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Background: miR-24-3p is a microRNA (miRINA) that is involved in the differentiation of various types
of cancers and has been shown to act as an oncogene or tumor suppressor in certain cancers. However, the
underlying mechanism of the miR-24-3p/TEL2 pathway has not been elucidated yet.

Methods: The expression of miR-24-3p mRNA in NP69 cells and five NPC cell lines was detected.
miR-24-3p mimics were transfected into S26 and 6-10B cells to explore the effect of miR-24-3p on the
TEL2 mRNA and protein levels in NPC by Western blotting. In addition, tissue was collected from
116 patients with NPC, and total RNA was extracted for qRT-PCR to determine the expression of levels
TEL2 and miR-24-3p. Furthermore, Transwell assays were conducted to study the effect of cancer cell
migration and invasion.

Results: In this study, we found that ectopic expression of miR-24-3p decreased the mRNA and
protein levels of TEL2 in NPC cells, while knockdown of miR-24-3p increased the mRNA and protein
levels of TEL2. Additionally, there was a negative correlation between miR-24-3p and TEL2 in NPC
tissues. Mechanistically, we showed that miR-24-3p inhibits TEL2 expression via direct binding to the
3" untranslated region (3' UTR) of TEL2.

Conclusions: Collectively, our results suggest that the miR-24-3p/TEL2 pathway may be a new target for
treating patients with NPC.
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Introduction regional lymph node metastasis, respectively (2-4). In recent
Nasopharyngeal carcinoma (NPC) is a malignancy that occurs years, some progress has been made in the treatment of

in most of the world but has an especially high incidence the distant metastasis of NPC; however, the underlying

in southern China, Southeast Asia and North Africa (1). mechanism of NPC metastasis remains unclear.
Additionally, NPC has the highest metastasis rate, of which TEL2 is a member of the ETS family, which plays an
19.9% and 74.5% of patients show distant metastasis and imperative role in the development of normal hematopoiesis (5)
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and tumor formation. All ETS factors share highly
conserved DNA binding domains that interact specifically
with DNA sequences (6). As transcription factors, they
can regulate the expression of target genes in various
signaling pathways to influence the growth, invasion and
metastasis of cancer. TEL2 binds to DNA through the ETS
domain and interacts with itself or TEL1 through the tip
domain (7). Thus, TEL2 is a multifunctional transcription
factor that regulates the expression of target genes in
signaling pathways to influence the development of tumors,
cell differentiation, apoptosis, and migration as well as
invasion, and metastasis (8,9). In previous studies, we
identified that TEL2 is an important regulatory molecule
for NPC metastasis by gene microarray technology (10).
However, it is unknown how TEL2 is downregulated in
highly metastatic NPC cells.

MicroRNAs (miRNAs), a key component of the noncoding
RNA family, play a significant role in the initiation and
progression of cancer (11). miRNAs typically target
multiple mRNAs and regulate the expression of genes
by inhibiting the translation or degradation of target
mRNAs. There are several studies showing that miR-24 is
downregulated in osteosarcoma (12), gastric cancer (13),
and bladder cancer (14,15), in addition to being
upregulated in hepatocellular carcinoma (16,17) and breast
cancer (18,19). Our previous study also showed that TEL?2
is downregulated in highly metastatic NPC cells (10)
and that the overexpression of TEL2 could inhibit the
migration, invasion and metastasis of NPC. miR-24-3p
has been shown to act as an oncogene or tumor suppressor
in certain cancers (20). For example, as an oncogenic role,
we not only reported that miR-24-3p is downregulated in
colorectal cancer (CRC) and is associated with advanced
disease (21), but it is also involved in pathogenesis that
may serve as a potential diagnostic target. By contrast, it
can play a suppressive role via downregulating LPAATD
expression (22). However, recent miR-24-3p- and NPC-
related studies have primarily focused on how miR-24-
3p changes NPC radio-sensitivity by directly regulating
Jab1/CSN5 (23). Furthermore, it also contributes to
tumor pathogenesis via FGF11 repression by modulating
T-cell function in NPC, forming a unique intercellular
mechanism inside the human body (24,25). However, in
this report, we demonstrated that the upregulation of miR-
24-3p leads to TEL2 mRNA and protein downregulation.
This new miR-24-3p/TEL2 pathway may provide a novel
therapeutic direction for the treatment of NPC metastasis.
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Methods
Cell lines and reagents

Cell lines (NP69, 6-10B, 5-8F, HONEI1, S26, S18, and
SUNEL1) were provided by the group of Tiebang Kang (Sun
Yat-sen University Cancer Center, Guangzhou, China). Cell
lines (6-10B, S26, and CNE1) were cultured in DMEM
(Gibco; Catalog number: 11965-092) supplemented with
10% fetal bovine serum (Gibco; Catalog number: 10270-106),
and all cells were grown in a humidified incubator with the
conditions of 37 °C and 5% CO,, and the cell culture was
maintained for no more than 6 months.

