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Abstract
Purpose The long non-coding RNA MALAT1 is a predictive marker in several solid tumors with highly conserved sequences. 
However, the role of non-coding RNA in development of laryngeal or hypopharyngeal cancer remains unclear.
Methods Tumor tissues and adjacent non-cancer tissues of 24 patients were collected. We detected the expression of 
MALAT1 in laryngeal cancer tissues and hypopharyngeal cancer tissues. Moreover, we developed a MALAT1 silencing 
model in human laryngeal tumor cells by transfecting MALAT1 small interfering RNA into human laryngeal carcinoma cell 
line Hep-2 and pharyngeal carcinoma cell line FaDu with Lipofectamine 2000 system. Cell cycle analysis, Cell Counting 
Kit-8 assay, Transwell assay, quantitative reverse transcription PCR, and wound-healing assays were performed to evaluate 
the impact of MALAT1 depletion on laryngeal or hypopharyngeal cancer cell’s growth, proliferation, apoptosis, invasion 
and migration.
Results MALAT1 was significantly up-regulated in laryngeal and hypopharyngeal carcinoma cells. MALAT1 down-regula-
tion induced the increased apoptosis of both cell lines and suppressed cells’ proliferation. Cells were arrested in G1/G2 phase 
and cells of S phase were significantly decreased. Down-regulation of MALAT1 expression can also inhibit the migration 
and invasion of laryngeal squamous cell carcinoma cell (Hep-2) and hypopharyngeal cancer cell (FaDu).
Conclusion In summary, our deactivation model of MALAT1 disentangled the active function of it as a regulator of gene 
expression governing the hallmarks of laryngeal and hypopharyngeal cancer. Blocking this long non-coding RNA may 
restrain the development of laryngeal cancer.
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Introduction

Laryngeal squamous cell carcinoma (LSCC) is one of the 
most common malignancies of head and neck, accounting 
for 7.9–35% of the otolaryngology tumors [1]. In recent 
years, the incidence of LSCC increased remarkably. Early 
laryngeal cancer can be cured by a variety of treatments, 
while advanced laryngeal cancer has poor prognosis with 

high mortality. The development mechanism of LSCC 
remains unknown, because multiple genes and functional 
RNA may participate in this complicated molecular regu-
lation pathway. Recently, the role of non-coding RNA in 
development of human cancer has been revealed.

The long non-coding RNAs (lncRNAs) are defined by 
length, ranging from 200 nt to 138 kb. Like messenger 
RNAs, they are transcribed by RNA polymerase II and can 
be modified by diverse ways. Nevertheless, lncRNAs lack 
a significant open reading frame, which can be transcribed 
from the sense or antisense orientation [2]. LncRNAs are 
important molecular elements in eukaryotic cells, and play 
key roles in various aspects of mRNA stability, transcrip-
tional regulation, protein transport, RNA processing and 
modification. Piling up evidence indicates that lncRNAs 
play a critical role in multiple cancers development and 
progression. Lung adenocarcinoma metastasis-associated 
transcript 1 (MALAT1) is one of the earliest discovered 
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lncRNAs, which is about 8700 bp, and located in human 
11q13 chromosome. It was originally screened by subtrac-
tive hybridization in a study of non-small cell lung cancer 
(NSCLC) [3]. MALAT1 has evolutionary conservation in 
its sequence and highly homologous sequences among spe-
cies, suggesting that it has an important function in tumori-
genesis and development [4]. Although MALAT1 has been 
investigated in multiple human cancers [5–7], it is rarely 
known whether it is associated with laryngeal cancer devel-
opment in some mechanisms. In this study, we detect the 
expression of MALAT1 in laryngeal squamous cell carci-
noma and hypopharyngeal cancer. In addition, we probed the 
function of MALAT1 in the development of laryngeal and 
hypopharyngeal cancer by developing a MALAT1 silencing 
model in human laryngeal tumor cells.

Materials and methods

Tissue specimens and clinical data

Following the Declaration of Helsinki for medical eth-
ics, the present study was under the approval of the eth-
ics committee of Changzheng Hospital, the Second Mili-
tary Medical University. Written informed consent was 
obtained from all patients involved. Twenty-four primary 
laryngeal and hypopharyngeal squamous cell carcinoma 
(LHSCC) specimens surgically resected at the Department 
of Otolaryngology Head and Neck Surgery in Changzheng 

Hospital (Shanghai, China) from 2013 to 2016 were ana-
lyzed. Patients included 21 males and 3 females with a 
mean age of 58.3 years (ranged from 40 to 75 years). No 
patients underwent radiation or chemotherapy before sur-
gery. A total of 48 tissue samples (24 LHSCC tumor tis-
sue samples and paired adjacent healthy tissue samples) 
were obtained during surgery. Adjacent healthy tissue 
was defined as mucosa tissues if it was at least 3 cm far 
from the edge of tumor. All resected tissue samples were 
divided into two parts, one was preserved in liquid nitro-
gen (− 180 °C) within 5 min from resection and the other 
part was fixed in 10% formalin and embedded in paraffin 
according to routine laboratory protocols. Meanwhile, the 
para-cancerous tissues more than 2 cm from the edge of 
the cancer tissue were collected as control. Baseline char-
acteristics were reasonably balanced between treatment 
aims and are presented in Table 1.

RNA isolation

Total RNA of tissue samples was extracted using RNA Iso-
lation Kit (RP4001, BioTeke, Beijing, China) according to 
the manufacturer’s recommendation, The RNA quantity and 
purity were determined using the NanoDrop 1000 Spectro-
photometer (Thermo Scientific, Wilmington, DE, USA), 
with a sample of 1.5 μl. The RNA specimens were finally 
dissolved in 40 μl of nuclease-free water, stored at − 80 °C 
until use.

