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aft growth in nude mice, compared to si-NC. We found that RNF144A-AS1 serves
as a sponge for miR-455-5p. Furthermore, a binding site of miR-455-5p was found in 3' UTR
of SOX11 gene, and overexpression of miR-455-5p suppressed SOX11 levels. RNF144A-
AS1 knockdown markedly decreased SOX11 expression levels, while miR-455-5p inhibitor
restored this repressive effect. Restoration of SOX11 could reverse this repressive effect of
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RNF144A-AS1 on cell proliferation, migration and invasion abilities.

Conclusion: Overall, our findings underline the critical role of RNF144A-AS1 in BC
development, and our study reveals for the first time that RNF144A-AS1 promotes BC
progression via the RNF144A-AS1/miR-455-5p/SOX11 axis.
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Introduction

Bladder cancer (BC) is one of the most commonly occurring malignant tumors of
the urinary system worldwide and was the eighth leading cause of cancer-related
death in men in 2019." The current cancer treatment options for BC include
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conventional surgery, radiation therapy, chemotherapy and
immunotherapy.” These strategies have moderate effects
on the early stages of BC, whereas it is difficult to treat the
advanced stages of BC and the prognosis is very poor.>"
Therefore, there is an urgent need to explore novel and
effective molecular therapeutic targets for BC treatment.

Long non-coding RNAs (IncRNAs) are non-coding
RNA transcripts’ that have been validated to play impor-
tant roles in the development of cancers, including BC.%’
Several IncRNAs are involved in the regulation of BC
progression, such as IncRNA miR143HG,® IncRNA
DILC’ and IncRNA HOXA-AS2’. From previously pub-
lished data, IncRNA RNF144A-AS1 (RNF144A-AS1) was
downregulated and promoted sensitivity and specificity in
predicting chemoresistance in high-grade serous ovarian
carcinoma cells.'® RNF144A-AS1 was also identified in
glioblastoma multiforme and served as a potential IncRNA
biomarker.'' However, only a few studies have reported its
role in BC progression. One report suggested RNF144A-
AS1 as a prognostic factor for BC using the least absolute
shrinkage and selection operation Cox regression.'”
Another study reported that RNF144A-AS1 was correlated
with prognostic prediction for BC patients, and RNF144A-
AS1 promoted the migration and invasion of BC c
in vitro."> But the mechanism behind this promotio
remains largely unclear.

In this study, we first explored the exprg
RNF144A-AS1 in BC tumors or cell I
investigated the critical role of
cell proliferation, migration an

Clinical Samples
A total of 30 patients with BC were selected from Xuanwu

Hospital Capital Medical University between 2017 and
2019. We collected BC tumor and the adjacent healthy
tissues from the 30 subjects. All participants in this study
provided informed written consent. The experiments were
carried out according to the principles of Xuanwu Hospital
Capital Medical University and approved by Xuanwu

Hospital Capital Medical University Ethics Committee.
The clinical characteristics of the patients are shown in
Table 1.

Cell Culture and Transfection

The normal bladder cell line (SV-HU-1) and five BC cell
lines (RT4, 5637, J82, UMUC3 and T24) were obtained from
American Type Culture Collection (ATCC, Manassas, VA,
USA). The cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM; Gibco, Grand Island, NY, USA)

-455-5p inhibitor (miR-

(Waltham,
i om Biomics (Nantong, Jiangsu,

455-5

ological Features of the 30 Patients

RNF144A-AS| Expression | p Value
Low (n=15) | High (n=15)

Age
<60 years 7 9 0.464
260 years 8 6

Gender
Male 10 0.269
Female 5

Tumor size
<3 cm I 3 0.003*
23 cm 4 12

Histological grade
High and middle 6 10 0.143
Low 9 5

Lymph-node metastasis
Negative 12 4 0.003*
Positive 3 I

T stage
1 6 8 0.464
nnv

Local IVS
TI, T2 3 2 0.624
T3, T4 12 13

Note: *Significant difference versus control group.
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using a Lipofectamine 2000 reagent (Invitrogen, Carlsbad,
CA, USA).

Animal Experiments and Xenograft

Collection

The nude mice were purchased from Charles River
Laboratories (Beijing, China) and randomized into two groups
(30 mice per group). The transfected si-NC or si-RNF144A-
AS1 5637 cells (5x10° cells) were injected subcutaneously into
nude mice. Tumor volumes and weights were measured at 7,
14, 28, 35 and 42 days after injection. All experiments were
approved by the Animal Ethics Committee of Xuanwu
Hospital Capital Medical University and were performed in
accordance with the Guide for the Care and Use of Laboratory
Animals of the Ministry of Health, China.