Clinical samples and study approval

A total of 116 NPC samples were obtained in this experiment.
The case data showed that these patients are between 6 and
52 years of age. The tissue of 116 patients with NPC was
collected, and the mRNA expression levels of TEL2 and
miR-24-3p were detected. Written informed consent was
obtained from all patients before sample collection, and this
study was approved by the Institutional Review Board of
the Third Affiliated Hospital of Nanchang University (No.
CAN20144895).

Transient transfection of miRNA mimics and inbibitors

The miRNA mimics (miR-24-3p), miRNA control, and
miRNA inhibitors for miR-24-3p were purchased from
Ribobio (Ribobio, Guangzhou, China). After seeding
into 6-well plates, the cells were transfected with miRNA
mimics at a final concentration of 100 nM using RNAiMAX
Reagent (Invitrogen).

Plasmid transfection

Lipofectamine 2000 (Invitrogen) was used for transfection
according to the manufacturer’s instructions. Briefly, NPC
cells were inoculated with 2.5x10’ cells per well in 6-well
tissue culture dishes, and 5 g of plasmid DNA was transfected
for 24 hours, followed by the use of indicator chemicals.

RNA extraction, reverse transcription, and quantitative
real-time PCR

These procedures were performed as described previously (26,27).
TRIzol reagent (Invitrogen) was used to isolate total RNA
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Figure 1 miR-24-3p directly suppresses TEL2. (A) Site-directed
mutagenesis of miR-24-3p binding to the TEL2 3' UTR region.
Sequence of the binding sites of miR-24-3p and 7-mer in TEL2
miRNA 3" UTR. Black regions were the mutated nucleotides in
the 3' UTR seed sequence; (B) TEL2 3' UTR wild-type or the
mutant vector was co-transfected with miR-24-3p mimics into
S26 cells. The double luciferase reporter assay was conducted 24 h

post-transfection.

according to the manufacturer’s protocol (Thermo Fisher
Scientific; Catalog number: 15596026). The first-strand
cDNA was synthesized using the RevertAidTM First Strand
c¢DNA Synthesis Kit (Thermo Scientific; Catalog number:
K1621). Quantification of miR-24-3p was performed
using the stem-loop real-time PCR miRNA kit (Ribobio,
China), and small RNA U6 was used as an internal control.
The primers for miR-24-3p and U6 were purchased from
Ribobio. The primers used to amplify TEL2 and GAPDH
were as follows: 5'-GGGCTTACCAGCAACTTCG-3" and
S'-TCTTGGCGTCCTTGTCTTCC-3". The GAPDH
primer sequences were as follows: 5'-ACAGTCAGC
CGCATCTTCTT-3" and 5'-GACAAGCTTCCC
GTTCTCAG-3'. Additionally, quantification reverse
transcriptase-polymerase chain reaction (QRT-PCR) analysis
was carried out on 3 independent RNA samples.

Western blotting

Western blotting was performed as described previously (28).
The cells were collected and lysed with RIPA buffer [0.5%
EDTA, 150 mm NaCl, 0.5% NP40, 50 mM Tris-HCl
(pH 8.0)] and then were centrifuged at 12,000xg at 4 °C for
20 min. Next, 50 pg of total harvested protein was separated
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by 12% SDS-PAGE and then was separated in 8% sodium
dodecyl sulfate-polyacrylamide gradient gels, followed by
transfer onto polyvinylidene fluoride membranes (Bio-Rad
Laboratories, Inc.). The membranes were blocked with 5%
non-fat milk at room temperature for 2 hours and washed
with TBST three times for 5 min each. The membranes
were then later incubated with primary antibodies and
horseradish peroxidase-conjugated secondary antibodies.
After washing the PVDF membranes three times with
TBST for 5 min each, they were finally detected using the
ECL chemiluminescence system (Pierce, Rockford, USA).

Transwell assays

For the Transwell migration assay, 5.0x10* cells re-
suspended in 300 pL of serum-free DMEM (Gibco; Catalog
number: 11965-092) were added to cell culture inserts with
8 pm microporous filters without an extracellular matrix
coating (Becton Dickinson Labware, Bedford, MA; Catalog
number: 353097). DMEM containing 10% FBS (Gibco;
Catalog number: 10270-106) was then added to the bottom
chamber (Becton Dickinson Labware, Bedford, MA,
Catalog number: 353504). After 24 hours of incubation, the
cells on the surface of the filter paper were fixed, stained
and examined under a microscope. The upper chamber
cells were incubated with a cotton swab for 12 h, followed
by incubation at 37 °C in a 5% CO, incubator for 12 h. The
cells were then stained with 95% ethanol for 15 min and
crystal violet for 10 min. Under the microscope, 6 fields
were evaluated randomly, and the number of migratory cells
in the three random optical fields (x100 magnification) from
the triplicate filter was averaged. In the Transwell invasion
assay, the Transwell chamber containing Matrigel was
purchased from BD (Cat: 354480). Next, 1x10° cells were
suspended in 300 pL of serum-free DMEM and were added
to the cell inserts. The following steps were performed as
those for the migration assay described above. The number
of cells that passed through the membrane was statistically
analyzed using #-test.

