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Abstract. Insulin receptor substrate-1 (IRS-1) is reported to
play a critical role in the development, progression, invasion
and metastasis of several types of tumors and is abnormally
expressed in nasopharyngeal carcinoma (NPC). Although
IRS-1 is predicted to be targeted by microRNA (miR)-144,
the biological roles and potential mechanisms of miR-144
in NPC remain unclear. In the present study, the expression
levels of miR-144 and IRS-1 in several NPC cell lines were
first examined, and found that they were negatively correlated.
Following the introduction of the miR-144 mimic, IRS-1
was downregulated at the protein level without affecting the
mRNA level. The Cell Counting Kit-8 assay showed that the
miR-144 mimic and siRNA targeting IRS-1 mRNA signifi-
cantly decreased cell proliferation by arresting the cell cycle at
the G,/G, phase. The malignant behaviours of NPC cell lines,
including migration, invasion and tumour formation in soft
agar, were then analyzed after regulating miR-144 levels; as
expected, the results showed that both the miR-144 mimic and
silRS-1 decreased these malignant behaviours. Furthermore,
the downregulation of IRS-1 by miR-144 decreased the expres-
sion level of dishevelled 2 (Dvl2) protein without affecting its
mRNA level, and DvI2 overexpression abolished the inhibitory
effect of the miR-144 mimic in NPC, indicating that miR-144
potentially regulates NPC by indirectly regulating Dvl2. Taken
together, the present study results suggest that miR-144 acts as
a tumour suppressor in NPC cell lines by regulating IRS-1 and
Dvl2, which indicates that it is a potential therapeutic target
for NPC treatment.
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Introduction

Nasopharyngeal carcinoma (NPC) is a head and neck
malignant tumour derived from nasopharyngeal epithelium
and has a high incidence rate, with >20 cases per 100,000
individuals in southern China (1). Several factors contribute
to NPC occurrence and development, including Epstein-Barr
virus (EBV) infection, chemical carcinogens, genetic varia-
tion and spontaneous mutation (2). NPC is characterized by
metastases via both lymph and blood vessels at the early stage
of the disease (3), and subsequently induces the development
of distant metastases to the bone, lung and liver, which are
major causes of treatment failure after different treatments (4).
Although much effort has been devoted, the mechanisms that
regulate NPC malignant behaviours, including proliferation,
migration, invasion and colony formation, remain poorly
understood.

Small non-coding microRNAs (miRNAs/miRs) are a group
of small, non-coding RNA molecules that play critical roles in
regulating tumorigenesis processes. Moreover, accumulating
evidence has demonstrated that abnormalities in the expres-
sion profiles of miRNAs are a hallmark of tumorigenesis and
development (5). By acting as tumour promotors or inhibitors,
miRNAs tightly regulate the occurrence, development and
progression of cancer (6). miR-144 is an miRNA identified as
a tumour regulator in several types of cancer, including lung
cancer, nasopharyngeal carcinoma, hepatocellular carcinoma
and clear cell renal cell carcinoma (7-10). However, miR-144
has been reported to act as either an oncogene or tumour
suppressor in different types of cells, which has raised an
interesting study topic on its regulatory role in NPCs.

Insulin receptor substrate (IRS) proteins are a group
of signalling intermediates downstream of cytoplasmic
molecules that play critical roles in several diseases,
including cancer (11). One member of IRS, termed insulin
receptor substrate-1 (IRS-1), was reported to be associated
with tumour initiation and progression. IRS-1, activated by
insulin/insulin-like growth factor I receptors, induces the
transduction of intracellular cascades, including activating
PI3K-AKT and Ras-MAPK pathways (12). As IRS-1 regu-
lates several basal processes, including inhibiting autophagy
and decreasing oxidative stress-induced apoptosis, the
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overexpression of IRS-1 promotes malignant behaviours in
several cancer cells (13,14). A study reported that IRS-1 is
downregulated by miR-145 and leads to the inhibition of prolif-
eration in colon cancer cells (15). Wu ef al (16) reported that,
in laryngeal squamous cell carcinoma, miR-144 suppresses
the growth and metastasis by targeting IRS1, indicating that
miRNAs, including miR-144, may regulate malignant behav-
iours in cancer by regulating IRS-1.