Table 1  Baseline characteristics 
of the patient population

a TNM clinical staging was based on National Comprehensive Cancer Network Guidelines Version 1.2019

Parameter Patients (N = 24) Laryngeal carcinoma 
(N = 16)

Hypopharynx 
carcinoma 
(N = 8)

Age (years) Median 59 57
Range 40–75 42–68

Gender, N (%) n 16 8
Male 15 (93.75) 6 (75)
Female 1 (6.25) 2 (25)

Stage  (TNMa), N (%) n 16 8
I 3 (18.75) 1 (12.5)
II 3 (18.75) 1 (12.5)
III 4 (25) 1 (12.5)
IV 6 (37.5) 5 (62.5)

Primary tumor site, N (%) n 16 8
Supraglottis 4 (25)
Glottis 10 (62.5)
Subglottic 2 (12.5)
Piriform sinus 6 (75)
Postericoid region 1 (12.5)
Posterior hypopharynx 1 (12.5)
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Quantitative reverse transcription‑polymerase 
chain reaction

Quantitative reverse transcription-polymerase chain reaction 
(qRT-PCR) kits were used to evaluate the expression levels 
of the selected lncRNA. PCR was performed as previously 
described [8]. The primers used in this study are shown 
below: MALAT1 forward 5′-CTG GAG AAG ATA GGC ATT 
-3′; reverse 5′-CCA AGT CTG TTA TGT TCA C-3′.

β-actin forward 5′-CAT GTA CGT TGC TAT CCA GGC-3′; 
reverse 5′-CTC CTT AAT GTC ACG CAC GAT-3.

All of the reactions were performed with the following 
conditions: 94 °C for 30 s, followed by 40 cycles of 94 °C for 
10 s, 60 °C for 30 s. Samples were analyzed in triplicate and 
included no-template controls. Amplification of the appro-
priate product was validated by a melting curve analysis. The 
relative expression of MALAT1 was calculated using the 
comparative cycle threshold (CT,  2−ΔΔCT) method.

RNA interference

Cells were divided into two groups, one was transfected 
with siRNAs targeting MALAT1, while the other group 
was control. Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
US) was employed to perform the RNA interference follow-
ing manufacturer’s instructions. For the intronic MALAT1 
knockdown, a pool of ten siRNAs (sense 5′-3′: CCC UCU 
AAA UAA GGA AUA TT, antisense 3′-5′: UUA UUC CUU 
AUU UAG AGG GTT, labeled with 5′FAM) targeting intronic 
regions in MALTA1 were transfected into cells, and RNA 
isolated as above. 100 pmol NC (normal control) group, 
100 pmol si-MALAT1 and 5 µl Lipofectamine 2000 were 
diluted by 250 µl Opti-MEM, then 100 pmol NC group and 
5 µl Lipofectamine 2000 were mixed and finally 100 pmol 
si-MALAT1 group and 5 µl Lipofectamine 2000 mixed. 
Twenty minutes after incubation at room temperature, 
the above compounds were mixed with cells (NC group/
si-MALAT1 group), and cultivated at 37 °C, 5%  CO2 in 
DMEM + 10% FBS. qRT-PCR was performed (following 
the method described above) to determine the effect of 
MALAT1 interference in both cell groups.

Cell culture and cell cycle analysis

Hep-2 cells and FaDu cells were obtained from Shang-
hai Changhai Hospital and cultivated at 37 °C, 5%  CO2 in 
DMEM + 10% fetal bovine serum (FBS). Cells were plated 
onto a 6-well plate at a density of 5 × 105 cells/well and 
grown for 24 h. The cells were then starved with serum-free 
culture medium for 24 h to synchronize them at the G1/S 
boundary, followed by transfection. After 48 h, the cells 
were collected, washed twice with ice-cold PBS, and fixed in 
70% ice-cold ethanol at 4 °C overnight. After rehydration in 

PBS for 15 min, the cells were stained for 30 min in the dark 
with propidium iodide solution. Further, cells were stained 
with Annexin-V FITC and propidium iodide, according to 
the manufacturer’s instructions. The apoptosis rate was ana-
lyzed by flow cytometry (BD Biosciences, New York, USA). 
The experiments were independently performed in triplicate.

Cell proliferation assay

Cells were harvested at the logarithmic growth phase and 
used to prepare single cell suspensions. Cells were dyed with 
crystal violet (Sigma-Aldrich; Merck KGaA, Germany). Cell 
density was adjusted and cells were transferred into 96-well 
plates at a density of 4 × 103 cells/well. Cells were cultured 
under normal conditions (37 °C, 5%  CO2), and 10 μl of Cell 
Counting Kit-8 (CCK-8) solution (Sigma-Aldrich, Merck 
KGaA, Germany) was added in proper sequence at 24, 48, 
72 and 96 h later. Five hours later, incubation was performed 
and then the optical density values (450 nm) were measured 
using a microplate reader.

Transwell cell migration and invasion assay

Invasion ability was measured with 24-well Transwell cham-
ber as previous described [9]. Cells were digested, cleaned 
with DMEM and suspended to 1 × 105 cells/ml. Then, 200 μl 
of 5 × 105 cells were seeded in the upper chamber, while 
600 μl of 50 ug/ml Fibronectin (Corning, USA) supple-
mented with 10% FBS was used to fill the lower chamber. 
Cells were incubated under normal conditions, before the 
membranes were cleaned with PBS and dyed with crystal 
violet (Sigma-Aldrich; Merck KGaA, Germany). Dyed cells 
were counted under an optical microscope.

Wound‑healing assay

Cells were seeded in 6-well plates at an initial density of 
2 × 105 cells/well and grown to about 80% confluence [9]. 
A vertical wound was created by scratching the monolayer 
with a sterile 200-μl pipette tip, and the cells were then 
washed with PBS three times. The monolayer was subse-
quently incubated in serum-free medium. The area of the 
scratched surface between the edges of defect was meas-
ured immediately after disruption and after 24, 48 and 72 h. 
Photographs were taken with a microscope at 200× magni-
fication (Nikon, Japan) at the same location in each well to 
monitor cell migration into the wounded area. Wound area 
was calculated by manually tracing the cell-free area in cap-
tured images using the ImageJ public domain software (NIH, 
Bethesda, MD) [10]. The experiments were independently 
performed in triplicate.



614 European Archives of Oto-Rhino-Laryngology (2020) 277:611–621

1 3

Statistical analysis

Statistical analyses were performed using SPSS 25.0 
(IBM, Chicago, USA) and data are presented as the 
mean ± standard deviation. An unpaired two-tailed Stu-
dent’s t test or one-way ANOVA (analysis of variance) 
with Bonferroni’s post-test were used to analyze the data 
as appropriate. P < 0.05 was considered to indicate a sta-
tistically significant difference.