Luciferase reporter assay

This process was carried out as described previously (26).
The TEL2 gene 3' UTR wild-type or its mutant sequence
(Figure 1) was linked to the luciferase reporter vector, and
the recombinant plasmid pGL3 Report TEL2 3' UTR
wild-type or mutant was constructed. The recombinant
plasmid was co-transfected with miR-24-3p into target cells

Transl Cancer Res 2018;7(5):1263-1270
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Figure 2 miR-24-3p inhibits mRNA and protein expression of
TEL2. (A) The mRNA levels of miR-24-3p were determined in
the NP69 cell line by qRT-PCR. The data were normalized to
the expression of GAPDH. The bars represent the means + SEM
values. Each cell line was analyzed in triplicate; (B) following
overexpression using the mimics of NC control or miR-24-
3p in S26 and 6-10B cells, total RNA was extracted, and the
expression level of miR-24-3p was detected by real-time PCR
(n=3, P<0.0001). The NC control was transfected with scrambled
miRNA; (C) following overexpression using the mimics of control
NC or miR-24-3p in S26 and 6-10B cells, total RNA was extracted
and the expression of TEL2 was detected by real-time PCR (n=3,
**P<0.001, **P<0.0001); (D) after western blotting of control NC
or following hsa-miR-24-3p inhibitor treatment in 5-8F cells, total
RINA was extracted, and the expression level of TEL2 was detected
by real-time PCR (n=3, **P<0.001, ***P<0.0001); (E) following
overexpression using the mimics of control NC or miR-24-3p in
S26 and 6-10B cells, western blotting was performed; (F) Western
blotting was performed after overexpressing control NC and hsa-
miR-24-3p inhibitor in 5-8F cells. The results of western blotting
were quantified in (E,F).
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after transfection for 48 h according to the luciferase assay
kit to detect firefly luciferase, and luciferase activity was
calculated as the relative luminescence ratio, according to
the ratio of the luciferase activity of the two groups.

Statistical analysis

Statistical analyses were performed using SPSS 22.0
software (IBM SPSS, Armonk, NY, USA). Two-tailed
Student’s #-test was used to evaluate the differences between
the two groups of data in all relevant experiments. The
relationship between TEL2 and miR-24-3p expression was
assessed using two-tailed Pearson’s correlation. Differences
were statistically significant if P<0.01 or P<0.05 as indicated
in the figure legends. All values from the in vitro assays are
expressed as the means + SD or the means + SEM of at least
three independent experiments or replicates.

Results

miR-24-3p negatively regulates the TEL2 mRNA and
protein levels

Using bioinformatics predictions (target scan) (29,30), we
found that the 3' UTR of TEL2 (position 337-343) is a
potential seeding site for miR-24-3p. Subsequently, we
detected the expression of miR-24-3p mRINA in NP69 cells
and five NPC cell lines. Compared with the NP69 cell line,
the results showed that miR-24-3p is highly expressed in
NPC cell lines, such as S26, S18, CNE2, 5-8F and 6-10B
(Figure 2A4). To explore the effects of miR-24-3p on the
TEL2 mRNA and protein levels in NPC, we transfected
miR-24-3p mimics into S26 and 6-10B cells. As shown in
Figure 2B, qQRT-PCR results showed that the expression of
miR-24-3p was significantly upregulated in the miR-24-
3p mimics transfection group in S26 and 6-10B cell lines
compared with that in the NC control group. As expected,
the expression of TEL2 was significantly downregulated
in the miR-24-3p mimics group (Figure 2C) compared
with that in the NC control group. By contrast, in 5-8F
cells, TEL2 expression was significantly upregulated in
the miR-24-3p inhibitors group compared with that in
the control group (Figure 2D). Moreover, western blotting
showed that the protein expression of TEL2 was decreased
after transfecting with miR-24-3p mimics (Figure 2E)
but increased when transfecting miR-24-3p inhibitors
(Figure 2F). The above results suggested that miR-24-3p
negatively regulated the TEL2 mRNA and protein levels.

