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MALAT1/miR-124/Capn4 axis regulates proliferation, invasion
and EMT in nasopharyngeal carcinoma cells
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ABSTRACT
Background: Long non-coding RNA MALAT1 (Metastasis-associated lung Adenocarcinoma transcript-1)
has been demonstrated to play a critical role in the regulation of cancer progression and metastasis.
However, little is known about MALAT1 in nasopharyngeal carcinoma (NPC) pathogenesis and progression.

Methods: Quantitative real-time PCR (qRT-PCR) was conducted to measure the expression of MALAT1,
miR-124 and Capn4 mRNA in NPC cell lines. The protein level of Capn4 was examined by western blot
analysis. Cell proliferation was detected by MTT assay, trypan blue exclusion method and colony formation
analysis. Cell invasion was determined by transwell chamber assay. Expression of EMT-related proteins was
detected by western blot. The potential targets of MALAT1 and miR-124 were verified by target prediction
and luciferase reporter assay.

Results: MALAT1 and Capn4 were upregulated while miR-124 expression was downregulated in NPC
cell lines. MALAT1 knockdown inhibited proliferation, invasion and EMT of NPC cells. Moreover, MALAT1
improved Capn4 expression by sponging miR-124. MALAT1 upregulation abated miR-124-induced
repression on NPC cell proliferation, invasion and EMT. Furthermore, Capn4 overexpression reversed the
inhibitory effect of MALAT1 silencing on proliferation, invasion and EMT of NPC cells.

Conclusion: MALAT1 promoted proliferation, invasion and EMT of NPC cells through de-repressing
Capn4 by sponging miR-124. The present study revealed a novel MALAT1/miR-124/Capn4 regulatory axis
in NPC, contributing to a better understanding of the NPC pathogenesis and providing a promising
therapeutic target for NPC therapy.
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Introduction

Nasopharyngeal carcinoma (NPC) is a highly metastatic and
invasive malignant tumor that derived from epithelial cells lin-
ing on the nasopharynx.1 The long-term survival of NPC
patients has improved a lot with the advance of diagnosis and
treatment, but for locally advanced and metastatic NPC, the
outcome remains unsatisfactory due to local relapse and distant
metastasis.2 During tumorigenesis and progression, multiple
genetic and epigenetic abnormalities synergistically disorder
normal cell function, thus leading to NPC pathogenesis.3 How-
ever, the precise mechanism responsible for NPC progression
remains not completely understood. Therefore, there is
an urgent need to identify novel molecules involved in progres-
sion of NPC to provide biomarkers for prognosis and therapeu-
tic targets for treatment.

Long non-coding RNAs (lncRNAs) are non-coding tran-
scripts with over 200 nucleotides in length, most of which lack
protein-coding capability. LncRNAs are actively implicated in
regulation of gene expression, alternative splicing, histone
modification and genes chromatin rearrangement.4 Impor-
tantly, accumulating evidence suggests that lncRNAs are

involved in tumorigenesis and regulate various cancer-related
events, such as proliferation, apoptosis, invasion and epithelial-
mesenchymal transition (EMT).5,6 Metastasis-associated lung
adenocarcinoma transcript-1 (MALAT1) is a highly conserved
lncRNA derived from chromosome 11q13 with more than
8000 nucleotides. MALAT1 has been demonstrated to be
extremely abundant in many cancers, including bladder can-
cer.7, breast cancer8 and gastric cancer.9 Jin et al. 10 found that
MALAT1 was significantly up-regulated in NPC tissues and
cells. However, the underlying mechanism MALAT1 involved
in NPC development is still unclear.

miR-124 generally acts as a tumor suppressor in several can-
cers, such as gastric cancer 11 and hepatocellular carcinoma.12

Moreover, miR-124 expression was down-regulated in NPC
and overexpression of miR-124 inhibited proliferation, migra-
tion and invasion of NPC cells.13,14 However, how miR-124
expression was regulated in NPC should be further
investigated.

In the present study, we attempted to explore the role of
MALAT1 in NPC progression and its possible molecular basis.
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Materials and methods

Cell culture

Human nasal epithelial cell line (HNEpC) and NPC cell lines
(5-8F, CNE-2, C666-1 and HONE-1) were obtained from the
American Type Culture Collection (ATCC) and cultured at
37�C in humidified 5% CO2. All cells were maintained in
RPMI-1640 (Invitrogen, Carlsbad, CA, USA) containing 10%
fetal bovine serum (FBS) (Invitrogen) and 1% penicillin/strep-
tomycin (Invitrogen).

