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Abstract

Gallbladder carcinoma (GBC) is an aggressive neoplasm, and the treatment options for advanced GBC are limited. Recently, long non-coding
RNAs (lncRNAs) have emerged as new gene regulators and prognostic markers in several cancers. In this study, we found that metastasis-
associated lung adenocarcinoma transcript 1 (MALAT1) expression was up-regulated in GBC tissues (P < 0.05). Luciferase reporter assays
and RNA pull down assays showed that MALAT1 is a target of miR-363-3p. Real-time quantitative PCR and Western blot analysis indicated that
MALAT1 regulated Myeloid cell leukaemia-1 (MCL-1) expression as a competing endogenous RNA (ceRNA) for miR-363-3p in GBC cells. Fur-
thermore, MALAT1 silencing decreased GBC cell proliferation and the S phase cell population and induced apoptosis in vitro. In vivo, tumour
volumes were significantly decreased in the MALAT1 silencing group compared with those in the control group. These data demonstrated that
the MALAT1/miR-363-3p/MCL-1 regulatory pathway controls the progression of GBC. Inhibition of MALAT1 expression may be to a novel thera-
peutic strategy for gallbladder cancer.
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Introduction

Gallbladder carcinoma (GBC) is the most common tumour of the bil-
iary tract and is also the fifth most common gastrointestinal malig-
nancy. Chemoresistance is the most notable characteristic of GBC,
and the prognosis of patients with advanced GBC is dismal, with 5-
year survival rates of approximately 20% [1, 2]. Therefore, it is urgent
to investigate the molecular and biological functions underlying GBC
progression, which may help to identify novel diagnostic and thera-
peutic targets.

Long non-coding RNAs (lncRNAs) are a class of non-coding
RNAs longer than 200 nucleotides. Although the functions of most
lncRNAs have not currently been characterized, recent reports have
shown that they are involved in important biological functions and
various pathological conditions, including cancer progression [3, 4].

Metastasis-associated lung adenocarcinoma transcript 1
(MALAT1) is a widely expressed lncRNA that is greater than 8000

nucleotides in length. MALAT1 was first identified as a prognostic
marker of patient survival in stage I non–small-cell lung cancer [5].
Recently, studies have suggested that MALAT1 is involved in cell
cycle progression and tumorigenesis in various types of cancer,
including hepatocellular carcinoma [6], gastric cancer [7], cervical
cancer [8], clear cell kidney carcinoma [9] and oesophageal squa-
mous cell carcinoma [10]. Qi et al. found that Malat1 bound EZH2,
inhibited the tumour suppressor PCDH10 and promoted gastric cell
migration and invasion [11]. Hu et al. verified that MALAT1 promoted
colorectal cancer cell proliferation, invasion and metastasis in vitro
and in vivo by increasing the expression of A-kinase anchor proteins
9(AKAP-9) [12]. To date, only one article has reported that MALAT1
might serve as an oncogenic lncRNA that promotes proliferation and
metastasis of GBC [13]. Therefore, the roles of MALAT1 in GBC pro-
gression need to be further explored.
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In this study, MALAT1 expression was shown to be up-regulated
in gallbladder cancer tissues, and knockdown of MALAT1 inhibited
cell proliferation, reduced the proportion of cells in the S phase and
induced cell apoptosis. Moreover, using luciferase reporter assays,
we further confirmed that MALAT1 functions as a competing endoge-
nous RNA to regulate Myeloid cell leukaemia-1 (MCL-1) expression
by sponging miR-363-3p. The MALAT1/miR-363-3p/MCL-1 regula-
tory network may be a novel therapeutic target for gallbladder cancer.

Materials and methods

Patients and samples

Thirty-three GBC tissue samples and matched adjacent normal gallbladder

tissue samples were obtained from patients with GBC who had undergone

surgery between January 2010 and December 2011 in Eastern Hepatobil-
iary Surgical Hospital (Second Military Medical University, Shanghai,

China) and Xinhua Hospital (Shanghai Jiao Tong University School of

Medicine, Shanghai, China). All cases were reviewed by a pathologist and

histologically confirmed as gallbladder cancer. Gallbladder carcinoma
patients were staged according to the tumour node metastasis staging

system (the 7th edition) of the American Joint Committee on Cancer.