Results

MALAT1 was up‑regulated in laryngeal 
and hypopharyngeal cancer tissues

To investigate the role of MALAT1 in LHSCC, we col-
lected microarrays consisting of 24 fresh laryngeal/
pharyngeal cancer tissue samples and corresponding 
para-cancer normal tissue samples. The total RNA of 
each specimen was extracted. Further, the gene expres-
sion levels were detected by real-time PCR. The ISH data 
illustrated that MALAT1 expression was significantly 
increased in laryngeal cancer and hypopharyngeal tissues 
as compared with that in the normal tissues (P < 0.05, 
Fig. 1). Furthermore, the expression of MALAT1 at dif-
ferent cancer stages was investigated. Consequently, it was 
found that higher MALAT1 expression level frequently 
occurs in LHSCC at an advanced stage (P < 0.05), indicat-
ing an expectancy that MALAT1 may act as an oncogene 
in the development of LHSCC and may be a biomarker 
indicating tumor advance.

RNA interference of MALAT1 effectively suppresses 
the level of MALAT1 in Hep‑2 and FaDu cell lines

To explore the relationship between MALAT1 and malig-
nant biological properties of LHSCC in vitro, we knock-
down the MALAT1 by RNA interference. Si-MALAT1 
with fluorescence was transfected into Hep-2 cells and 
blank control group (NC group) was set up. After 48 h, 
fluorescence microscopy showed strong and dense green 
fluorescence. RT-PCR detection showed that the expres-
sion of MALAT1 after si-MALAT1 interference was 
down-regulated by about 73.2% (P < 0.01) compared 
with the NC group. In addition, we also observed a nega-
tive expression of MALAT1 (71.3% P < 0.01) in FaDu 
cells after interference compared with the control group 
(Fig. 2). The above result showed the RNA interference 
with Lipofectamine 2000 system was effectively down-
regulating the MALAT1 expression.

Si‑MALAT1 inhibited the proliferation and induced 
the apoptosis of Hep‑2 and FaDu cell lines

The impact of MALAT1 on the proliferation of Hep-2 and 
FaDu cells was investigated by MALAT1 RNA interference. 
Flow cytometric analysis showed that, after interference, 
suppression of MALAT1 expression accounted for dramati-
cally inhibited cell proliferation as compared with that in the 
control (Fig. 3). In addition, flow cytometric analysis showed 
that MALAT1 depletion resulted in cell cycle arrested at 
G1/G2 phase in both Hep-2 and FaDu cell lines (Fig. 4). 
Moreover, for Hep-2 cell lines, much less cells entered into 
S phase after si-MALAT1 interference. Moreover, MALAT1 
depletion also induced apoptosis in Hep-2 and FaDu cell 
lines (Fig. 5). Cell apoptosis was investigated by flow cyto-
metric analysis. Both Hep-2 and FaDu cell lines apoptosis 
were significantly increased after si-MALAT1 interference.

Fig. 1  MALAT1 expression in tumor and non-tumor tissues was 
measured by qRT-PCR. a MALAT1 expression was significantly 
higher in laryngeal cancer and hypopharyngeal cancer tissues com-
pared with that in the healthy tissues. b The expression of MALAT1 
among different stages of tumor was significantly different, with a 
high expression of MALAT1 frequently occurring in LHSCC at an 
advanced stage
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Si‑MALAT1 suppressed the invasion and migration 
of Hep‑2 and FaDu cell lines

Transwell experiments and scratch experiments were per-
formed to investigate whether lncRNA MALAT1 was 
involved in the invasion and migration of Hep-2 and FaDu 
cells. Indeed, we set three groups for each cell line. The 
result showed that silencing the expression of MALAT1 
impeded invasion and migration both in Hep-2 and FaDu 
cell lines (Fig. 6). Migrated cell number was evidently 
declined in study groups compared to NC groups and the 
ratio (si-MALAT1/NC) was 0.22 in the Hep-2 group and 
0.18 in the FaDu group. A wound-healing assay also demon-
strated that down-regulating MALAT1 expression inhibited 
migration of FaDu cells (P < 0.05, Fig. 7), while not signifi-
cantly for Hep-2 cell (P > 0.05). 

Discussion

MALAT1 was one of the primitively discovered cancer-
associated lncRNA, also referred to as NEAT2 (Nuclear-
Enriched Abundant Transcript 2). It was originally reported 
being associated with the development of NSCLC. Further, 
it was identified as a prognostic biomarker of NSCLC, spe-
cifically in early stages, for metastasis and patient survival 
[4, 11–13].

Numerous studies have uncovered aberrant expression of 
MALAT1 in a group of human tumor tissues, suggesting its 
significant role in many vital biological behavior including 
tumor cell proliferation, apoptosis, invasion and metastasis 
[4, 14–16]. These studies also pointed out that MALAT1 
is up-regulated in oral cavity cancer, nasopharyngeal can-
cer and esophageal squamous cancer [17–19]. Although 
MALAT1 has been investigated in multiple human cancers, 
it is rarely known whether it is associated with laryngeal 
cancer development in some mechanisms.

In this study, we found that MALAT1 was significantly 
up-regulated in LHSCC tissues compared with normal tis-
sues. Our data also show a hint that the expression level 
of MALAT1 may be linked to clinical stages of laryn-
geal cancer. Although due to the limited number of cases 
in this study, the association between MALAT1 expres-
sion and clinical staging of laryngeal cancer could not be 
confirmed, our result still shows the trend that the more 
advanced the stage, the higher the MALAT1 expression 
level will be. Our study is a pilot study, which is also not 
sufficient to elucidate the complicated role of MALAT1 in 
tumorigenesis and progression of laryngeal cancer. Further 
study with a large sample and multiple centers need to be 
carried out to identify this issue clearly. Not only cancer 
progression, but also tumor size, lymph node metastasis, 
and shorter overall survival of cancer patients were found 

Fig. 2  MALAT1 was down-regulated after si-MALAT1 interfer-
ence. a Fluorescence microscope photos (200× ) show that 5′FAM-
labeled siRNA was observed in si-MALAT1 transfected cell group, 
48 h after interference. b Quantitative RT-PCR detection showed that 
the expression of MALAT1, 48 h after si-MALT1 interference, was 
down-regulated by 73.2% compared to the NC group(P < 0.01). Also, 
down-regulation was observed in FaDu cells (by 71.3%, P < 0.01)
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to be associated with MALAT1 up-regulation [20–22]. 
Our results were in accordance with these studies. For 
example, Shen [21] reported that in non-small cell lung 
cancer, lncRNA GHET1 is associated with the survival 
of patients. Moreover, it might predict poor progression 
of patients with lung cancer. Their study showed that 
the overall survival (OS) in months of lncRNA GHET1 
low-expression group is higher than the high-expression 
group. The progression-free survival (PFS) of patients 
with lncRNA GHET1 overexpression is shorter than that 
of the patients with low expression. Our findings imply 

that MALAT1 may be employed as a clinical prognostic 
biomarker for head and neck cancer progression.

