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miR-150 inhibits proliferation and tumorigenicity via retarding
G1/S phase transition in nasopharyngeal carcinoma
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Abstract. Cancer cells are characterized by a pathological
manifestation of uncontrolled proliferation, which results
in tumor formation. Therefore, it is necessary to improve
understanding of the underlying mechanism of cell cycle
control. Here, we report that miR-150 is downregulated in
nasopharyngeal carcinoma tissues and cells. Upregulation
of miR-150 suppresses nasopharyngeal carcinoma (NPC)
cell proliferation and induces G,/S arrest in vitro, and inhibits
tumorigenesis in vivo. Conversely, silencing miR-150 yields the
opposite effect. Our results further demonstrate that miR-150
retards nasopharyngeal carcinoma cell proliferation and G,/S
transition via targeting multiple cell cycle-related genes,
including CCNDI1, CCND2, CDK2 and CCNE2. Therefore,
our results uncover a novel mechanistic understanding of
miR-150-mediated tumor suppression in NPC, which will
facilitate the development of effective cancer therapies against
nasopharyngeal carcinoma.

Introduction

Nasopharyngeal carcinoma (NPC) is a relatively rare malig-
nancy worldwide, yet it is the most common cancer in some
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endemic areas, including north Africa, south-eastern Asia
and a number of provinces in south-eastern China (1). Despite
great progress in the systemic treatment, including primarily
radiotherapy, chemotherapy or chemotherapy in combination
with radiotherapy due to its intricate anatomical location,
against stage I and II NPC over the past years, the 5-year
survival rates of more than half of the patients with advanced
NPC is still <50% (2). Extensive studies have indicated that
uncontrolled proliferation ability of cancer cells is the most
common momentum responsible for the progression of NPC,
where multiple cell cycle-related genes have been implicated
in the proliferation of tumor cells (3,4). Therefore, better
understanding of the molecular mechanisms contributing to
the uncontrolled proliferation of cancer cells will facilitate to
improve the survival rate of NPC patients.

Normal cell growth and metabolism are under precise
control of cell cycle in which protein kinase complexes
composed of cyclins and cyclin-dependent kinase (CDK)
play an important role and determine a cell's progression in a
sequential fashion (5). From the molecular perspective, cyclins
act as the regulatory subunits of an activated heterodimer
and CDKs functions as the catalytic subunits, which orches-
trates coordinated entry into the S phase of the cell cycle (5).
Different cyclin-CDK combinations specifically determine the
downstream targeted proteins that in turn promote the expres-
sion of cyclins and enzymes required for DNA replication (6).
Previous studies showed that disregulation of the cell cycle
components may cause the tumor cell to multiply uncontrol-
lably, which finally leads to tumor formation (7). Importantly,
therapies targeting CDK inhibitor present a favorable prospect
in the treatment of a variety of cancers. O'Leary et al reported
that phase III trials investigating palbociclib in patients with
advanced-stage estrogen receptor-positive breast cancer have
demonstrated a substantial improvement in progression-free
survival, with a well-tolerated toxicity profile (8); furthermore,
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Kumar and colleagues demonstrated a single agent activity
of dinaciclib, a novel potent small non-selective inhibitor of
CDK1, CDK2, CDK5 and CDKOJ, in relapsed myeloma (9).
These studies indicated that therapy targeting cell cycle related
proteins exhibits broad-ranging efficacy in many cancer and
could serve as a primary therapeutic avenue in the treatment
of cancers.

MicroRNAs (miRNAs) are a diverse group of small
non-coding RNAs composed of 19-25 nucleotides and
mechanistically function by binding to the 3'-untranslated
region of downstream mRNAs, leading to mRNA degrada-
tion or repression of translation (10,11). A growing body
of evidence has demonstrated that miRNAs not only play
crucial roles in many biological processes including prolif-
eration, differentiation, cell cycle and apoptosis (11), but also
regulate the progression and metastasis in various types of
tumors (12-18). In recent studies, abnormal expression of
miRNAs has been reported to be broadly implicated in the
pathogenesis of NPC (19,20). Furthermore, several lines of
evidence indicated that miRNAs have been reported to be
critical regulators of cell proliferation in multiple human
cancers, including NPC (21-23). For example, Zhao et al
reported that miR-3188 regulates nasopharyngeal carcinoma
proliferation through a FOXO1-modulated positive feedback
loop with mTOR-p-PI3K/AKT-c-JUN (24); moreover, a
study from He and colleagues showed that miR-16 targeting
fibroblast growth factor 2 inhibited NPC cell proliferation
through PI3K/AKT and MAPK signaling pathways (25).
Notably, numerous studies indicated that miRNAs regulated
cancer cell proliferation via directly targeting single or
several cell cycle-related genes, including cyclin D, cyclin E
and cyclin-dependent kinase (CDK), which promoted the
unlimited proliferation of cancer cells (26,27). Therefore, the
above results imply that dysregulation of miRNAs promote
the NPC cells proliferation, which contributes to the progres-
sion and recurrence of NPC.