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from HNEpC or NPC cell lines using
Trizol (Invitrogen). A high capacity cDNA reverse transcrip-
tion kit (Applied Biosystems, Foster City, CA, USA) was used
to generate the first-strand cDNA of MALAT1 and Capn4.
cDNA of miR-124 was synthesized by using TaqMan Micro-
RNA Reverse Transcription kit (Applied Biosystems). For
MALAT1 and Capn4, qRT-PCR reaction was conducted using
TaqMan gene expression assays (Applied Biosystems) with
b-actin as an endogenous control. For miR-124, qRT-PCR pro-
cedure was performed by TaqMan microRNA assays (Applied
Biosystems) with U6 snRNA as an internal reference. The rela-
tive level of RNAs was analyzed using the 2¡DDCt method.

Western blot analysis

Western blot analysis was performed as previously described.15

Antibody against Capn4 was obtained from LifeSpan Biosciences
(Seattle, WA, USA). Antibodies including anti-E-cadherin, anti-N-
cadherin, anti-vimentin, anti-Cyclin B1, anti-Cyclin D1,
anti-Cyclin E, anti-Cyclin A, anti-p-CDC2 and anti-b-actin were
purchased from Santa Cruz Biotechnology (SantaCruz, CA, USA).
b-actin was used as an endogenous control. The protein bands
were detected by an enhanced chemiluminescence substrate kit
(Pierce Biotechnology, Rockford, IL, USA).

Cell transfection

MALAT1-overexpressing vector (pcDNA-MALAT1), Capn4-
overexpressing vector (pcDNA-Capn4 vector), and their corre-
sponding controls were obtained from Invitrogen. miR-124
mimics (miR-124) and scrambled mimic control (miR-NC)
were synthesized by GenePharma (Shanghai, China). siRNAs
specifically targeting MALAT1 (si-MALAT1) and control non-
specific duplex siRNA (si-NC) were purchased from Dharma-
con (Lafayette, CO, USA). Cell transfection was performed
using Lipofectamine 2000 (Invitrogen).

Cell proliferation assay

5–8F and HONE-1 cells seeded into the 96-well plate were cul-
tured for 24 h, and then different transfection treatments were
carried out. Cell viability at indicated time points (24 h, 48 h
and 72 h) was analyzed using MTT assay (Sigma, St. Louis,
Missouri, USA). The absorbance at 450 nm was then deter-
mined using a microtiter plate reader (Molecular Devices, Sun-
nyvale, CA, USA).

Trypan blue cell viability assay

Transfected 5–8F and HONE-1 cells were inoculated into 24-
well plates at a density of 5 £ 105/well. At indicated time points
(24 h, 48 h and 72 h), harvested cell suspension was mixed with
the same volume of 0.4% trypan blue, followed by counting liv-
ing cells and dead cells using a hemocytometer under a micro-
scope. Cell viability was defined as the percentage of living cells
to total number of cells.

Colony formation assay

Transfected 5–8F and HONE-1 cells were plated at a density of
500 cells/6 cm dish. After incubation for 14 days, cells were
stained with 1% crystal violet. The number of colonies contain-
ing more than 50 cells was manually counted.

Cell invasion assay

Transwell chamber assay (Bection Dickinson, Bedford, MA,
USA) was performed to determine the invasion ability of 5–8F
and HONE-1 cells. Cells cultured in serum-free media was
placed into the upper chamber with 10 mg/ml Matrigel and the
cell culture media containing 10% FBS was added into the
lower chamber. After 48 h, the invaded cells in the lower mem-
brane were fixed in 100% methanol for 10 min, air-dried,
stained in 0.1% crystal violet, and counted under a microscope
(Olympus, Japan).

Luciferase reporter assays

To investigate the relationship between miR-124 and MALAT1,
5–8F and HONE-1 cells were co-transfected with miR-NC or
miR-124 and luciferase reporter comprising the wild type or
mutant MALAT1 fragment (MALAT1-WT or MALAT1-
MUT). To explore the relationship among miR-124, MALAT1
and Capn4, 5–8F and HONE-1 cells were co-transfected with
miR-NC, miR-124, miR-124 C pcDNA-control, or miR-124 C
pcDNA-MALAT1 and wild type or mutant 30 UTR (30 UTR-
WT or 30 UTR-MUT) of Capn4. The luciferase activities were
measured with the Dual-Luciferase Reporter Assay System
(Promega, Madison WI, USA) 48 h post transfection.