Patients recruited in this study received no other treatments prior to sur-

gery. All samples were snap frozen in liquid nitrogen and stored at �80°C
prior to RNA isolation. Informed consent was obtained from all patients.

The data do not contain any information that could identify the patients.

This study was approved by the Human Ethics Committee of Xinhua
Hospital at Shanghai Jiao Tong University (Shanghai, China).

Cell culture

The human gallbladder cancer cell lines SGC-996 and NOZ were pur-
chased from the Health Science Research Resources Bank (Osaka,

Japan) and the cell bank of the Chinese Academy of Science (Shanghai,

China), respectively. The non-tumorigenic human intrahepatic biliary
epithelial cell line H69 was purchased from the Health Prescience

Resources Bank. Cells were cultured in DMEM (Gibco BRL, Grand

Island, NY, USA) supplemented with 10% foetal bovine serum

(HyClone; Invitrogen, Camarillo, CA, USA), 100 lg/ml penicillin and
100 lg/ml streptomycin (Invitrogen, Carlsbad, CA, USA). Cells were

incubated at 37°C with 5% CO2.

RNA preparation, reverse transcription and qPCR

Total RNA was prepared from gallbladder cancer cells and cancer tis-

sues using TRIzol (TaKaRa, Dalian, China). Random primers and oligo
(dT) were used in the reverse transcription reactions according to the

manufacturer’s protocol (TaKaRa). The reactions were incubated at

95°C for 60 sec., followed by 40 cycles of 95°C for 5 sec. and 60°C for
34 sec. Real-time PCR was performed using a SYBR Green PCR kit

(TaKaRa), and real-time RT-PCR reactions were performed on an ABI

7500 system (Applied Biosystems, Carlsbad, CA, USA). GAPDH and U6

were used as internal controls for lncRNAs and microRNAs,

respectively. The primer sequences used were as follows: GAPDH (for-
ward), 50-GTCAACGGATTTGGTCTGTATT-30 and GAPDH (reverse), 50-
AGTCT

TCTGGGTGGCAGTGAT-30; MALAT1 (forward), 50-ATGCGAGTTGT
TCTCCGTCT-30 and MALAT1 (reverse), 50-TATCTGCGGTTTCCTCAAGC-30;
MCL-1 (forward), 50-GCTTGCTTGTTACACACACAGGTC-30 and MCL-1 (re-

verse), 50-GCAGAACAATCAGCAATTTCAAGG-30; MiR-363-3p (forward),

50-GGCGGAATTGCACGGTATCC-30. The relative expression fold change
of mRNAs was calculated by the 2�DDCt method. All experiments were

performed in triplicate.

Cell proliferation assays

The Cell Counting Kit-8 (CCK-8) assay was performed according to the

manufacturer’s protocols with SGC-996 and NOZ cells (Beyotime, Shang-

hai, China), briefly, after transfection of si-NC, si-MALAT1, miR-363-3p
inhibitor and si-MALAT1 + miR-363-3p inhibitor, respectively. A total of

4000 cells in 100 ll complete medium were seeded into 96-well plates (in

triplicate for each group). After incubation for 24, 48, 72 and 96 hrs,
10 ll CCK-8 assay solution was added to each well. Then, after incubation

for another 2 hrs, optical density at 450 nm was measured with an

enzyme immunoassay analyser (Thermo Fisher Scientific, Inc., Waltham,

MA, USA) to estimate cell proliferation among different groups.

Flow cytometric analysis

Flow cytometric analysis was performed to analyse the cell cycle. NOZ

cells (1.5 9 105) transfected with si-NC, si-MALAT-1, a miR-363-3p

inhibitor or si-MALAT1 + miR-363-3p inhibitor were plated in six-well
plates. After a 48-hr incubation, the cultures were incubated with pro-

pidium iodide for 30 min. in the dark. Cultures were collected, and

the cell cycle was analysed using a flow cytometer (FACSCalibur; BD
Biosciences, San Jose, CA, USA) after propidium iodide staining. Data

were evaluated as a percentage distribution of cells in G0/G1, S and

G2/M phases. The cultures were stained using annexin V–fluorescein
isothiocyanate (Beyotime, Haining, China), and apoptosis rates were
analysed using a flow cytometer (FACSCalibur; BD Biosciences,

Sparks, MD, USA). The experiment was independently repeated three

times.