In this study, we found that miR-150 expression is markedly
decreased in NPC tissues and cells. Moreover, upregulation of
miR-150 suppresses, while silencing miR-150 promotes naso-
pharyngeal carcinoma cell proliferation and cell cycle in vitro, as
well as tumorigenesis in vivo. Our results further demonstrated
that CCND1, CCND2,CDK?2 and CCNE2 are the direct targets
of miR-150; moreover, they mediate the regulation of miR-150
in NPC cells proliferation and cell cycle. Therefore, our results
demonstrate that miR-150 inhibits nasopharyngeal carcinoma
cells proliferation and cell cycle by directly targeting CCNDI,
CCND2, CDK2 and CCNE2 and indicate that miR-150 play
a tumor-suppressive role by suppressing proliferation and cell
cycle in nasopharyngeal carcinoma.

Materials and methods

Cell lines and cell culture. The human nasopharyngeal
carcinoma cell lines CNE1, CNE2, C666-1, HNE1, HNE2,
HONE], SUNEI and 5-8F were obtained from Department
of Biochemistry and Molecular Biology, Guangdong Medical
College (Zhanjiang, China) and were cultured in RPMI-1640
medium (Life Technologies, Carlsbad, CA,USA) supplemented
with penicillin G (100 U/ml), streptomycin (100 mg/ml) and
10% fetal bovine serum (FBS, Life Technologies). NP69 is an
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Table I. The basic information of 8 NPC patients for miR-150
expression analysis.

Cases (n) Percentage (%)

Gender

Male 5 62.5

Female 3 37.5
Age

<50 5 62.5

=50 3 37.5
Histologic subtype

Undifferentiated 7 87.5

non-keratinizing

Differentiated 1 12.5

non-keratinizing
EBYV status

Positive 8 100.0

Negative 0 0.0

NPC, nasopharyngeal carcinoma; EBV, Epstein-Barr virus.

Table 1I. The primers used in the reactions for real-time
RT-PCR.

Gene Sequence (5'-3")
CCND1-up GCCCTCGGTGTCCTACTTC
CCND1-dn CTCCTCCTCGCACTTCTGTT
CCND2-up GGTCGGGTTTTCAATCACAC
CCND2-dn CCTCTTCACCTCCCTTCAACT
CCND3-up TCCTCTCCCATTGTCCCTCT
CCND3-dn CCACCAGCCTAAACCTTGC
CDK4-up GTCTGGTTGTTTGTTGTGTGC
CDK4-dn CGGTGTGTTTGTTGTTTGTCC
CDK6-up GTCTGGTTGTTTGTTGTGTGC
CDK6-dn CGGTGTGTTTGTTGTTTGTCC
CCNEl-up CGGTATATGGCGACACAAGA
CCNEI-dn ACATACGCAAACTGGTGCAA
CCNE2-up AGGAAAACTACCCAGGATGTCA
CCNE2-dn ATCAGGCAAAGGTGAAGGATTA
CDK2-up CTGCTTCCTGTTGGCTCTTTCT
CDK2-dn CTTTGTTTCTGCCTTCTCTCCT
GAPDH-up GCACCGTCAAGGCTGAGAAC
GAPDH-dn TGGTGAAGACGCCAGTGGA

immortalized nasopharyngeal epithelium cell line which was
cultured in defined keratinocyte serum-free medium supple-
mented with specific growth factors (Life Technologies).
293T cells were cultured in Dulbecco's modified Eagle's
medium (DMEM, Life Technologies). All cells were incubated
at 37°C in a humidified atmosphere with 5% CO, and were
routinely subcultured using 0.25% (w/v) trypsin-ethylenedi-
aminetetraacetic acid solution.
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Table III. The primers used in the reactions for clone PCR.
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Gene Sequence (5'-3")
miR-150-up TAGGCGCCGGAATTACTCCCCTGGAGCCTGTTCA
miR-150-dn CTACCCGGTAGAATTGAGACGCCCCAACAATCAG

CCNDI1-3UTR-up
CCND1-3UTR-dn
CCND2-3UTR-up
CCND2-3UTR-dn
CDK2-3UTR-up

CDK2-3UTR-dn

CCNE2-3UTR-up
CCNE2-3UTR-dn

TAGTTGTTTAAACGAGCATTTTGATACCAGAAGGGAAA
AGGTCGACTCTAGACTTGTCTTTTTGTCTTCTGCTGGA
TAGTTGTTTAAACGAGTTCTGTGACATCCTGCTTCTT
AGGTCGACTCTAGACTACTTATCAGCACTTTCTAACATCC
TAGTTGTTTAAACGAGCCCTAATCTCACCCTCTCCT
AGGTCGACTCTAGACCGTTAATAGCAAGAGCACTCAAGG
TAGTTGTTTAAACGAAATTCACCAAGATTGGGTAGAAC
AGGTCGACTCTAGACAACAATGGGCTAAAAATAAACAGTA

Patients and tumor tissues. Paired tumor specimens and the
matched adjacent normal tissues from 8 confirmed NPC patients
were obtained from the Affiliated Hospital of Guangdong
Medical College between January 2014 and December 2014.
Tissue specimens were obtained by fiber optic nasopharyn-
goscopy directly on the tumor growth site and on the adjacent
side with observed normal mucosal morphology for the corre-
sponding non-tumor pair. Informed consent was obtained from
the patients involved, and ethics approval for this study was
obtained from the Institutional Research Ethics Committee.
The median age was 48 years and the age range from 32 to
72 years. The histologic subtype of 8 NPC includes 7 undiffer-
entiated non-keratinizing and 1 differentiated non-keratinizing.
The EBV status of all 8§ NPC patients were positive. The patient
information is summarized in Table I.

