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Background: Mounting evidence has reported that microRNA-154-5p (miR-154-5p) is
involved in the development of multiple cancers, but its function in nasopharyngeal carci-
noma (NPC) remains not well investigated.

Methods: Real-time quantitative PCR (qQRT-PCR) was used to detect miR-154-5p expres-
sion in NPC tissues and cells. CCKS, colony formation, wound healing and transwell assays
were performed to assess cell proliferation, migration and invasion. Dual-luciferase reporter
assays and Western blots were performed to confirm the target gene of miR-154-5p. Rescue
experiments were conducted to explore the influence of target gene KIF14 on the functions
of miR-154-5p. Xenograft tumor model was conducted to detect the effect of miR-154-5p
in vivo.

Results: qRT-PCR results revealed that the expression of miR-154-5p was down-regulated
in NPC tissues and cell lines compared to normal nasopharyngeal tissues and cell line.
Overexpression of miR-154-5p inhibited cell migration and invasion. However, miR-154-5p
had no influence on the proliferation of NPC cells. MiR-154-5p overexpression suppressed
xenograft tumor metastasis in vivo. Dual-luciferase reporter analysis identified KIF14 as
a target gene of miR-154-5p. Rescue experiments showed that knockdown of KIF14 reversed
the effect of inhibiting miR-154-5p expression on NPC cell migration and invasion.
Conclusion: Taken together, miR-154-5p suppresses tumor migration and invasion by
targeting KIF14 in NPC. The newly identified miR-154-5p/KIF14 interaction offers further
insights into the progression of NPC, which may represent a novel target for NPC diagnosis
and treatment.
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Introduction

Nasopharyngeal carcinoma (NPC) is the most common head and neck malignancy
develops from the epithelial cells of the nasopharynx.! NPC is characterized by
unique genetic, highly metastatic feature and unique geographical distribution, with
the highest incidence rate among the Cantonese living in Southern China, Southeast
Asia.> NPC has a high possibility of distant metastasis, while more than 70% of
patients develop regional lymph node metastasis at the time of diagnosis, almost
20% of patients develop distant metastasis, mainly to the lungs or liver.® It is
universally accepted that NPC is highly sensitized to radiation therapy (RT),
which is the main treatment for NPC.* The major pattern of treatment failure is
distant metastasis even after combined chemo-radiotherapy.” Distant metastasis
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remains an arduous problem to be resolved in NPC.%’
Hence, understanding the underlying molecular mechan-
isms of invasive and metastatic properties of NPC is of
great importance.

MicroRNAs (miRNAs) are a class of short non-coding
RNAs about 18-24 nt in size which are reported as key
regulators of gene expression.® MiRNAs have been found
to play important roles in the development and progression of
numerous tumors over the past decade, including NPC.”!!
They can act as oncogenic miRNAs or tumor suppressor
miRNAs in the progression of cancer according to their
downstream targets.'? Studies have shown that dysregulated
miRNAs can affect tumor cell proliferation, migration, inva-
sion and cancer metastasis by regulating related signal trans-
duction pathways.'® Recent years, more and more miRNAs
have been reported to function in NPC migration and inva-
sion, such as miR-203a—3p,14 miR-23a'® and miR-3188.'°

MiR-154-5p is a miRNA that has been reported to be
dysregulated in many malignancies including NSCLC,"”
skin squamous cell carcinoma'® and gastric cancer.' It
was revealed that MiR-154 was downregulated in gastric
cancer and inhibited the invasion and growth of tumor
cells by targeted DIXDCI1 thus suppressed the activation
of WNT signaling.'® Another study conducted by Zhao
D revealed that miR-154 functions as a tumor suppressor
in glioblastoma by targeting Wnt5a.?® A study conducted
by Bruce et al*' has shown that miR-154-5p expression
was associated with metastasis of NPC. However, the role
and potential molecular mechanism of miR-154-5p in
NPC migration and invasion is still undiscovered.

In the present study, we investigated the effect of miR-
154-5p on migration and invasion in NPC. We found that
miR-154-5p was downregulated in NPC tissues and nega-
tively correlated with clinical N stages. MiR-154-5p could
suppress cell invasion and migration. Additionally, the
Kinesin-like protein KIF14 was identified as a new func-
tional target of miR-154-5p. According to our results, we
propose that miR-154-5p is a potential miRNA target for
modulating the invasion and metastasis of NPC.