As an important lncRNA, MALAT1 has been described 
as a decisive gene in various cancers regulating metastasis 
[3, 6, 23–27]. Qing et al. [28] found that MALAT1 had a 
significantly higher expression in recurrent colorectal cancer 
primary and metastatic tumors. Moreover, colorectal cancer 
patients with a higher level of MALAT1 in primary tumors 
had poor prognosis. Nevertheless, in the study by Kim et al., 
the authors showed that targeted inactivation of MALAT1 
in a mouse model of breast cancer promoted lung metastasis 

Fig. 3  Cell proliferation was 
suppressed by si-MALAT1 
interference. a Crystal violet 
staining shows significant 
difference of cells’ prolifera-
tion between si-MALAT1 (II/
IV) group and NC group(I/
III), 5 days after interference. 
b The results from the CCK-8 
assays showed decreasing cell 
proliferation rate in both Hep-2 
and FaDu cell lines. Significant 
difference was observed 3 days 
after interference (P < 0.01 for 
FaDu cell, and P < 0.05 for 
Hep-2)
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[29], without altering the expression of its adjacent genes as 
previous researches did. Taken together, these studies imply 
the MALAT1 is associated with cancer progression in vari-
ous ways.

We postulated that organs differ in the mechanism of 
MALAT1 involving the development and advance of can-
cer. In this study, the impact of MALAT-1 on laryngeal and 
hypopharyngeal cancer cell growth and proliferation was 

confirmed by RNA interference. Our results demonstrated 
that down-regulating MALAT1 can induce increased laryn-
geal cancer cell apoptosis and inhibition of cell proliferation. 
Hep-2/FaDu cells were arrested in G1/G2 phase and cells 
of S phase were significantly decreased. Down-regulation of 
MALAT1 expression decreased the invasion and migration 

Fig. 4  MALAT1 depletion led to cell cycle suspended in both Hep-2 
and FaDu cell lines. a Flow cytometric analysis shows cell cycle was 
arrested at G1/G2 phase after si-MALAT1 interference (Hep-2 in I/II, 
FaDu in III/IV). b For both cell lines, after si-MALAT1 interference, 
much less cells entered into S phase (P < 0.05)

Fig. 5  MALAT1 interference-induced cancer cell apoptosis 
increased. a Cell apoptosis was investigated by flow cytometric analy-
sis (I—Hep-2 cell control group/II—Hep-2 cell si-MALAT1 group, 
III—FaDu cell control group/IV—FaDu cell si-MALAT1 group). 
b Both Hep-2 and FaDu cell lines apoptosis were significantly 
increased after si-MALAT1 interference (P < 0.01)
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of Hep-2/FaDu cells. A previous study has confirmed that 
MALAT1 might alter growth and colony formation of can-
cer cells in vitro [30]. Down-regulated MALAT1 impaired 
cell motility in vitro [31]. Upon injection into nude mice, 
cells with moderately decreased MALAT1 expression 
showed preclusion of tumors’ growth. The up-regulation of 
MALAT1 contributes to the proliferation and metastasis in 
esophageal squamous cell carcinoma [18]. In gastric can-
cer, MALAT1 could drive the development of cancer and 

Fig. 6  Silencing expression of MALAT1 impeded the invasion and 
migration of both Hep-2 and FaDu cell lines. a The Transwell cham-
ber assay shows that there was less blue positive substance in the 
si-MALAT1 groups rather than that in control group (NC group). b 
Migrated cell number was evidently declined in study groups com-
pared to NC groups, and the ratio (si-MALAT1/NC) was 0.22 in the 
Hep-2 group, and 0.18 in the FaDu group

Fig. 7  Down-regulating MALAT1 inhibited the migration of FaDu 
cells, but not significantly for Hep-2 cell. a Photos of scratching 
experiment. b The wound-healing assays demonstrated that area 
change ratios (calculated by scratching areas at 0 and 72 h) were sig-
nificantly different between si-MALAT1 cells and controls for FaDu 
cell line (P < 0.05), but not for Hep-2 cell line (P > 0.05)
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promote peritoneal metastasis [32, 33]. In our study when 
depleting MALAT1 in laryngeal cancer cell lines, the inva-
sion and migration of both laryngeal cancer cell lines Hep-2 
and hypopharyngeal cancer cell FaDu were inhibited. None-
theless, in a wound-healing assay, we noticed that silenc-
ing MALAT1 did not lead to significant diversity for Hep-2 
cell lines. Thus, heterogeneity in these two cell lines should 
also be considered. And we will do further research to inter-
pret this molecular mechanism. And more patients will be 
observed to unravel the clinical significance of MALAT1 in 
laryngeal and hypopharyngeal carcinoma.

The molecular mechanism of MALAT1 action is cur-
rently under debate [5–7].Previous studies suggested an 
intimate bond between MALAT1 and β-catenin signaling, 
but the detailed mechanism remains elusive [34].

Previous studies identified MALAT1 as a regulator of 
alternative splicing of gene subsets, while others proposed 
it as a mechanism of gene regulation [35]. According to 
Gutschner et al. [30], MALAT1 has no significant effect on 
alternative splicing of lung cancer cells, matching the latest 
data in mouse models [36, 37].

MALAT1 might regulate alternative splicing of a sub-
set of pre-mRNAs by modulating serine / arginine splicing 
factor activity, which regulates tissue- or cell-type specific 
alternative splicing in a phosphorylation-dependent man-
ner [38]. However, splicing alterations were not found after 
MALAT1 ablation in mice [37]. In contrast, alternative 
functions for MALAT1 were recently identified: MALAT1 
could interact with the demethylated form of Chromobox 
homolog 4 (CBX4), also referred to as Polycomb 2 (Pc2), a 
component of the Polycomb Repressive Complex 1 (PRC1) 
[35, 39, 40]. This interaction controls the re-localization of 
growth control genes. MALAT1 resides in these subnuclear 
structures and acts as an activator of gene expression poten-
tially by mediating the assembly of coactivator complexes 
[20]. In this way, MALAT1 influences proliferation, inva-
sion and migration of cancer cells through regulation of 
multitudinous known downstream genes, including several 
metastasis-related genes (CCT4/CTHRC1/ROBO1/MIA2) 
and cell cycle control genes (p21/p27/B-MYB) [16].

