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Original Article 
LncRNA MALAT1 exerts oncogenic functions in  
lung adenocarcinoma by targeting miR-204 
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Abstract: Accumulating evidence indicates that the lncRNAs play a critical role in cancer progression and metasta-
sis. In this study, we found that MALAT1 upregulation was associated with larger tumor size and lymph-node me-
tastasis, and also correlated with shorter overall survival of lung adenocarcinoma patients. Furthermore, MALAT1 
promotes EMT and metastasis of lung adenocarcinoma cells in vitro and in vivo. In particular, MALAT1 upregulated 
the expression of miR-204 target gene SLUG through competitively ‘spongeing’ miR-204. In summary we unveil a 
branch of the MALAT1/miR-204/SLUG pathway that regulates the progression of lung adenocarcinoma.
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Introduction

Lung cancer is the most common cancer world-
wide in terms of both incidence and mortality 
[1], with very poor prognosis and high possibili-
ties of tumor invasion and migration. Although 
invasion and migration have been acknowl-
edged as the most lethal attributes of solid 
tumors, the molecular mechanism underlying 
them is still limited. Recent researches have 
demonstrated that epithelial-to-mesenchymal 
transition (EMT) is a key process contributing to 
cancer metastasis, characterized by the loss of 
the epithelial marker E-cadherin, an increase in 
the mesenchymal markers vimentin and 
N-cadherin, and an increase in the migratory 
and invasive behavior [2, 3].

Long noncoding RNAs (lncRNAs) are a class of 
transcripts longer than 200 nucleotides with 
limited protein coding ability [4]. Recently, many 
studies have shown that lncRNAs are frequent-
ly dysregulation in various tumors and have 
multiple functions in a wide range of biological 
processes, such as the proliferation, apoptosis, 
cell cycle arrest or cell migration and invasion 
[5, 6]. LncRNA metastasis-associated lung ade-
nocarcinoma transcript 1 (MALAT1) located on 
chromosome 11q13 has been identified to be 

involved in tumorigenesis of several cancers 
such as lung cancer, pancreatic cancer, and 
cervical cancer [7-12]. Hiroshi Hirata et al  
also have found that long noncoding RNA 
MALAT1 promotes aggressive renal cell carci-
noma through Ezh2 and interacts with miR-205 
[8]. However, how MALAT1 function in lung ade-
nocarcinoma pathogenesis remains largely 
unknown. 

In this study, we found MALAT1 is upregulated 
in lung adenocarcinoma. Functional assays 
demonstrated that MALAT1 promotes invasion 
and EMT in lung adenocarcinoma cells. Par- 
ticularly, mechanistic analysis reveals that 
MALAT1 may function as a competing endoge-
nous RNA (ceRNA) to regulate the expression of 
SLUG through competition for miR-204, thus 
playing an oncogenic role in lung pathogenesis. 
Together, these data contribute to the charac-
terization of the molecular mechanisms of lung 
adenocarcinoma progression.

Materials and methods

Tissue collection

Fresh-frozen and paraffin-embedded lung ade-
nocarcinoma tissues and corresponding adja-
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cent non-tumorous lung samples were obtained 
from Chinese patients at Yinzhou People’s 
Hospital (Ningbo, China) between January 
2009 and March 2010. Informed consent was 
obtained from all subjects and this study was 
approved by the Review Board of Hospital 
Ethics Committee. All cases were reviewed by 
pathologist and histologically confirmed as lung 
adenocarcinoma based on histopathological 
evaluation. 

Cell culture and transfection

The lung adenocarcinoma cell lines, including 
A549, H1299, H460, and H446, and one cul-
tured human lung epithelial cell (BEAS-2B), 
were grown in Dulbecco’s modified Eagle medi-
um (DMEM) (GIBCO BRL, Grand Island, NY) con-
taining 10% fetal bovine serum (FBS) with 100 
μg/ml penicillin/streptomycin at 37°C with 5% 
CO2. miR-204 mimics, negative control mimics 
(NC), miR-204 inhibitors (anti-miR-204) and 
negative control inhibitors (anti-NC) were syn-
thesized by GenePharma Company (Shanghai, 
China). Transfection was performed with 
Lipofectamine 2000 (Invitrogen, CA, USA) 
according to the manufacturer’s protocol. Total 
RNA and protein were prepared 48 h after 
transfection and were used for qRT-PCR or 
western blot analysis.

