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Abstract: Mounting evidence shows that the long non-coding RNA MALAT1 plays a pivotal role in tumorigenesis
and metastasis, but the functional significance of MALAT1 in bladder transitional cell carcinoma (BTCC) remains
unclear. MALAT1 expression was measured in 56 BTCC patients and 2 BTCC cell lines by real-time PCR. The effects
of MALAT1 on BTCC cells were investigated by over-expression approaches in vitro and in vivo. Insights of the mecha-
nism of competitive endogenous RNAs (ceRNAs) were validated through bioinformatic analysis and luciferase assay.
MALAT1 up-regulation positively correlated with advanced clinical pathological stage and shorter survival of BTCC
patients. Furthermore, MALAT1 over-expression promoted proliferation, migration and invasion of BTCC cells in vitro
and in vivo. Particularly, MALAT1 may function as a ceRNA to sponge miR-124, thus modulating the derepression
of foxql, miR-124 target gene, in post-transcriptional levels. The positive MALAT1/foxgl interaction was confirmed
by bivariate correlation analysis, and this positive correlation was of great significance in BTCC tumor growth and
metastasis, also accompanied by EMT changes. Overall, this ceRNA regulatory network concerning MALAT1 and the
positive MALAT1/foxql correlation benefit a better understanding of BTCC pathogenesis and promote the feasibility
of IncRNA-directed therapy against this disease.

Keywords: Bladder transitional cell carcinoma (BTCC), MALATZ1, competing endogenous RNA(ceRNA), foxql, prolif-

eration and invasion

Introduction

Bladder cancer ranks the first genitourinary
system malignancy in China, with the over-
whelming majority being bladder transitional
cell carcinomas (BTCC) [1, 2]. BTCC is the prod-
uct of a complicated process associated with
genetic and epigenetic abnormalities [3-5]. The
biological behavior of this disease exhibits vari-
ous patterns, for instance, easy relapse, and
multiple metastasis. Surgical resection proves
to be the most effective treatment for non-inva-
sive BTCC patients. Chemotherapy based on
BCG lowers recurrence in patients, but roughly
70% relapse and 25% ultimately progress to
distant metastasis [6]. Current strategies to
this disease are insufficient and more thera-
peutic strategies are urgently needed. Probing
molecular triggers associated with BTCC diag-
nosis, progression, metastasis, and prognosis
holds potential for BTCC therapy.

In addition to well-known genetic changes in
response to regulatory pathways, such as cyclo-
oxygenase (COX-2) [7], B-catenin [8], transform-
ing growth factor (TGF)-B [9], recent researches
identified other participators in BTCC progres-
sion, including small non-coding RNAs (typically
microRNAs) [10] and long non-coding RNAs
(IncRNAs) [11]. MicroRNAs (miRNAs) are small
ncRNAs that combine to the 3’-untranslated
region (3-UTR) of its target gene to down-regu-
late mMRNAs expression [12, 13]. There is a
large amount of evidence elucidating the role of
miRNAs working as oncogenes or tumor sup-
pressors in tumor progression [13, 14]. The
functions of IncRNAs in cancers have also been
well documented. It has been shown that
numerous IncRNAs, such as GAS5 [11], H19
[15], PVT1 [16], HOTAIR [17], etc., were dysregu-
lated in cancers, and associated with tumor
progression, opening up a new avenue for
exploring tumorigenesis. It should be noted
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that, IncRNAs can also act as competing endog-
enous RNAs (ceRNAs), namely miRNA sponge,
inhibit MiRNAs expression and activities to
modulate the derepression of miRNA targets
[18, 19]. A cardiac hypertrophy-related INCRNA,
CHREF, has been reported to serve as an endog-
enous sponge of miR-489, directly targets miR-
489 and modulates its target gene, Myd88
[20]. HOTAIR works as a ceRNA to sink miR-
331-3p expression, and regulate the derepres-
sion of HER2, miR-331-3p target gene, in gas-
tric cancer [21]. We propose that some IncRNAs
may also act as ceRNAs, connecting miRNAs
and the post-transcriptional network in bladder
pathogenesis.