MALAT1 was found to have a function in the develop-
ment of cancer correlated with miRNAs. Meng Zhuang et al. 
demonstrated that MALAT1 might be a potential ceRNA by 
sponging miR-106b-5p in colorectal cancer. Accordingly, 
it promotes invasion and metastasis by regulating miR-
106b-5p, which is in agreement with other authors’ findings 
[20, 32, 41, 42]. In hepatocellular carcinoma, MALAT1 is 
up-regulated and acts as a proto-oncogene via the activa-
tion of the Wnt pathway and induction of the oncogenic 
splicing factor SRSF [7]. However, these findings were chal-
lenged by the study of Han et al. [43], which showed that 
MALAT1 had a function as a tumor suppressor by attenuat-
ing the ERK/MAPK-mediated growth and MMP2-mediated 

invasiveness in glioma. Thus, in different tumors and differ-
ent organs, MALAT1 may exert different roles in the tumo-
rigenesis. The specific lncRNA was valuable in predicting 
the prognosis of colorectal cancer by investigating the cor-
relations between MALAT1 and miR-106b-5p [22].

Taken together, we identified lncRNA MALAT1 as a 
novel prognostic biomarker for laryngeal and hypopharyn-
geal cancer. We first noticed the relationship between the 
expression of MALAT1 and stage of LHSCC. Our findings 
highlight the critical role of lncRNA MALAT1 for tumo-
rigenesis and progression of head neck cancer cells. The 
mechanisms of laryngeal and hypopharyngeal squamous cell 
carcinoma development and progression are complicated 
and still unclear. Multiple genes and functional RNA may 
participate in this complicated molecular regulation path-
way. Although our result shows that MALAT1 may act as a 
regulator of gene expression governing hallmarks of laryn-
geal and hypopharyngeal cancer, it is only one component 
in this comprehensive process and may carry out its role by 
working in coordination with other molecules and through 
a complex network. Additionally, it remains to be elucidated 
whether the ubiquitously expressed MALAT1 has one uni-
versal function or whether its mechanisms of action might 
be specifically different according to the tissues.

Acknowledgements The authors thank the patients and their families 
and caregivers.

Author contributions SZ, LL, and JL: designed the study. XL, EX and 
ZJ: provided material and data. XL and EX: analyzed the data. EX and 
JL: prepared the draft and all authors approved the manuscript.

Funding: This work was supported by the Natural Science Founda-
tion of Shanghai [Grant No. 16ZR1437000], and Shanghai Health and 
Family Planning Commission Scientific Research Project [Grant No. 
20134434].

Compliance with ethical standards 

Conflict of interest The authors have declared that they have no con-
flicts of interest.

Statement of human right Human tissues involved in our research 
are already biological materials, and was under the national ethical 
guidelines of China.

Informed consent Informed consent was obtained from all individual 
participants included in the study.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


620 European Archives of Oto-Rhino-Laryngology (2020) 277:611–621

1 3

References

 1. Ferlay JSI, Ervik M, Dikshit R, Eser S, Mathers C et al (2013) 
GLOBOCAN 2012 v.10, cancer incidence and mortality world-
wide: IARC Cancer Base No. 11. International Agency for 
Research on Cancer, Lyon

 2. Bhan A, Soleimani M, Mandal SS (2017) Long noncoding RNA 
and cancer: a new paradigm. Cancer Res 77(15):3965–3981. 
https ://doi.org/10.1158/0008-5472.Can-16-2634

 3. Ji P, Diederichs S, Wang W, Boing S, Metzger R, Schneider PM, 
Tidow N, Brandt B, Buerger H, Bulk E, Thomas M, Berdel WE, 
Serve H, Muller-Tidow C (2003) MALAT-1, a novel noncoding 
RNA, and thymosin beta4 predict metastasis and survival in 
early-stage non-small cell lung cancer. Oncogene 22(39):8031–
8041. https ://doi.org/10.1038/sj.onc.12069 28

 4. Li J, Wang J, Chen Y, Li S, Jin M, Wang H, Chen Z, Yu W 
(2016) LncRNA MALAT1 exerts oncogenic functions in lung 
adenocarcinoma by targeting miR-204. Am J Cancer Res 
6(5):1099–1107

 5. Fujimoto A, Furuta M, Totoki Y, Tsunoda T, Kato M, Shiraishi 
Y, Tanaka H, Taniguchi H, Kawakami Y, Ueno M, Gotoh K, Arii-
zumi S, Wardell CP, Hayami S, Nakamura T, Aikata H, Arihiro 
K, Boroevich KA, Abe T, Nakano K, Maejima K, Sasaki-Oku A, 
Ohsawa A, Shibuya T, Nakamura H, Hama N, Hosoda F, Arai Y, 
Ohashi S, Urushidate T, Nagae G, Yamamoto S, Ueda H, Tat-
suno K, Ojima H, Hiraoka N, Okusaka T, Kubo M, Marubashi S, 
Yamada T, Hirano S, Yamamoto M, Ohdan H, Shimada K, Ishi-
kawa O, Yamaue H, Chayama K, Miyano S, Aburatani H, Shibata 
T, Nakagawa H (2016) Whole-genome mutational landscape and 
characterization of noncoding and structural mutations in liver 
cancer. Nat Genet 48(5):500–509. https ://doi.org/10.1038/ng.3547

 6. Latorre E, Carelli S, Raimondi I, D’Agostino V, Castiglioni 
I, Zucal C, Moro G, Luciani A, Ghilardi G, Monti E, Inga A, 
Di Giulio AM, Gorio A, Provenzani A (2016) The ribonucleic 
complex HuR-MALAT1 represses CD133 expression and sup-
presses epithelial-mesenchymal transition in breast cancer. Can-
cer Res 76(9):2626–2636. https ://doi.org/10.1158/0008-5472.
CAN-15-2018