RNA extraction, reverse transcription, and real-time PCR.
Total RNA from tissues or cells were extracted using
TRIzol (Life Technologies) according to the manufacturer's
instructions. Messenger RNA (mRNA) and miRNA were
polyadenylated using a poly-A polymerase-based First-Strand
Synthesis kit (Takara, Dalian, China) and reverse transcrip-
tion (RT) of total mRNA was performed using a PrimeScript
RT Reagent kit (Takara) according to the manufacturer's
protocol. Complementary DNA (cDNA) was amplified and
quantified on ABI 7500HT system (Applied Biosystems, Foster
City, CA, USA) using SYBR Green I (Applied Biosystems).
Table II lists the primers used in the reactions. Real-time PCR
was performed according to a standard method, as described
previously (28). Primers for U6 (no. MQP-0202) and miR-150
(no. miRQO000451) were synthesized and purified by RiboBio
(Guangzhou, China). U6 or glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as endogenous controls
for miRNA or mRNA, respective. Relative fold expressions
were calculated with the comparative threshold cycle (224"
method.

Plasmid, small interfering RNA and transfection. The human
miR-150 expression plasmid was generated by cloning the
genomic pre-miR-150 gene, with a 300-bp sequence on each
flanking side, into retroviral transfer plasmid pMSCV-puro
(Clontech Laboratories Inc., Tokyo, Japan) to generate plasmid
pMSCV-miR-150. pMSCV-miR-150 was cotransfected with

the pIK packaging plasmid into 293FT cells using the standard
calcium phosphate transfection method, as previously described
(29). Thirty-six hours after the cotransfection, supernatants
were collected and incubated with cells to be infected for 24 h
in the presence of polybrene (2.5 ug/ml). After infection, puro-
mycin (1.5 ug/ml) was used to select stably transduced cells
over a 10-day period. The luciferase reporter system of pE2F-
luc (Clontech) and pRb-luc (Clontech) were used to examine
the transcriptional activity of E2Fs and the transcriptional
repression capability of Rb, respectively. The 3'-untranslated
region (3'-UTR) regions of the human CCNDI1, CCND?2,
CDK2 and CCNE2 were PCR-amplified from genomic DNA
and cloned into pmirGLO luciferase reporter vector (Promega,
Madison, WI, USA), and the list of primers used in clone
reactions is presented in Table III. The miArrest plasmids for
anti-miR150 and negative control plasmids were constructed
and cloned into pHI1 plasmids by GeneChem (Shanghai,
China). Small interfering RNA (siRNA) for CCNDI1, CCND2,
CDK2 and CCNE2 knockdown were obtained from Santa
Cruz (Dallas, TX, USA). Transfection of siRNAs and plasmids
was performed using Lipofectamine 3000 (Life Technologies)
according to the manufacturer's instructions.

Cell counting kit-8 analysis and colony formation assay. For
cell counting kit-8 analysis, cells (2x10°) were seeded into
96-well plates and stained at the indicated time-point with
100 g cell counting kit-8 (CCK-8; Dojindo, Japan) dye for 2 h
at 37°C, followed by the absorbance measured at 450 nm, with
650 nm used as the reference wavelength. For colony formation
assay, cells (0.2x10%) were plated into 6-well plates and cultured
for 10 days. Colonies were then fixed for 15 min with 10% form-
aldehyde and stained with 1.0% crystal violet for 30 sec.

Anchorage-independent growth ability assay. Cells (3x10%)
were suspended in 2 ml complete medium plus 0.3% agar
(Sigma-Aldrich, St. Louis, MO, USA). The agar-cell mixture
was plated as a top layer onto a bottom layer comprising
0.6% complete medium agar mixture. After 14-day culture,
colony size was measured using an ocular micrometer and
colonies >0.1 mm in diameter were counted.

Cell cycle analysis. Pretreatment and staining was performed
using Cell Cycle Detection kit (KeyGen, China) according to
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the manufacturer's instructions. Cells (5x10°) were harvested
by trypsinization, washed in ice-cold phosphate-buffered
saline (PBS) and fixed in 75% ice-cold ethanol in PBS. Before
staining, cells were gently resuspended in cold PBS, and ribo-
nuclease was added into cell suspension tube incubated at 37°C
for 30 min, followed by incubation with propidium iodide (PI)
for 20 min at room temperature. Cell samples (2x10*) were then
analyzed by FACSCanto II flow cytometer (Becton-Dickinson
& Co., Franklin Lakes, NJ, USA) and the data were analyzed
using FlowJo 7.6 software (TreeStar Inc., Ashland, OR, USA).

Tumor xenografts. Four-week-old BALB/c-nu female mice
weighing 15-20 g were maintained in a standard pathogen-free
environment where the animals were housed in sterile cages
under laminar flow hoods in a 20-26°C temperature controlled
room with a 12-h light/dark cycle and fed autoclaved chow
and water. All experimental procedures were approved by the
Institutional Animal Care and Use Committee (IACUC) of
Guangdong Medical College. BALB/c-nu mice at 4-6 weeks
of age were randomly divided into four groups (n=5 per group)
and indicated CNE-2 cells (2x10°) were inoculated subcuta-
neously into the flanks of the nude mice. Tumor volume was
determined using an external caliper and calculated using the
equation (L x W?)/2. The mice were sacrificed by inhaling
CO, on day 36 after inoculation and the tumors were excised
and subjected to pathologic examination.