RNA extraction and qRT-PCR

Total RNA was extracted from tissues or cul-
tured cells using TRIZOL reagent (Invitrogen, 
Carlsbad, Calif ). For qRT-PCR, RNA was reverse 
transcribed to cDNA by using a Reverse 
Transcription Kit (Takara, Dalian, China). Real-
time PCR analyses were performed with Power 
SYBR Green (Takara, Dalian China). Results 
were normalized to the expression of GAPDH. 
For miR-204 expression detection, reverse 
transcription was performed following Applied 
Biosystems TaqMan MicroRNA Assay protocol, 
U6 snoRNA was validated as the normalizer. 
The primers were listed in Supplementary Table 
S1. qRT-PCR and data collection were per-
formed on ABI 7500.

Vector construction

To construct luciferase reporter vectors, 
MALAT1 cDNA fragment containing the predict-
ed potential miR-204 binding site was amplified 
by PCR, and then subcloned downstream of the 

luciferase gene in the pGL3-control vector 
(Promega, Madison, WI). The primers were  
listed in Supplementary Table S1. MALAT1 
knockdown was performed using lentivirus-
encoded short hairpin RNA (shRNA), the 
shMALAT1 and shCtrl targeting sequences 
were GGGCTTCTCTTAACATTTA and TTCTCCG- 
AACGTGTCACGT, respectively.

Western blot and immunohistochemistry analy-
sis

Protein extracts were prepared by a modified 
RIPA buffer with 0.5% sodium dodecyl sulfate 
(SDS) in the presence of proteinase inhibitor 
cocktail (Complete mini, Roche, Indianapolis, 
IN, USA). Polyacrylamide gel electrophoresis, 
tank-based transfer to Immobilon Hybond-C 
membranes (Amersham Biosciences) and 
immunodetection were performed with stan-
dard techniques. For immunohistochemistry 
analysis,  Tumors from mice were immunos-
tained, the signal was amplified and visualized 
with 3’-diaminobenzidine chromogen, followed 
by counterstaining with hematoxylin. Antibodies 
against SLUG (Novus Biologicals, CO, USA), 
β-actin (Beijing Zhongshan Biotechnology, 
Beijing, China), E-cadherin, N-cadherin and 
vimentin (Santa Cruz, CA) were used in western 
and immunohistochemistry analysis in accor-
dance with the manufacturer’s instruction. 

Luciferase assay

H1299 cells were transfected in 24-well plates 
using Lipofectamine 2000 (Invitrogen, Carls- 
bad, CA). The transfection mixtures contained 
100 ng of firefly luciferase reporter plasmid and 
5 pmol of miRNAs. pRL-TK (Promega, Madison, 
WI) was also transfected as a normalisation 
control. Cells were collected 48 h after trans-
fection, and luciferase activity was measured 
using a dual-luciferase reporter assay system 
(Promega, Madison, WI).

RNA-binding protein immunoprecipitation (RIP) 
assay

RNA-binding protein immunoprecipitation (RIP) 
assay was performed using the EZ-Magna RIP 
Kit (Millipore, Billerica, MA, USA) according to 
the manufacturer’s instruction. Briefly, cells 
were lysed with the use of RIP lysis buffer, fol-
lowed by incubated with RIP buffer containing 
magnetic beads conjugated with human anti-
Ago2 antibody (Millipore) or negative control 
Normal Mouse IgG (Millipore). Proteinase K was 
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used to digest the protein and then immuno-
precipitated RNA was isolated. NanoDrop spec-
trophotometer was used to measure the RNA 
concentration. Purified RNA was subjected to 
qRT-PCR analysis.

Cell invasion assay

For the invasion assays, 2 × 105 cells were 
added into the upper chamber of the insert pre-
coated with Matrigel (ECM gel, Sigma-Aldrich, 
St. Louis, MO). Cells were plated in medium 
without serum, and medium containing 10% 
fetal bovine serum in the lower chamber served 
as chemoattractant. After several hours of 
incubation, the cells that did not invade through 
the pores were carefully wiped out with cotton 
wool. Then the inserts were fixed with 95% eth-
anol, stained with 0.2% crystal violet, and 
counted (five high-power fields/chamber) using 
an inverted microscope.

In vivo metastasis assay

For in vivo metastasis assays, H1299 cells 
infected with either the shMALAT1 lentivirus or 
the mock lentivirus (shCtrl) were transplanted 
into nude mice (five-week-old BALB/c-nu/nu, 

six per group, 1 × 106 cells for each mouse) 
through the lateral tail vein. After 7 weeks, mice 
were sacrificed. Their lungs were removed and 
subjected to hematoxylin & eosin (H&E) stain-
ing. All research involving animal complied with 
protocols approved by the Zhejiang Medical 
Experimental Animal Care Commission.