Materials and Methods

Patients and Samples

Forty cases of frozen NPC tissue and eight normal nasophar-
yngeal epithelial tissues were collected from the Radiotherapy
Center of Jiangsu Cancer Hospital (Nanjing, China). All the
patients included in the study provided written informed con-
sent in accordance with the Declaration of Helsinki. All tissue

samples were pathologically confirmed, and these clinical
specimens were approved by the Ethics Review Committee
of Jiangsu Cancer Hospital before being used in the study.

Cell Culture

Seven human NPC cell lines (5-8F, SUNE-1, 6-10B, CNE-1,
CNE-2, HNE-1 and C666-1) and human immortalized naso-
pharyngeal epithelial cell lines (NP69) were provided by the
Laboratory of Radiotherapy, Jiangsu Cancer Hospital.
Among the cell lines, 5-8F, CNE-1, CNE-2, SUNE-1,
6-10B, HNE-1 and C666-1 were cultured in RPMI 1640
(Corning, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco, USA); NP69 was cultured in serum-
free medium (Invitrogen) containing bovine pituitary extract
(BD Biosciences). All cell lines were grown in humid air at
37°C with 5% CO,. All the cell lines were approved by the
Institutional Ethical Review Board of Jiangsu Cancer
Hospital. Additionally, the cell lines we used were authenti-
cated by STR profile.

RNA Extraction and qRT-PCR

Total RNA was extracted from NPC cells or clinical sam-
ples using TRizol reagent (Invitrogen). QRT-PCR reactions
were performed on a 7500 FAST real-time PCR machine
(Applied Biosystems) using SYBR Green PCR Master Mix.
B-actin and U6 were used as standardized controls. The
sequences of all primers are listed in Table S1.

Transfection

MiR-154-5p mimic, mimic negative control (mimic NC),
miR-154-5p inhibitor, inhibitor negative control (inhibitor
NC), KIF14 siRNA (si-KIF14) and siRNA negative control
(si-NC) were synthesized by RiboBio (Guangzhou, China).
Cell transfection was conducted using Lipofectamine 2000
(Invitrogen, CA, USA) according to the manufacturer’s
instructions. After 48hrs of transfection, cells were har-
vested for qRT-PCR analysis and cell function experiments.

Colony Formation and Cell Viability Assay
Colony formation measurement: After transfection, spread in
six-well plates at a density of 800 cells per well, discard the
culture solution after 7-10 days of culture, fix with 4%
paraformaldehyde for 30 mins, and stain with crystal violet
2 hrs. The colonies were observed and counted using Image
J. Cell viability assay: CCKS8 assay (Promega) was used to
measure cell viability. After transfection, 3000 cells per well
were seeded in 96-well plates. Then, CCK-8 reagent was
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added to the cultured cells. After 1 hr of incubation, each well
was examined with a spectrophotometer at 450 nm.

Wound Healing Assay

Wound healing assay was performed to determine the
ability of cells to migrate. The transfected cells were
placed in a six-well plate, and cultured in a serum-free
medium for 24 hrs, followed by scratching in parallel with
a 200 pL pipette and washing free floating cells with PBS.
Cell migration was measured at 0 and 24 hr under a light
microscope at 100X magnification.

Transwell Assay

Transwell assays were performed according to the manu-
facturer’s protocol (BD Biosciences, Bedford, MA, USA)
using Transwell chambers (for migration assays) or
Matrigel pre-coated Transwell chambers (for invasion
assays). Forty-eight hours after transfection, cells were
collected, and these cells were resuspended (2x10* cells
per well) into 200 pL of serum-free medium and plated in
the upper chamber. Add 500 pL of RPMI 1640 with 20%
FBS to the lower compartment. After 36 hrs of incubation,
the upper chamber membrane was fixed and stained. An
inverted microscope was used to count invading cells.

Luciferase Reporter Assay

The KIF14 wild-type (Wt) and mutant (Mut) 3'-UTR were
constructed and cloned into a pcDNA3.1 luciferase reporter
vector. The NPC cells were cotransfected with KIF14 Wt or
Mut 3’-UTR vector and miR-154-5p mimic or mimic NC by
using Lipofectamine 2000 reagent (Invitrogen). Two micro-
grams of a specific plasmid and mimic was cotransfected in
NPC cells. After 48 hrs, renilla and firefly luciferase activ-
ities were assessed using the Dual-Luciferase Assay Kit
(Promega) according to the Kit instructions.