Western blot analysis

Whole cell extracts were prepared by lysis of cells in Radio-Immunopre-

cipitation Assay (RIPA) buffer [1 mM ethylenediaminetetraacetic acid
(EDTA), 150 mM NaCl, 50 mM 4-(2-hydroxyethyl)-1-piperazineethane-

sulfonic acid (HEPES), pH 7.4] with freshly added 0.01% protease inhi-

bitor cocktail (Sigma-Aldrich, Shanghai, China) followed by incubation

on ice for 20 min. The supernatant (55 lg of protein) was separated
with 12% SDS-PAGE and electrophoretically transferred to a polyvinyli-

dene fluoride membrane (Millipore, Shanghai, China), followed by incu-

bation with antibodies against MCL-1 (1:1000; Proteintech, USA) and
GAPDH (1:1000; (Proteintech, Chicago IL,USA)). Blots were incubated

with anti-rabbit secondary antibody (1:3000; Beyotime, Shanghai) and

visualized using enhanced chemiluminescence (Thermo Scientific,

Shanghai, China). All experiments were performed in triplicate.
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RNAi and transfection

Two MALAT1-siRNAs were purchased from Genepharm (Shanghai,
China). A negative control siRNA was also provided by Genepharm. The

siRNA sequences are as follows: si-MALAT1-1, sense-1,

50-CACAGGGAAAGCGAGTGGTTGGTAA-30; antisense-1, 50-TTACCAACCAC
TCGCTTTCCCTGTG-30; si-MALAT1-2, sense-2, 50-GAGGUGUAAAGGGAU
UUAUTT-30; antisense-2, 50-AUAAAUCCCUUUACACCUCTT-30; negative

control, sense, 50-UUCUCCGAACGUGUCACGUTT-30; antisense, 50-ACGU-
GACACGUUCGGAGAATT-30. The concentrations of relative siRNAs, mim-

ics and inhibitors were 20 lM, and the working concentration was
20 nM. siRNA plasmids were transfected into cells using LipofectamineTM

2000 (Invitrogen, Carlsbad) and were incubated for 48 hrs. The working

concentration of the relative plasmids was 100 nM. The miR-363-3p
mimic and inhibitor were transfected into cells using LipofectamineTM

2000 (Invitrogen, Carlsbad). The Lv-sh-MALAT1 sequences were as fol-

lows: sense, 50-CACAGGGAAA GCGAGTGGTT GGTAA-30; antisense, 50-
TTACCAACCACTCGCTTTCC CTGTG-30. The sequence of the negative con-
trol shRNA was 50-TTCTCCGAAC GTGTCACGT-30. The shRNAs were syn-

thesized and inserted into the pHBLV-U6 lentivirus core vector

containing a ZS green fluorescent protein (Hanbio, Shanghai, China).

Luciferase reporter assay

SGC-996 and NOZ cells (2.0 9 104) grown in a 96-well plate were co-

transfected with 150 ng of empty pmir-GLO-NC, pmir-GLO-MALAT1-Wt

or pmir-GLO-MALAT1-Mut (Sangon Biotech,Shanghai,China) and 2 ng

of pRL-TK (Promega, Madison, WI, USA) with a miR-363-3p mimic or
miR-NC into cells using Lipofectamine 2000 (Invitrogen,Carlsbad, Cali-

fornia, USA). The relative luciferase activity was normalized to Renilla

luciferase activity 48 hrs after transfection. The transfection was inde-

pendently repeated three times.

