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Abstract Long noncoding RNAs (lncRNAs) have been

shown to play a critical role in cancer development and

progression. LncRNA metastasis-associated lung adeno-

carcinoma transcript 1 (MALAT-1) is a kidney cancer-as-

sociated onco-lncRNA involved in the progression of renal

cell carcinoma (RCC). However, the pathological role of

lncRNA MALAT-1 in RCC proliferation and metastasis

remains poorly understood. This study was designed to

investigate the biological role and mechanism of MALAT-

1 in RCC proliferation and metastasis. The experiments

were performed in human tissues, renal carcinoma cell

lines, and nude mice. The expression of lncRNA MALAT-

1, Livin mRNA, and the Livin protein was determined by

quantitative real-time PCR (qRT-PCR) or a Western blot.

The interaction between MALAT-1 and Livin was evalu-

ated by RNA pull-down and RNA binding protein

immunoprecipitation (RIP). Cell viability and apoptosis in

RCC cell lines were detected using CCK-8 and TUNEL

assays. LncRNA MALAT-1 and the Livin protein were

highly expressed in RCC tissues, as well as in RCC 786-O

and Caki-1 cell lines. MALAT-1 interference contributed

to an increase in cell apoptosis and a reduction in the cell

viability of 786-O and Caki-1 cells. The increase in

apoptosis by si-MALAT-1 was reversed by overexpression

of Livin. The RIP results showed that MALAT-1 promoted

the expression of the Livin protein in 786-O and Caki-1

cells by enhancing the stability of the protein. Furthermore,

the volume of si-MALAT-1-786-O cell xenograft was

significantly suppressed. These data indicate that lncRNA

MALAT-1-mediated promotion of RCC proliferation and

metastasis may be due to the upregulation of the expression

of Livin.
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Introduction

Malignant kidney tumors account for approximately 2 %

of all cancers, and more than 273,000 new cases of this

disease are diagnosed worldwide each year [1], among

which renal cell carcinoma (RCC) accounts for more than

85 % of all cases. Although the treatment of RCC has

improved greatly in recent years, the disease is still asso-

ciated with substantial morbidity and mortality. In 2011,

more than 275,000 women diagnosed with kidney cancer

died, most of which occurred in developing countries, with

death due to regional or distant metastasis [2, 3]. It is

becoming increasingly clear that the molecular mechanism

of RCC involves a comprehensive biological process that
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may include aberrant expression of protein-coding and

noncoding genes [4]. Therefore, the discovery of new and

effective prognostic markers and therapeutic strategies has

the potential to improve the treatment of RCC.

The findings of various studies have pointed to the

involvement of long noncoding RNAs (lncRNAs), which

are more than 200nt RNA, in tumorigenesis. Metastasis-

associated lung adenocarcinoma transcript 1 (MALAT-1),

also known as noncoding nuclear-enriched abundant tran-

script 2, is a nuclear lncRNA, with a length of 8.7 kb,

which is expressed by chromosome 11q13 [5]. Various

studies have presented evidence that MALAT-1 may be an

RCC-associated onco-lncRNA [6, 7]. For example, Zhang

et al. found that RCC patients with higher levels of

MALAT-1 had advanced clinical features and a shorter

overall survival time than those with lower MALAT-1

expression [8]. Moreover, MALAT-1 silencing was shown

to restrict RCC cell proliferation and invasion [9].

Although recent research explored the potential mechanism

by which MALAT-1 promoted RCC aggression and

tumorigenesis [8, 9], the exact mechanism remains

unknown.

Livin, also known as ML-IAP, is a member of the

inhibitor of apoptosis protein (IAP) family and was initially

linked to malignant melanoma [10]. The IAP family is

composed of structurally related proteins, some of which

are thought to contribute to the development and thera-

peutic resistance of cancers [11]. Livin is a powerful pre-

dictor of tumor progression and patient survival in

hepatocellular carcinoma [12], nonsmall cell lung cancer

[13], colorectal [14], ovarian, and breast cancers [15, 16].

