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Background: Recent studies reported that miRNAs play important roles in the carcinogenesis
and progression of nasopharyngeal carcinoma (NPC). Therefore, further studies are warranted
to better elucidate the function and mechanism of miRNAs in NPC.

Methods: Quantitative reverse transcription-polymerase chain reaction (RT-PCR) was used to
detect the miR-99a expression in NPC cell lines and tissue samples. Wound healing, transwell
migration and invasion, and lung metastatic colonization assays were performed to determine
NPC cell migratory, invasive and metastatic abilities of NPC cells. Luciferase reporter assays,
quantitative RT-PCR and Western blotting were used to validate the target of miR-99a.
Results: We found that miR-99a was significantly downregulated in NPC cell lines and tissue
samples. Ectopic overexpression of miR-99a significantly inhibited NPC cell migration and
invasion in vitro, and suppressed lung macroscopic and microscopic metastatic colonization
in vivo. Conversely, silencing of miR-99a significantly promoted the migratory and invasive
abilities of NPC cells. Furthermore, HOXA1 was validated as a direct target of miR-99a, and
ectopic expression of HOXA1 could rescue the suppressive effect of miR-99a overexpression
on NPC cell migration and invasion.

Conclusion: Together, these results indicated that miR-99a could inhibit NPC invasion and
metastasis by targeting HOXA1, thus providing a novel potential target for miRNA-based
treatment for NPC patients in the future.
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Introduction

Nasopharyngeal carcinoma (NPC) is a common head and neck malignant tumor with
the highest prevalence in South China, especially in Guangdong, Guangxi, Hunan,
Fujian, and Jiangxi Provinces, and Hong Kong Special Administrative Region.!
Nowadays, with the implement of multidisciplinary combined therapy, such as
intensity-modulated radiotherapy, concurrent chemotherapy and target therapy, the
5-year survival of NPC patients has been improved significantly.? However, there were
still nearly 30% of NPC patients eventually developed treatment failure, which was
mainly due to distant metastasis. Therefore, there is a great need to better understand
the molecular mechanisms involved in NPC metastasis and to develop personalized
therapeutic strategies for patients with NPC.

MicroRNAs (miRNAs) are small noncoding RNAs ~19-25 nucleotides, and they
are highly conserved in eukaryotic.* It has been reported that the main function of
miRNAs is to negatively regulate the gene expression through base-pairing with the
3’-untranslated region (3’-UTR) of its target gene and then enhancing the target gene
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degradation or inhibiting the target gene posttranscriptional
translation.’ It has also been reported that miRNAs play an
important role in a variety of physiological processes, includ-
ing proliferation, differentiation, apoptosis, senescence,
etc.*S Increasing evidence also demonstrate that miRNAs
are dysregulated in human disease conditions, such as
cancers.®® The abnormality of miRNA expression in human
cancers contributes to the tumor initiation, development,
and progression.®® Recently, several studies also report that
miRNAs are abnormally expressed in NPC,’'? and a number
of dysregulated miRNAs can regulate NPC cell prolifera-
tion, apoptosis, migration, and invasion.'?° These findings
suggest that miRNAs play a vital role in NPC tumorigenesis
and development. Therefore, further studies are warranted to
better elucidate the function of miRNAs in NPC and provide
novel therapeutic targets for NPC patients.

In this study, we found that miR-99a is downregulated
in NPC cell lines and tissue samples. Overexpression of
miR-99a inhibited NPC cell migration and invasion in vitro,
and suppressed lung metastasis in vivo. Silencing of miR-99a
functioned as an opposite action. HOXA ] was validated as a
direct target of miR-99a, and ectopic expression of HOXA I
could rescue the suppressive effect of miR-99a overexpres-
sion on NPC cell migration and invasion. Collectively,
miR-99a could inhibit NPC metastasis by targeting HOXA 1,
thus providing a novel potential target for miRNA-based
treatment for NPC patients.