Statistical analysis

Statistical analyses were performed using SPSS 19.0 software
(SPSS, Chicago, IL, USA). All data were shown as means § SD.
The results were analyzed using Student’s t-test or one-way
ANOVA. Differences were considered to be significant when
P < 0.05.

Results

MALAT1 and Capn4 expressions are upregulated, and miR-
124 expression is downregulated in NPC cell lines

The expression of MALAT1, miR-124 and Capn4 mRNA was
detected by qRT-PCR, and Capn4 protein level was measured
using western blot in HNEpC or NPC cell lines (5-8F, CNE-2,
C666-1 and HONE-1). MALAT1 expression (Fig. 1A), Capn4
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expression at mRNA (Fig. 1C) and protein (Fig. 1D) was appar-
ently increased in NPC cell lines compared with HNEpC. Con-
versely, miR-124 expression was extremely lowered in NPC cell
lineswhen compared to HNEpC cells (Fig. 1B). These results
suggested that aberrant expression of MALAT1, miR-124 and
Capn4 may be involved in the pathogenesis of NPC.

MALAT1 knockdown inhibits proliferation, invasion
and EMT of NPC cells

To explore the role of MALAT1 in NPC, 5–8F and HONE-1
cells were transfected with si-control or si-MALAT1. To
explore the effect of MALAT1 on the proliferation of NPC cells,
MTT assay, trypan blue exclusion method and colony forma-
tion analysis was performed. MTT results showed that knock-
down of MALAT1 significantly suppressed cell growth of 5–8F
(Fig. 2A) and HONE-1 cells (Fig. 2B) compared with the con-
trol groups. Trypan blue staining assay displayed that MALAT1
deficiency dramatically reduced cell viability in 5–8F (Fig. 2C)
and HONE-1 cells (Fig. 2D). Moreover, the colony numbers of
5–8F (Fig. 2E) and HONE-1 cells (Fig. 2F) were significantly
decreased following MALAT1 suppression. To examine the
effect of MALAT1 on the invasion ability of NPC cells, trans-
well chamber assay was performed at 48 h after transfection.
Compared with the control groups, transfection of si-MALAT1
significantly inhibited cell invasion in 5–8F (Fig. 2G) and
HONE-1 cells (Fig. 2H).

To further investigate whether MALAT1 knockdown could
influence the EMT process in NPC cells, western blot was con-
ducted to examine expression of EMT-related proteins E-cad-
herin, N-cadherin and vimentin. The level of E-cadherin was
increased and the expression of N-cadherin and vimentin was

reduced in si-MALAT1 transfected 5–8F (Fig. 3A) and HONE-
1 cells (Fig. 3B). The protein levels of cell cycle modulators
(Cyclin A, Cyclin E, Cyclin B1, Cyclin D1, and p-CDC2) were
further detected. The results of western blot analysis indicated
that knockdown of MALAT1 remarkably decreased the expres-
sion of these proteins in 5–8F (Fig. 3C) and HONE-1 cells
(Fig. 3D). These data suggested that MALAT1 knockdown sup-
pressed proliferation, invasion and EMT of NPC cells.

MALAT1 inhibits miR-124 expression in NPC cells

Recent studies have suggested that lncRNAs contain motifs
with sequence complementary to miRNAs and weaken miR-
NAs expression and activity. Online bioinformatic tool starBase
v2.0 was used to predict the potential miRNA for MALAT1.
The results showed that MALAT1 contains two target binding
site of miR-124 (Fig. 4A). Then, to confirm the interaction
between miR-124 and MALAT1, dual luciferase reporter assay
was performed. Results demonstrated that miR-124 overex-
pression significantly decreased the luciferase activity of the
wild-type reporter (MALAT1-WT), but not the mutant
reporter (MALAT1-MUT) compared with miR-control in 5–
8F and HONE-1 cells (Fig. 4B). In order to further explore the
actual influence of MALAT1 on miR-124 expression in NPC
cells, qRT-PCR was performed to detect miR-124 expression in
si-MALAT1- or pcDNA-MALAT1-transfected 5–8F and
HONE-1 cells. As presented in Fig. 4C, miR-124 expression
was obviously improved in NPC cells after introduction with
si-MALAT1, while miR-124 expression was evidently dimin-
ished following pcDNA-MALAT1 transfection. All these data
suggested that MALAT1 repressed miR-124 expression in NPC
cells.