Western Blot Analysis
Protein was extracted by lysing the treated cells using mod-
ified RIPA buffer and PMSF (Beyotime, Shanghai, China).
A BCA protein assay kit was used to evaluate protein con-
centrations. Protein (10 mg) from each sample was separated
using 10% SDS-PAGE gels and then transferred onto
a nitrocellulose membrane. The membranes were incubated
with specific antibodies, namely, anti-KIF14 (1:2000; Abcam
HK, ab71155) and anti-B-actin (1:2000; Cell Signaling
Technology, USA). Immunoreactive bands were imaged by
(Millipore,

using ECL detection Billerica,

MA, USA).

reagents

Tumor Xenograft Model

Six-week-old male BALB/c nude mice with immunodefi-
ciency were obtained from GemPharmatech Co, Ltd
(Jiangsu, China). To perform plantar tumor growth assays,
green fluorescent protein (GFP) -labeled 5-8F cell suspen-
sions were injected into the footpads of nude mice. When
the tumor grew to about 100 mm?>, the two groups were
injected with the corresponding agent. The tumor volume
was measured every 3—4 days and calculated using the
following formula: V=ab*/2 (V, volume; a, longitudinal
diameter; b, lateral diameter). 4-6 weeks after injection,
all mice were sacrificed and dissected. The xenograft
tumors were weighted. GFP was used to identify mice
with lymph node metastasis. Animal experiments were
conducted in accordance with the Institute for Laboratory
for the Care and Use of
Laboratory Animals and followed protocols approved by

Animal Research Guide

the Animal Science Committee of Origin, Nanjing, China.

Immunohistochemistry

The expression of KIF14 in mouse tumour tissues was
analysed on 2 pm thick, formalin-fixed and paraffin-
embedded specimen sections. The slides with mounted
tissue specimens were incubated in Xylene for 5 mins,
washed twice in 100% ethanol for 15 mins and then
washed in 95% ethanol for 15 mins. Antigen unmasking
was performed, and the slides were then blocked with 3%
hydrogen peroxide for 20 mins at room temperature. Then,
the primary antibody incubated at 4°C overnight, and then
the kit (ZSGB BIO Inc) was used for the DAB chromogen
followed by nuclear staining using haematoxylin.

Statistical Analysis

All statistical analyses were performed by Prism 7 (San
Diego, CA, USA) and SPSS 23.0 (Chicago, IL, USA),
including analysis of ANOVA, Student’s #-test and Chi-
square test. Data are presented as mean+SD of three inde-
pendent experiments, and P values <0.05 are considered
statistically significant (* P <0.05, ** P <0.01 and ***
P <0.001).

Results
MiR-154-5p Is Down-Regulated in NPC

Cell Lines and Clinical Specimens

Previous study has shown that miR-154-5p expression was
associated with metastasis of nasopharyngeal carcinoma.?'
To investigate whether miR-154-5p was abnormally
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expressed in nasopharyngeal carcinoma, we used qRT-
PCR technology to detect miR-154-5p expression in 40
fresh frozen nasopharyngeal carcinoma tissues and 8 nor-
mal nasopharyngeal epithelial tissues. The results showed
that the expression of miR-154-5p was significantly higher
in nasopharyngeal carcinoma tissue than normal nasophar-
yngeal tissue (Figure 1A). Next, the correlation between
miR-154-5p levels and some clinical features in 40 naso-
pharyngeal carcinoma tissues was analyzed. The analysis
showed that the expression level of miR-154-5p was nega-
tively correlated with clinical N stage. In the NPC tissues
with high clinical N stage (N2-3), the level of miR-154-5p
was significantly lower than that of low N stage (NO-N1)
(Figure 1B). In addition, miR-154-5p expression in meta-
static nasopharyngeal carcinoma tissues (M1) was lower
than in non-metastatic (MO) (Figure 1C). Finally, we
also found that miR-154-5p was downregulated in naso-
pharyngeal carcinoma cell lines compared to normal
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nasopharyngeal epithelial cells NP69 (Figure 1D). These
data suggested that miR-154-5p was down-regulated in
NPC and may function as a tumor suppressor.