Dishevelled (Dv1)2 is a cytoplasm-nucleus shuttling protein
and thus tightly regulates Wnt signaling (17), which is regu-
lated by a variety of factors, including ubiquitin-proteasome
and autophagy-lysosomal pathways (18,19). Zhang et al (18)
reported that Dv12 is bound by GABARAPLI1, a member of the
ATGS family, and results in degradation through autophagy.
Further research also revealed that IRS-1 interacts directly
with DvI2, and overexpression of IRS-1 increased the protein
level of DvI2 by inhibiting ubiquitination and subsequent
degradation (20). Subsequently, DvI2 stabilized by IRS-1
promotes Wnt/p-catenin signalling and thus promotes epithe-
lial-mesenchymal transition (EMT) and cell proliferation in
response to Wnt stimulation (20). These results indicate that
miRNAs may regulate DvI2 signalling by post-transcriptional
regulation of IRS-1 and modifying physiological processes.

The present study focused on the biological functions
and underlying molecular mechanisms of miR-144 via its
regulation of IRS-1 and subsequent regulation of malignant
behaviors of NPCs.

Materials and methods

Cell culture. Nasopharyngeal carcinoma cell lines NPC-TWO01
and SUNEI were bought from The Cell Bank of Type Culture
Collection of The Chinese Academy of Sciences. All cells were
maintained in RPMI-1640 medium (Thermo Fisher Scientific,
Inc.) supplemented with 10% fetal bovine serum (FBS; Thermo
Fisher Scientific, Inc.) in a humidified atmosphere containing
5% CO, at 37°. Cells were passaged every three days.

Reverse transcription-quantitative (RT-q)PCR. Total RNA was
isolated using TRIzol® according to manufacturer's instruction
and was reverse transcribed into complementary DNA using
Bio-RadIScript cDNA Synthesis System (Bio-Rad Laboratories,
Inc.) at 42°C for 60 min and denatured at 80°C for 10 min.
SYBR-Green PCR Master mix (Thermo Fisher Scientific, Inc.)
was then employed for qPCR according to manufacturer's
instruction. The primers used were as follows: IRS-1 forward,
5'-CAAGACCATCAGCTTCGTGA-3'; IRS-1 reverse, 5-AGA
GTCATCCACCTGCATCC-3'; DvI2 forward, 5-GCCTATCCA
GGTTCCTCCTC-3"; DvI2 reverse, S-AGAGCCAGTCAACC
ACATCC-3"; B-actin forward, 5'-CATGTACGTTGCTATCCA
GGC-3'; and B-actin reverse, 5S'-CTCCTTAATGTCACGCAC
GAT-3". For quantitative detection of miRNAs, total RNA was
revere transcribed using All-in-One™ miRNA gqRT-PCR
Detection System (Guangzhou RiboBio Co., Ltd.) following the
manufacturer's instructions. Primer for miR-144 (cat.
no. HmiRQP0910) and RNU6-2 (cat. no. HmiRQP9001) were
bought from Guangzhou RiboBio Co., Ltd. Relative quantifica-
tion of mMRNA and miRNA expression were calculated by using
the 2244 method (21). All RT-qPCR reactions were performed
in triplicates.

Western blotting. The cells were lysed using RIPPA buffer
(Sigma-Aldrich; Merck KGaA) and total protein concentration
was quantified using the BCA protein assay kit (Sigma-Aldrich;
Merck KGaA) following the manufacturer's instructions.
Total protein (20 ug) was separated by 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis, transferred to
PVDF membrane and blocked with TBS-Tween (0.1%)
containing 5% bovine serum albumin (Sigma-Aldrich; Merck
KGaA) at room temperature for 30 min, and probed with the
specific primary antibodies at room temperature for 60 min.
Anti-IRS-1 antibody (cat. no. ab52167), anti-Dvl2 antibody
(cat. no. ab22616) and anti-f-actin antibody (cat. no. ab8226)
were all bought from Abcam, and diluted in 1:2,000 before
use. Then, the blot was incubated with specific horseradish
peroxidase (HRP)-conjugated secondary antibodies (cat.
nos. ab7090 or ab97040; Abcam) at dilution of 1:1,000 , and
the immunoreactive bands were imaged using enhanced
chemiluminescence (Thermo Fisher Scientific, Inc.). The blots
were analyzed using ImagelJ software (version-2.0; National
Institutes of Health).

Cell Counting Kit-8 (CCK-8) assay. For cell proliferation
assay, 5x10° cells were seeded into 96-well plates and were
analyzed at the indicated time points (24, 48,72,96 and 120 h).
Then, 10 ul CCK-8 reagent (Sigma-Aldrich; Merck KGaA)
was added into each well at 37°C for another 2-h incuba-
tion. The OD470 nm value was determined by a microplate
reader (Synergy 2 Multi-Mode Microplate Reader; BioTek
Instruments, Inc.).