Figure 1. Expression of MALAT1, miR-124 and Capn4 in normal human nasal epithelial cell line (HNEpC) and NPC cell lines (5-8F, CNE-2, C666-1 and HONE-1). qRT-PCR
analysis was performed to detect expression of MALAT1 (A), miR-124 (B) and CAPN4 mRNA (C) in HNEpC and NPC cells. (D) The protein level of Capn4 was detected in
HNEpC, 5–8F and HONE-1 cells by western blot analysis. �P < 0.05, ��P < 0.01, ���P < 0.001 vs. HNEpC.
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MALAT1 overexpression reverses the inhibitory effect of
miR-124 on proliferation, invasion and EMT of NPC cells

Considering the inhibitory effect of MALAT1 on miR-124,
we tested whether MALAT1 exerted its function in NPC by
regulating miR-124 expression. 5–8F and HONE-1 cells
were transfected with miR-124, or co-transfected with miR-
124 and pcDNA-MALAT1. MTT assay revealed that miR-
124 evidently blocked 5–8F (Fig. 5A) and HONE-1 (Fig. 5B)
cell proliferation, while restoring expression of MALAT1
attenuated this effect. Additionally, transwell chamber assay

illuminated that miR-124 overexpression lead to an obvious
decrease in invasive ability of 5–8F (Fig. 5C) and HONE-1
(Fig. 5D) cell, whereas, this effect was significantly reversed
after co-transfection with pcDNA-MALAT1. Moreover,
ectopic expression of miR-124 prominently promoted E-cad-
herin level and suppressed N-cadherin and vimentin expres-
sion in 5–8F (Fig. 5E) and HONE-1 (Fig. 5F) cells, which
was substantially abated by MALAT1 overexpression. All
these data suggested that MALAT1 promoted proliferation,
invasion and EMT of NPC cells through inhibiting miR-124
expression.

Figure 2. Knockdown of MALAT1 inhibits proliferation and invasion of NPC cell lines. 5–8F and HONE-1 cells were transfected with si-control or si-MALAT1. (A and B) MTT
assay was performed to detect cell viability at 24, 48 and 72 h after transfection. (C and D) Trypan blue staining method was applied to determine cell viability at 24, 48
and 72 h after transfection. (E and F) The colony numbers of cell were determined by colony formation assay on day 14 after transfection. (G and H) Cell invasion capabil-
ity was detected by transwell chamber assay at 48 h after transfection. �P < 0.05, ��P < 0.01, ���P < 0.001 vs. si-NC.

Figure 3. (A and B) The level of EMT-related proteins E-cadherin, N-cadherin and vimentin was detected by western blot in 5–8F and HONE-1 cells. (C and D) Western blot
analysis was performed to measure the protein level of Cyclin A, Cyclin E, Cyclin B1, Cyclin D1, and p-CDC2 in 5–8F and HONE-1 cells. ��P < 0.01, ���P < 0.001 vs. si-NC.
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Figure 4. MALAT1 represses miR-124 expression in NPC cells. (A) Putative miR-124 binding sequence of MALAT1 is shown. (B) The relative luciferase activity was detected
in 5–8F and HONE-1 cells co-transfected with MALAT1-WT or MALAT1-MUT reporter and miR-124 mimic or miR-NC. (C) qRT-PCR was performed to examine miR-124
expression in si-MALAT1- or pcDNA-MALAT1-transfected 5–8F and HONE-1 cells. ��P < 0.01, ���P < 0.001 vs. controls.

Figure 5. MALAT1 promotes proliferation, invasion and EMT of NPC cells by sponging miR-124. 5–8F and HONE-1 cells were introduced with miR-124 alone, or in com-
bined with pcDNA-MALAT1. (A and B) MTT assay was performed to detect cell viability at 24, 48 and 72 h after transfection. (C and D) Transwell chamber assay was con-
ducted to determine cell invasion at 48 h after transfection. (E and F) Expression of E-cadherin, N-cadherin and vimentin was measured by western blot analysis in 5–8F
and HONE-1 cells 48 h post-transfection. ��P < 0.01, ���P < 0.001 vs. controls.
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MALAT1 upregulates Capn4 expression, a target
of miR-124