INcRNA metastasis-associated lung adenocar-
cinoma transcript 1 (MALAT1) is located on
chromosome 11913, and this region is gener-
ally known to be relevant for tumorigenesis and
metastasis [22, 23]. MALAT1 initially came to
light for its detection in early-stage non-small
cell lung cancer (NSCLC) samples, wherein
MALAT1 promoted the development of NSCLC
distant metastasis [24]. Furthermore, MALAT1
up-regulation positively correlates with malig-
nant invasion and poor ending in colorectal
cancer, renal cell carcinoma, gastric cancer,
etc. [25-28]. Intriguingly, TGF-B-induced up-reg-
ulation of MALAT1 promotes bladder cancer
metastasis, along with the down-regulation of
E-cadherin and up-regulation of N-cadherin
[29]. However, the biological significance and
molecular mechanism in which MALAT1 func-
tions in BTCC is far from being fully elucidated,
although the vast majority of bladder cancer is
BTCC.

In this study, we investigated the functional role
of MALAT1 in BTCC. We examined the expres-
sion of MALATZ in human BTCC tissues and cell
lines, and explored its effects on cell growth,
migration and invasion. Its effects on BTCC
tumorigenesis and metastasis were also inves-
tigated using murine models. Finally, the under-
lying molecular mechanism of MALAT1 func-
tions in BTCC was explored. This study offers us
a better understanding of BTCC pathogenesis,
which may benefit BTCC therapy.

Materials and methods
Clinical tissue samples

Bladder tissue samples were obtained from 56
patients (mean age 63 years, range 45-78) with
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urothelial bladder cancer in The First Affiliated
Hospital of Zhengzhou University. Informed
consent was obtained from all patients before
this study. For each sample, the cancer tissue
and its remote normal mucosa were employed
and compared. All samples were pathologically
confirmed as BTCC by 2 independent patholo-
gists. The TNM classification was in accordance
with the 7th edition of the UICC-American Joint
Committee on cancer staging. The research
protocols were approved by the Ethics
Committee of The First Affiliated Hospital of
Zhengzhou University.

Cell culture

The human bladder cancer cell line T24, BIU-
87, and human embryo kidney 293T cells (HEK
293T) were supplied by the Institute of Cell
Research, Chinese Academy of Sciences,
Shanghai, China. All cells were cultured in
RPMI-1640 medium (HyClone, Thermo scientif-
ic Inc, China) with 10% fetal bovine serum (FBS,
HyClone, Thermo scientific Inc, China) at 37°C
under 5% CO,,.

RNA isolation, reverse transcription, and real-
time PCR

Total RNA was extracted from the samples or
cells using TRIzol reagent (Invitrogen, Carlsbad,
CA, USA) following the manufacturer’s protocol,
then reversely transcripted to cDNA in a first-
strand cDNA synthesis reaction with PrimeScript
RT-PCR kit (Takara Biotechnology Dalian,
China), at 37°C for 25 min, then incubated at
85°C for 5 sec in 20 pul of reaction volume.
Real-time PCR was carried out using All-in-
One™ gPCR Mix (Applied GeneCopoeia Inc.,
USA) on an ABI 7500HT System, as described
elsewhere [30]. MiR-124 was normalized to
snRNA U6. GAPDH was employed as an internal
control for MALAT1 and foxql. Expression fold
changes were calculated using 22t methods
[31].

Oligonucleotide transfection

MALAT1 siRNA/Control, miR-124 siRNA/Con-
trol, foxgql siRNA/Control were synthesized
from Gene-pharma (Shanghai, China). RNA oli-
gonucleotides were transfected into T24 and
BIU-87 cells using lipofectamine2000 reagent
(Invitrogen, Carlsbad, CA, USA).
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Plasmid construction and stable transfection

To obtain stable cell lines overexpressing
MALAT1, pre-MALAT1 was cloned into the
pLVTHM lentiviral vector, and the recombinant
plasmid was named as MALAT1. The lentivial
vectors and packing system were co-transfect-
ed in HEK293T cells, and then lentiviral virus
was employed to infect the T24 and BIU-87 cell
lines.

The lentiviral viruses overexpressing miR-214
were purchased from Genechem (Shanghai,
China). Then they were employed to infect T24
and BIU-87 cell lines.