RNA-binding protein immunoprecipitation assay

RNA immunoprecipitation (RIP) assays were performed using an

EZ-Magna RIPTM RNA-Binding Protein Immunoprecipitation Kit (Milli-pore,

Billerica, MA, USA) according to the manufacturer’s instructions. NOZ

cells at 80–90% confluence were lysed in complete RIP lysis buffer, and
100 ll of whole cell extract was then incubated with RIP buffer containing

magnetic beads conjugated to human anti-Ago2 antibody (Proteintech,

China). The negative control was normal mouse IgG (Beyotime, Shanghai,

China), and the positive control was SNRNP70 (Millipore, USA). The co-
precipitated RNAs were isolated by TRIzol reagent (TaKaRa) and were

detected by reverse transcription PCR. Total RNAs (input controls) and

IgG were assayed simultaneously to demonstrate that the detected signals
were the result of RNAs specifically binding to Ago2.

Biotin-labelled miRNA pull-down assays

RNA pull-down assays were performed as described previously [14].

NOZ cells were transfected with biotinylated miR-363-3p, biotinylated

Fig. 1MALAT1 is overexpressed in gallbladder cancer tissues. (A) MALAT1 expression levels in GBC and adjacent normal tissues were detected by

qRT-PCR (n = 33). The relative expression fold change of mRNAs was calculated by the 2�DDCt method. The expression of MALAT1 was normalized

to GADPH. The statistical differences between samples were analysed with paired samples t-test. (B) MALAT1 expression levels in the GBC cell lines
SGC-996 and NOZ were detected by qRT-PCR and compared with those in the human gallbladder epithelium cell line H69. The expression of

MALAT1 was normalized to that in H69. (C and D) SGC-996 and NOZ cells were transfected with two different siRNAs against MALAT1. Error bars

represent the mean � S.D. of triplicate experiments, **P < 0.05.
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miR-363-3p-mut and biotinylated NC. Cells were collected at 48 hrs.
The cells lysates were incubated with M-280 streptavidin magnetic

beads (Invitrogen, San Diego, CA, USA). To prevent non-specific bind-

ing of RNA and protein complexes, the beads were coated with

RNase-free bovine serum albumin and yeast tRNA (both from Sigma-
Aldrich). The beads were incubated at 4°C for 3 hrs and washed three

times with ice-cold lysis buffer and once with high salt buffer (0.1%

SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris-HCl, pH 8.0 and
500 mM NaCl). The bound RNAs were purified using TRIzol for the

analysis.

Xenograft mouse model

NOZ cells (1.5 9 106) stably expressing control shRNA or shRNA-

MALAT1 were subcutaneously injected into either side of the flank area
of 4-week-old male athymic nude mice (n = 5 mice per group). Mouse

tumour volumes were measured (0.5 9 length 9 width2) weekly. The

nude mice were killed, and the tumour tissues were excised and fixed

in 4% paraformaldehyde solution. Tumour tissues were snap frozen in
liquid nitrogen and stored at �80°C prior to RNA isolation for further

study after 4 weeks. All animal experiments were performed in the

Fig. 2 Identification of miR-363-3p as a target of MALAT1. (A) Alignment of potential MALAT1 sequences with miR-363-3p as identified by Starbase

v2.0 (http://starbase.sysu.edu.cn/mirLncRNA.php). MALAT1 mutated at the putative binding site. (B) MiR-363-3p is down-regulated in gallbladder

cancer tissues compared to levels in adjacent normal tissues as determined by qRT-PCR. The expression of miR-363-3p was normalized to U6. (C)
The correlation between MALAT1 expression level and miR-363-3p level was measured in 33 gallbladder cancer tissues (R = �0.544, P < 0.01).

The DCt values were subjected to Pearson’s correlation analysis. (D and E) The expression of miR-363-3p was up-regulated after silencing MALAT1

in SGC-996 and NOZ cells. (F and G) The expression of MALAT1 was decreased after transfecting the miR-363-3p mimic and was increased after

transfecting the miR-363-3p inhibitor into SGC-996 or NOZ cells. Error bars represent the mean +S.D. of triplicate experiments, **P < 0.05.
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animal laboratory centre of Xinhua Hospital and in accordance with the

Guide for the Care and Use of Laboratory Animals published by the US

National Institutes of Health (NIH publication number 85-23, revised
1996). The protocol was approved by the Animal Care and Use Commit-

tee of Xinhua Hospital.