Livin has also been linked to RCC by encoding negative

regulatory proteins that prevent cell apoptosis [10]. The

relative overexpression of Livin in RCC indicates that it

may represent a therapeutic target to increase the apoptotic

sensitivity of kidney cancer cells [17]. As both Livin and

MALAT-1 are onco-molecules, it is possible that there is a

relationship between them.

The aim of the present study was to investigate whether

lncRNA MALAT-1 was efficacious in promoting RCC

proliferation and metastasis, with a particular focus on its

upregulation of the expression of Livin. Our results may

provide evidence for lncRNA MALAT-1 as a candidate for

RCC therapy.

Materials and methods

Tissue samples

Matched fresh samples of tumor tissue and adjacent non-

cancerous tissue were obtained from 30 patients with clear

cell RCC that has been confirmed by pathological

diagnosis attending local hospital between 2013 and 2015

and were immediately frozen in liquid nitrogen. All the

samples were stored at -80 �C until quantitative real-time

PCR (qRT-PCR) or a Western-blot analysis was per-

formed. The study was approved by the Medical Ethics

Committee of the First People’s Hospital of Hangzhou.

Written informed consent was obtained from all the

participants.

Cell culture

Normal human HK-2 kidney cells and two RCC cell lines,

786-O and Caki-1, were purchased from the American

Type Culture Collection (ATCC, USA) and routinely

maintained in Dulbecco’s modified Eagle’s medium

(DMEM, Gibco), with 10 % fetal bovine serum (Gibco),

100 U/ml of penicillin, and 100 mg/ml of streptomycin

sulfate. All the cells were cultured in a humidified 5 % CO2

incubator at 37 �C and used when they were in the loga-

rithmic growth phase.

RNA extraction and qRT-PCR

qRT-PCR was performed to detect lncRNA MALAT-1 and

Livin mRNA expression. Total RNA was extracted from

tissue samples using TRIzol reagent (Invitrogen, Carlsbad,

CA, USA), according to the manufacturer’s instructions.

RNA was reverse transcribed using the SuperScript First

Strand cDNA System (Invitrogen). The PCR reaction with

cDNA product and a SYBR Premix Ex Taq II kit (Takara,

Dalian City, Liaoning Province, China) was performed on

an Applied Biosystems 7500 Fast Real-Time PCR system

(Applied Biosystems Life Technologies, Carlsbad, CA,

USA), according to the manufacturer’s protocol. The rel-

ative level of MALAT-1 and Livin mRNA was calculated

by the 2-DDCt method and normalized to b-actin. The

following primers for MALAT-1, Livin and GAPDH were

used:

MALAT-1: forward: 50-GAGTTCTAATTCTTTTTACT
GCTCAATC-30, reverse 50- AGAGCAGA GCAGCGT

AGAGC -30

Livin: forward: 50-CCAGGGTGGGCCCCGGGGGT
CA-30, reverse: 50-GCGGGGTCCACAGCG CTCCT

GC-30.
GAPDH: forward: 50-AACTTTGGCATTGTGGAAGG-
30, reverse: 50-ACACATTGGGGGTAGG AACA-30.

Protein extraction from fresh-frozen tissue

and Western-blot analyses

Proteins were extracted from tumorous and nontumorous

kidney specimens. Briefly, tissue sections were
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homogenized in lysis buffer, supplemented with protease

inhibitors. Lysates were centrifuged at 10,000 9 g for

15 min at 4 �C to collect supernatants. The total proteins in

the supernatant were determined using a BCA Protein

Assay kit (Thermo Scientific Pierce). Equal amounts of

proteins were then separated by 12 % SDS–polyacrylamide

gel electrophoresis and transferred to polyvinylidene

difluoride membranes. After blocking using a blocking

solution, the membranes were exposed to monoclonal

antibodies against Livin at 4 �C overnight and then incu-

bated with horseradish peroxidase-labeled secondary anti-

body for 2 h under room temperature. The target gene was

visualized by enhanced chemiluminescence (Beyotime,

China), according to the manufacturer’s specifications.

RNA oligonucleotides and transfection

The siRNA sequences targeting human MALAT-1 (si-

MALAT-1) or negative control RNA (si-control) were

designed and produced by Genepharma (Shanghai, China).