The 3-UTR of Foxgl was cloned into the psi-
check. 2 vector (Promega, Madison, WI, USA).
The mutation of the 3’-UTR of Foxgl was per-
formed using site-directed mutagenesis kit
(Invitrogen, Carlsbad, CA, USA). The resulted
vectors were called Foxql-wildtype (WT) and
Foxg1l-mutant (MUT), respectively.

The 3-UTR of MALAT1 was cloned into the psi-
CHECK-2 vector (Promega, Madison, WI, USA).
The mutation of the 3’-UTR of MALAT1 was pro-
duced using site-directed mutagenesis kit
(Invitrogen, Carlsbad, CA, USA). The resulted
vectors were called MALAT1-wildtype (WT) and
MALAT1-mutant (MUT), respectively.

Bioinformatics analysis

Binding sites between miRNAs and MALAT1
were predicted with miRanda. The potential tar-
get genes of miRNA were predicted using three
microRNA target database (PicTar, TargetScan
and PITA), and the selected targets gene were
validated by real-time PCR and western Blot.

Dual-luciferase assay

T24 cells were cultured in 24-well plates for
dual-luciferase report system. Cells were co-
transfected with Wild or Mutant type reporter
plasmid and miRNA/Ctrl using lipofectamine
2000 reagent (Invitrogen). 24 hours later, cells
were harvested to measure the firefly and
Renilla luciferase activities using the Dual-Glo
luciferase reporter assay kit (Promega,
Madison, WI, USA).

Cell proliferation assay

Cell viability was assessed as reported before
[32]. Cells at a concentration of 1 x 10° cells/
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well with five replicate wells were seeded in
96-well plates and cultured for 24 h, 48 h, 72 h,
96 h, respectively. Cell viability was determined
using a Cell counting kit-8 (Beyotime, Shanghai,
China), according to the manufacturer’s
instructions.

Migration and invasion assays in vitro

Transwell migration assay and invasion assay
were employed to determine the effects of
MALAT1 on cell migration and invasion as
described previously [33].

Tumor xenograft model

4-5 week-old female BALB/C nude mice (n=24)
were purchased from Centre of Laboratory
Animal of Zhengzhou University, and the animal
protocol was approved by Institutional Animal
Care and Use Committee of Zhengzhou
University. Mice were randomly divided into two
groups (n=12/group). 1 x 10° MALAT1/T24 or
Control/T24 cells were injected subcutaneous-
ly into each mouse. Tumor size was measured
every other week. 6 weeks later, mice were sac-
rificed and tumors were dissected. H&E stain-
ing was performed for tumor metastasis assay
in vivo.

Western blot

Western blotting was performed as reported
preciously [34]. Briefly, protein lysates extract-
ed from tissues or cells were separated by 10%
SDS-PAGE, and transferred to PVDF (polyvinyli-
dene difluoride) membrane (Millipore, Bedford,
MA, USA) for 60 min at 100 V. Then, the mem-
brane was incubated with goat polyclonal anti-
body against human foxql (WuXi PharmaTech
Cayman China), followed by HRP (horseradish
peroxidase)-labeled goat-anti mouse IgG (Santa
Cruz Biotechnology) and detected with chemilu-
minescence (ECL) reagent (Amersham, Bu-
ckinghamshire, UK). GAPDH was used as a pro-
tein loading control.