Statistical analysis

All data are expressed as the mean � S.D. from at least three separate

experiments. The gene expression level of lncRNA-MALAT1 in tumours
was compared with adjacent normal tissues using a Wilcoxon test. The

differences between groups were analysed using Student’s t-test. The

difference was statistically significant at P < 0.05.

Results

MALAT1 is overexpressed in gallbladder cancer
tissues

To explore the potential role of MALAT1 in human gallbladder cancer,
we analysed 33 pairs of human gallbladder cancer tissues and

matched adjacent non-cancerous tissues. qRT-PCR analysis revealed
that MALAT1 expression levels were significantly increased in gall-
bladder cancer tissue samples compared to those of adjacent normal
tissues (Fig. 1A). To evaluate the possible role of MALAT1 in GBC, we
compared MALAT1 expression in two gallbladder cancer cell lines
(SGC-996 and NOZ cells) and a human gallbladder epithelium cell line
H69 (Fig. 1B) and found that expression was significantly increased
in the cancer lines. We transfected gallbladder cancer cell lines with
two different siRNAs against MALAT1. Both siRNAs could efficiently
knockdown the endogenous MALAT1 (Fig. 1C and D). The siRNA-
MALAT1-2 was used in the later experiment to efficiently silence
MALAT1.

MiR-363-3p is a target of MALAT1

A previous study reported that MALAT1 may be an oncogenic lncRNA
that promotes proliferation and metastasis of GBC [13]. We explored
the potential mechanisms underlying growth suppression after
MALAT1 knockdown. Emerging evidence has confirmed that lncRNAs
are competing endogenous RNAs (ceRNAs) or molecular sponges
that modulate miRNAs [15]. We performed a bioinformatics analysis
using Starbase 2.0 (http://starbase.sysu.edu.cn) and found that miR-
363-3p contains a binding site for MALAT1. The predicted binding

Fig. 3 The underlying mechanism of the regulation of miR-363-3p and MALAT1. (A and B) Luciferase reporter activity in SGC and NOZ cells was

detected after co-transfection with miR-363-3p mimic and luciferase reporters containing nothing, wild MALAT1 or mutant transcripts. Data are pre-
sented as the relative ratio of firefly luciferase activity to Renilla luciferase activity. Error bars represent the mean � S.D. of triplicate experiments.

**P < 0.05. (C) Amount of MALAT1 bound to Ago2 or IgG measured by qRT-PCR after RIP in NOZ cells (**P < 0.05). (D) NOZ cells were trans-

fected with biotinylated NC (NC-Bio), biotinylated WT miR-363-3p (miR-363-3p-Bio) or biotinylated mutant miR-363-3p (miR-363-3p-Mut-Bio), and

biotin-based pull-down assays were conducted after 48 h of transfection. MALAT1 levels were analysed by qRT-PCR (**P < 0.05).
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sites for MALAT1 in the miR-363-3p sequence are illustrated in
Figure 2A. qRT-PCR results showed that miR-363-3p was down-
regulated in the tumour specimens (Fig. 2B), but MALAT1 was
overexpressed in the same tumour tissues (Fig. 1A), suggesting a
significant negative correlation between MALAT1 and miR-363-3p
(R = �0.544, P < 0.01, Fig. 2C). We then examined the impact of
MALAT1 silencing on miR-363-3p in both cell lines. MiR-363-3p was
significantly increased by knockdown of MALAT1 (Fig. 2D and E).
Next, we demonstrated that the expression level of MALAT1 was
decreased after transfection with a miR-363-3p mimic and increased
after transfection with a miR-363-3p inhibitor in SGC-996 and NOZ
cells (Fig. 2F and G).