Transfection. PCDNA3.1-Dvl2 plasmid was synthesized by
Invitrogen (Thermo Fisher Scientific, Inc.), and empty vector
pcDNA3.1 was employed as negative control. Small interfering (si)
RNA targettoIRS-1 (5-CAAUGAGUGUGCAUAAACUUC-3),
miR-144 mimic (5'-UACAGUAUAGAUGAUGUACU-3"),
miR-144 inhibitor (5-UACAGUAUAGAUGAUGUACU-3') and
corresponding negative controls were bought from Guangzhou
RiboBio Co., Ltd. Lipofectamine® 2000 (Thermo Fisher
Scientific, Inc.) was employed for transfection. For plasmid trans-
fection, 1.6 pg of plasmid was used. For mimic, inhibitor and
siRNA transfection, 50 M of sample was employed following
the manufacturer's instruction. After transfection (4 h), the cells
were employed for further analyses.

Cell cycle analysis. The cells of interest were trypsinized and
suspended with PBS, and then pelleted. After discarding the
supernatant, cells were resuspended and fixed with ice-cold
70% ethanol. After 4 h, cells were pelleted and washed with
ice-cold PBS, and suspended with 5 pg/ml propidium iodide
(PI; Sigma-Aldrich; Merck KGaA) for 10 min in darkness at
room temperature. Then, stained cells were analyzed using
3 laser Navios flow cytometers (Beckman Coulter, Inc.) and
results were analyzed using FlowJo software (FlowJo LLC;
version 9.7.4).

Scratch assay. When the cells reached 95% confluence, cells
were scratched with a sterile plastic micropipette tip. After
wounding, plates were washed three times with ice-cold PBS,
and RIPM-1640 without FBS was added for 24-h incubation.
After culturing for 24 h, images were captured by an inverted
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Figure 1. Expression levels of miR-144 and IRS-1 are negatively correlated in NPC cells lines. (A) miR-144 levels were measured and normalized to U6 in NPC
cell lines, including NPC-TWOI and SUNEIL. (B) IRS-1 mRNA (left panel) and protein (right panel) levels were measured. (C) Reverse transcription-quan-
titative PCR was performed to detect the efficacy of miR-144 inhibition or upregulation. (D) After introducing miR-144 inhibitor, miR-144 mimic, silRS-1
or IRS-1, IRS-1 mRNA (left panel) and protein (right panel) levels were measured. "P<0.05 vs. vector group; "P<0.05 vs. untreated group. miR, microRNA;
NPC, nasopharyngeal carcinoma; IRS-1, insulin receptor substrate-1; si, small interfering RNA; NC, negative control.

fluorescence microscope (Nikon Corporation; magnifica-
tion, x40) and the wound healing ability of each cell line
was analyzed. Distances between the edges of the scratch
were measured using ImagelJ software (version-2.0; National
Institutes of Health) to quantitatively evaluate cell migration.
Cell migration was calculated according to the following
formula: Cell migration ratio = 100 x (0 h scratch width-24 h
scratch width)/0 h scratch width.

Transwell assay. In order to analyze invasion capacity,
1x10* cells were suspended and plated into the upper chamber
of Transwell inserts (8-pm pore size; Corning Inc.), coated with
0.3% Matrigel (Sigma-Aldrich; Merck KGaA) in RPMI-1640
medium without FBS addition, and maintained in an incubator
at 37°C. In the lower chamber, 500 xl RPMI-1640 medium
supplemented with 10% FBS was added. After 24-h incuba-
tion, the invaded cells were fixed with 4% paraformaldehyde
at room temperature for 10 min and stained with 0.25% crystal
violet (Sigma-Aldrich; Merck KGaA) at room temperature
for 10 min. Invaded cells were then imaged under a X71
(U-RFL-T) fluorescence microscope (Olympus Corporation;
magnification, x40).

Colony formation in soft agar. Collected cells were counted
and resuspended in 0.3% low-melting soft agar in RPMI-1640

containing 10% FBS, then plated onto 0.6% solidified
agar in RPMI-1640 containing 10% FBS in 6-well plates
(5x10° cells/well). The samples were maintained at 37°C for
3 weeks. Colonies containing 50 cells or more were counted
under a X71 (U-RFL-T) fluorescence microscope (Olympus
Corporation; magnification, x40).