It is well-known that lncRNAs could function as competing
endogenous RNAs (ceRNAs) to sponge miRNAs, thus liber-
ating the inhibited targets of these miRNAs. First, web-based
software TargetScan was used to predict miR-124 target
genes. The results revealed that 30 UTR of Capn4 contained
the binding sequence of miR-124 (Fig. 6A). Then dual lucif-
erase reporter assay was performed to confirm whether
Capn4 is the direct target of miR-124. Compared with miR-
NC group, miR-124 significantly blocked the luciferase activ-
ity of Capn4-WT reporter in 5–8F (Fig. 6B) and HONE-1
(Fig. 6C) cells, however, MALAT1 overexpression led to a
restoration of luciferase activity (Fig. 6B and C). Addition-
ally, no significant changes were observed in luciferase activ-
ity of Capn4-MUT reporter in 5–8F and HONE-1 cells after
any treatment. To further indentify the effect of miR-124
and MALAT1 on Capn4 expression, the protein level of
Capn4 was detected by western blot in 5–8F and HONE-1
cells transfected with si-MALAT1, pcDNA-MALAT1, miR-
124 or co-transfected with miR-124 and pcDNA-MALAT1.
Compared with the controls, MALAT1 knockdown or miR-
124 overexpression resulted in significant reduction of
Capn4 expression, while MALAT1 overexpression markedly

improved Capn4 level (Fig. 6D and E). Moreover, re-intro-
duction of pcDNA-MALAT1 could partly restore the inhib-
ited Capn4 expression caused by miR-124 (Fig. 6D and E).
Overall, these data suggested that MALAT1 acted as an
endogenous sponge by binding to miR-124, thus abolishing
miR-124-induced suppression on Capn4.

Capn4 overexpression abrogates the effects of MALAT1
knockdown on proliferation, invasion and EMT of NPC
cells

To further confirm the underlying mechanism of MALAT1 in
NPC cell proliferation, invasion and EMT, 5–8F and HONE-1
cells were transfected with si-MALAT1 or in combined with
pcDNA-Capn4. MTT assay revealed that Capn4 overexpres-
sion abated the inhibitory effect of MALAT1 knockdown on 5–
8F (Fig. 7A) and HONE-1 (Fig. 7B) cell proliferation. Transwell
chamber assay demonstrated that Capn4 upregulation abol-
ished si-MALAT1-induced repression on invasion of 5–8F
(Fig. 7C) and HONE-1 (Fig. 7D) cells. Moreover, regaining of
Capn4 expression overturned the elevated E-cadherin level and
declined N-cadherin and vimentin expression triggered by
MALAT1 silencing in 5–8F (Fig. 7E) and HONE-1 (Fig. 7F)
cells. All these data indicated that MALAT1 induced

Figure 6. MALAT1 promotes Capn4 expression by sponging miR-124 in 5–8F and HONE-1 cells. (A) 30 UTR binding sites of Capn4 within miR-124 are shown. (B and C) The
relative luciferase activity was measured in 5–8F and HONE-1 cells co-transfected with Capn4-WT or Capn4-Mut reporter and miR-124 mimic or miR-124 mimic C pcDNA-
MALAT1. (D and E) Western blot was performed to detect the Capn4 expression in 5–8F and HONE-1 cells transfected with si-MALAT1, pcDNA-MALAT1, miR-124 or co-
transfected with miR-124 and pcDNA-MALAT1. ��P < 0.01, ���P < 0.001 vs. controls.
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proliferation, invasion and EMT of NPC cells through de-
repressing Capn4 via sponging miR-124.

Discussion

Recently, increasing lncRNAs have been identified as tumor
suppressor or oncogene involved in prevalent cancer types.

Among these lncRNAs, MALAT1 is generally highly expressed
in several cancers and functions as an oncogene.16 For instance,
high MALAT1 expression resulted in increased growth and
invasion of HR-HPV-positive cervical cancer cells.17 Upregu-
lated MALAT1 promoted cell proliferation, migration, and
invasion of colorectal cancer cells through PRKA kinase anchor
protein 9.18 In non-small cell lung cancer, MALAT1 facilitated

Figure 7. Capn4 overexpression abrogates the inhibitory effect of MALAT1 knockdown on proliferation, invasion and EMT of NPC cells. 5–8F and HONE-1 cells were intro-
duced with si-MALAT1 or co-transfected with si-MALAT1 and pcDNA-Capn4. (A and B) MTT assay of viability in 5–8F and HONE-1 cells at 24, 48 and 72 h post-transfection.
(C and D) Transwell chamber assay of invasive ability in 5–8F and HONE-1 cells 48 h after transfection. (E and F) Western blot analysis of E-cadherin, N-cadherin and
vimentin in 5–8F and HONE-1 cells 48 h after transfection. �P < 0.05, ��P < 0.01, ���P < 0.001 vs. controls.
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brain metastasis of cancer cells through inducing epithelial-
mesenchymal transition.19 In the present study, we also con-
firmed that MALAT1 expression was upregulated in NPC cell
lines. MALAT1 knockdown repressed cell proliferation, inva-
sion and EMT in NPC. In consistence with our findings, Hua
et al. 20 revealed that MALAT1 silencing suppressed NPC cellu-
lar proliferation, migration and invasion. However, the mecha-
nism by which MALAT1 promoted NPC progression should
be further studied.