To further confirm that MALAT1 was a functional target of
miR-363-3p, a dual-luciferase reporter assay was performed with
SGC and NOZ cells. Our results showed that the luciferase activity
was significantly decreased by the co-transfection of miR-363-3p
mimic + pmiR-Glo-MALAT1-Wt compared with the co-transfection
of miR-363-3p mimic + miR-NC or miR-363-3p mimic + pmiR-
Glo-MALAT1-Mut in SGC and NOZ cells (Fig. 2A, Fig. 3A and B).
These results demonstrated that MALAT1 is a target of miR-363-
3p. MiRNAs function through the RNA-induced silencing complex
(RISC), which contains many associated proteins, such as the

Argonaute (Ago) protein family. This family of proteins binds to
the mature miRNA and guides it to the mRNA and plays a central
role in RNA silencing. We next examined whether MALAT1 and
miR-363-3p were in the same RISC by RIP assays and demon-
strated enrichment of MALAT1 in NOZ cells (Fig. 3C). In addition,
we carried out RNA pull-down assays to determine whether miR-
363-3p could directly bind to MALAT1. NOZ cells were transfected
with biotinylated miR-363-3p and then harvested for biotin-based
pull-down assays. As shown by qRT-PCR, MALAT1 was pulled
down by biotin-labelled miR-363-3p oligos but not the mutated
oligos (binding sites were mutated to the complementary
sequences) that disrupted base pairing between MALAT1 and
miR-363-3p (Fig. 3D). These results indicated that miR-363-3p
directly bound to MALAT1.

Knockdown of MALAT1 inhibits MCL-1, a target
of miR-363-3p

Myeloid cell leukaemia-1 was reported to be a target of miR-363-3p
in a previous study [16]. Both qRT-PCR and Western blot analyses

Fig. 4MCL-1 is regulated by MALAT1. (A and B) The mRNA or protein levels of MCL-1 in SGC-996 cells transfected with si-NC, si-MALAT1, si-
MALAT1 + miR-363-3p inhibitor and miR363-3p inhibitor. (C and D) The mRNA or protein levels of MCL-1 in NOZ cells transfected with si-NC, si-

MALAT1, si-MALAT1 + miR-363-3p inhibitor and miR363-3p inhibitor. (E and F) Cell proliferation was evaluated in SGC-996 and NOZ cells trans-

fected with si-NC, si-MALAT1, and miR-363-3p inhibitor and si-MALAT1 + miR-363-3p inhibitor by CCK-8 assays after cell transfection for 24, 48,

72 and 96 hrs. Absorbance at 450 nm is shown. Error bars represent the mean � S.D. of triplicate experiments. **P < 0.05, n.s., not statistically
significant.
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showed that knockdown of MALAT1 in SGC-996 cells led to a signifi-
cant decrease in endogenous MCL-1 mRNA and protein expression. A
miRNA-363-3p inhibitor reversed these effects, which indicated that
MALAT1 partially modulates MCL-1 by competing with miRNA-363-
3p (Fig. 4A and B). Similar these results were found in NOZ cells
(Fig. 4C and D). Together, these data indicated that by binding miR-
363-3p, MALAT1 acts as a ceRNA-targeting MCL-1, modulating the
MCL-1 expression and imposing an additional level of post-transcrip-
tional regulation.

MALAT1 promotes gallbladder cancer cell
proliferation and inhibits cell apoptosis by
competing with miRNA-363-3p in vitro

To explore the role of MALAT1 in GBC cell progression, siRNA-
MALAT1 was stably introduced into SGC-996 and NOZ cells. The
growth curves detected by CCK-8 assays showed that MALAT1
knockdown significantly decreased GBC cell proliferation, but this
was reversed by co-transfection of si-MALAT1 and a miR-363-3p
inhibitor in SGC-996 and NOZ cells (Fig. 4E and F). Cell cycle
assays confirmed that the number of cells in S phase was signifi-
cantly reduced in the MALAT1 silencing group compared with the
control group, but this was reversed by co-transfection of si-
MALAT1 and the miR-363-3p inhibitor in NOZ cells (Fig. 5A and
B). Annexin V-FITC analysis showed that the proportion of the cell
population undergoing apoptosis was increased after knockdown
of MALAT1 in NOZ cells, but this was reversed by co-transfection

of si-MALAT1 and the miR-363-3p inhibitor in NOZ cells
(Fig. 5C and D).