Immunohistochemistry. The immunohistochemistry proce-
dure and scoring of Ki67 expression levels were performed as
previously described (12). The slides were incubated overnight
at 4°C in a humidified chamber with the rabbit anti-human
Ki67 antibody diluted 1:5,000 in PBS (no. ab16667. Abcam,
Cambridge, MA, USA).

Dual luciferase report experiments. Cells (5x10°) were plated
in 60-mm cell culture dishes, at 60-80% confluence after
24 h of culture, and the reporter constructs were transfected
into cells using Lipofectamine 3000. After 12-h incubation,
the transfection medium was replaced; cells were harvested
and washed with PBS, and lysed with passive lysis buffer
(Promega). The cell lysates were analyzed immediately using
Synergy™ 2 microplate system (BioTek, Winooski, VT, USA).
Luciferase and Renilla luciferase were measured using a Dual-
Luciferase Reporter assay system (Promega) according to the
manufacturer's instructions. The luciferase activity of each
lysate was normalized to Renilla luciferase activity. The rela-
tive transcriptional activity was converted into fold induction
above the vehicle control value.

RNA immunoprecipitation. Cells (5x10°) were plated in
60-mm cell culture dishes, at 60-80% confluence after 24 h
of culture, and the pIRESneo-FLAG/HA-Ago2 plasma
(10822; Addgene, Cambridge, MA, USA) was cotransfected
into cells using Lipofectamine 3000. After 48-h transfection,
cells were washed and lysed in radioimmunoprecipitation
buffer (Sigma-Aldrich) containing 10% proteinase inhibitor
cocktail (Sigma-Aldrich) and 1 mM phenylmethylsulfonyl
fluoride (Sigma-Aldrich). A fraction of the whole cell lysate
was used for RNA isolation, and the remaining lysate was
subjected to immunoprecipitation (IP) using an antibody
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against Ago2 (Abcam) or immunoglobulin G (IgG) (Abcam).
RNA from whole cell lysates and RNA IP (RIP) fractions was
extracted with TRIzol (Life Technologies) according to the
manufacturer's instructions. The relative levels of mRNA were
determined using real-time RT-PCR as described above. The
relative mRNA enrichment in the RIP fractions was computed
based on the ratio of relative mRNA levels in the RIP fractions
and the relative mRNA levels in the whole cell lysates.

Western blotting. The proteins extracted from the cell lysates
were loaded with 50 pg in each lane, which was further
separated by 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and transferred to polyvinylidene fluoride
membranes (Millipore, Billerica, MA, USA). The membranes
were probed with antibodies against CCNDI (no. 3300; dilution,
1:1,000), CCND2 (no. 3741; dilution, 1:1,000), CDK?2 (no. 2546;
dilution, 1:1,000), and CCNE2 (no. 4132; dilution: 1:1,000) (Cell
Signaling Technology, Beverly, MA, USA) overnight at 4°C,
and then incubated with horseradish peroxidase-conjugated
secondary antibodies (no. 7071; dilution, 1:3,000) (Cell
Signaling Technology) for 1 h at room temperature. Immune
complexes were detected by enhanced chemiluminescence (Cell
Signaling Technology). a-tubulin (no. 12351; dilution, 1:1,000)
(Cell Signaling Technology) was used to correct for differences
in protein loading from the control and experimental groups.

Statistical analysis. All values are presented as means + stan-
dard deviation (SD). Significant differences were determined
using SPSS 19.0 software (SPSS, Chicago, IL, USA). A paired
Student's t-test was used to analyze the paired control group
(pMSCV-V or pH1-V) and treatment group (miR-150 or anti-
miR-150) of in vitro experiments. An independent Student's
t-test was used to analyze the paired control group (pMSCV-V
or pH1-V) and treatment group (miR-150 or anti-miR-150) of
in vivo experiments. Spearman's correlation tests were used to
evaluate the pairwise expression correlation between miR-150
and targeted genes in NPC tissues. P<0.05 was considered
statistically significant.