Methods

Cell lines and clinical samples

Six NPC cell lines, including CNE-1, CNE-2, SUNE-1, C666-1,
HNE-1, and HONE-1, were preserved in our laboratory
which were originally obtained from Sun Yat-Sen University
Cancer Center, and maintained in RPMI-1640 medium
(Gibco, Grand Island, NY, USA) supplemented with 10% fetal
bovine serum (Gibco). The immortalized nasopharyngeal epi-
thelial cell line NP69 was purchased from Shanghai Institutes
for Biological Sciences, Chinese Academy of Sciences, and
cultured in KSFM (Gibco) supplemented with bovine pitu-
itary extract (BD Biosciences, San Diego, CA, USA). All of
the cell lines were incubated at 37°C in a humidified 5% CO,
atmosphere. In addition, 4 NPC and its corresponding normal
nasopharyngeal epithelial tissue samples were collected from
The First Affiliated Hospital of University of South China
(Hengyang, People’s Republic of China). The Institutional
Review Boards of The First Affiliated Hospital of University
of South China approved the collection of tissue samples, and
written informed consent was obtained from each patient.

RNA isolation and quantitative reverse

transcriptase polymerase chain reaction
(RT-PCR)

Total RNA was extracted from NPC cell lines and tissue
samples using TRIzol Reagent (Invitrogen, Carlsbad, CA,
USA), and reverse-transcribed with M-MLV reverse tran-
scriptase (Promega, Madison, WI, USA). Real-time PCR
reactions were done on the PRISM 7900HT sequence
detection system (Applied Biosystems, Carlsbad, CA,
USA) with Platinum SYBR Green qPCR SuperMix-UDG
reagents (Invitrogen). The Bulge-Loop™ miRNA-specific
primers (RiboBio, Guangzhou, People’s Republic of China)
were used for the detection of miR-99a, while the following
primers were used for the detection of HOXAI: forward,
TCCTGGAATACCCCATACTTAGC; and reverse, GCA
CGACTGGAAAGTTGTAATCC. The U6 or GAPDH was
used as controls, and the 2744°T equation was used to calculate
the relative expression.

Transient transfection

Cells were seeded into 6-well plates, and transfection was
performed using Lipofectamin 2000 reagent (Invitrogen)
according to the manufacturer’s instructions. The miR-99a
mimics and miR-Ctrl were purchased from Genepharma
(Suzhou, People’s Republic of China), and transfected into
CNE-2 and HONE-1 cells. The HOXA1 plasmid or empty
vector were purchased from FulenGen (Guangzhou, People’s
Republic of China), and used to cotransfect CNE-2 and
HONE-1 cells, together with miR-99a mimics. After trans-
fection 48 h, the cells were harvested for assays.

Generation of stably transfected cell line
The sequence of pri-miR-99a was amplified from the human
genomic DNA and cloned into the EcoRI and N#el restriction
sites of pSin-EF2-puromycin lentiviral plasmid (Addgene,
Cambridge, MA, USA). The pSin-EF2-miR-99a or empty
vector, together with the lentivirus packaging plasmids
psPAX2 and pMD2.G, were used to cotransfect the 293FT
cells, and then the lentivirus particles were harvested to
infect HONE-1 cells. The stably transfected HONE-1
cells were selected using puromycin and confirmed using
quantitative RT-PCR.

Wound healing assay

CNE-2 and HONE-1 cells were seeded into 6-well plated and
cultured until almost totally confluent. After starved for 24 h,
artificial wounds were created in the cell monolayer with a
sterile 200-uL tip, and the floating cells were removed by

submit your manuscript

754

Dove

OncoTargets and Therapy 2017:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

miR-99a targets HOXA| in NPC

washing with serum-free medium. Respective images were
captured at 0 and 48 h using an inverted microscope.

Transwell migration and invasion assays
CNE-2 and HONE-1 cells were harvested and resuspended
in serum-free medium. 5x10* or 1x10° cells were added into
the Transwell upper chambers, in which the upper surface
of the 8 wm pore size membrane (Corning, Steuben, NY,
USA) coated without or with Matrigel (BD Biosciences).
After incubation with 24 or 16 h, the cell which had migrated
or invaded through the membrane were fixed, stained, and
counted with an inverted microscope.

Lung metastatic colonization model

Female 4-6 weeks old BALB/c-nu mice were purchased
from the Hunan Slac Jingda Laboratory Animal Co., Ltd.
(Changsha, People’s Republic of China). HONE-1 cells
stably expressing miR-99a or vector control were resus-
pended in phosphate-buffered saline, and 5x10° cells were
intravenously injected into the tail vein to construct the lung
metastatic colonization models. Eight weeks later, the mice
were sacrificed, and the lung tissues were paraffin-embedded,
cut into serial slides, and one of every 10 slides was stained
with hematoxylin and eosin (H&E). The number of mac-
roscopic or microscopic metastatic nodes was counted. All
of the animal research protocols were conducted according
to the guidelines of the Experimental Animal Care and Use
Committee of the First Affiliated Hospital of University of
South China, which also approved this study.