Statistical analysis

The SPSS 15.0 software was employed for gen-
eral statistical analysis. Data are expressed as
the mean £ SEM. The significance of differenc-
es between groups was estimated by either
Student’s t-test or one-way analysis of variance
(ANOVA). Survival rate was analyzed using the
Kaplan-Meier method. Relationship between
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Figure 1. Expression of MALAT1, miR-124, foxql in BTCC. The relative expression was examined using real-time
PCR in 56 patients with BTCC and 2 BTCC cell lines. Data are shown as mean + SEM. A. MALAT1 was up-regulated
in 56 tumor tissues compared with surrounding normal mucosa tissues; miR-124 was down-regulated in tumor
tissues in comparison with matched normal mucosa tissues. B. MALAT1 and foxql were positively expressed in
BTCC. C. MALAT1 and foxql expression positively correlated with BTCC clinical pathological stage; miR-124 expres-
sion inversely correlated with clinical pathological stage. D. MALAT1 and foxql were more abundant and miR-124
was weaker in T24 cells than BIU-87 cells. E. Kaplan-Meier survival curves revealed that patients with high levels of
MALAT1 and foxql, or weak levels of miR-124 exhibited an unfavorable clinical outcome. Patients were divided into
MALAT 1-high/low group; miR-124-high/low group; foxq1-high/low group based on the median of their expression in
BTCC, respectively. *P < 0.05.
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Figure 2. MALAT1 and foxql are direct targets of miR-124. Real-time PCR analysis of MALAT1, miR-124, and foxql
mRNA expression in T24 cells (A) and BIU-87 cells (B) transfacted with Control, miR-124 mimics, respectively. Real-
time PCR analysis of MALAT1, miR-124, and foxql mRNA expression in T24 cells (C) and BIU-87 cells (D) trans-
facted with Scramble, si-miR-124, respectively. (E) The putative miR-124-binding site in 3'UTR region of MALAT1.
The relative luciferase activity was suppressed in cells transfected with the reporter vector MALAT1-WT, not in cells
transfected with MALAT1-MUT. (F) The putative miR-124-binding site in 3'UTR region of foxql. The relative lucifer-
ase activity was down-regulated in cells transfected with the reporter vector foxq1-WT, not in cells transfected with
foxg1-MUT. Data are shown as mean + SEM, *P < 0.05, ***P < 0.001.

MALAT1 and foxgql was determined using
Spearman’s correlation analysis. For all the
tests, the criterion for statistical significance
was taken as P < 0.05.

Results

MALAT1 and miR-124 are inversely expressed
in BTCC

To examine the expression of MALAT1 in BTCC,
tumor tissues and surrounding normal mucosa
samples in 56 patients with BTCC were first
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employed and analyzed by real-time PCR.
MALAT1 was significantly up-regulated in tumor
tissues compared with normal tissues (n=56)
(Figure 1A). Considering the predictable biding
site between MALAT1 and miR-124 by bioinfor-
matics analysis, we further tested the expres-
sion of miR-124 in tumor tissues and matched
normal mucosa samples. In contrast, miR-124
was significantly down-regulated in tumor tis-
sues compared with normal tissues (n=56)
(Figure 1A). Besides, significantly higher levels
of foxgl, putative target gene of miR-124, were

Am J Cancer Res 2018;8(4):748-760
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Figure 3. MALAT1 regulates miR-124/foxql cascade expression in BTCC cells. The relative expression of MALATZ,
miR-124, and foxql was examined using real-time PCR and western blot in T24 cells and BIU-87 cells. Data are
shown as mean + SEM. Real-time PCR analysis of MALAT1, miR-124, and foxql mRNA expression in T24 cells (A)
and BIU-87 cells (B) transfacted with Control, MALAT1, respectively. Real-time PCR analysis of MALAT1, miR-124, and
foxql mRNA expression in T24 cells (C) and BIU-87 cells (D) transfacted with Scramble, si-MALAT1, respectively. (E)
Western blot analysis of foxql expression in T24 and BIU-87 cells both transfacted with Control, MALAT1+miR-124,
respectively. (F) Western blot analysis of foxql expression in T24 and BIU-87 cells both transfacted with Scramble,

si-miR-124+si-MALAT1, respectively. *P < 0.05.

found in tumor tissues with inferior expression
of MALAT1, and there was significant positive
correlation between MALATA and foxql expres-
sion in BTCC (Figure 1B). We further analyzed
the expression patterns in tumor tissues
according to clinical stage. High-stage carcino-
mas (N3) had higher MALAT1 and foxql mRNA
expression and lower miR-124 mRNA expres-
sion than low-stage carcinomas (NO-N2), indi-
cating significant correlations of MALAT1, miR-
124, and foxgl with BTCC clinical pathological
stage (Figure 1C). Furthermore, MALAT1 and
foxql were more abundant and miR-124 was
weaker in highly invasive and mesenchymal-
like bladder cancer T24 cells than none-inva-
sive epithelial bladder cancer BIU-87 cells
(Figure 1D). Kaplan-Meier survival curves
revealed that patients with high levels of
MALAT1 and foxgl, or weak levels of miR-124
demonstrated an unfavorable clinical outcome
(Figure 1E).