 7. Malakar P, Stein I, Saragovi A, Winkler R, Stern-Ginossar N, 
Berger M, Pikarsky E, Karni R (2019) Long noncoding RNA 
MALAT1 regulates cancer glucose metabolism by enhancing 
mTOR-mediated translation of TCF7L2. Cancer Res. https ://doi.
org/10.1158/0008-5472.CAN-18-1432

 8. Wu Y, Wang YQ, Weng WW, Zhang QY, Yang XQ, Gan HL, 
Yang YS, Zhang PP, Sun MH, Xu MD, Wang CF (2016) A 
serum-circulating long noncoding RNA signature can discrimi-
nate between patients with clear cell renal cell carcinoma and 
healthy controls. Oncogenesis 5:e192. https ://doi.org/10.1038/
oncsi s.2015.48

 9. Justus CR, Leffler N, Ruiz-Echevarria M, Yang LV (2014) 
In vitro cell migration and invasion assays. J Vis Exp. https ://doi.
org/10.3791/51046 

 10. Han W, Zhang Y, Niu C, Guo J, Li J, Wei X, Jia M, Zhi X, Yao 
L, Meng D (2019) BTB and CNC homology 1 (Bach1) promotes 
human ovarian cancer cell metastasis by HMGA2-mediated epi-
thelial-mesenchymal transition. Cancer Lett 445:45–56. https ://
doi.org/10.1016/j.canle t.2019.01.003

 11. Peng H, Wang J, Li J, Zhao M, Huang SK, Gu YY, Li Y, Sun XJ, 
Yang L, Luo Q, Huang CZ (2016) A circulating non-coding RNA 
panel as an early detection predictor of non-small cell lung cancer. 
Life Sci 151:235–242. https ://doi.org/10.1016/j.lfs.2016.03.002

 12. Guo F, Guo L, Li Y, Zhou Q, Li Z (2015) MALAT1 is an onco-
genic long non-coding RNA associated with tumor invasion in 
non-small cell lung cancer regulated by DNA methylation. Int J 
Clin Exp Pathol 8(12):15903–15910

 13. Guo F, Jiao F, Song Z, Li S, Liu B, Yang H, Zhou Q, Li Z (2015) 
Regulation of MALAT1 expression by TDP43 controls the migra-
tion and invasion of non-small cell lung cancer cells in vitro. 
Biochem Biophys Res Commun 465(2):293–298. https ://doi.
org/10.1016/j.bbrc.2015.08.027

 14. Liu S, Song L, Zeng S, Zhang L (2016) MALAT1-miR-124-RBG2 
axis is involved in growth and invasion of HR-HPV-positive 
cervical cancer cells. Tumour Biol 37(1):633–640. https ://doi.
org/10.1007/s1327 7-015-3732-4

 15. Sun R, Qin C, Jiang B, Fang S, Pan X, Peng L, Liu Z, Li W, Li 
Y, Li G (2016) Down-regulation of MALAT1 inhibits cervical 
cancer cell invasion and metastasis by inhibition of epithelial-
mesenchymal transition. Mol Biosyst 12(3):952–962. https ://doi.
org/10.1039/c5mb0 0685f 

 16. Wang X, Li M, Wang Z, Han S, Tang X, Ge Y, Zhou L, Zhou 
C, Yuan Q, Yang M (2015) Silencing of long noncoding RNA 
MALAT1 by miR-101 and miR-217 inhibits proliferation, migra-
tion, and invasion of esophageal squamous cell carcinoma cells. 
J Biol Chem 290(7):3925–3935. https ://doi.org/10.1074/jbc.
M114.59686 6

 17. Zhou X, Liu S, Cai G, Kong L, Zhang T, Ren Y, Wu Y, Mei 
M, Zhang L, Wang X (2015) Long non coding RNA MALAT1 
promotes tumor growth and metastasis by inducing epithelial-
mesenchymal transition in oral squamous cell carcinoma. Sci Rep 
5:15972. https ://doi.org/10.1038/srep1 5972

 18. Hu L, Wu Y, Tan D, Meng H, Wang K, Bai Y, Yang K (2015) 
Up-regulation of long noncoding RNA MALAT1 contributes to 
proliferation and metastasis in esophageal squamous cell carci-
noma. J Exp Clin Cancer Res 34:7. https ://doi.org/10.1186/s1304 
6-015-0123-z

 19. Hua WF, Zhong Q, Xia TL, Chen Q, Zhang MY, Zhou AJ, Tu 
ZW, Qu C, Li MZ, Xia YF, Wang HY, Xie D, Claret FX, Song 
EW, Zeng MS (2016) RBM24 suppresses cancer progression by 
upregulating miR-25 to target MALAT1 in nasopharyngeal car-
cinoma. Cell death Dis 7(9):e2352. https ://doi.org/10.1038/cddis 
.2016.252

 20. Yang MH, Hu ZY, Xu C, Xie LY, Wang XY, Chen SY, Li ZG 
(2015) MALAT1 promotes colorectal cancer cell proliferation/
migration/invasion via PRKA kinase anchor protein 9. Biochim 
Biophys Acta 1852(1):166–174. https ://doi.org/10.1016/j.bbadi 
s.2014.11.013

 21. Shen QM, Wang HY, Xu S (2018) LncRNA GHET1 predicts 
a poor prognosis of the patients with non-small cell lung can-
cer. Eur Rev Med Pharmacol Sci 22(8):2328–2333. https ://doi.
org/10.26355 /eurre v_20180 4_14823 

 22. Zhuang M, Zhao S, Jiang Z, Wang S, Sun P, Quan J, Yan D, Wang 
X (2019) MALAT1 sponges miR-106b-5p to promote the inva-
sion and metastasis of colorectal cancer via SLAIN2 enhanced 
microtubules mobility. EBioMedicine 41:286–298. https ://doi.
org/10.1016/j.ebiom .2018.12.049

 23. Hirata H, Hinoda Y, Shahryari V, Deng G, Nakajima K, Tabatabai 
ZL, Ishii N, Dahiya R (2015) Long noncoding RNA MALAT1 
promotes aggressive renal cell carcinoma through Ezh2 and 
interacts with miR-205. Cancer Res 75(7):1322–1331. https ://
doi.org/10.1158/0008-5472.CAN-14-2931