Results

miR-150 is downregulated in nasopharyngeal carcinoma
tissues and cell lines. To screen the aberrant miRNA expres-
sion between NPC tissues and normal nasopharyngeal tissues,
two microarray-based high-throughput datasets of NPC from
GSE32960 (ftp:/ftp.ncbi.nlm.nih.gov/geo/series/GSE32nnn/
GSE32960/matrix/) and GSE36682 (ftp://ftp.ncbi.nlm.nih.
gov/geo/series/GSE36nnn/GSE36682/matrix/) were analyzed
and showed that miR-150 expression was downregulated in
NPC tissues compared with normal nasopharyngeal tissues
(Fig. 1A and B). To validate the miR-150 expression in NPC
tissues, real-time PCR was performed on NPC clinical samples
and cell lines. As shown in Fig. 1C and D, miR-150 expression
was differentially downregulated in the primary NPC tissues
from 8 individual patients and NPC cell lines compared with
that in the matched adjacent normal tissues and immortalized
nasopharyngeal epithelium cell line (NP69), respectively.
Therefore, the published miRNA datasets and our results
suggested that miR-150 is downregulated in NPC tissues and
cells.
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Figure 1. miR-150 is downregulated in nasopharyngeal carcinoma tissues and cell lines. (A and B) miR-150 expression level was downregulated in the
nasopharyngeal carcinoma datasets from GSE32960 and GSE36682. (C) Expression of miR-150 was downregulated in 8 paired nasopharyngeal carcinoma
tissues compared with the matched adjacent normal nasopharyngeal carcinoma tissue samples. Each bar represents the mean values + SD of three independent
experiments. "P<0.05. (D) Real-time PCR analysis of miR-150 expression in NP69 and nasopharyngeal carcinoma cell lines. U6 was used as endogenous
control in RT-PCR. Each bar represents the mean values + SD of three independent experiments. “P<0.05.
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Figure 2. miR-150 inhibits the proliferation of nasopharyngeal carcinoma cells in vitro. (A) Downregulation of miR-150 positively correlated with clinical
stages of nasopharyngeal carcinoma. (B) miR-150 expression was detected by real-time PCR analysis. miR-150 expression was examined in overexpressed
miR-150 and anti-miR-150 NPC cells, and their respective control vectors. U6 was used as the loading control. Each bar represents the mean values + SD of
three independent experiments. ‘P<0.05. (C) CCK-8 assay revealed that overexpression of miR-150 decreased, while downregulation of endogenous miR-150
increased the proliferation rate in CNE-2 and HONEI cells. Each bar represents the mean values + SD of three independent experiments. (D) Colony forma-
tion assay revealed that overexpression of miR-150 decreased, while downregulation of endogenous miR-150 increased the colony-forming ability in CNE-2
and HONEI cells. Each bar represents the mean values + SD of three independent experiments. "P<0.05. (E) Anchorage-independent growth assays revealed
that overexpression of miR-150 decreased, while downregulation of endogenous miR-150 increased the anchorage-independent growth ability in CNE-2 and
HONEI cells. Each bar represents the mean values + SD of three independent experiments. "P<0.05.
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Figure 3. miR-150 inhibits tumorigenesis of nasopharyngeal carcinoma cells in vivo. (A) Images of excised tumors from five BALB/c mice at 30 days after
injection with the indicated cells. (B) Average weight of excised tumors from the indicated mice. Each bar represents the median values + quartile values.
“P<0.05. (C) Tumor volumes were measured every five days. Each bar represents the median values + quartile values. (D) Representative images of sections
sliced from the indicated tumors and stained with anti-Ki67 and H&E staining, respectively.

Downregulation of miR-150 promotes NPC cell proliferation
in vitro. As downregulation of miR-150 was correlated with
clinical stage in NPC clinical tissues (Fig. 2A), we examined
whether miR-150 is involved in NPC cell proliferation. We first
constructed miR-150-expressing stably HONE1 and CNE2
cells via exogenously overexpressing miR-150 and endoge-
neously silencing miR-150 via virus transduction (Fig. 2B).
The reason why HONE1 and CNE2 cells were selected to
study the biological roles of miR-150 in NPC is that miR-150
expression levels in CNE-2 and HONETI cells were located in
the intermediate level in the miR-150 expression spectrum of
all NPC cell lines when we examined the miR-150 expression
levels in 8 NPC cell lines. Furthermore, CNE-2 and HONE1
cell lines were the most common cell models in studying the
proliferation and tumorigenesis of NPC in vitro and in vivo
assays (30,31). CCK-8 assay was performed and the result
indicated that miR-150 upregulation markedly decreased,
while silencing miR-150 increased, the cell proliferation
rate of CNE2 and HONEI cells (Fig. 2C). Furthermore,
colony formation assays and anchorage-independent growth
assays revealed that miR-150 downregulation increased the
colony-generating capability and anchorage-independent
growth activity of CNE2 and HONEI cells (Fig. 2D and E).
Moreover, upregulated miR-150 drastically inhibited NPC
cell growth, as indicated by the decreased colony numbers
(Fig. 2D and E). These results indicated that miR-150 inhibits
NPC cell proliferation ability in vitro.

miR-150inhibits nasopharyngeal carcinoma cell tumorigenesis
in vivo. Furthermore, the effect of miR-150 on tumorigenesis
of human nasopharyngeal carcinoma CNE-2 cells was tested
in vivo. As shown in Fig. 3A-C, tumor volumes and weight
were increased significantly in the miR-150-downregulation
group compared with the control group. In contrast, the tumors
formed by the miR-150-overexpressing cells were smaller and

exhibited reduced tumor volume and weight compared to the
control group. The analysis of IHC and H&E staining revealed
that the miR-150-silencing tumor tissues displayed higher Ki67
proliferation indexes, whereas the miR-150-overexpressing
tumor tissues exhibited reduced numbers of Ki67-positive cells
(Fig. 3D). Taken together, these results indicated that miR-150
inhibits the tumorigenesis of NPC cells in vivo.

miR-150 downregulation promotes cell cycle progression of
NPC cells. To further investigate the mechanism underlying
the miR-150-mediated inhibition of NPC cell proliferation,
the cell cycle progression was analyzed. As shown in Fig. 4A,
flow cytometry showed that miR-150 upregulation mark-
edly decreased the percentage of cells in the S phase and
increased that of cells in the G,/G, phase, while silencing
miR-150 increased the percentage of cells in the S phase and
decreased that of cells in the G,/G, phase, suggesting that
upregulation miR-150 might induce G,/S arrest in NPC cells.
Furthermore, the expression levels of a number of critical
cell cycle regulators in G,/S checkpoint were detected. As
shown in Fig. 4B and C, real-time PCR assays and western
blotting revealed that upregulating miR-150 decreased,
while silencing miR-150 increased, the expression levels of
cyclin D1 (CCNDI), cyclin D2 (CCND2), cyclin-dependent
kinase 2 (CDK2), and cyclin E2 (CCNE2) at both the protein
and mRNA levels. Whereas, the mRNA levels of cyclin-
dependent kinase 4 (CDK4), cyclin-dependent kinase 6
(CDK®6), cyclin D3 (CCND3), and cyclin E1 (CCNEI) were
not affected by miR-150 (Fig. 4D).