Total RNA Isolation and Quantitative
Real-Time PCR (qRT-PCR)

Total RNA was extracted using the miRNeasy Mini Kit
(Qiagen, Valencia, CA, USA). gqRT-PCR was performed to
detect the expression levels of RNF144A-AS1, miR-455-5p
and sex-determining region Y (SRY)-box protein 11
(SOX11). The expression level of miR-455-5p was d;
using an miRNA real-time PCR assay kit (Aidlab,
and the expression levels of RNF144A-AS1 and S
were detected using Arraystar SYBR )
gPCR Master Mix (Shanghai, China).
nal control for miRNA, while GAPRQ

11 and Ago2. GAPDH was used

as the prot§@ loading control. Equal amounts of protein

Table 2 Primer List for qRT-PCR

Primer Name Sequence (5'-3')

RNFI144A-AS| F 5'-CACACAGCAAGCTAGGA-3’
RNFI144A-AS| R 5'-ACTTTCCTTGCGAGGGTTGG-3'
miR-455-5p F 5'-GCCGCCTATGTGCCTTTGGACT-3'
miR-455-5p R 5'-GTGCAGGGTCCGAGGT-3'

SOXI1 F 5-GCCTCTTTTCTGCTGGGTCT-3'
SOXII R 5'-ACTGAAAACCTCCTCCGCTG-3'

extracts were loaded on to SDS-PAGE gel and transferred
to the PCDF membrane. After transfer, the membrane was
blocked with 5% skim milk, followed by incubation with
primary antibodies, SOX11 antibody (1:1000; Abcam,
Shanghai, China), Ago2 antibody (1:1000; Abcam,
Shanghai, China) or GAPDH antibody (1:1000; Santa
Cruz, Santa Cruz, CA, USA). Subsequently, the membrane
was washed and incubated with goat anti-rabbit IgG H&L
(HRP) secondary antibody (1:2000; Abcam, Shanghai,
China). ECL Reagent (Cell Signaling Technology, Danvers,

MA, USA) was used for visualizatigmmead detection.

Cell Proliferation AS Assay)

7 cells were

11 plasmids. The
6-well plates (5x10°
pL of CCK-8 solution

pe (wt) or mutant (mut) RNF144A-AS1 and
1 were synthesized by Shanghai GenePharma Co.
and cloned into pmirGLO luciferase vector (Promega,
Madison, WI, USA). For the reporter assay, cells were
cotransfected with reporter vector and miR-455-5p mimics
or NC mimics using Lipofectamine 2000 (Invitrogen, San
Diego, CA, USA). Following a 48-h transfection period, the
luciferase activities were measured using a dual luciferase
reporter assay system (Promega, Madison, WI, USA).

Pull-Down Assay

For the pull-down assay, J82 and 5637 cells were trans-
fected with 20 nM of biotinylated miR-NC (bio-NC) or
biotinylated miR-455-5p (bio-miR-455-5p). After trans-
fection for 48 h, cells lysates were obtained by sonication
and incubated with Pierce™ Streptavidin Magnetic Beads
(Thermo Fisher Scientific, Waltham, MA, USA). Lysates
were purified by the RNeasy Mini Kit (Qiagen,
Duesseldorf, Germany), following detection of RNF144A-
AS1 enrichment by qRT-PCR and Western blot. During
this experiment, 10% lysates served as the input control.

Nuclear and Cytoplasmic RNA Extraction
For nuclear and cytoplasmic RNA isolation, the PARIS™
Kit (Thermo Fisher Scientific, Waltham, MA, USA) was
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used according the manufacturer’s protocol. The nuclear
and cytoplasmic levels of RNF144A-AS were detected by
gqRT-PCR.

Transwell Assay

The invasion ability of bladder cells was determined using
a Transwell chamber (Corning, NY, USA). In brief, cells
were digested with trypsin and resuspended with serum-
free medium. A total of 1x10* cells in 200 puL of serum-
free medium were added into the upper chamber, which
was precoated with Matrigel (BD, Franklin Lakes, USA),
and 800 pnL. DMEM with 30% FBS was added to the lower
chamber. The chamber was incubated at 37°C for 24 h.
The transmigrated cells were fixed with paraformaldehyde
(Sinopharm Chemical Reagent Co., Shanghai, China) and
stained with crystal violet (Solarbio, Beijing, China). The
stained cells were photographed and counted with an
inverted microscope (Motic China Group Co., Xiamen,
China). The migration ability was investigated by
a similar method, except that the upper chamber was not
precoated with Matrigel.