Knockdown of MCL-1 inhibits gallbladder cancer
cell proliferation, decreases the S phase cell
population and induces cell apoptosis in NOZ cells

To explore the role of MCL-1 in gallbladder cancer progression, we
next measured the expression levels of MCL-1 by qRT-PCR. We
found that MCL-1 was up-regulated in the tumour specimens
(Fig. 6A). SiRNA-MCL-1 was stably introduced into NOZ cells and
effectively decreased the endogenous level of MCL-1. The growth
curves detected by CCK-8 assays showed that MCL-1 silencing signif-
icantly decreased cell proliferation in NOZ cells (Fig. 6B). Cell cycle
assays confirmed that the S phase cell numbers were significantly
reduced in the MCL-1 silencing group compared with the control
group in NOZ cells (Fig. 6C and D). Annexin V-FITC analysis showed
that the proportion of the cell population undergoing apoptosis was
increased after knockdown of MCl-1 in NOZ cells (Fig. 6E and F).

Knockdown of MALAT1 decreases tumour volumes
and down-regulates the MCL-1 level in vivo

To further verify the above findings, we constructed NOZ cell lines
stably expressing shRNA-MALAT1 or the negative control. Then,
we subcutaneously injected nude mice with NOZ cells stably

Fig. 5 Cell cycle and apoptosis analyses in NOZ cells. (A and B) The cell cycle was evaluated in NOZ cells transfected with si-NC, si-MALAT1, and
miR-363-3p inhibitor and si-MALAT1 + miR-363-3p inhibitor. (C and D) Cell apoptosis was evaluated in NOZ cells transfected with si-NC, si-

MALAT1, and miR-363-3p inhibitor and si-MALAT1 + miR-363-3p inhibitor. Error bars represent the mean � S.D. of triplicate experiments.

**P < 0.05, n.s., not statistically significant.
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silenced for MALAT1 or control cells. Tumours formed by
MALAT1-silenced cells grew much slower than those formed by
control cells, and the tumour volumes from the MALAT1 knock-
down group were significantly smaller than those from the control
group (Fig. 7A and B). The protein level of MCL-1 decreased in
the MALAT1-silenced group compared with that of the control
group (Fig. 7C). Additionally, we found that the miR-363-3p level
in tumour tissues was decreased (Fig. 7D). These results con-
firmed that MALAT1 is essential for regulating gallbladder cancer

cell growth and it up-regulated MCL-1 expression by sponging
miR-363-3p in vivo.

Discussion
Metastasis-associated lung adenocarcinoma transcript 1 is an impor-
tant long non-coding RNA in tumour progression. It was previously
reported that silencing of MALAT1 in human gallbladder cancer cells

Fig. 6 Knockdown of MCL-1 inhibited cell proliferation, reduced S phase cell number and induced cell apoptosis. (A) The mRNA expression of MCL-

1 in 33 gallbladder cancer samples and adjacent normal tissues. (B) Cell proliferation was evaluated in NOZ cells transfected with si-NC and si-
MCL-1 by CCK-8 assays after transfection at 24, 48, 72 and 96 hrs, and the absorbance at 450 nm is shown. (C and D) Cell cycle analysis of NOZ

cells transfected with si-NC and si-MCL-1. (E and F) Apoptosis rates were evaluated in NOZ cells transfected with si-NC and si-MCL-1. Error bars

represent the mean � S.D. of triplicate experiments, **P < 0.05.
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suppressed cell proliferation and invasion [13]. In this study,
qRT-PCR analysis showed that MALAT1 expression levels were sig-
nificantly increased in gallbladder cancer samples compared with
adjacent normal tissues. Knockdown of MALAT1 inhibited gallbladder
cancer cell proliferation, induced cell apoptosis and decreased the
tumour volume in vivo. These findings indicated that MALAT1 may
function as an oncogene, and its overexpression could contribute to
gallbladder cancer development.