It has been well documented that progression of cell cycle
was promoted by E2F transcription factors. E2F can work
with Rb, a negative regulator of the cell cycle, in regulating
G,/S checkpoint. E2F activation or Rb inactivation can induce
entry of cells into S phase (32,33). Thus, we hypothesized
that miR-150 upregulation may suppress the activity E2F-Rb



INTERNATIONAL JOURNAL OF ONCOLOGY 50: 1097-1108, 2017 1103
s 801 . CNE-2
pMSCV-V  miR-150 pH1V  anti-miR-150 ¢ — .|
- 0G1=48,3%/| 1200 0-G1=59.1%| =00 4G1=49.9% BGO0-G1=36.1% % § 60 ¥ . pN-‘SCV'V
oL 2NA84% | oo s | oo icsen | | amersex | £ 0 404 H O miR-150
w 400 o * D -
G . = § & 201 EPH; V[R 150
e 300 0 -] -
e o F B iy o JV‘!\_ o LE anti-m
: 0 200 400 600 20 1K 0 200 400 600 800 1K 0 200 400 600 8¢ 1K 0 200 400 800 8OO 1K
o 0-G1=51.6%| 0-G1#63.1%, GO-G1=37_8%) = Bo-
lzx BEN- B OB 3wl HONE-1
W wo o - S o . @ pMSCV-V
800 S *
Qe ” w0 - £ w 401 @ miR-150
0 200 400 60O BOO 1K nﬂ 200 400 820 8OO 1K 00 200 400 GO0 800 1K .J:l m.memm R E g 20- D pH1-V
PI & o O anti-miR-150
GyG, S G,M
B B pMSCV-V [ pH1-V B pMSCV-V [ pH1-V
O miR-150 O anti-miR-150 OmiR-150 O anti-miR-150
T 4- T 41 x
= x =
2 K] *
< 34 * < 31
= * = *
o * o .
£ 2- £ 2
2 2
E Ly * * * -3 E 1 | * * *
4] @
@ o { 4 } ! o ol s : !
CCND1 CCND2 CDK2 CCNE2 CCND1 CCND2 CDK2 CCNE2
CNE-2 HONE-1
D O pMSCV-V O pH1-V
_ O miR-150 [ anti-miR-150
C =] o @ 2.0
w [T+] =
o b 2
Ig_ & Ig g g5
g vz 8 952 & g
s T E s £ E £ 1.01
a £ & ®© c £ o «© @
conpt [N ——— 05
conz FEEREEEE - ¢ LML - ' !
CDK4 CDKé CCND3 CCNE1
COK? [ i | (o= = e CNE-2
= 1.5
e - m@--
(SBO7/811) p
octubulin (R e (SRS - = 05
CNE-2 HONE-1 S 4l
CDK4 CDK6  CCND3  CCNE1
HONE-1
E F
Q
3 »25 % 3 _20 x
gz 20 7 @ pMSCV-V < ‘E' T
8815 : g 815 B pMSCV-V
x®l @ miR-150 R .
[ 1 w. 10 O miR-150
o €101 F: . O pH1-V agt s p B pHI.V
20 —— o
§ g0 Banti-miR150 > g 0.5 O anti-miR-150
= w O
& 0.0 T T 3 b 0.0 } }

Figure 4. miR-150 inhibits the cell cycle of nasopharyngeal carcinoma cells.
Each bar represents the mean values = SD of three independent experiments

(A) Flow cytometric analysis of the indicated nasopharyngeal carcinoma cells.
. "P<0.05. (B) Real-time PCR analysis of CCND1, CCND2, CKD2 and CCNE2

expression in the indicated cells. Transcript levels were normalized by GAPDH expression. Each bar represents the mean values + SD of three independent

experiments. "P<0.05. (C) Western blot analysis of CCNDI1, CCND2, CDK?2,
of CDK4, CDK6, CCND3 and CCNE2 mRNA expression in overexpressed
was used as the loading control. Each bar represents the mean values + SD of
reporter activity in the indicated cells. Each bar represents the mean values +

complexes. As shown in Fig. 4C, the level of phosphorylation
of Rb (p-Rb) was markedly decreased in miR-150-overex-
pressing NPC cells, while its expression level is increased in
the miR-150-silencing NPC cells. Moreover, the luciferase

CCNE?2 and p-Rb expression in the indicated cells. (D) Real-time PCR analysis
miR-150 and anti-miR-150 NPC cells, and their respective control vectors. U6
three independent experiments. “P<0.05. (E and F) Relative Rb activity and E2F
SD of three independent experiments. "P<0.05.