MiR-124 down-regulated the expression of
MALAT1/foxql by directly targeting the 3-UTR
in BTCC cells

Bioinformatic algorithms have revealed that
MALAT1 and foxql were putative targets of
miR-124. To explore whether MALAT1 and foxgl
expression are regulated by miR-214, T24 and
BIU-87 cells were transfected with miR-214
mimics or si-miR-214, and miR-124, MALAT1,
foxql mRNA expression were measured. The
results showed that forced miR-214 expression
markedly elevated miR-214 mRNA expression,
reduced MALAT1 and foxql mRNA expression
in both T24 and BIU-87 cells (Figure 2A and
2B); while miR-214 knockdown resulted in a
significant decrease in miR-214 mRNA expres-
sion and significant increases in MALAT1 and
foxgql mRNA expression in T24 and BIU-87 cells
(Figure 2C and 2D). To further determine
repression effect of miR-214 on MALAT1/foxql
expression was associated with the predicted
binding sites in 3'UTR region (Figure 2E and
2F), dual-luciferase assay was employed.
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Co-transfection of miR-214 mimic and MALAT1-
wt-3’-UTR in T24 cells markedly down-regulated
luciferase activity compared with the control
cells, whereas luciferase activity was unaffect-
ed in T24 cells cotransfected with miR-214
mimic and MALAT1-mt-3-UTR (Figure 2E).
Similarly, the luciferase activity was dramati-
cally inhibited in T24 cells co-transfected with
miR-214 mimic and foxql-wt-3’-UTR compared
with the control cells, while no significant differ-
ence in luciferase activity was noted in T24
cells co-transfected with foxql-mt-3’-UTR and
miR-214 mimic (Figure 2F).

MALAT1 regulates miR-124/foxql cascade
expression in BTCC cells

It has been well documented that IncRNAs can
act as ceRNAs, inhibit miRNAs expression to
modulate the derepression of miRNA targets.
Based on the results in Figure 2, we wondered
whether MALAT1 could work as miR-214
sponge to inhibit miR-214 expression and regu-
late the derepression of miR-214 target gene,
foxql. The results showed that ectopic MALAT1
expression remarkably raised MALAT1 and
foxql mRNA expression, down-regulated miR-
214 mRNA expression in both T24 and BIU-87
cells (Figure 3A and 3B); while knocking down
MALAT1 led to significant decreases in MALAT1
and foxql mRNA expression, accompanied by a
significant increase in miR-214 mRNA expres-
sion in T24 and BIU-87 cells (Figure 3C and
3D). MiR-124 mimic restored foxql expression
at mRNA and protein levels in T24 and BIU-87
cells both overexpressing MALAT1 (Figure 3E).
The similar results were observed in T24 and
BIU-87 cells co-transfected with si-miR-124
and si-MALAT1 (Figure 3F).

Foxql deletion partly inverses the changes
caused by MALAT1 in vitro

Figure 3 illustrates the enhancing effect of

MALAT1 on foxgl expression, to further deter-
mine the relationship between MALAT1 and

Am J Cancer Res 2018;8(4):748-760
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Figure 4. Foxql deletion partly inverses the changes caused by MALAT1 in vitro. (A) T24 and BIU-87 cells were both transfected with MALAT1 or MALAT 1+si-foxq1.
Effects of down-regulated foxql in MALAT1 overexpressing cells on cell proliferation were measured. Effects of silencing foxql in MALAT1 overexpressing cells on cell
migration (B) and invasion (C) were investigated. (D) Western blot analysis of foxql, E-cadherin, and Vimentin expression in BIU-87 cells. Data are shown as mean
+ SEM. *P < 0.05, Control vs. MALATZ; #P < 0.05, MALAT1 vs. MALAT1+si-foxql.

755 Am J Cancer Res 2018;8(4):748-760



Functional role of MALAT1 in BTCC

A B Control
Control " ] . P 8 N Lung
MALATI o % ? I ) %
Liver
3007 o control c §
"’E -=— MALAT1 né 0.8
E E
s 2007 % ol
3 s
° * S 1ol
= 100- . g 04
o 5 a
E X 0.2
= o
0 . . r ! £ 0.0-
0 2 4 6 8 &
Weeks after injection s
200+
) . Control
E 1501 —
5 Foxq1 —
g 1004 E-cadherin  asmm—
=
[} o
g 504 Vimentin
L GAPDH pis— %
0-
N N
& 5
® K\

Figure 5. MALAT1 promotes tumor growth and metastasis in vivo. MALAT1/
T24 or Control/T24 cells were subcutaneously implanted into nude mice
(n=12/group). A. Tumor volume was calculated every one week. 6 weeks
later, tumors were removed and tumor weight was measured. B. Livers and
lungs were dissected for histology analysis to evaluate distant metastasis.
C. Real-time PCR analysis of miR-124 expression and western blot analysis
of foxql, E-cadherin, and Vimentin expression in tissues of resected tumors.