Statistical Analysis
All statistical analysis was performed with GraphP
Prism 6 software. The survival curves were a;

Poor Progn&§i
First, 19 BC patient®from TCGA database were included
and we compared the RNF144A-AS1 expression levels
of BC tumor samples with adjacent normal tissues. The
cluster heatmap showed that RNF144A-AS1 was highly
expressed in BC tumors compared to adjacent normal
tissues (Figure 1A and B). Through Gene Expression
Profiling Interactive Analysis (GEIPA), we found that
a high level of RNF144A-AS1 in BC was correlated
with poor prognosis (Figure 1C).

We also evaluated the level of RNF144A-AS1 in BC
tumor samples (n=30) and BC cell lines by qRT-PCR. The
results showed that RNF144A-AS1 was significantly upre-
gulated in BC tumor samples and five BC cell lines com-
pared to adjacent normal tissues (p<0.001) and SV-HU-1
cells (p<0.01) (Figure 1D and E). As shown in Figure 1E,
the levels of RNF144A-AS1 in J82 and 5637 cells were
higher than in other BC cells. Hence, J82 and 5637 cell
lines were chosen for further experiments in this study.

henificantly decreased the capacity for
in J82 and 5637 cells (Figure 2B).
assays revealed that interference of
1 significantly suppressed colony formation
). Through subcutaneous tumor formation
ssays, we found that si-RNF144A-AS1 significantly
hibited xenograft volume and weight in nude mice,
compared to si-NC (Figure 2D). The Transwell assay
indicated that knockdown of RNF144A-ASI1 significantly
reduced the cell migration and invasion abilities of J82 and
5637 cells (Figure 2E and F).

RNFI144A-AS| Directly Interacts with

miR-455-5p in BC Cells

We detected the level of RNF144A-AS1 in the cytoplasm
and nucleus of BC cells. The qRT-PCR results showed that
RNF144A-AS1 was mainly located in the cytoplasm of
J82 and 5637 cells (Figure 3A).

We employed starBase software to nominate the putative
targets of RNF144A-AS1. We found that the 3’ UTR frag-
ment of human miR-455-5p contains an RNF144A-AS1-
binding site (Figure 3B). The dual-luciferase reporter assay
showed that miR-455-5p mimics significantly reduced the
luciferase activity of RNF144A-AS1 wt, but did not impact
the luciferase activity of RNF144A-AS1 mut (Figure 3C). To
further investigate the interaction between RNF144A-AS1
and miR-455-5p, an RNA pull-down assay was performed,
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Figure | RNFI44A-AS| is significantly upregulated in bladder cancer and associated with poor prognosis. (A) The cluster heatmap shows some of the differentially
expressed IncRNAs between tumor tissues and adjacent normal tissues. Green and red indicate downregulated and upregulated IncRNAs, respectively. (B) Through TCGA
database, the RNFI144A-AS| level was upregulated in BC tumors compared to adjacent normal tissues. (C) Through Gene Expression Profiling Interactive Analysis (GEIPA),
we found that a high level of RNFI44A-AS| in BC was correlated with poor prognosis. (D and E) RNF144A-AS| was significantly upregulated in BC tumor samples and
five BC cell lines compared to adjacent normal tissues (p<0.01) and SV-HU-| cells (p<0.01). **p<0.01.
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Figure 2 Silencing of RNFI44A-AS| inhibits BC cell proliferation, migration and invasion. (A) qRT-PCR results indicated that si-RNFI144A-AS| effectively suppressed the
level of RNFI144A-AS| in |82 and 5637 cells. (B) CCK-8 assay demonstrated that knockdown of RNFI44A-AS| significantly decreased the capacity of cell proliferation in |82
and 5637 cells. (C) Colony formation assays revealed that interference of RNFI44A-AS| significantly suppressed colony formation. (D) Through the subcutaneous tumor
formation assay, si-RNFI44A-AS| significantly inhibited xenograft volume and weight in nude mice, compared to si-NC. (E and F) The Transwell assay indicated that si-
RNF144A-AS| significantly reduced the cell migration and invasion abilities of |82 and 5637 cells. **p<0.01.
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Figure 3 RNFI144A-AS| directly interacted with miR-455-5p in BC cells. (A) qRT-PCR results showed that RNF144A-AS | was mainly located in the cytoplasm of J82 and 5637 cells. U6
was used as the internal control. (B) 3' UTR fragment of human miR-455-5p contains an RNF144A-AS | -binding site. (C) Dual-luciferase reporter assay showed that miR-455-5p mimics
significantly reduced the luciferase activity of RNFI44A-AS| wt, but did not impact the luciferase activity of RNFI144A-AS| mut. (D and E) RNA pull-down assay revealed RNF144A-AS|
enrichment in bio-miR-455-5p beads, but no enrichment in bio-NC beads. (F) Knockdown of RNFI44A-AS| significantly increased the expression level of miR-455-5p in J82 and 5637
cells. (G and H) The expression level of miR-455-5p was markedly downregulated in BC tumor tissues and BC cell lines compared to the adjacent normal tissues and normal cells. (I)
Spearman correlation statistical analysis illustrated that the expression levels of RNFI44A-AS| and miR-455-5p were negatively correlated in BC tumor tissues. ¥p<0.01.
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which found RNF144A-AS1 enrichment in bio-miR-455-5p
beads, but no enrichment in bio-NC beads (Figure 3D and E).
Moreover, we found that knockdown of RNF144A-AS1 sig-
nificantly increased the expression level of miR-455-5p in
J82 and 5637 cells (Figure 3F).