Statistical analysis

Statistical analyses were performed using 
SPSS 16.0 software (SPSS Inc.). Data were pre-
sented as mean ± SD from at least three sepa-
rate experiments. Overall survival rates were 
calculated actuarially according to the Kaplan-
Meier method and survival curves were plotted. 
The relationship between MALAT1 and miR-
204 or SLUG expressions was tested with two-
tailed Pearson’s correlation. P < 0.05 was con-
sidered statistically significant.

Results

MALAT1 expression is upregulated in human 
lung adenocarcinoma cells and tissues

To explore whether MALAT1 is detectable and 
altered in lung adenocarcinoma, qRT-PCR was 

Figure 1. MALAT1 expression was up-regulated in lung adenocarcinoma cells and tissues. (A) Expression of MALAT1 
in four lung adenocarcinoma cells and one cultured human lung epithelial cells. (B) MALAT1 relative expression 
levels were determined in 60 paired lung adenocarcinoma and their corresponding normal samples. Upregulation 
of MALAT1 in lung adenocarcinoma was associated with tumor size (C) and lymph-node metastasis (D). Lung ad-
enocarcinoma patients with higher expression of MALAT1 had shorter overall survival time than those with lower 
expression of MALAT1 (E). **P < 0.01.
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used to detect the expression of MALAT1 in 
four lung cancer cell lines. As shown in Figure 
1A, MALAT1 expression was significantly higher 
in all four lung cancer cell lines compared with 
that in human lung epithelial cells. We then 
examined the expression of MALAT1 in 60 
paired lung adenocarcinoma samples and adja-
cent normal lung tissues. As presented in 
Figure 1B, MALAT1 expression was significantly 
upregulated in cancerous tissues compared 
with normal counterparts. Examination of the 
correlation between MALAT1 expression and 
clinical pathological features showed that 
MALAT1 upregulation was correlated with larg-
er tumor size and lymph-node metastasis 
(Figure 1C and 1D), With regard to overall sur-
vival, patients with high MALAT1 expression 
had a significantly poorer prognosis than those 
with low MALAT1 expression (Figure 1E). These 
results imply that MALAT1 overexpression  
may be useful in the development of novel 
prognostic or progression markers for lung 
adenocarcinoma. 

Knockdown of MALAT1 inhibited cell EMT and 
metastasis in vitro and vivo 

To investigate the potential role of MALAT1 on 
lung adenocarcinoma cells, A549 and H1299 
cells were selected for next study. We stably 
inhibited MALAT1 in two lung adenocarcinoma 

cell lines H1299 and A549 with lentiviruses 
carrying shRNA for MALAT1 and a control non-
specific shRNA (shCtrl). The invasion assay 
showed that knockdown of MALAT1 significant-
ly inhibited the invasion of lung adenocarcino-
ma cells compared with the control (Figure 2A 
and 2B). Since EMT is well known to be involved 
in invasion of cancer cells, we assessed the 
EMT markers by western blot. Interestingly, we 
found that the expression level of E-cadherin 
increased, while the levels of N-cadherin and 
vimentin decreased, when MALAT1 was inhibit-
ed in lung adenocarcinoma cells (Figure 2C). 
Next, H1299 stably expressing shMALAT1 were 
delivered into nude mice by tail vein injection. 
Histological analysis confirmed that E-cadherin 
expression increased, while N-cadherin and 
vimentin decreased (Figure 2D). Moreover, the 
total signal of metastatic nodules in the lung 
was dramatically decreased in shMALAT1 
groups when compared with shCtrl group 
(Figure 2E). Taken together, these results sug-
gest that the level of MALAT1 expression is sig-
nificantly associated with metastasis capacity 
of lung adenocarcinoma. 

MALAT1 is a target of miR-204

Bioinformatics analysis of miRNA recognition 
sequences on MALAT1 revealed the presence 
of miR-204 binding site (Figure 3A). To further 

