory Role of MicroRNAs in EMT and Cancer. J Oncol
(2015) 2015:865816. doi: 10.1155/2015/865816

33. Deng Y, Zhao F, Zhang Z, Sun F, Wang M. Long Noncoding RNA SNHG7
Promotes the Tumor Growth and Epithelial-to-Mesenchymal Transition via
Regulation of miR-34a Signals in Osteosarcoma. Cancer Biother Radiopharm
(2018) 33:365–72. doi: 10.1089/cbr.2018.2503

34. Tong Y, Wang M, Dai Y, Bao D, Zhang J, Pan H. LncRNA HOXA-AS3
Sponges miR-29c to Facilitate Cell Proliferation, Metastasis, and EMT Process
and Activate the MEK/ERK Signaling Pathway in Hepatocellular Carcinoma.
Hum Gene Ther Clin Dev (2019) 30:129–41. doi: 10.1089/humc.2018.266

35. Du B, Shim JS. Targeting Epithelial-Mesenchymal Transition (EMT) to
Overcome Drug Resistance in Cancer. Molecules (2016) 21:965.
doi: 10.3390/molecules21070965

36. Chen Y, Peng Y, Xu Z, Ge B, Xiang X, Zhang T, et al. LncROR Promotes
Bladder Cancer Cell Proliferation, Migration, and Epithelial-Mesenchymal
Transition. Cell Physiol Biochem (2017) 41:2399–410. doi: 10.1159/000475910

37. Zhao J, Li L, Han ZY, Wang ZX, Qin LX. Long noncoding RNAs, emerging
and versatile regulators of tumor-induced angiogenesis. Am J Cancer Res
(2019) 9:1367–81.

38. XuW, Hu GQ, Da Costa C, Tang JH, Li QR, Du L, et al. Long noncoding RNA
UBE2R2-AS1 promotes glioma cell apoptosis via targeting the miR-877-3p/
TLR4 axis. Onco Targets Ther (2019) 12:3467–80. doi: 10.2147/OTT.S201732

39. Chai J, Wang S, Han D, Dong W, Xie C, Guo H. MicroRNA-455 inhibits
proliferation and invasion of colorectal cancer by targeting RAF proto-
oncogene serine/threonine-protein kinase. Tumour Biol (2015) 36:1313–21.
doi: 10.1007/s13277-014-2766-3

40. Liu J, Zhang J, Li Y, Wang L, Sui B, Dai D. MiR-455-5p acts as a novel tumor
suppressor in gastric cancer by down-regulating RAB18. Gene (2016)
592:308–15. doi: 10.1016/j.gene.2016.07.034

41. Wang J, Wang Y, Sun D, Bu J, Ren F, Liu B, et al. miR-455-5p promotes
cell growth and invasion by targeting SOCO3 in non-small cell
Frontiers in Oncology | www.frontiersin.org 13
lung cancer. Oncotarget (2017) 8:114956–65. doi: 10.18632/oncotarget.
22565

42. Sui H, Zhu L, Deng W, Li Q. Epithelial-mesenchymal transition and drug
resistance: role, molecular mechanisms, and therapeutic strategies. Oncol Res
Treat (2014) 37:584–9. doi: 10.1159/000367802

43. Zheng X, Carstens JL, Kim J, Scheible M, Kaye J, Sugimoto H, et al. Epithelial-
to-mesenchymal transition is dispensable for metastasis but induces
chemoresistance in pancreatic cancer. Nature (2015) 527:525–30.
doi: 10.1038/nature16064

44. Wang Z, Li Y, Banerjee S, Sarkar FH. Exploitation of the Notch signaling
pathway as a novel target for cancer therapy. Anticancer Res (2008)
28:3621–30.

45. Xu K, Zhang L. Inhibition of TUG1/miRNA-299-3p Axis Represses
Pancreatic Cancer Malignant Progression via Suppression of the Notch1
Pathway. Dig Dis Sci (2019) 65:1748–60. doi: 10.1007/s10620-019-05911-0

46. Wang X, Zhang G, Cheng Z, Dai L, Jia L, Jing X, et al. Knockdown of
LncRNA-XIST Suppresses Proliferation and TGF-beta1-Induced EMT in
NSCLC Through the Notch-1 Pathway by Regulation of miR-137. Genet
Test Mol Biomarkers (2018) 22:333–42. doi: 10.1089/gtmb.2018.0026

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Chen, Xie, Wu, Cui, Cai, Lan, Yang, Chen and Chen. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
February 2021 | Volume 10 | Article 572672

https://doi.org/10.1155/2015/865816
https://doi.org/10.1089/cbr.2018.2503
https://doi.org/10.1089/humc.2018.266
https://doi.org/10.3390/molecules21070965
https://doi.org/10.1159/000475910
https://doi.org/10.2147/OTT.S201732
https://doi.org/10.1007/s13277-014-2766-3
https://doi.org/10.1016/j.gene.2016.07.034
https://doi.org/10.18632/oncotarget.22565
https://doi.org/10.18632/oncotarget.22565
https://doi.org/10.1159/000367802
https://doi.org/10.1038/nature16064
https://doi.org/10.1007/s10620-019-05911-0
https://doi.org/10.1089/gtmb.2018.0026
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Reduction of Bladder Cancer Chemosensitivity Induced by the Effect of HOXA-AS3 as a ceRNA for miR-455-5p That Upregulates Notch1
	Introduction
	Materials and Methods
	Cell Culture and Human Tissues
	Cell Viability
	Cell Transfection
	Western Blot Analysis
	Quantitative Real-Time PCR Analysis
	Luciferase Assay
	Flow Cytometry Analysis
	Cell Proliferation Assay
	Immunofluorescence Analysis
	Nude Mouse Xenograft Model
	Immunocytochemistry
	Terminal Deoxynucleotidyl Transferase dUTP Nick End Labeling
	Statistical Analysis

	Results
	Hypoxia Induced a Reduction in Chemosensitivity to Cisplatin and Upregulation of HOXA-AS3 in BC Cells
	Downregulation of HOXA-AS3 Enhances Cisplatin Sensitivity Under Normoxic and Hypoxic Conditions
	HOXA-AS3 Regulates Notch1 Expression and Reverses Hypoxia-Induced EMT in BC Cells
	HOXA-AS3 Targets miR-455-5p
	miR-455-5p Mediates the Regulatory Effect of HOXA-AS3 on Cisplatin Sensitivity
	Suppression of HOXA-AS3 Enhances Cisplatin Sensitivity of BC Cells In Vivo

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