For overexpression of Livin and MALAT-1, RCC cells

were transfected with pcDNA-Livin, and recombinant

adenovirus-MALAT-1 was transfected with a pcDNA

empty plasmid or Ad-GFP as a control (Invitrogen). All the

transfection procedures were performed using Lipo2000

(QIAGEN) regent for 24 h and cells were collected for

subsequent analysis.

Cell viability assay

Stable 786-O and Caki-1 cells (2 9 103 cells/well) were

seeded in 96-well culture plates and incubated for 24 h in

100 ll of a culture medium. After incubation, 10 ll of

CCK-8 solution (Seven Sea Biology Ltd. CO, Shanghai,

China) were added to each well, and the plate was incu-

bated for 4 h in a humidified atmosphere at 37 �C. Finally,
the viability of the cells was measured at 405 nm using an

ELISA reader (BioTek, Winooski, VT, USA), according to

the manufacturer’s instructions. All the experiments were

performed in triplicate, and the average value was then

calculated.

TdT-mediated dUTP nick end labeling (TUNEL)

analysis

A TUNEL analysis, a terminal deoxynucleotidyl trans-

ferase (TdT)-based end-labeling assay for DNA strand

breaks [18], was performed to detect RCC cell apoptosis.

In brief, the cells were fixed on slides using 4 % neutral

buffered formalin. After washing with a PBS buffer, the

slides were exposed to an equilibration buffer for 10 min at

37 �C and incubated with TdT reaction buffer for 30 min at

37 �C. A termination reaction buffer was then added to the

samples. Stain was developed with DAB solution. The

percentage of TUNEL-positive cells was calculated by

dividing the number of apoptotic cells by the number of

total cells in seven positive stainings.

RNA pull-down

The cells were harvested by trypsinization and incubated

with a nuclear isolation buffer. The cell lysate was then

incubated with streptavidin agarose Dynabeads (Invitrogen)

at room temperature for 30 min, with continuous shaking.

After movement of unbound proteins, the generated protein-

coupled beads were blocked by adding 5 lg of recombinant

L. braziliensis a-tubulin for 20 min. Then the proteins of the

protein-coupled beads were interacted with biotinylated

RNA in a pull-down 1 9 buffer for 20 min. This protein–

RNA complex was analyzed by a Western blot.

RNA binding protein immunoprecipitation (RIP)

RIP was used to evaluate the integration of MALAT-1 and

Livin. A number of 1 9 105 cells/ml were fixed with 0.3 %

formaldehyde and incubated with glycine before re-sus-

pending in RIP buffer for 30 min. For RNA immunopre-

cipitation, antibodies to Livinwere added to the samples, and

they were incubated overnight at 4 �C. Precipitated RNAs

were isolated using TRIzol RNA extraction reagent and

analyzed using reverse transcription PCR. The retrieved

MALAT-1 data are presented as an agarose gel image.

Tumor transplantation

All animal experiments were performed and conducted in

accordance with the guidelines of the Provincial Hospital

Affiliated toShandongUniversity.Six female athymicBALB/c

nudemice (Shanghai, China)were injectedwith si-MALAT-1-

transfected 786-O cells into the subcutaneous tissue of the right

flank, and six nude mice were transplanted with si-control-

transfected 786-O cells as a control. Tumor growth was mon-

itored by two-dimensional measurements using electronic

calipers starting from the tenth day after tumor transplantation

(once every 4 days for a total of 30 days). The tumor volume

was calculated using the formula a 9 b/2,

Statistical analysis

SPSS version 18.0 software (SPSS Inc., Chicago, IL, USA)

was used for the analysis. All the experiments were repeated

at least three times. Data are expressed as the mean ± SD.

TheMann–WhitneyU testwas used to determine differences

of two groups, and overall survival was estimated using the

Kaplan–Meier method and log-rank test. Findings were

considered significant when p\ 0.05.
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Results

LncRNA MALAT-1 and Livin protein were highly

expressed in RCC

We performed qRT-PCR and a Western-blot analysis to

detect the ectopic expression of MALAT-1 and Livin in 30

fresh clinical samples of RCC tumor tissues and paired

adjacent noncancerous tissues. The results showed that

compared to adjacent noncancerous tissues, RCC tumor

tissues expressed higher expression levels of MALAT-1

(Fig. 1a). The level of the Livin protein was elevated in

RCC tissues (Fig. 1b). However, there was no significant

difference in Livin mRNA expression between the RCC

tumor tissues and adjacent noncancerous tissues (Fig. 1b).