Data are presented as mean + SEM. *P < 0.05.

foxgl in BTCC progression, we transfected T24
and BIU-87 cells with MALAT1 or MALAT1+si-
foxgl. CCK-8 array was first utilized to examine
cell viability. The results showed that forced
expression of MALAT1 dramatically promoted
cell growth of T24 and BIU-87 cells, whereas
foxql gene silencing partly abolished T24 and
BIU-87 proliferation induced by MALAT1 (Figure
4A). After analyzing the proliferation ability of
MALAT1, we tested cell migration and invasion
capacities. Migration and invasion arrays dem-
onstrated that MALAT1 enhanced cell migra-
tion and invasion, while foxql deletion partly
eliminated the increased migration and inva-
sion cells induced by MALAT1 in T24 and BIU-
87 cells (Figure 4B and 4C). Considering that
tumor metastasis always accompanied by epi-
thelial-mesenchymal transition (EMT), to deter-
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mine whether silencing foxql
inhibited T24 and BIU-87
motility induced by MALAT1
was concerned with EMT, we
examined the expression of
epithelial marker E-cadherin
and mesenchymal marker
Vimentin using western blot in
BIU-87 cells. Obviously, up-
regulated E-cadherin concomi-
tant with down-regulated Vi-
mentin, as determined at pro-
« tein levels, were obtained in
MALAT1+si-foxql cells, com-
pared with MALAT1 cells
(Figure 4D).

«'\

& MALAT1 facilitates tumor
growth and metastasis in vivo
MALAT1 We finally implanted MALAT1/
T24 or Control/T24 cells sub-
- cutaneously in nude mice (n=
s 12/group) to investigate the
P effects of MALAT1 overexpres-

sion on tumor growth in vivo.
As shown in Figure 5A, tumor
volume was measured every
other week, and MALAT1 over-
expression contributed to a
dramatic increase in tumor
volume relative to Control cells
after 6 weeks. Subsequently,
tumors were removed and
weighed, tumor weight gain
was notably observed in nude
mice implanting with MALAT1/
T24 cells (Figure 5A). To fur-
ther explore the metastatic effects of MALAT1
in vivo, livers and lungs were dissected for his-
tology analysis through H&E staining. Mice
injecting with MALAT1,/T24 cells exhibited more
metastases to livers and lungs than mice own-
ing Control cells (Figure 5B). Besides, MALAT1/
T24 cells resulted in amazing decline in miR-
124 mRNA expression, along with significant
up-regulation of foxql and Vimentin, and down-
regulation of E-cadherin at protein levels in
resected tumors (Figure 5C).

Discussion
LncRNAs are non-protein coding transcribed
RNAs with more than 200 nucleotides, but they

can regulate protein-coding genes at both tran-
scriptional and post-transcriptional levels and
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play key roles in various biological processes.
Several recent papers have indicated that
IncRNAs dysregulation may influence the regu-
lation of the eukaryotic genome and benefit cel-
lular growth, resulting in progressive tumor
growth [35, 36]. Hence, IncRNAs may open a
missing field differing from other common
oncogenic and tumor suppressor networks.

In the present study, we investigated the
expression of MALAT1 in BTCC tssues and their
surrounding normal mucosa tissues. We also
identified the functional role of MALAT1 in BTCC
cells by employing gain-of-function approach-
es. The results showed that MALAT1 was up-
regulated in BTCC tissues in comparison with
surrounding normal mucosa tissues, and that
MALAT1 up-regulation correlated with advanced
clinical-pathological stage. Moreover, the sur-
vival time of patients with lower MALAT1 expres-
sion was significantly longer than that of
patients with strong MALAT1 expression.
Furthermore, forced expression of MALAT1
facilitated the proliferation, migration and inva-
sion of BTCC cells, both in vitro and in vivo.
These results suggest that MALAT1 plays an
oncogenic role in BTCC progression, consider-
ing MALAT1 as a novel prognostic parameter
and therapeutic target in BTCC.