MiR-154-5p Inhibits NPC Cell Migration

and Invasion in vitro

To evaluate the biological role of miR-154-5p in NPC, we
transfected miR-154-5p mimic or mimic-NC into 5-8F and
CNE-2 cells. The transfected efficiency revealed that the
expression of miR-154-5p was upregulated in cells trans-
fected with miR-154-5p mimic (Figure 2A). Colony forma-
tion, CCK8 assay, wound healing and transwell assay were
used to detect cell proliferation and migration abilities. As
shown in Figure 2B and C, the colony formation and prolif-
eration ability of 5-8F and CNE-2 cells with miR-154-5p
overexpression were insignificantly changed compared with
the control groups. However, wound healing assay (Figure 2D
and E), migration and invasion assay (Figure 2F-H) showed
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and normal nasopharyngeal epithelial tissues (n=8). (B) Expression of miR-154-5p in NPC tissues of patients with different clinical N stages. (C) Expression of miR-154-5p in
metastatic nasopharyngeal carcinoma tissues (M) and in non-metastatic tissues (M0). (D) Expression of miR-154-5p in NPC cell lines. *P<0.05, **P<0.01.
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that miR-154-5p overexpression could inhibit the migration  [n order to further explore the way in which miR-154-5p
and invasion of NPC cells in vitro. regulated the malignant progression of NPC, we
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performed bioinformatics analysis to predict downstream
target genes of miR-154-5p and filtered 4478 and 169
genes, respectively, by using publicly available databases
TargetScan and miRWalk. Finally, we used the 2 gene sets
and selected the top seven candidate genes (TRIM, KIF14,
NUSP1, RAB14, MCM6, SMC4, and MASTL) with
higher comprehensive scores for further research. To ver-
ify the results, the mRNA level of seven target genes was
detected after overexpression of miR-154-5p in 5-8F and
CNE-2 cells, and only KIF14 was downregulated in both
cells (Figure 3A and B). As predicted by bioinformatics

analysis, KIF14 contained a binding site for miR-154-5p
in its 3-UTR (Figure 3C). To validate the targeting of
miR-154-5p to KIF14, a dual-luciferase reporter assay
was performed. We constructed luciferase reporter vectors
that included wild-type (WT) and mutated KIF14 3'-UTR.
We then co-transfected these reporters with miR-154-5p
mimic or mimic control in 5-8F cells. Results showed that
overexpression of miR-154-5p inhibited the luciferase
activity of the WT group compared with the mutation
group (Figure 3D). To further determine whether miR-
154-5p can regulate the KIF14 expression, we used
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Figure 3 KIFI4 is a direct target of miR-154-5p in NPC cells. (A-B) QRT-PCR was used to detect the relative expression of 7 selected genes in 5-8F and CNE-2 cells
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Western blot to detect the expression of KIF14 in 5-8F and
CNE-2 cells after transfection with miR-154-5p mimic.
The results showed that miR-154-5p mimic inhibited the
KIF14 expression (Figure 3E). All these results showed
that KIF14 was a direct target of miR-154-5p and nega-
tively regulated by miR-154-5p.

KIFI4 Promotes NPC Cell Invasion and

Migration in vitro

We subsequently explored the role of KIF14 in NPC cells.
QRT-PCR was used to detect KIF14 mRNA expression in
40 nasopharyngeal carcinoma tissues and 8 normal naso-
pharyngeal tissues. The results showed that KIF14 expres-
sion at mRNA level was much higher in NPC tissues than
normal tissues (Figure 4A). Moreover, KIF14 levels in NPC
tissues were conversely related to miR-154-5p levels
(Figure 4B). Next, we designed three siRNAs products
and selected si-KIF14-3 which had the best knockdown
efficiency for further functional study (Figure 4C). 5-8F
and CNE-2 cells were treated with si-KIF14 or si-NC.
KIF14 knockdown in the cells was detected through
Western blot analysis (Figure 4D). Then, wound healing
assays (Figure 4E and F) and transwell test (Figure 4G-I)
were performed to verify the effect of KIF14 on the inva-
sion and migration ability of NPC cells. The results showed
that the invasion and migration capabilities of NPC cells
were significantly inhibited when knocking down KIF14
expression.