Recently, a growing number of reports have suggested that
lncRNAs act as ‘sponges’ to bind specific miRNAs and regulate their
function. Yang and his team demonstrated that depletion of UCA1
was involved in the down-regulation of matrix metallopeptidase 14
(MMP14), a target gene of miR-485-5p. These results suggested that
UCA1 is a new prognostic biomarker for epithelial ovarian cancer
(EOC) and established a novel connection among UCA1, miR-485-5p
and MMP14 in EOC metastasis [17]. In pancreatic adenocarcinoma,
the lncRNA ROR was shown to act as a ceRNA, and decreased ROR
expression could inhibit cell proliferation, invasion and tumorigenicity
by modulating Nanog and sponging miR-145 [18]. Recently, a study
demonstrated that a novel lncRNA, C032469, which was highly
expressed in gastric cancer tissues, could directly bind to miR-1207-
5p, effectively functioned as a sponge for miR-1207-5p to modulate
the expression of hTERT [19]. Similarly, the lncRNA MALAT1 was
reported to function as a competing endogenous RNA to regulate
ZEB2 expression by sponging miR-200s in clear cell kidney
carcinoma [9].

However, the ceRNA mechanisms for MALAT1 deregulation in
gallbladder cancer have not been thoroughly elucidated. Here, we
showed that MALAT1 is a target of miRNA-363-3p by bioinformat-
ics analysis and luciferase reporter assays. We next demonstrated
that MALAT1 was in the same RISC by RIP assays. Furthermore,

we used RNA pull-down assays to explore whether MALAT1 can be
pulled down by biotinylated miR-363-3p. The results indicated that
introduction of mutated biotinylated miR-363-3p disrupted base
pairing between MALAT1 and miR-363-3p, which led to the inability
of miR-363-3p to pull down MALAT1, but biotinylated miR-363-3p
could pull down the MALAT1. These experiments demonstrated that
MALAT1 is a ceRNA sponge of miR-363-3p. QRT-PCR and Western
blot analyses also showed that knockdown of MALAT1 resulted in
a significant decrease in endogenous MCL-1 mRNA and protein
expression by binding to miR-363-3p in SGC-996 and NOZ cells.
Moreover, knockdown of MALAT1 inhibited cell proliferation,
decreased the S phase cell population and increased cell apoptosis
by sponging miR-363-3p.

Myeloid cell leukaemia-1 is a highly expressed anti-apoptotic
Bcl-2 protein in cancer that protects cells from apoptosis by bind-
ing to Bax and Bak, pro-apoptotic members of the Bcl-2 family,
thereby blocking mitochondrial outer membrane permeabilization,
cytochrome c release, and the activation of the caspase cascade
[20]. Increased expression of MCL-1 has been shown to contribute
to carcinogenesis, inhibit apoptosis and cell cycle progression and
promote cancer cell replication, invasion, metastasis and chemore-
sistance [21–24]. Our results demonstrated that inhibition of MCL-
1 suppressed cell proliferation, decreased the number of cells in S
phase and increased cell apoptosis. Therefore, the effect of
MALAT1 on gallbladder cancer cell proliferation is due, in part, to
its function as a molecular sponge of miR-363-3p that targets
MCL-1.

In summary, MALAT1 functioned as a miRNA sponge to attenuate
the endogenous function of miR-363-3p, which negatively modulates
MCL-1 expression. Targeting the ceRNA regulatory network may be a
novel therapeutic strategy for gallbladder cancer. A future study using

Fig. 7 Knockdown of MALAT1 inhibited tumour growth in vivo. (A) Representative photo of tumour formation: Lv-shRNA-MALAT1 and Lv-control

cells were subcutaneously incubated in nude mice up to 4 weeks. (B) Statistical analysis of tumour volumes changes in vivo. (C) Western blot
detection of MCL-1 expression after MALAT1 silencing in vivo, **P < 0.05. (D) qRT-PCR analysis of miR-363-3p expression in tumour tissues after

MALAT1 silencing in vivo. MiR-363-3p was normalized to U6, and the statistical differences between samples were analysed with paired samples t-

test, **P < 0.05.
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a large cohort of samples from gallbladder cancer patients is needed
to confirm the prognostic value of MALAT1 in GBC patients.
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