reporter analysis shows that upregulating miR-150 enhanced,
while miR-150-silenced inhibited, the transcriptional repres-
sion capability of Rb (Fig. 4E). Moreover, the transcriptional
activity of E2F was strongly repressed by miR-150 overex-
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Figure 5. miR-150 inhibits the cell cycle progression by directly targeting CCND1, CCND2, CDK2 and CCNE2. (A) MiRNP IP (RIP) assay showing the
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pression, whereas silencing miR-150 increased the activity
(Fig. 4F). These results suggested that miR-150 inhibits the
cell cycle progression in NPC cells.

miR-150 suppresses cell cycle progression by directly targeting
CCNDI, CCND2, CDK2 and CCNE?2. It has been confirmed
that miRNAs regulate gene expression by targeting the 3'-UTR
of mRNA, and the degradation of target mRNA was medi-
ated by RNA-induced silencing complex (RISC). Therefore,
we tested whether miR-150 mediated the RISC binding to
the mRNA of critical cell cycle regulators in G,/S check-
point using miRNP immunoprecipitation assay. As shown in
Fig. 5A and B, miR-150 directly interacted with the mRNA of
CCND1, CCND2, CDK2 and CCNE2, but did not affect the

mRNA of CDK4, CDK6, CCND3 and CCNE]1. Furthermore,
publicly available algorithms (miRanda and TargetScan) were
employed and showed that CCND1, CCND2, CDK2 and
CCNE?2 are potential targets of miR-150 (Fig. 5C). To examine
whether miR-150-mediated CCND1, CCND2, CDK2 and
CCNE2 downregulation occurs through a miR-150-binding
in the 3'-UTR of CCND1, CCND2, CDK2 and CCNE2, the
3'-UTR of four genes were cloned into pmirGLO luciferase
reporter vectors. As predicted, miR-150 overexpression
reduced, whereas anti-miR-150 increased, the luciferase
reporter activity of these four genes (Fig. 5D). Moreover, flow
cytometry showed that downregulated CCNDI1, CCND2,
CDK2 and CCNE?2 significantly increased the percentage of
NPC cells in G, phase, while the percentage of cells in S phase
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was decreased in miR-150-silenced CNE2 and HONEI cells  gate whether CCND1, CCND2, CDK2 and CCNE2 contribute
(Fig. 5SE). Taken together, these results indicated that miR-150  to the phenotypes induced by miR-150-downregulated in
retards the cell cycle progression via directly targeting CCND1, NPC cells, we used RNA interference to knock down the
CCND2, CDK2 and CCNEZ2, causing G,/S phase arrest. CCNDI1, CCND2, CDK2 and CCNE2. As shown in Fig. 6,

individual silencing of CCNDI1, CCND2, CDK2 and CCNE2
CCNDI, CCND2, CDK2 and CCNE?2 contribute to miR-150  significantly inhibited cell growth, cell colony number and
downregulation-induced NPC cell growth. To further investi-  cell colony numbers on soft agar of anti-miR-150 CNE2 and
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HONEI cells. These results indicated that miR-150 inhibits
NPC cells proliferation via silencing CCND1, CCND2, CDK2
and CCNE2.

miR-150 levels clinically correlate with CCNDI, CCND?2,
CDK?2 and CCNE?2 expression in NPC. Finally, we investi-
gated whether miR-150 correlated with CCND1, CCND?2,
CDK?2 and CCNE2 expression in NPC clinical tissues. The
rationale used to perform the correlation of miR-150 with
CCNDI1, CCND2, CKD2 and CCNE2 expression in NPC
tissues as follows: we first examined the miR-150 expression
and the mRNA expression levels of CCNDI1, CCND2, CKD2
and CCNE2 via real-time PCR in 8 NPC tissues. Relative
fold expressions of miR-150, CCND1, CCND2, CKD2 and
CCNE2 in NPC tissue samples were calculated. Then, one
tissue sample was randomly selected and numbered as T1,
other 7 tissue samples were numbered in order as T2, T3, T4,
T5,T6,T7 and T8. The expression levels of miR-150, CCNDI,
CCND2,CKD2 and CCNE2 in each NPC tissue were normal-
ized by the corresponding miR-150, CCND1, CCND2, CKD2
and CCNE2 expression levels in T1 NPC tissue. The relative
expression levels of miR-150, CCNDI1, CCND2, CKD2 and
CCNE?2 after normalization were used to perform the correla-
tion analysis among miR-150 and CCND1, CCND2, CKD2
and CCNE2 expression. This analysis method of clinical
correlation was widely used in multiple lines of studies (34,35).
The analysis of clinical correlation revealed that a significant
inverse correlation was found between miR-150 and CCNDI1
(r=-0.841; P<0.05), CCND2 (r=-0.668; P<0.05), CDK2
(r=-0.799; P<0.05), and CCNE2(r=-0.639; P<0.05) expression
in NPC (Fig. 7) in eight fresh NPC tissues. Taken together,
these results indicate that CCNDI1, CCND2, CDK?2 and
CCNE?2 expression negatively correlate with miR-150 levels
in NPC tissues.