Figure 2. Knockdown of MALAT1 inhibited cell EMT and metastasis in vitro and vivo. Knockdown of MALAT1 sig-
nificantly impeded abilities of cell invasion in H1299 (A) and A549 (B) cells after infection with shMALAT1 or shCtrl 
lentivirus. (C) Western blotting was used to detect E-cadherin, vimentin and N-cadherin expression, β-actin was used 
as an internal control. Representative immunohistochemistry (D) and H&E (E) stained sections of the lung tissues 
isolated from mice that injected with H1299-shCtrl or H1299-shMALAT1 cells through the lateral tail vein. Arrow 
head points to the tumor focus formed in the lung. The numbers of metastases in the lungs were counted. *P < 
0.05, **P < 0.01.
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investigate whether MALAT1 was a functional 
target of miR-204, we cloned reporter plasmid 
containing the predicted miR-204 binding site 
(wt-MALAT1) and plasmid that the miR-204 
seed region binding site was mutated (mut-
MALAT1). The results showed that co-transfec-
tion of miR-204 and wt-MALAT1 strongly 
decreased the luciferase activity, while co-
transfection of miR-204 and mut-MALAT1 did 
not change the luciferase activity (Figure 3B). 
We next assessed whether miR-204 was able 
to negatively regulate MALAT1 expression. As 
shown in Figure 3C, the MALAT1 expression 
was decreased in miR-204 mimics group, 
whereas that in anti-miR-204 group was 
increased. To determine whether miR-204 is 
regulated by MALAT1, we detected the expres-
sion of miR-204 after knockdown of MALAT1.  
The results showed that the miR-204 expres-
sion was increased in shMALAT1 group com-
pared with shctrl groups (Figure 3D). It is docu-
mented that miRNAs exert their gene silencing 
functions through a ribonucleoprotein complex 
called the RNA induced silencing complex 
(RISC). The core component of the RISC was 
Ago2 [13]. RIP experiments were performed to 
determine whether MALAT1 and miR-204 are in 
the same RISC complex. qRT-PCR was used to 
determine RNA levels in immunoprecipitates. 

We found that MALAT1 and miR-204 were 
enriched in Ago2 immunoprecipitates relative 
to control IgG immunoprecipitates (Figure 3E). 
These data indicated that both MALAT1 and 
miR-204 are probably in the same RISC com-
plex, consistent with our bioinformatic analysis 
and luciferase assays.

miR-204 mediated the effect of MALAT1 on 
EMT and invasion

To dissect the importance of miR-204 binding 
in MALAT1-mediating lung adenocarcinoma 
progression, we treated A549 and H1299 cells 
stably expressing shMALAT1with anti-miR-204. 
As illustrated in Figure 4A, ectopic transfection 
of anti-miR-204 led to a dramatic decrease  
in E-cadherin expression and a significant 
increase in vimentin expression. Consistent 
with this, the effect of shMALAT1 was partially 
attenuated by miR-204 inhibitor on cell inva-
sion (Figure 4B). These results showed that 
MALAT1 promotes tumor cell EMT and invasion 
in part via competitively binding miR-204.

MALAT1 modulated expression of endogenous 
miR-204 targets SLUG

Studies have reported that SLUG is a direct tar-
get of miR-204 in human intrahepatic cholan-

Figure 3. MALAT1 is a target of miR-204. A. The binding site of miR-204 on MALAT1. B. Co-transfection of miR-204 
and wt-MALAT1 strongly decreased the luciferase activity, while co-transfection of miR-204 and mut-MALAT1 did 
not change the luciferase activity. C. MiR-204 negatively regulated MALAT1 expression. D. Knockdown of MALAT1 
increased miR-204 expression. E. MALAT1 and miR-204 were enriched in Ago2 immunoprecipitates relative to con-
trol IgG immunoprecipitates. *P < 0.05.
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giocarcinoma [14]. To validate whether miR-
204 targets SLUG in lung adenocarcinoma, 
western blot was carried out and showed that 
SLUG was increased in A549 and H1299 cells 
transfected with miR-204 inhibitor compared 
with the control. Moreover, the expression of 
SLUG protein were inhibited after transfected 
with shMALAT1 compared with the control 
(Figure 5A and 5B). Furthermore, the expres-

sion of miR-204, MALAT1 and SLUG were exam-
ined in 30 tumor specimens that were used 
above. As shown in Figure 5C, MALAT1 was 
negative correlation with miR-204. On the con-
trary, SLUG mRNA expression was positive cor-
relation with MALAT1 (Figure 5D).

Taken together, these results showed that 
MALAT1 eliminates the repression on SLUG 

Figure 4. miR-204 mediated the effect of MALAT1 on EMT and invasion. The alter of EMT related markers (A) and 
invasion ability (B), caused by MALAT1 down-regulation, were rescued by anti-miR-204 treatment. 

Figure 5. MALAT1 modulated expression of endogenous miR-204 targets SLUG. After transfected with anti-miR-204 
or shMALAT1, the protein level of SLUG in A549 (A) and H1299 (B) cells was examined by western blot. Expression 
levels of MALAT1 were negative correlation with miR-204 (C) and positive correlation with SLUG mRNA (D) among 
lung adenocarcinoma samples (n = 30) as indicated by two-tailed Pearson’s correlation analysis.
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induced by miR-204 and exerts oncogenic func-
tions by modulating miR-204/SLUG.