Enlightened by the ceRNAs regulatory network
and emerging evidence that suggests that
IncRNAs may take part in this regulatory path-
way, our hypothesis was that MALAT1 may also
act as a ceRNA to sink miRNA expression. In
support of this notion, bioinformatics analysis
revealed the putative binding site between
MALAT1 and miR-124. Mounting evidence indi-
cates that miR-124 is dysregulated in human
cancers. So far, several reports have shown
that miR-124 was significantly down-regulated,
exerted tumor suppressive functions, and cor-
related with clinical characteristic and progno-
sis in breast cancer, colorectal cancer, bladder
cancer, etc. [37-39]. luciferase assay was fur-
ther employed to validate the predicted binding
site between miR-124 and MALAT1. As expect-
ed, we discovered that miR-124 formed com-
plementary base pairing with MALAT1 and
induced expression repression of MALAT1 in
T24 cells. Real-time PCR analysis showed that
miR-124 expression was inversely correlated
with MALAT1 expression, also clinical stage in
BTCC. Moreover, the survival time of patients
with higher miR-124 expression was significant-

757

ly longer than that of patients with weak miR-
124 expression, contrary to the clinical out-
comes of patients with different expression of
MALAT1. Furthermore, MALAT1 also down-reg-
ulated miR-124 expression. Overall, these find-
ings are line with our hypothesis and indicate
that MALAT1 may directly interact with miR-124
to link the post-transcriptional network in BTCC
pathogenesis.

To investigate whether MALAT1-induced reduc-
tion of miR-124 resulted in a derepression to its
mRNA targets, we focused on the miR-124
putative target gene, foxql. Human Foxqgl is
first confirmed to encode a protein of 403
amino acids and is part of the family of the Fox
transcription factors in 2001 [40]. Previous
studies have revealed fairly high expression of
foxql in the bladder and stomach of murine tis-
sues [41]. Amazing amplification of foxql has
been noted in several cancers, such as colorec-
tal cancer [42], bladder cancer [43], glioma
[44], promoting tumorigenesis and tumor
growth in vivo. Interestingly, foxql was also
implicated in EMT in tumor metastasis [43, 45,
46]. In several reports, foxql expression were
directly affected by miRNA-mediated post-tran-
scriptional mechanisms in carcinomas [30, 47].
Here, our study determines that foxql is a
direct target gene of miR-124. Considering the
crosstalk of MALAT1/miR-124, we speculate
that MALAT1 may regulate foxql expression in
BTCC, indicating the role of MALAT1 in the
tumorigenesis-regulating network.

Contrary to MALAT1 sequestration of miR-124,
we found promotion effect of MALAT1 on foxgl
expression. Furthermore, elevated expression
of foxql induced by MALAT1 was reversed by
miR-124. Additionally, real-time PCR assay
revealed that foxql was mainly up-regulated in
advanced clinical-pathological stage BTCC tis-
sues, and associated with high MALAT1 expres-
sion. Taken together, the positive correlation
between MALAT1 and foxgl expression and the
repression effect of MALAT1 on miR-124
expression are in favor of the theory that ceRNA
can sequester miRNA, thereby protecting their
target gene from repression. What's more,
foxql deletion partly abolished the enhanced
proliferation, migration and invasion induced by
MALAT1, accompanied by the reversal of EMT,
suggesting the functional significance of miR-
124/foxql cascade in tumorigenesis-regulat-
ing network of BTCC associated with MALAT1.
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Conclusively, the findings presented in this
study show that MALAT1 functions as an onco-
gene in BTCC, and a novel MALAT1-miR-124/
foxql regulatory network in BTCC progression
is obtained, indicating that targeting MALAT1/
foxgl interaction may be a novel therapeutic
strategy against this disease. However, special
attention is that there may existing other
IncRNAs that work as ceRNAs to regulate key
genes expression in BTCC. Undoubtedly, the
identification of these ceRNAs will improve our
understanding of how IncRNAs function, and
eventually benefit IncRNA-directed therapy for
BTCC.
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