Silencing KIFI4 Reverses the Effects of
miR-154-5p Expression Inhibition on
NPC Cell Invasion and Migration

To further determine that KIF14 is the functional target of
miR-154-5p in NPC, rescue experiments were performed.
First, we designed and synthesized miR-154-5p inhibitor.
5-8F and CNE-2 cells were transfected with miR-154-5p
which
expression (Figure 5A). Then, we co-transfected miR-
154-5p inhibitor and si-KIF14 into the 5-8F and CNE-2
cells. Wound healing assays (Figure 5B) and transwell
assays (Figure 5C and D) indicated that the miR-154-5p
expression inhibition significantly increased cell migration

inhibitor, significantly decreased miR-154-5p

and invasion ability, while silencing of KIF14 decreased
the migration and invasion ability on the base of knock-
down of miR-154-5p. Thus, miR-154-5p can affect tumor
migration and invasion by regulating KIF14 expression in
NPC cells.

MiR-154-5p Inhibits Tumor Metastasis in
NPC in vivo

Based on the results in vitro, we further determined the
effects of miR-154-5p on tumor metastasis in vivo. We
constructed a model of spontaneous lymph node metastasis.
MiR-154-5p overexpression vector or control vector was
injected into the xenograft tumors twice a week. At the
same time, we measured the tumor volume every 3—4
days. After 4-6 weeks of injection, the mice were sacrificed.
We weighed the mass of the primary tumor and found no
significant difference in tumor weight between the two
groups (Figure 6A). Results also show that overexpression
of miR-154-5p had no significant effect on the tumor
volume compared with the control group (Figure 6B). In
addition, the expression of miR-154-5p in tumour tissues
was detected by qRT-PCR. The results showed that miR-
154-5p expression was much higher in the miR-154-5p
mimic group than it was in the control group (Figure 6C).
Popliteal lymph node metastasis was observed after
necropsy. In the mimic NC group, lymph node metastasis
was observed in 5/6 rats at week 6 following implantation.
In the miR-154-5p mimic group, lymph node metastasis
was observed in 1/6 rats at week 6 following implantation.
Compared with the respective controls, metastatic popliteal
lymph nodes were significantly fewer in miR-154-5p mimic
group (Figure 6E). The differences between the two groups
were statistically significant (Table S2). Moreover, we used
immunohistochemical staining to confirm the expression
levels of KIF14 in popliteal metastatic nodes. Our results
showed the decreased KIF14 expression in the miR-154-5p
group compared with the control group (Figure 6D).
Overall, these data suggested that miR-154-5p inhibits

tumor metastasis in NPC in vivo.

Discussion

Great technological progress has been achieved in radia-
tion therapy over the past decades, which greatly improve
the outcome of NPC patient, with an 8-year overall survi-
val (OS) of 68.5% and progression-free survival (PFS) of
62.6% in total patients as reported by Au et al.>> However,
the N stage still regarded as a single adverse prognostic
factor for NPC regional control, and distant metastasis is

failure.?>**

the most common form of treatment
Therefore, a better and clearer understanding of the mole-
cular mechanism of NPC invasion and metastasis is

needed.
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Figure 4 Knockdown of KIF14 suppresses the migration and invasion in 5-8F and CNE-2 cells. (A) The KIFI4 mRNA expression was determined in 40 NPC tissues and 8
normal nasopharyngeal epithelial tissues by qRT-PCR analysis. (B) Correlation analysis between KIFI14 expression and miR-154-5p expression in NPC tissues. (C) The
mRNA expression of KIF14 was analyzed by qRT-PCR after treatment with three siRNAs. (D) Western blot analysis of KIF14 protein levels in si-KIF14 and si-NC. (E-F)
Wound healing assay was used to determine the migration ability of cells transfected with si-KIF14. Scale bar, 100 um. (G-I) Images of migrated and invaded cells of 5-8F and
CNE-2 cells. Scale bar, 100 um. *P<0.05, **P<0.01.