Statistical analysis. In the present study, all data are presented
as the mean = SD. One-way analysis of variance (ANOVA)
was performed to compare multiple groups with one variable
followed by Tukey's post-hoc test. Significance between two
groups was calculated by Student's t-test. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Expression of miR-144 post-transcriptionally regulates
IRS-1in NPC cells. In order to determine the expression level
of miR-144 in NPC cell lines, RT-qPCR was performed to
detect miR-144 level normalized to U6 RNA. It was observed
that miR-144 was detected in all tested NPC cell lines with
different expression profiles (Fig. 1A). The protein levels of
IRS-1 in the cell lines were then detected by semi-quantitative
western blotting. As shown in Fig. 1B, IRS-1 was detected
in all these cell lines. By considering that the expression
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Figure 2. miR-144 inhibits cell proliferation potentially via targeting IRS-1 in nasopharyngeal carcinoma cells. (A) After introducing miR-144 inhibitor,
miR-144 mimic, siIRS-1 or IRS-1, cell viability was measured by performing Cell Counting Kit-8 assay. "P<0.05 vs. control group. (B) The aforementioned
cells were stained with PI and the proportion of cell cycle phases of the cells were analyzed by performing flow cytometry. “P<0.05 vs. control group.
miR, microRNA; IRS-1, insulin receptor substrate 1; si, small interfering RNA; NC, negative control.

levels of miR-144 and IRS-1 were contrasting in NPC-TWO01
and SUNEI cells, these two cells were selected for further
analysis. To confirm whether miR-144 post-transcriptionally
regulates IRS-1, miR-144 inhibitor, miR-144 mimic,
siIRS-1 or IRS-1 were efficiently transfected, confirmed by
RT-qPCR (Fig. 1C), and IRS-1 protein was measured 48 h
later. As shown in Fig. 1D, without affecting IRS-1 mRNA,
the introduction of miR-144 inhibitor increased IRS-1
protein, whereas the miR-144 mimic downregulated the
expression level of IRS-1 protein, which was similar to the
observation following siIRS-1 transfection. Briefly, miR-144
post-transcriptionally regulates IRS-1.

miR-144 inhibits cell proliferation by targeting IRS-1 in NPC
cells. In order to evaluate the effect of miR-144 on prolifera-
tion, the expression level of miR-144 in NPC-TWO0I or SUNEI1
was modified by introducing miR-144 inhibitor or miR-144
mimic. CCK-8 cell viability assay results presented that, in
NPC-TWOLI cells, both the inhibition of miR-144 and over-
expression of IRS-1 significantly promoted cell proliferation,
and in SUNEI] cells, both the introduction of miR-144 mimic
and knockdown of IRS-1 significantly inhibited cell prolifera-
tion (Fig. 2A). The opposite effect of miR-144 and IRS-1 on
cell proliferation indicated that miR-144 potentially regulates
cell proliferation via regulating IRS-1. To further confirm the
regulation of proliferation by miR-144, cell cycle was then
assessed by flow cytometry. As shown in Fig. 2B, miR-144

expression significantly blocked the cell cycle at the G,/G,
phase, which is in contrast to the observation in the presence
of IRS-1.

miR-144 decreases malignant behaviors in NPC cells. In
order to further access whether miR-144 is relevant in other
malignant behaviors of NPC cells, cell migration, invasion and
tumor formation in soft agar were examined after modification
of miR-144 or IRS-1. As shown in Fig. 3A-C, in NPC-TWO01
cells, inhibition of miR-144 and overexpression of IRS-1
promoted migration, invasion and colony formation in soft
agar, and in SUNEI, the introduction of miR-144 mimic and
knockdown of IRS-1 obviously inhibited migration, invasion
and colony formation in soft agar. All these observations are
consistent with the effect of miR-144 on proliferation, indi-
cating that miR-144 exerted inhibitory effects not only on
proliferation.

miR-144 acts as a tumor suppressor potentially via down-
regulating DvI2 indirectly. Accordingly, IRS-1 stabilizes DvI2
and thus promotes malignant behaviors in cancer cells (20).
Thus, whether miR-144 regulates DvI2 protein level was
further confirmed. As shown in Fig. 4A, miR-144 negatively
regulated IRS-1 and DvI2 without disturbing DvI2 mRNA,
indicating that miR-144 may regulate the proliferation of NPC
cells via indirectly regulating Dv12. Thus, DvI2 was modified
in NPC-TWO01 and SUNEI cells by efficiently introducing
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a Dvl2-coding vector (Fig. 4B). As shown in Fig. 4C, DvI2
protein expression was successfully modified despite the level
of IRS-1. Then, cell proliferation was analyzed. In Fig. 4D, it
was observed that the inhibitory effect of miR-144 on prolif-
eration was significantly reversed by overexpression of DvI2,
demonstrating that the inhibitory effect of miR-144 on prolif-
eration depends on the decrease in DvI2.