Interestingly, there was a significant correlation between

the expression levels of MALAT-1 and Livin protein in

RCC cell lines (Fig. 1c).

LncRNA MALAT-1 and Livin protein expression

levels were significantly elevated in RCC cell lines

To investigate the involvement of MALAT-1 and Livin in

RCC, we next performed cell experiments with two RCC

cell lines, 786-O and Caki-1. We first confirmed the

abnormal expression of lncRNA MALAT-1 and Livin

protein rather than Livin mRNA using qRT-PCR and

Western-blot analyses in 786-O and Caki-1 cells compared

to that of human regular renal tubular epithelial cell HK-2,

which was used as a control. The results were in keeping

with Fig. 1 and revealed upregulation of MALAT-1

(Fig. 2a) and the Livin protein (Fig. 2b) in RCC cells

compared to that of HK-2 cells. Relative expression level

of Livin mRNA showed no significant differences among

these three cell lines (Fig. 2b).

LncRNA MALAT-1 knockdown significantly

suppressed cell proliferation and markedly

promoted apoptosis in RCC cell lines

To determine the involvement of MALAT-1 in RCC cell

survival, we examined cell viability and cell apoptosis in

786-O and Caki-1 cells following MALAT-1 silencing. In

the 786-O cells, the si-MALAT-1 treatment contributed to

significant downregulation of MALAT-1. Furthermore,

knockdown of MALAT-1 significantly reduced cell via-

bility, whereas it induced an increase in the numbers of

apoptotic cells (Fig. 3a). Caki-1 cells showed similar

Fig. 1 Determination of

lncRNA MALAT-1 and Livin

expression in RCC tissues.

a The expression of MALAT-1

in RCC tumor tissues and

noncancerous tissues was

evaluated by qRT-PCR. b Livin

mRNA and protein expression

levels in RCC tumor tissues and

adjacent normal tissues were

determined by qRT-PCR and

Western-blot analysis,

respectively. c Correlation

analysis between relative

expression of Livin protein and

MALAT1. **p\ 0.01 vs. si-

control
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responses to si-MALAT-1, with significant downregulation

of MALAT-1, reduced cell viability, and enhanced cell

apoptosis (Fig. 3b).

MALAT-1 regulated and increased Livin levels

by enhancing the stability of the protein

To evaluate the functional interaction between MALAT-1

and Livin, we determined the relative expression of Livin

mRNA and the Livin protein in 786-O and Caki-1 cells

transfected with si-MALAT-1. The results revealed no

differences in the expression level of Livin mRNA in the

cells transfected with si-MALAT-1 compared to those

transfected with the si-control (Fig. 4a), whereas the

expression of the Livin protein was dramatically decreased

in the cells transfected with si-MALAT-1 as compared to

that in the cells transfected with the si-control (Fig. 4b).

We further explored the mechanism underlying the

effect of MALAT-1 in increasing the expression of the

Livin protein rather than Livin mRNA in RCC cells. In the

RNA pull-down assay, the Livin protein was pulled down

by MALAT-1 (Fig. 4c). The results of the RIP showed that

the Livin antibody pulled down the MALAT-1 promotor

(Fig. 4d). These data point to the specificity of the inter-

action between MALAT-1 and the Livin protein. CHX, a

protein synthesis inhibitor, dramatically decreased Livin

protein expression and MG132, a potent proteasome inhi-

bitor, enhanced Livin expression. In contrast, in cells

transfected with Ad-MALAT-1, the CHX treatment caused

upregulation of Livin, and MG132 exerted no effect on

Fig. 2 Expression of lncRNA

MALAT-1 and Livin in RCC

cell lines. a The expression of

MALAT-1 in RCC cell lines

(786-O and Caki-1) was

measured by qRT-PCR, with

that in regular renal cell (HK-2)

as control. b Expression of

Livin mRNA and protein were

assessed in786-O, Caki-1, and

HK-2. **p\ 0.01 vs. HK-2

cells

Fig. 3 LncRNA MALAT-1

interference affected cell

viability and apoptosis in RCC

786-O and Caki-1 cell lines.