Meanwhile, the expression level of miR-455-5p was
markedly downregulated in BC tumor tissues compared to
the adjacent normal tissues (Figure 3G). In several BC cell
lines, the expression level of miR-455-5p was markedly
suppressed compared to SV-HU-1 cells (Figure 3H).
Spearman correlation statistical analysis illustrated that
the expression levels of RNF144A-AS1 and miR-455-5p
were negatively correlated in BC tumor tissues (Figure 31).
These results indicated that there was a putative
RNF144A-AS1 binding site in the 3’ UTR of miR-455-5p.

RNF144A-AS| Promotes SOXI |

Expression by Sponging miR-455-5p
Through Targetscan software, we found an miR-455-5p
binding site in the 3" UTR fragment of the SOX11 gene
(Figure 4A). As shown in Figure 4A, the dual-luciferase
reporter assay showed that miR-455-5p mimics significantly
reduced the luciferase activity of SOX11 wt, but did not
impact the luciferase activity of SOX11 mut. The mRNA
and protein expression levels of SOX11 were shown t
downregulated in miR-455-5p-overexpressed J82 and
cells (Figure 4B). The expression level of SOX11

significantly upregulated in BC tumor tisy®
lines compared to the adjacent normal ti @

(Figure 4C).
Moreover, to prove

RNF144A-AS1 S@ucing on SOX11 expression levels in
J82 and 5637 cells (Figure 4D).

Restoration of SOXI| | Reverses the

Effects of RNFI44A-AS| Knockdown

To explore whether RNF144A-AS1 performs functions via

regulating SOX11, we transfected SOXI11 plasmid

(overexpression of SOX11, OE SOX11) into RNF144A-
AS1 silencing cells. We found that RNF144A-AS1 knock-
down markedly decreased SOX11 expression levels, while
OE SOXI11 restored the repressive effect of RNF144A-
AS1 silencing (p<0.05) (Figure 5A and B).

Furthermore, our results showed that OE SOX11 sig-
nificantly restored the repressive effect of RNF144A-AS1
silencing on cell proliferation (CCK-8 assay, colony for-
mation assay; Figure 5C—E), migration (Transwell assay;
Figure 5F) and invasion (Transwell assay; Figure 5G) of
J82 and 5637 cells.

Discussion
The rate of BC patients with lyg

py and immu-

notherapy, whic advances.

Unfortunately,

| processes, including cell proliferation, migration
nd invasion.'” ' Meanwhile, meta-analysis of several stu-
dies revealed that the expression levels of IncRNAs are
associated with the prognosis of BC.*?

Increasing numbers of studies have reported that
IncRNAs can serve as competing endogenous RNAs
(ceRNAs) to bind miRNAs, consequently regulating the

23,24 Some

expression levels of downstream genes.
IncRNAs have been identified as molecular biomarkers
for BC patients; however, novel correlated IncRNAs are
urgently needed.” 2’

RNF144A-AS1 has been identified as an optimal
diagnostic and prognostic biomarker for several cancer
types, 1071228

migration and invasion in BC."* However, the mechan-

, and has also been shown to promote cell

ism behind the regulation remains largely unclear.