Transl Cancer Res 2018;7(5):1263-1270
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Figure 3 Negative correlation between miR-24-3p and TEL2
in tissues. The expression of Pearson’s correlation between miR-
24-3p and TEL2 was analyzed, showing an importantly negative
correlation (r=-0.66, P<0.0001). ACt represents the Ct value of the
target gene minus the Ct value of the internal reference. U6 as a
reference gene to detect miR-24-3p, and GAPDH as a reference
gene to detect TEL2.

miR-24-3p directly inhibits the expression of TEL2

Subsequently, we asked whether miR-24-3p could directly
target TEL2, and the wild-type and mutant 3' UTR of TEL?2
were cloned into a luciferase reporter vector (Figure 14).
miR-24-3p significantly inhibited the luciferase activity of
pGL3-TEL2 3' UTR WT (Figure 1B), while the binding
site containing the mutation abolished the effect of miR-24-
3p. These results indicated that TEL2 is a direct target of
miR-24-3p in NPC cells.

TEL?2 is inversely correlated with miR-24-3p in NPC

To further investigate the correlation between TEL2
and miR-24-3p in NPC, 116 NPC patient samples were
collected, total RNA was extracted for qRT-PCR, and the
expression levels of TEL2 and miR-24-3p were measured.
GAPDH and U6 were selected as controls for TEL2 and
miR-24-3p, respectively. The results in Figure 3 clearly
showed a significant negative correlation between TEL?2
and miR-24-3p mRNA levels in NPC.

miR-24-3p promotes NPC cell migration and invasion by
suppressing TEL2

Given that TEL2 suppresses the migration, invasion and
metastasis, we performed rescue assays. Transwell assays

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

1267

were additionally conducted to study the effect of cancer cell
migration and invasion; as expected, miR-24-3p increased
the abilities of NPC cell migration and invasion, but co-
transfection of miR-24-3p and TEL2 can rescue miR-24-
3p-mediated cell migration and invasion (Figure 44,B).
Collectively, our results showed that miR-24-3p promotes
NPC cell migration and invasion by suppressing TEL2.

Discussion

In this report, we found that miR-24-3p expression is
higher in NPC cell lines than in NP69 cells. We found that
miR-24-3p had a negative regulatory effect on the mRNA
and protein levels of TEL2 by targeting its 3' UTR. We
also showed miR-24-3p could effectively promote migration
and invasion by suppressing TEL2. Thus, the new axis of
miR-24-3p/TEL2 may have a positive effect on the future
treatment of NPC

Our previous findings indicated that TEL2 was low
expressed in highly metastatic NPC cells and that the
ectopic expression of TEL2 could inhibit the migration,
invasion and metastasis of NPC (10). In this study,
overexpression of miR-24-3p mimics in S26 and 6-10B
cells significantly reduced the mRNA and protein levels
of TEL2, while the inhibitor of miR-24-3p in S18 cells
upregulated the mRINA and protein levels of TEL2. Our
study revealed that miR-24-3p could be a direct negative
regulator of TEL2.

Most of the research previously performed on TEL2 was
focused on leukemia and hematopoiesis (5,31,32). In fact,
previous studies have reported that TEL?2 is a key player in
NPC metastasis because it directly reduces the expression
of SERPINEL1 (10). However, more significantly, the high
expression of SERPINEI can promote the metastasis of
NPC resulting from the low expression of TEL2. It was
found that the high expression of TEL2 in patients with
NPC showed a better prognosis than in patients with low
expression of TEL2. These data demonstrated that TEL?2
may have an important tumor-suppressive role in NPC.

miRNAs were considered to play an essential regulatory
role in the invasion and metastasis of NPC (33). Several
miRNAs targeting cancer regulatory molecules are
involved in a complex signaling network in the tumor
microenvironment (34), especially in metastasis and
invasion (35). Although miRNAs are widely involved in
the progress of cancer, its regulatory mechanisms have
largely remained unexplored.

Transl Cancer Res 2018;7(5):1263-1270
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Figure 4 miR-24-3p promotes NPC cell migration and invasion by TEL2. (A,B) Treatment with miR-24-3p for 24 hours resulted in
increased cell migration in S26 and 6-10B stable cell lines. The bars represent the means + SEM values. The number of cells passing

through the membrane in each cell was statistically analyzed in triplicate, and the measurement was repeated three times with similar results

(n=3, **P<0.01). NPC, nasopharyngeal carcinoma.

Conclusions

In conclusion, we confirm that miR-24-3p negatively
regulates TEL2 directly. We also might be the first to
systematically show that miR-24-3p plays a vital role in NPC
metastasis—clarifying the pathogenesis of NPC to lay the
foundation for future cancer diagnosis and treatment. This
may also help clarify the occurrence and development of
NPC, as well as its metastasis mechanism, to provide new
molecular targets for the prevention and treatment of NPC.
However, further research needs to be conducted in animal
models to confirm whether the negative regulation of TEL2
by miR-24-3p can be clinically applied.
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