SiRNA was used to inhibit

MALAT-1 expression to

investigate its biological role in

RCC cell viability and

apoptosis. 786-O (a) and Caki-1

(b) cells were transfected with

si-MALAT-1 or an si-control,

respectively. Relative cell

viability was assessed by a

CCK-8 assay. Cell nuclei were

visualized by DAPI staining,

and DNA strand breaks in

apoptotic cells were detected by

a TUNEL assay. Data are

presented as the mean ± SD.

**p\ 0.01 vs. si-control
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Livin expression (Fig. 4e; Supplementary Fig. 1). These

data point to the prostability of Livin by MALAT-1 in RCC

cells.

Livin overexpression reversed the decreased cell

viability and elevated apoptosis in RCC cell lines

induced by lncRNA MALAT-1 interference

To further explore the roles of the interaction of lncRNA

MALAT-1 and Livin in the cell survival of RCC cell lines,

we examined cell viability and cell apoptosis in the 786-O

and Caki-1 cells after transfection with si-MALAT-1 or the

si-control. The data demonstrated that lncRNA MALAT-1

interference decreased cell viability and accelerated cell

apoptosis in both RCC cell lines (Fig. 5a, b). However,

Livin overexpression reversed the reduction of cell via-

bility and increase in cell apoptosis.

LncRNA MALAT-1 interference inhibited tumor

growth in a subcutaneous 786-O xenograft model

To determine the antitumor activity of lncRNA MALAT-1

knockdown in vivo, we assessed its effect in a nude mouse

xenograft model of 786-O cells. Cultured 786-O cells were

stably transfected with si-MALAT-1 or si-control and then

subcutaneously injected into the right flank of the mice.

After 30-day tumor growth, relative expression of

MALAT1 in tumor xenograft was significantly attenuated

(Fig. 6a); also, MALAT-1 knockdown resulted in smaller

tumor size than si-control transfection 786-O cell. More-

over, during 30-day tumor growth, the tumor volume was

measured every 4 days from day 10 after tumor trans-

plantation. The data revealed that si-MALAT-1-786-O

xenograft was smaller than si-control 786-O xenograft,

with a significant difference emerging at 18 days (Fig. 6).

Discussion

RCC is the most common form of adult kidney cancer,

representing between 80 and 90 % of kidney cancers, and

accounting for 23 % of all adult malignancies globally

[19]. The incidence of RCC has increased in recent years

[1, 19]. Although therapeutic surgery and drugs have

improved outcomes, the prognosis of metastatic RCC is

very poor, with 5-year survival rates of less than 10 % [20].

Recent studies have suggested that the identification of

genes associated with the progression of prostate cancer is

important for understanding the disease, and this is con-

sidered a major goal in cancer research. The present study

found that MALAT-1 was associated with the Livin protein

and contributed to the survival of RCC.

MALAT-1 has been shown to be a prognostic marker in

patients with stage I lung cancer [21]. The MALAT-1

Fig. 4 MALAT-1 elevated

Livin levels by enhancing the

stability of the Livin protein.

786-O and Caki-1 cells were

transfected with si-MALAT-1

or an si-control, respectively.

Livin mRNA (a) and Livin

protein (b) levels in the 786-O

and Caki-1 cell lines were

detected by qRT-PCR and a

Western-blot analysis,

respectively. c An RNA pull-

down assay was performed, as

described in the experimental

procedures. MALAT-1 or

antisense RNA (NC) was

incubated with cell extracts, and

the Livin protein was assayed

by Western blot. d RIP

experiments were performed

using a Livin antibody or

nonspecific IgG, and specific

primers were used to detect

MALAT-1. MALAT-1-

overexpressed 786-O cells were

treated with CHX and MG132.