 24. Ji Q, Zhang L, Liu X, Zhou L, Wang W, Han Z, Sui H, Tang Y, 
Wang Y, Liu N, Ren J, Hou F, Li Q (2014) Long non-coding RNA 
MALAT1 promotes tumour growth and metastasis in colorectal 
cancer through binding to SFPQ and releasing oncogene PTBP2 
from SFPQ/PTBP2 complex. Br J Cancer 111(4):736–748. https 
://doi.org/10.1038/bjc.2014.383

 25. Chou J, Wang B, Zheng T, Li X, Zheng L, Hu J, Zhang Y, Xing Y, 
Xi T (2016) MALAT1 induced migration and invasion of human 
breast cancer cells by competitively binding miR-1 with cdc42. 
Biochem Biophys Res Commun 472(1):262–269. https ://doi.
org/10.1016/j.bbrc.2016.02.102

https://doi.org/10.1158/0008-5472.Can-16-2634
https://doi.org/10.1038/sj.onc.1206928
https://doi.org/10.1038/ng.3547
https://doi.org/10.1158/0008-5472.CAN-15-2018
https://doi.org/10.1158/0008-5472.CAN-15-2018
https://doi.org/10.1158/0008-5472.CAN-18-1432
https://doi.org/10.1158/0008-5472.CAN-18-1432
https://doi.org/10.1038/oncsis.2015.48
https://doi.org/10.1038/oncsis.2015.48
https://doi.org/10.3791/51046
https://doi.org/10.3791/51046
https://doi.org/10.1016/j.canlet.2019.01.003
https://doi.org/10.1016/j.canlet.2019.01.003
https://doi.org/10.1016/j.lfs.2016.03.002
https://doi.org/10.1016/j.bbrc.2015.08.027
https://doi.org/10.1016/j.bbrc.2015.08.027
https://doi.org/10.1007/s13277-015-3732-4
https://doi.org/10.1007/s13277-015-3732-4
https://doi.org/10.1039/c5mb00685f
https://doi.org/10.1039/c5mb00685f
https://doi.org/10.1074/jbc.M114.596866
https://doi.org/10.1074/jbc.M114.596866
https://doi.org/10.1038/srep15972
https://doi.org/10.1186/s13046-015-0123-z
https://doi.org/10.1186/s13046-015-0123-z
https://doi.org/10.1038/cddis.2016.252
https://doi.org/10.1038/cddis.2016.252
https://doi.org/10.1016/j.bbadis.2014.11.013
https://doi.org/10.1016/j.bbadis.2014.11.013
https://doi.org/10.26355/eurrev_201804_14823
https://doi.org/10.26355/eurrev_201804_14823
https://doi.org/10.1016/j.ebiom.2018.12.049
https://doi.org/10.1016/j.ebiom.2018.12.049
https://doi.org/10.1158/0008-5472.CAN-14-2931
https://doi.org/10.1158/0008-5472.CAN-14-2931
https://doi.org/10.1038/bjc.2014.383
https://doi.org/10.1038/bjc.2014.383
https://doi.org/10.1016/j.bbrc.2016.02.102
https://doi.org/10.1016/j.bbrc.2016.02.102


621European Archives of Oto-Rhino-Laryngology (2020) 277:611–621 

1 3

 26. Wang SH, Zhang WJ, Wu XC, Weng MZ, Zhang MD, Cai Q, 
Zhou D, Wang JD, Quan ZW (2016) The lncRNA MALAT1 func-
tions as a competing endogenous RNA to regulate MCL-1 expres-
sion by sponging miR-363-3p in gallbladder cancer. J Cell Mol 
Med 20(12):2299–2308. https ://doi.org/10.1111/jcmm.12920 

 27. Luan W, Li L, Shi Y, Bu X, Xia Y, Wang J, Djangmah HS, Liu 
X, You Y, Xu B (2016) Long non-coding RNA MALAT1 acts 
as a competing endogenous RNA to promote malignant mela-
noma growth and metastasis by sponging miR-22. Oncotarget 
7(39):63901–63912. https ://doi.org/10.18632 /oncot arget .11564 

 28. Ji Q, Cai G, Liu X, Zhang Y, Wang Y, Zhou L, Sui H, Li Q (2019) 
MALAT1 regulates the transcriptional and translational levels of 
proto-oncogene RUNX2 in colorectal cancer metastasis. Cell 
death Dis 10(6):378. https ://doi.org/10.1038/s4141 9-019-1598-x

 29. Kim J, Piao HL, Kim BJ, Yao F, Han Z, Wang Y, Xiao Z, Siverly 
AN, Lawhon SE, Ton BN, Lee H, Zhou Z, Gan B, Nakagawa 
S, Ellis MJ, Liang H, Hung MC, You MJ, Sun Y, Ma L (2018) 
Long noncoding RNA MALAT1 suppresses breast cancer metas-
tasis. Nat Genet 50(12):1705–1715. https ://doi.org/10.1038/s4158 
8-018-0252-3

 30. Gutschner T, Hammerle M, Eissmann M, Hsu J, Kim Y, Hung G, 
Revenko A, Arun G, Stentrup M, Gross M, Zornig M, MacLeod 
AR, Spector DL, Diederichs S (2013) The noncoding RNA 
MALAT1 is a critical regulator of the metastasis phenotype 
of lung cancer cells. Cancer Res 73(3):1180–1189. https ://doi.
org/10.1158/0008-5472.CAN-12-2850

 31. Malakar P, Shilo A, Mogilevsky A, Stein I, Pikarsky E, Nevo Y, 
Benyamini H, Elgavish S, Zong X, Prasanth KV, Karni R (2017) 
Long noncoding RNA MALAT1 promotes hepatocellular carci-
noma development by SRSF1 upregulation and mTOR activation. 
Cancer Res 77(5):1155–1167. https ://doi.org/10.1158/0008-5472.
CAN-16-1508

 32. YiRen H, YingCong Y, Sunwu Y, Keqin L, Xiaochun T, Sen-
rui C, Ende C, XiZhou L, Yanfan C (2017) Long noncoding 
RNA MALAT1 regulates autophagy associated chemoresist-
ance via miR-23b-3p sequestration in gastric cancer. Mol Cancer 
16(1):174. https ://doi.org/10.1186/s1294 3-017-0743-3