Western blotting

Total protein was extracted using RIPA buffer containing
protease inhibitor cocktail, separated using 9% sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis gels, and then
transferred to PVDF membranes (Millipore, Billerica, MA,
USA). The membranes were incubated with rabbit polyclonal
anti-HOXA1 antibody (1:1,000; Abcam, Cambridge,
MA, USA) at 4°C overnight, followed by goat anti-rabbit
secondary antibody (1:5,000; Sigma, St Louis, MO, USA).
At last, the bands were visualized with enhanced chemilumi-
nescence, and GAPDH was used as a loading control.

Luciferase reporter assay

The HOXAI wild type (WT) 3’-UTR sequence was inserted
into the downstream of the firefly luciferase gene in the
psiCHECK™ vector (Promega), and the mutant (MT)
plasmid was created by site directed mutagenesis. Then,
the HOXA1 WT or MT 3’-UTR reporter plasmids, the p-TK

Renilla plasmid (Promega), together with miR-99a mimics
or inhibitor, were used to cotransfect CNE-2 and HONE-1
cells using Lipofectamine 2000 (Invitrogen). After 24 h,
the cells were harvested and the Renilla and firefly luciferase
activities were determined using the Dual Luciferase Reporter
Assay System (Promega).

Statistical analyses

All experiments were performed in at least 3 independent
experiments, and all of the data were presented as the mean +
standard deviation. Significant differences between groups
were analyzed using Student’s #-test, and P<<0.05 was defined
as statistically significant. All statistical analyses were per-
formed using SPSS 16.0 (SPSS Inc., Chicago, IL, USA).

Results
MiR-99a is downregulated in NPC cell

lines and clinical specimens

To know the expression level of miR-99a in NPC, we
first tested the miR-99a levels in 6 NPC cell lines and an
immortalized nasopharyngeal epithelial cell line NP69 using
real-time RT-PCR. The miR-99a expression was significantly
downregulated in NPC cell lines than the NP69 cell line
(Figure 1A, all P<<0.05). Furthermore, we collected 4 paired
NPC and normal nasopharyngeal epithelial tissues, and
then tested the expression level of miR-99a using real-time
RT-PCR. We found that the expression level of miR-99a
was significantly decreased in all NPC tissues compared to
its corresponding normal nasopharyngeal epithelial tissues
(Figure 1B, all P<<0.05). These findings indicate that
miR-99a is downregulated in NPC and it might play a vital
role in NPC carcinogenesis and progression.

Overexpression of miR-99a inhibits NPC

cell migration and invasion in vitro

To determine the effect of overexpression of miR-99a on
NPC cell migratory and invasive abilities, we transiently
transfected CNE-2 and HONE-1 cells with miR-99a mimics
or miR controls (miR-Ctrl), and then did wound healing, tran-
swell migration, and invasion assays. As shown in Figure 2A,
the wound healing assays displayed that CNE-2 and HONE-1
cells treated with miR-99a mimics migrated more slowly
than cells treated with miR-Ctrl. Furthermore, the transwell
migration assays validated that transfection of miR-99a
mimics obviously reduced the migratory abilities of CNE-2
and HONE-1 cells (Figure 2B, all P<<(.05). In addition, the
transwell invasion assays showed that the invasive abilities
of CNE-2 and HONE-1 cells were significantly suppressed
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by miR-99a mimics (Figure 3B, all P<<0.05). These results
indicate that the overexpression of miR-99a could inhibit
NPC cell migration and invasion in vitro.