After incubation for 4 h, Livin

protein expression was detected

by a Western-blot analysis (e)
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Fig. 5 LncRNA MALAT-1

interference reduced cell

viability and expedited

apoptosis in RCC cell lines, and

Livin overexpression reversed

these processes. The relative

cell viability and cell apoptosis

of 786-O (a) and Caki-1

(b) cells was assessed.
**p\ 0.01 vs. si-control;

##p\ 0.01 vs. si-MALAT-

1 ? pcDNA

Fig. 6 Effects of lncRNA

MALAT-1 interference on the

tumor growth of nude mice

bearing 786-O xenograft

tumors. Si-MALAT1

stable transfection 786-O cell

line was transplanted into nude

mice and the mice were

sacrificed after 30 days.

a Relative expression of

MALAT1 in tumor xenograft.

b Morphology of tumor

xenograft. c The change in

tumor volume was determined

every 4 days during the tumor

growth. Statistical analysis was

performed by a Student’s t test,

and all measurement data are

expressed as the mean volume

of xenograft tumors ± SEM.

**p\ 0.01 vs. si-control
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transcript, a lncRNA, is associated with human lung ade-

nocarcinoma metastasis and dysregulated in many types of

cancers in humans [22]. MALAT-1 has been shown to be

overexpressed in many other tumors [23]. Studies reported

that higher expression levels of MALAT-1 in human RCC

tissues were associated with reduced patient survival [8, 9].

In the present study, lncRNA MALAT-1 and the Livin

protein were upregulated in RCC tissues. As both Livin and

MALAT-1 are onco-molecules, we focused on the func-

tional interaction of MALAT-1 with Livin in RCC cell

survival.

Tumor cell survival is essential for tumor progression,

with survival depending on the apoptosis and proliferation

of tumor cells [24]. The findings of the present study

suggested that lncRNA MALAT-1 silencing significantly

inhibited cell proliferation and promoted apoptosis in both

RCC cell lines (786-O and Caki-1) and that MALAT-1 was

a tumor promotor, as reported in other studies [25, 26]. The

data also indicated that Livin was downregulated in

response to MALAT-1 silencing. Livin is one of eight

known human inhibitors abundantly expressed in fetal liver

[24]. Livin alone was detected in various cancer cell lines

and in specific tumor tissue cells, including RCC, but

substantially lower levels or almost non-detectable levels

were found in corresponding normal tissue, suggesting that

its expression was largely tumor-specific [27, 28]. Recent

studies suggested that targeted inhibition of Livin may

present a novel tumor-specific therapeutic strategy [17].

The present study is the first to confirm the functional

interaction between MALAT-1 and Livin. As shown in

Fig. 4, the results of RNA pull-down and RIP revealed a

direct interaction between MALAT-1 and Livin protein.

Also, MALAT-1 silencing exerts an effect on expression of

Livin mRNA. These data pointed to a direct interaction

between MALAT-1 and the Livin protein. The results also

suggested that CHX, a protein synthesis inhibitor, sup-

pressed the expression of the Livin protein, whereas

MG132, a proteinase inhibitor, enhanced its expression.

Moreover, we found that the MG132 treatment exerted no

effect on the expression of Livin when cellular MALAT-1

was overexpressed (Supplementary Fig. 1). These data

confirmed that MALAT-1 caused upregulation of the Livin

protein via lncRNA–protein interaction and protein stabi-

lization. The targeted inhibition of Livin could provide a

novel therapeutic strategy to lower the apoptotic threshold

and tumor growth potential of RCC cells and to improve

the apoptotic sensitivity and other therapeutic responses of

all Livin-expressing RCC cell lines. A functional interac-

tion was observed between MALAT-1 and Livin in si-

MALAT-1 RCC cells cotransfected with pcDNA-Livin,

and this interaction enhanced cell proliferation and sup-

pressed cell apoptosis in comparison to that of si-MALAT-

1. Overall, the findings indicate that upregulation of the

Livin protein by MALAT-1 may be of great significance in

enhancing tumor cell proliferation.

Conclusions

In summary, protumor lncRNA MALAT-1 promoted Livin

protein expression by enhancing the stability of the protein.

This interaction between MALAT-1 and Livin was essen-

tial for RCC cell viability and cell apoptosis. These results

identify an important role for lncRNA MALAT-1 in the

inhibition of RCC progression and suggest that it may be a

promising candidate in RCC therapy.
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