In recent studies, lncRNAs are proposed to act as ceRNAs to
insulate miRNAs from target mRNAs, or derepress target
mRNAs expression through competitively binding to miR-
NAs.21 In this study, we provided further evidence of lncRNA
as a ceRNA, involving mRNA post-transcriptional regulation
in the pathogenesis of NPC. Based on the fact that MALAT1
RNA contains two target sites of miR-124 (Fig. 3A) and that
the expression levels of MALAT1 and miR-124 were inverse in
NPC cells (Fig. 1A and B), we suppose that MALAT1 might
serve as a miRNA sponge to interact with miR-124. In support
of this notion, the interaction of miR-124 and MALAT1 was
validated by luciferase reporter assays. Moreover, MALAT1
knockdown increased miR-124 expression while MALAT1
upregulation inhibited miR-124 expression. Furthermore,
MALAT1 overexpression reversed the inhibitory effect of miR-
124 on NPC cell proliferation, invasion and EMT. Taken
together, these data suggested that MALAT1 contributed to
NPC progression by functioning as an endogenous sponge,
suppressing miR-124 expression. Previous studies also indi-
cated the carcinogenesis of MALAT1 as different miRNA
sponges in diverse cancers, such as miR-200c in endometrioid
endometrial carcinoma, miR-22 in melanoma and miR-206 in
gallbladder cancer.22–24s

The calpains are a family of calcium-dependent neutral cys-
teine proteases.25 Calpain small subunit 1 (Capn4) is a small
regulatory subunit of the family and plays an essential role in
maintaining calpain stability and activity.26 Capn4 was docu-
mented to be as a cancer-causing gene in various tumors. For
example, Capn4 downregulation mediated by miR-124 inhib-
ited the invasion and migration of glioma cells.27 Capn4
enhanced the invasion ability of non-small cell lung cancer cells
by upregulating the expression of matrix metalloproteinase 2.28

Moreover, Capn4 was highly expressed in NPC cell lines and
Capn4 knockdown suppressed cell migration and invasion
in vitro and in vivo.29 However, how Capn4 was regulated in
NPC is unknown. In the present study, Canp4 was verified to
be a target of miR-124 by dual luciferase reporter analysis and
western blot analysis. MALAT1 could counteract the suppres-
sive effect of miR-124 on Canp4, and MALAT1 knockdown
reduced Canp4 expression in NPC cells. These data suggested
that MALAT1 modulated the de-repression of Canp4 by
sponging miR-124. Furthermore, the inhibitory effect of
MALAT1 knockdown on NPC cell proliferation, invasion and
EMT was abrogated by Canp4 overexpression. Taken together,
MALAT1 could promote proliferation, invasion and EMT of
NPC cells through de-repressing Canp4 by sponging miR-124.
Therefore, the findings provide a new MALAT1/miR-124/
Canp4 axis for understanding the pathogenesis of NPC. A pre-
vious report showed that MALAT1 regulated cancer stem cell
activity and radioresistance by modulating miR-1/slug axis in

NPC.10 In clear cell kidney carcinoma, MALAT1 promoted
cancer cell proliferation and metastasis by sequestering miR-
200s and releasing ZEB2.30 Moreover, MALAT1 promoted
melanoma cell proliferation, invasion and migration through
the de-repression of MMP14 and Snail by sponging miR-22.23

All these studies suggested that MALAT1 could function as a
miRNA sponge to release the miRNA targets in cancers.

In summary, our study indicated that MALAT1 promoted
proliferation, invasion and EMT of NPC cells through de-
repressing Capn4 by sponging miR-124. The present study elu-
cidated a novel MALAT1/miR-124/Capn4 regulatory axis in
NPC, contributing to a better understanding of the pathogene-
sis of NPC and providing a promising therapeutic target for
NPC patients. However, MALAT1 may modulate multiple
miRNAs and one miRNA could control various target genes,
thus we cannot preclude the possibility of functional contribu-
tions by other MALAT1 or miR-124 targets. Therefore, further
efforts are needed to elucidate the function and mechanism of
MALAT1 in the progression of NPC.
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