Silencing of miR-99a promotes NPC cell
migration and invasion in vitro

To further know the effect of silencing of miR-99a on NPC
cell migratory and invasive abilities, we also transiently
transfected CNE-2 and HONE-1 cells with miR-99a inhibitor
or control (int-Ctrl), and then performed wound healing, tran-
swell migration, and invasion assays. As expected, CNE-2
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and HONE-1 cells treated with miR-99a inhibitor migrated
more quickly than those treated with int-Ctrl, as determined
by the wound healing assays (Figure 3A). Similarly, the tran-
swell migration assays revealed that transfection of miR-99a
inhibitor significantly increased the number of migrated cells
(Figure 3B, all P<<0.05). The transwell invasion assays also
revealed that the invasive abilities of CNE-2 and HONE-1
cells transfected with miR-99a inhibitor was remarkably
enhanced (Figure 3C, all P<<0.05). These results demonstrate
that the silencing of miR-99a could promote NPC cell migra-
tion and invasion in vitro.
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Figure 2 Overexpression of miR-99a inhibits nasopharyngeal carcinoma cell migration and invasion in vitro.
Notes: (A—C) Effect of miR-99a overexpression on cell migratory and invasive abilities was measured using wound healing assay (A), transwell migration (B), and invasion
(C) assays after transfection of miR-99a mimics or miR control in CNE-2 and HONE-1 cells. *P<0.05.
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after transfection of miR-99a inhibitor or control in CNE-2 and HONE-| cells. *P<<0.05.

Overexpression of miR-99a suppresses

NPC lung metastasis in vivo

To investigate whether overexpression of miR-99a affects the
metastatic ability of NPC cells, we first established HONE-1
cell lines stably overexpressing miR-99a (lenti-miR-99a)
or empty vector (lenti-vector), and then constructed lung
metastasis models through injecting cells into the tail veins
of nude mice. After 8§ weeks, the macroscopic metastatic
nodes formed on the surface of lungs in the lenti-miR-99a
group were significantly smaller and fewer than those formed
in the lenti-vector group (Figure 4A and B, all P<0.05).
Furthermore, H&E staining validated that fewer microscopic
metastatic nodes were observed in the lungs of the lenti-miR-
99a group than in the lenti-vector group (Figure 4C and D,
all P<<0.05). These results suggest that overexpression of
miR-99a could suppress NPC lung metastasis in vivo.

HOXAI is a direct target of miR-99a
in NPC

To explore the mechanism of miR-99a involved in NPC
carcinogenesis, we performed bioinformatics analysis
using three public databases (TargetScan, miRBase, and
MIRDB), and found that the 3’-UTR of HOXAI mRNA has
one complementary binding site of miR-99a (Figure 5A).
Real-time RT-PCR and Western blotting assays revealed

that overexpression of miR-99a decreased, while silencing
of miR-99a increased the expression of HOXAI at both the
mRNA and protein levels (Figure 5B and C, all P<<0.05),
suggesting that HOXA1 may be a target of miR-99a. To
validate this, we cloned the WT or MT miR-99a binding site
of the HOXA1 3’-UTR into a luciferase reporter vector, and
then did luciferase reporter assays in CNE-2 and HONE-1
cells. Overexpression of miR-99a obviously weakened, while
silencing of miR-99a enhanced the luciferase activities of
the HOXAI WT reporter plasmids, and this change was not
observed in the HOXAI MT reporter plasmids (Figure 5D,
all P<<0.05). These results indicate that HOXAI is a direct
target of miR-99a in NPC.

HOXA| is involved in miR-99a-mediated

NPC cell migration and invasion

To further elucidate whether the inhibitory effect of miR-99a
on NPC cell migration and invasion was directly mediated by
HOXA1, we constructed HOXA I plasmid (which encode the
full Iength coding sequence of HOXAI lacking its 3’-UTR)
and control vector, and then used them to transfected
CNE-2 and HONE-1 cells together with miR-99a mimics.
The wound healing and transwell migration assays showed
that overexpression of HOXAI significantly enhanced the
migratory abilities of CNE-2 and HONE-1 cells, which could
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Figure 4 Overexpression of miR-99a suppresses nasopharyngeal carcinoma lung metastasis in vivo.
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pictures (A) and quantification (B) of macroscopic metastatic tumor nodes formed on the lung surface. Representative pictures (C) and quantification (D) of microscopic
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be inhibited by miR-99a (Figure 6A and B, all P<<0.05).
In addition, the invasive abilities of CNE-2 and HONE-1
cells were increased after overexpression of HOXAI, as
determined by the transwell invasion assays (Figure 6C, all
P<0.05). These results demonstrate that HOXA1 is a func-
tional target of miR-99a and is involved in miR-99a-mediated
NPC cell migration and invasion.