In this study, we initially found significantly decreased = NP69, the immortalized nasopharyngeal epithelial cell
miR-154-5p expression in NPC tissues compared to normal  line. MiR-154-5p expression was negatively correlated
nasopharyngeal tissue. Additionally, we identified miR-  with N and M state of NPC clinical feature, indicating that
154-5p was downregulated in NPC cell lines against decreased levels of miR-154-5p may play an important role

22472  submit your manuscript OncoTargets and Therapy 2020:13

Dove!


http://www.dovepress.com
http://www.dovepress.com

Dove Chen et al

A N (o4 inhibitor miR-154-5p miR-154-5p
§ q2,mm ihibitorNC NC inhibitor _ inhibitor+si-KIF 14
% B miR-154-5p inhibitor B} i : »
= S :
o o B ;
& :
] 5 (= ;
o w0 |
€ Ke)
2 g
= k=)
E =
CNE-2
~ 58F
w 4001 | Inyaspn
3 B3 Migration
B (3]
o 2 T -
inhibitor ~ MiR-154-5p miR-154-5p g A00
NC inhibitor  inhibitor+si-KIF14 5
‘€ 200-
s
3 100-
£
=]
L Z -
o «of «O¢
\“‘\‘0 &"’Q ‘)""JQ ?‘\b‘
(6\ (g «{\@o\ xé\'
D inhibitor miR-154-5p miR-154-5p
NC inhibitor  inhibitor+si-KIF14
c P AL ’ ff‘.-«, §
.a -,
S
A\ RER
w '
zZ u c
© O |8
©
2
=
CNE-2
= inhibitor NC 400~ @ Invasion
== miR-154-5p inhibitor s B Migration "
__ 1009 =3 miR-154-5p inhibitor + si-KIF14 ] —
°\° *% kxd T 3004 * %
,:é: 80- — ! 1 g 1
2 k=
2 601 £ 200-
£ 4 3 100-
T £
S 204 S
o z 0-
3
0- < £0% 0%
5-8F CNE-2 ) -\\o“\ .\\\'\‘0“ .‘\\i\“\\
R\ A 20 50 Ak
h A2 ASY €
o o

Figure 5 Silencing KIF14 reduces the effect of miR-154-5p inhibition on migration and invasion of NPC cells. (A) Expression of miR-154-5p after transfection. (B) Wound
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in invasion and metastasis of NPC. Interestingly, miR-154-
Sp significantly suppressed the migration and invasion abil-
ity of NPC cells in vitro. Overexpression of miR-154-5p by
transfecting miR-154-5p mimic suppressed NPC metastasis
in the established experimental xenograft model. However,
little was known about the regulatory mechanisms for miR-
154-5p in NPC migration, invasion and metastasis.
Mechanistic studies demonstrated that miR-154-5p targets
KIF14 directly by binding to the 3’ end regions (3'-UTR) of
KIF14 mRNA. Specifically, miR-154-5p mimic transfec-
tion reduced both mRNA and protein expression of KIF14
in both 5-8F and CNE-2 NPC cells.

KIF14, known as Kinesin-like protein 14, is a member
of the kinesin protein family.>> As a microtubule motor
protein, KIF14 can bind to microtubules and has a high
ATPase activity.”*’” KIF14 is shown to play a key role in
many cellular processes such as cytokinesis, cell division,
proliferation, and apoptosis.”®2° In fact, it has been shown
that KIF14 involved in the invasion and metastasis of sev-
eral cancers.’® For example, Wang et al.>' reported that
KIF14 promotes cancer cell proliferation through augment-
ing Akt phosphorylation in colorectal cancer. Another study

conducted by Yang et al.** revealed a similar result.
Furthermore, they suggested a significant correlation
between KIF14 expression and tumor node stage and
metastasis stage, and KIF14 could be an independent prog-
nostic factor for gastric cancer. In the current study, we
identified KIF14 as a novel target of miR-154-5p in NPC
from several candidates. MiR-154-5p binds to the 3'-UTR
of KIF14 mRNA and decreases the expression of KIF14
protein, which in turn suppresses NPC migration and
metastasis.

In conclusion, our results provide evidence that miR-
154-5p has a key role in regulating NPC cell migration,
invasion and metastasis by targeting KIF14 and repressing
its protein expression. Taken these together, our work
provides new insights about the role of miRNAs in NPC
progression and offers opportunities for application of
miR-154-5p in therapeutic intervention as a novel target.
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