Discussion

Accumulating evidence indicates that miRNAs exert
significant roles in the pathogenesis of NPC by regulating
tumour cell proliferation, metastasis, invasion and chemo-
sensitivity (22). For example, Qiu et al (23) reported that in
NPC cells, miR-29a/b targeted the COL3A1 and SPARC
genes and thus enhanced cell migration, invasion and prolif-
eration. Verhoeven et al (24) reported that miRNA and long
non-coding RNA are regulated by high levels of EBV, and
overexpressed miRNAs then promote malignant behaviors in
NPC cells. It has also been reported that miR-24 promotes
DNA methylation and then acts as a radiosensitizer in NPC
cells. Further analysis revealed that miR-24 is downregulated
in NPC tissues compared with adjacent tissues (25). The
present study found that miR-144 expression is differentially
expressed in different NPC cell lines, and its expression is
negatively correlated with the IRS-1 level, which was reported
to be a target that is downregulated post-transcriptionally.
Overexpression of the miR-144 mimic remarkably decreased
the malignant behaviors of NPCs, including proliferation,
migration, invasion and tumour formation in soft agar.
Conversely, the downregulation of miR-144, by introducing
a specific inhibitor, promoted the aforementioned malignant
behaviors. Zhang et al (8) reported that miR-144 promoted
NPC malignancy by inhibiting PTEN expression, which is in
contradiction with the present study results. The difference
may be due to the different expression patterns of PTEN in
different NPC cell lines, and it is worth investigating the roles
of PTEN in additional NPC cell lines.

DvI2 is mainly involved in the regulation of Wnt/B-catenin
signaling (17). In recent research, DvI2 was found to directly
bind to the IRS-1 protein (20). IRS-1 binds to DvI2 with or
without insulin stimulation, and its overexpression increases
the protein level of DvI2, thus promoting canonical Wnt signal-
ling and increasing the expression of CYCLIN D1 and C-MYC,
which are recognized as oncogenes (20). Further research
showed that the binding of IRS-1 to DvI2 decreased ubiqui-
tination and induced the stabilization of DvI2. According to
the present study results and consistent with previous findings,
downregulation of IRS-1 by miR-144 introduction decreased
the protein level of DvI2. Although the binding of IRS-1 and
DvI2 was not investigated further, the presented results also
demonstrated that the regulation of IRS-1 by miR-144 nega-
tively regulated DvI2. Moreover, the inhibitory effect of the
miR-144 mimic on proliferation was significantly abolished
by the exogenous expression of Dvl2, indicating that the
regulatory effects of miR-144 are potentially, at least in part,
dependent on the regulation of DvI2.

IRS has been identified as a key player in the regula-
tion of cell proliferation and epithelial mesenchymal
transition (EMT), which is characterized by the expression

levels of E-cadherin and N-cadherin. It has been reported
that the overexpression of IRS-1 regulates the expression of
E-cadherin during EMT (26,27) and cyclinD1 during cell
proliferation (28). Although the hallmarks of EMT or the
effects of miR-144 on EMT were not detected, by performing
scratch and transwell assays, it was confirmed that miR-144
inhibited the migration and invasion of NPC cells, which was
similar to the effect of IRS-1 knockdown being reversed by the
introduction of a miR-144 inhibitor, indicating that miR-144
potentially regulates EMT. By considering that miR-144
post-transcriptionally regulates IRS-1 by direct binding (29),
dual-luciferase reporter gene assay was not performed to prove
that miR-144 post-transcriptionally regulates IRS-1, which is a
limitation of the present study.

In conclusion, the present study findings show that miR-144
regulates IRS-1 and DvI2. miR-144 inhibited the malignant
behavior of NPC cells, including proliferation, migration,
invasion and tumour formation, mainly via indirect regulation
of DvI2. The findings improve the understanding of the molec-
ular mechanisms of miR-144 in the physiological processes of
NPC cells. In future research, it is worth confirming whether
miR-144 regulates EMT and the Wnt/f3-catenin signaling
pathway.
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