Discussion

In this study, we found that miR-99a was downregulated in
NPC cell lines and clinical specimens. Overexpression of
miR-99a inhibited NPC cell migration, invasion, and metas-
tasis in vitro and in vivo. Inversely, silencing of miR-99a pro-
moted NPC cell migration, invasion, and metastasis. HOXA 1
was identified and validated as a direct target of miR-99a,
and ectopic expression of HOXA1 could rescue the suppres-
sive effect of miR-99a on NPC cell migration and invasion.
Collectively, these results demonstrate that miR-99a could
suppress NPC metastasis by targeting HOXA I, which would
provide novel target for NPC treatment.

Metastasis is responsible for the majority of cancer-
related death worldwide, and distant metastasis is the main
cause of death in patient with NPC.? Therefore, great efforts
to better understand the molecular mechanisms underlying
NPC metastasis are warranted, in order to further improve

the prognosis of NPC patients. MiRNAs are small noncod-
ing RNAs that can negatively regulate gene expression, and
function as tumor suppressors or oncogenes in the tumorigen-
esis and progression of human cancers.®® Several researches
have reported that miRNAs are abnormally expressed in
NPC tissues,” !> and a number of dysregulated miRNAs
are involved in modulating NPC cell growth, proliferation,
apoptosis, migration, and invasion.'*>* Researches also
report that miRNAs can function as prognostic biomarkers
and metastatic predictors for NPC patients.?23 All of these
findings indicate that miRNAs play a critical role in NPC
tumorigenesis and progression. In this study, we found that
miR-99a was downregulated in NPC cell lines and tissue
samples, indicating that miR-99a might function as a tumor
suppressor in NPC development and progression.

Recently, it has been reported that miR-99a was decreased
in a variety of human cancers, and might exert its function
through affecting tumor cell growth, cell apoptosis, cell cycle,
cell proliferation, and cell invasion.?**° Li et al reported that
miR-99a inhibited hepatocellular carcinoma growth and its
downregulation was correlated with poor prognosis in patients
with hepatocellular carcinoma.? Cui et al demonstrated that
miR-99a induced G1-phase cell cycle arrest and suppressed
tumorigenicity in renal cell carcinoma.? Wu et al found that
miR-99a could inhibit tumor cell proliferation, migration and
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invasion in bladder cancer.”® Wang et al reported that miR-
99a inhibited tumor aggressive phenotypes and was associ-
ated with poor survival in breast cancer.* In this research, we
performed in vitro and in vivo functional studies to determine
the function of miR-99a dysregulation in NPC metastasis.
We found that overexpression of miR-99a could inhibit cell
migration and invasion, while silencing of miR-99a could
promote cell migration and invasion in NPC. Our findings
indicate that miR-99a functions as a tumor suppressor in NPC
metastasis, which enriching the tumor suppressive function
of miR-99a in various types of human cancers.

It is well-known that miRNAs function as oncogenes
or tumor suppressors through base-paring to the 3’-UTR of
their target genes.** Great efforts have been made to identify
target genes of miR-99a, and several target genes have been
verified, including /GFIR, mTOR, SNF2H, TRIB2, IGF3,
and FOXA1.*** Each miRNA can regulate multiple target
genes, and each gene can be regulated by multiple miRNAs.*’
Therefore, in this study, we tried to search for novel targets of
miR-99a using three public available databases, and found that
HOXA 1 might be a potential target of miR-99a. Real-time RT-
PCR and Western blotting found that overexpression of miR-
99a decreased, whereas silencing of miR-99a increased the
expression of HOXA1 at both the mRNA and protein levels.
Furthermore, luciferase reporter assay verified that HOXA 1

was a direct target of miR-99a in NPC. Similarly, HOXA 1 was
also confirmed as a direct target of miR-99a in breast cancer.*
As expected, functional studies demonstrated that HOXA 1 was
involved in miR-99a-mediated NPC cell migration and inva-
sion, which indicating that HOXA [ was a functional target of
miR-99a in NPC, and miR-99a/HOXA I might be a common
treatment targets in NPC and breast cancers.

Conclusion

Our findings found that miR-99a functioned as a tumor sup-
pressor in NPC. Overexpression of miR-99a could inhibit
NPC cell migration and invasion, whereas silencing of miR-
99a could promote NPC cell migration and invasion. HOXA 1
was predicted and verified as a direct target of miR-99a, and
was involved in miR-99a-medaited NPC cell migration and
invasion. Therefore, the miR-99a/HOXA I signaling pathway
would provide novel insights into NPC metastasis and pro-
vide novel therapeutic targets for NPC patients.
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