Discussion

Long non-coding RNA MALAT1, also known  
as nuclear-enriched abun dant transcript 2 
(NEAT2), is a highly expressed lncRNA in mam-
malian species [15]. Aberrant expression of 
MALAT1 was discovered in a group of human 
tumor tissues and many vital biological pro-
cesses including tumor cell prolif eration, apop-
tosis, invasion and metastasis are closely  
associated with MALAT1 [7-12]. Studies have 
shown that MALAT1 is upregulated in lung can-
cer and contributes to metastasis [10, 16, 17]. 
Nevertheless, tumorigenic properties and me- 
chanistic heterogeneity of MALAT1 are far from 
being fully elucidated in lung cancer.

In this study, we tested the expression of 
MALAT1 in lung adenocarcinoma samples and 
their surrounding normal lung tissues. We also 
identified the function of MALAT1 in lung ade-
nocarcinoma cells by applying loss-of-function 
approach. The results demonstrated that 
MALAT1 was upregulated in lung adenocarci-
noma tissues, and that MALAT1 upregulation 
correlated with larger tumor size and lymph-
node metastasis. Moreover, the overall survival 
time of patients with lower MALAT1 expression 
levels was significantly longer than that of 
patients with moderate or strong MALAT1 
expression levels. Furthermore, knockdown of 
MALAT1 inhibited cell EMT and metastasis in 
vitro and in vivo. These findings suggest that 
MALAT1 plays a direct role in the modulation of 
oncogenic properties and lung adenocarcino-
ma progression.

Emerging evidence suggests that lncRNAs act 
as endogenous miRNA sponges to bind to miR-
NAs and regulate their function [18-21]. To find 
out whether MALAT1 serves as a miRNA 
sponge, we performed the bioinformatics anal-
ysis and found that MALAT1 contained binding 
site for miR-204. miR-204 is often down-regu-
lated in cancer tissues and restoration of miR-
204 suppressed cancer cell invasion by revers-
ing the EMT phenotype [14, 22-24]. As expect-
ed, we discovered miR-204 could induce trans-
lational repression of a wt-MALAT1 reporter 
gene. Moreover, qRT-PCR analysis showed that 
miR-204 expression was inversely correlated 
with MALAT1 expression in lung adenocarcino-

ma. Furthermore, the effect of shMALAT1 was 
partially attenuated by miR-204 inhibitor on  
cell EMT and invasion. Taken together, these 
data are consistent with our hypothesis and 
indicate that MALAT1 may interact with miRNAs 
to link miRNAs and the post-transcriptional net-
work in lung pathogenesis.

SLUG, a direct target of miR-204 [13], is known 
to play a diverse number of roles in the cell, and 
its deregulation has been observed in a variety 
of cancers including lung [25-27]. Recent 
reports highlighted that SLUG was closed relat-
ed to EMT [28-30], suggesting SLUG is a key 
factor in promoting the initiation and develop-
ment of cancer. Our data revealed that MALAT1 
elevated SLUG expression by negatively regu-
lating miR-204 expression. It is possible that 
the miR-204/SLUG axis mediated MALAT1 
function on EMT and metastasis.

In summary, our findings confirmed that 
MALAT1 promoted lung adenocarcinoma cell 
EMT and metastasis. In addition, we demon-
strated that MALAT1 negatively regulated miR-
204 expression by acting as a miRNA sponge. 
Our findings might facilitate the development of 
lncRNA-directed diagnostics and therapeutics 
against lung adenocarcinoma.
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Table S1. Primers for qRT-PCR and plasmid construction
Primers for qRT-PCR analyses
    MALAT1 forward 5’-GGTAACGATGGTGTCGAGGTC-3’
    MALAT1 reverse 5’-CCAGCATTACAGTTCTTGAACTG-3’
    SLUG forward 5’-CCTGGTTGCTTCAAGGACAC-3’
    SLUG reverse 5’-AGCAGCCAGATTCCTCATGT-3’
    GAPDH forward 5’-GGGAGCCAAAAGGGTCAT-3’
    GAPDH reverse 5’-GAGTCCTTCCACG ATACCAA-3’
    U6 forward 5’-CTCGCTTCGGCAGCACA-3’
    U6 reverse 5’-AACGCTTCACGAATTTGCGT-3’
Primers for plasmid construction
    pGL-MALAT1 forward 5’-GATCTGCAGAGGATCCTAGACCAGCATGC-3’
    pGL-MALAT1 reverse 5’-GATCATATGCCGCCTCAGTTACACATCCA-3’ 