 33. Li L, Geng Y, Feng R, Zhu Q, Miao B, Cao J, Fei S (2017) The 
Human RNA surveillance Factor UPF1 modulates gastric cancer 
progression by targeting long non-coding RNA MALAT1. Cell 
Physiol Biochem 42(6):2194–2206. https ://doi.org/10.1159/00047 
9994

 34. Ji Q, Liu X, Fu X, Zhang L, Sui H, Zhou L, Sun J, Cai J, Qin J, 
Ren J, Li Q (2013) Resveratrol inhibits invasion and metastasis of 
colorectal cancer cells via MALAT1 mediated Wnt/beta-catenin 
signal pathway. PLoS ONE 8(11):e78700. https ://doi.org/10.1371/
journ al.pone.00787 00

 35. Yang L, Lin C, Liu W, Zhang J, Ohgi KA, Grinstein JD, 
Dorrestein PC, Rosenfeld MG (2011) ncRNA- and Pc2 

methylation-dependent gene relocation between nuclear structures 
mediates gene activation programs. Cell 147(4):773–788. https ://
doi.org/10.1016/j.cell.2011.08.054

 36. Zhang B, Arun G, Mao YS, Lazar Z, Hung G, Bhattacharjee 
G, Xiao X, Booth CJ, Wu J, Zhang C, Spector DL (2012) The 
lncRNA Malat1 is dispensable for mouse development but its 
transcription plays a cis-regulatory role in the adult. Cell Rep 
2(1):111–123. https ://doi.org/10.1016/j.celre p.2012.06.003

 37. Nakagawa S, Ip JY, Shioi G, Tripathi V, Zong X, Hirose T, Pras-
anth KV (2012) Malat1 is not an essential component of nuclear 
speckles in mice. RNA (New York) 18(8):1487–1499. https ://doi.
org/10.1261/rna.03321 7.112

 38. Tripathi V, Ellis JD, Shen Z, Song DY, Pan Q, Watt AT, Freier 
SM, Bennett CF, Sharma A, Bubulya PA, Blencowe BJ, Prasanth 
SG, Prasanth KV (2010) The nuclear-retained noncoding RNA 
MALAT1 regulates alternative splicing by modulating SR splic-
ing factor phosphorylation. Mol Cell 39(6):925–938. https ://doi.
org/10.1016/j.molce l.2010.08.011

 39. Qu D, Sun WW, Li L, Ma L, Sun L, Jin X, Li T, Hou W, Wang 
JH (2019) Long noncoding RNA MALAT1 releases epigenetic 
silencing of HIV-1 replication by displacing the polycomb repres-
sive complex 2 from binding to the LTR promoter. Nucleic Acids 
Res 47(6):3013–3027. https ://doi.org/10.1093/nar/gkz11 7

 40. Sarkar D, Leung EY, Baguley BC, Finlay GJ, Askarian-Amiri 
ME (2015) Epigenetic regulation in human melanoma: past and 
future. Epigenetics 10(2):103–121. https ://doi.org/10.1080/15592 
294.2014.10037 46

 41. Chang SM, Hu WW (2018) Long non-coding RNA MALAT1 pro-
motes oral squamous cell carcinoma development via microRNA-
125b/STAT3 axis. J Cell Physiol 233(4):3384–3396. https ://doi.
org/10.1002/jcp.26185 

 42. Kim SS, Harford JB, Moghe M, Rait A, Pirollo KF, Chang EH 
(2018) Targeted nanocomplex carrying siRNA against MALAT1 
sensitizes glioblastoma to temozolomide. Nucleic Acids Res 
46(3):1424–1440. https ://doi.org/10.1093/nar/gkx12 21

 43. Han Y, Wu Z, Wu T, Huang Y, Cheng Z, Li X, Sun T, Xie X, Zhou 
Y, Du Z (2016) Tumor-suppressive function of long noncoding 
RNA MALAT1 in glioma cells by downregulation of MMP2 and 
inactivation of ERK/MAPK signaling. Cell death Dis 7:e2123. 
https ://doi.org/10.1038/cddis .2015.407

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1111/jcmm.12920
https://doi.org/10.18632/oncotarget.11564
https://doi.org/10.1038/s41419-019-1598-x
https://doi.org/10.1038/s41588-018-0252-3
https://doi.org/10.1038/s41588-018-0252-3
https://doi.org/10.1158/0008-5472.CAN-12-2850
https://doi.org/10.1158/0008-5472.CAN-12-2850
https://doi.org/10.1158/0008-5472.CAN-16-1508
https://doi.org/10.1158/0008-5472.CAN-16-1508
https://doi.org/10.1186/s12943-017-0743-3
https://doi.org/10.1159/000479994
https://doi.org/10.1159/000479994
https://doi.org/10.1371/journal.pone.0078700
https://doi.org/10.1371/journal.pone.0078700
https://doi.org/10.1016/j.cell.2011.08.054
https://doi.org/10.1016/j.cell.2011.08.054
https://doi.org/10.1016/j.celrep.2012.06.003
https://doi.org/10.1261/rna.033217.112
https://doi.org/10.1261/rna.033217.112
https://doi.org/10.1016/j.molcel.2010.08.011
https://doi.org/10.1016/j.molcel.2010.08.011
https://doi.org/10.1093/nar/gkz117
https://doi.org/10.1080/15592294.2014.1003746
https://doi.org/10.1080/15592294.2014.1003746
https://doi.org/10.1002/jcp.26185
https://doi.org/10.1002/jcp.26185
https://doi.org/10.1093/nar/gkx1221
https://doi.org/10.1038/cddis.2015.407

	Blocking long noncoding RNA MALAT1 restrained the development of laryngeal and hypopharyngeal carcinoma
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Tissue specimens and clinical data
	RNA isolation
	Quantitative reverse transcription-polymerase chain reaction
	RNA interference
	Cell culture and cell cycle analysis
	Cell proliferation assay
	Transwell cell migration and invasion assay
	Wound-healing assay
	Statistical analysis

	Results
	MALAT1 was up-regulated in laryngeal and hypopharyngeal cancer tissues
	RNA interference of MALAT1 effectively suppresses the level of MALAT1 in Hep-2 and FaDu cell lines
	Si-MALAT1 inhibited the proliferation and induced the apoptosis of Hep-2 and FaDu cell lines
	Si-MALAT1 suppressed the invasion and migration of Hep-2 and FaDu cell lines

	Discussion
	Acknowledgements 
	References