Discussion

This study found that miR-150 expression is markedly down-
regulated in NPC tissues and cells, which is consistent with
the analysis of the results of publicly available NPC datasets.
Moreover, upregulation of miR-150 suppresses NPC cell
proliferation and cell cycle in vitro and tumorigenesis in vivo.
Conversely, silencing miR-150 displays the opposite effect
on NPC cells. Our results further demonstrated that CCND1,
CCND2, CDK2 and CCNE2 are the direct targets of miR-150
and importantly the stimulatory effects of downregulating
miR-150 on the proliferation and cell cycle of NPC cells
are reversed by individual silencing of these target proteins.
Therefore, these results present our mechanistic understanding
of miR-150-mediated tumor suppression in NPC.
Accumulating studies have indicated that several indi-
vidual components of the cell cycle machinery are targeted
by specific miRNAs and documented that the loss or gain
of miRNA-mediated cell cycle control contributed to malig-
nancy in a number of cancers. Several lines of evidence
indicated that miRNAs regulate classic cell cycle control
pathways by directly targeting the components of the cell
cycle, including cyclins, CDKs, E2F transcription factors
and Cdk inhibitors (CKIs) (36). For example, a large body
of evidence indicated that upregulating let-7, a well-known
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tumor suppressor as well as a critical regulator of the cell
cycle, induced a noted accumulation of G, and G, cell cycle
stages. Microarray analysis and reporter assays revealed
that multiple genes implicated in promoting G,/S transition,
including CCND2, CDK6 and CDC25A, were the direct
targets of let-7 (37). Moreover, Linsley and colleagues reported
that miR-16 negatively regulated cellular growth and cell cycle
progression. Through microarray profiling and functional
screening, they found that the most downregulated transcripts
were highly enriched for cell cycle- related genes, as indicated
by gene ontology (GO) annotation, indicating that miR-16
simultaneously regulates these targets that may function in
concert to control cell cycle progression (38). Therefore, these
findings indicated that the identified cell cycle-related target
genes of these miRNAs clarify well the molecular mechanisms
by which miRNAs exert their effects on cell cycle control.
Furthermore, miR-150-mediated tumor suppression via
inhibiting cancer cell proliferation and cell cycle progression
has been well established in several cancer (39-42). However,
the expression level and biological role of miR-150 in NPC
lack evidence. In this study, we found that miR-150 expres-
sion was decreased in NPC tissues and cells compared with
normal NPC tissues and cell lines. Upregulation of miR-150
suppressed, whereas miR-150 downregulation promoted, the
proliferation and cell cycle of NPC cells in vitro and tumori-
genesis in vivo. To identify the mechanisms by which miR-150
regulates the proliferation and cell cycle pathways, we further
examined the effects of miR-150 on the cell cycle-related
genes, including CCND1, CCND2, CCND3, CCNE1, CCNE2,
CDK?2, CDK4 and CDK6. Of these, the mRNA and protein
level of CCND1, CCND2, CDK?2 and CCNE2 were decreased
in the miR-150-overexpressing NPC cells and increased in the
miR-150-silencing NPC cells. The expression of the other four
of these genes were not influenced by miR-150. The analysis
of the publicly available algorithms (miRanda and TargetScan)
revealed that CCND1, CCND2, CDK?2 and CCNE2 are the
potential targets of miR-150. Importantly, the stimulatory roles
of silencing miR-150 in the proliferation and cell cycle were
attenuated by individual knockdown of the targeted genes.
Therefore, our results uncover a novel mechanism responsible
for the inhibitory effect of miR-150 on the proliferation and
cell cycle in NPC cells.

The majority of the previous studies showed that miR-150
was downregulated in multiple human cancers, including
hepatocellular carcinoma, lymphoma, colorectal cancer,
pancreatic cancer which contributed to cancer cell prolif-
eration, drug resistance and metastasis via varing mechanisms
(39,42-46). Furthermore, the expression of miR-150 has also
been reported to be upregulated in non-small cell lung cancer,
gastric cancer and chronic lymphocytic leukemia (47-52).
These findings indicated that miR-150 functions as both an
oncomiR and tumor suppressive miRNA, depending on the
tumor type. However, the expression level and specific role of
miR-150 in NPC remains unknown. In this study, we found that
miR-150 expression is downregulated in NPC tissues and cells
compared with normal NPC tissues and cell lines. Upregulation
of miR-150 suppressed, whereas miR-150 downregulation
promoted, the proliferation and cell cycle of NPC cells in vitro
and tumorigenesis in vivo. Furthermore, the inhibitory role
of miR-150 in the proliferation and cell cycle progression in
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NPC were mediated by the cell cycle-related genes, including
CCNDI, CCND2, CDK?2 and CCNE2. Intriguingly, Cao et al
reported that miR-150 was significantly upregulated in lung
cancer clinical specimens and high expression of miR-150
promoted the proliferation of lung cancer cells by targeting
SRC kinase signalling inhibitor 1 (49). This evidence suggests
that the complexity of the regulatory mechanisms by miR-150
might either promote or inhibit cellular proliferation, is envi-
ronment- and tumor type-dependent.

In conclusion, this study revealed that tumor-suppressive
miR-150 inhibits the proliferation and cell cycle progression
viarepressing cell cycle-related genes CCND1,CCND2,CDK?2
and CCNE2. Thus, improved understanding of the specific
mechanism of downregulation miR-150 in the pathogenesis of
NPC will increase our knowledge of nasopharyngeal carci-
noma development, which will help to develop new therapeutic
measures against nasopharyngeal carcinoma.
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