In this study, we found that RNF144A-AS1 level was
markedly upregulated in BC tumors and cell lines, and its
high level in BC was correlated with poor prognosis. We
further explored its involvement in BC progression in vivo
and in vitro. Knockdown of RNF144A-AS1 in BC cells
significantly suppressed cell proliferation, migration and
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Figure 4 R 44 | promot@® SOX | | expression by sponging miR-455-5p. (A) Through Targetscan software, we found an miR-455-5p binding site in the 3’ UTR

fragment of SO
luciferase activity &
expression level of SG

gene. Dual-luciferase reporter assay showed that miR-455-5p mimics significantly reduced the luciferase activity of SOX11 wt, but did not impact the
X || mut. (B) The mRNA and protein expression levels of SOXI | were downregulated in miR-455-5p overexpressed J82 and 5637 cells. (C) The
was significantly upregulated in BC tumor tissues and cell lines compared to the adjacent normal tissues or SV-HU-1 cells. Spearman correlation
statistical analysis illustrated that the expression levels of RNFI44A-AS| and miR-455-5p were negatively correlated in BC tumor tissues. (D) RNFI144A-AS| knockdown
markedly decreased SOXI 1 expression levels, while miR-455-5p inhibitor restored the repressive effect of RNFI44A-AS| silencing on SOXI | expression levels in |82 and
5637 cells. *p<0.01 versus si-NC group. “p<0.01 versus si-NC group.

invasion abilities, and has been shown to have an effect on Notably, we explored the role of RNF144A-AS1 as
xenograft volume and weight in nude mice as well. These a ceRNA in this study. miR-455-5p has been reported to
findings are consistent with previous studies'*'? showing serve as a tumor suppressor for several cancer types by
a strong association between RNFI144A-AS1 and BC regulating tumor development and differentiation.?® >

progression. One previous study reported the critical role of miR-455-
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Figure 5 Restoration of SOXI | reversed the effects of RNFI44A-AS| knockdown. (A and B) RNFI44A-AS| knockdown markedly decreased SOXI | expression levels,
while OE SOXI | restored the repressive effect of RNFI44A-AS| silencing (p<0.05). (C-G) OE SOXI I significantly restored the repressive effect of RNFI144A-AS| silencing
on cell proliferation (C-E), migration (F) and invasion (G) of J82 and 5637 cells. **p<0.01 versus si-NC group. #p<0.0l versus si-NC group.

5p in BC progression, demonstrating that miR-455-5p  protein 1. Through bioinformatics analysis and func-
suppressed BC cell migration, invasion and proliferation tional assays, RNF144A-AS1 was first found to act as
by directly targeting the 3" UTR region of tight junction a sponge for miR-455-5p in our study. Thus, we concluded
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that RNF144A-AS1 performed its biological functions
in BC progression by sponging miR-455-5p.

Furthermore, we found one binding site for miR-455-5p
in the mRNA SOXI11 3" UTR region. SOXI11 performs
a variety of functions in biological processes, such as adult
neurogenesis and tumorigenesis.”® SOX11 serves as a tumor
suppressor against the development of several cancer types,
such as ovarian cancer,’**> mantle cell lymphoma®®
and BC.>” Wu et al reported that the SOX11 level was
significantly upregulated in BC tissues and was shown to
promote the proliferation and apoptosis of BC cells.*’

In our study, SOX11 expression was also demonstrated
to be markedly upregulated in BC cells and its expression
was regulated by RNF144A-AS1 by sponging miR-455-
5p. RNF144A-AS1 knockdown markedly decreased
SOXI11 expression levels, while OE SOX11 restored the
repressive effect of RNF144A-ASI1 silencing. Moreover,
OE SOXI1 significantly restored the repressive effect of
RNF144A-ASl1 silencing on cell proliferation, migration
and invasion of J82 and 5637 cells. We verified that
RNF144A-AS1 functioned as a ceRNA for miR-455-5p
in regulating SOXI11, and this axis promoted the cell
proliferation, migration and invasion of BC cells.

These findings revealed that RNF144A-AS1
oncogene for BC and it exerts promoting effects of

proliferation, migration and invasion in BC

treatment.
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