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Abstract

noma (NPC) remain undetermined.

were studied using cultured HONE-1 cells.

Background: MicroRNAs (miRNAs) play crucial roles in varieties of cancers, particularly in tumorigenesis, progression,
and migration. Dysregulation of miR-28 was reported to occur in various types of human malignancies. In humans,
two different mature miRNA sequences are excised from opposite arms of the stem-loop pre-miR-28, hsa-miR-28-3p
and hsamiR-28-5p. However, the expression and distinct role of miR-28-3p and miR-28-5p in nasopharyngeal carci-

Methods: The expressions of miR-28-3p/-5p in human NPC tissues were tested by quantitative real-time PCR. miR-
28-3p/-5p were overexpressed by mimics and silenced by inhibitors. The roles of miR-28-3p/-5p in NPC development

Results: The mRNA expression levels of miR-28-3p and -5p were significantly decreased in NPC tissues in comparison
with adjacent normal tissues. Overexpression of miR-28-5p suppressed NPC cell proliferation and induced cell cycle
arrest and apoptosis, while miR-28-3p promoted NPC cell migration and invasion. The miRNAs effected on different
signal pathways: miR-28-5p altered expression of cyclin D1 and influenced the PI3K/AKT signaling pathway. In con-
trast, miR-28-3p downregulated Nm23-H1 and accelerated the process of EMT.

Conclusion: miR-28-3p and -5p were both downregulated in NPC tissues but had distinct biological effects in NPC
cells. They may serve as potential prognostic markers and therapeutic targets for NPC.
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Background

Nasopharyngeal carcinoma (NPC) is a highly malig-
nant disease that originates in the nasopharynx epithe-
lium. It has a particularly high incidence in Southern
China, Southeast Asia and North Africa [1]. Many stud-
ies have shown that NPC is a complex disease that can
be attributed to the interactions between Epstein—Barr
virus (EBV) infection, environmental factors, and genetic
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susceptibility [2]. Although NPC is radiation sensitive,
the results of patients with advanced stages of disease
are unsatisfactory due to chemoresistance, relapse, and
distant metastasis [3—5]. As a result, the 5-year survival
rate of NPC is less than 60% [6]. However, little is known
about the exact genetic changes in the pathogenesis of
NPC [7]. Therefore, it is necessary to study the molecu-
lar mechanisms underlying the progression of NPC to
improve the prognosis.

MicroRNAs (miRNAs) are highly conserved, endog-
enous small noncoding RNAs with ~20 nucleotides,
that disturb gene expression by binding to the 3’
untranslated region (3’UTR) of their target mRNAs [8].
It can regulate gene expression at the translational or
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post-transcriptional level. It does not have an open read-
ing frame (ORF) and does not encode proteins. Accu-
mulating evidence suggests that miRNAs play important
roles in various types of cancers and are involved in
tumor occurrence and development [9]. miRNAs can
function as either oncogenes or tumor suppressor genes
depending on the type of tumor or the cellular context
[10]. miRNAs play crucial roles in NPC tumorigenesis
and may serve as potential biomarkers and therapeutic
targets [11-13]. However, the function of miRNAs in
NPC cells is still largely unexplored.

miRNAs are transcribed from a gene locus in the
genome to generate pri-miRNAs with 5’ cap and 3/ polyA
tail [14]. Then processed into pre-miRNA by Drosha/
DGCRS, and transported to the cytoplasm via Expor-
tin-5 [15]. Pre-miRNA undergoes further cleavage by
Dicer to form mature miRNA [16]. In some cases, two
mature miRNAs can be excised from the same stem-loop
pre-miRNA [17]. These "5p" and "3p" miRNAs are bio-
logically different in terms of stability and functionality.
In humans, two mature miRNAs, miR-28-3p and miR-
28-5p, are derived from 3’ and 5’ ends of pre-miR-28,
respectively. miR-28-3p and miR-28-5p targets several
cancer-related genes and is hence involved in cell pro-
liferation, migration, invasion and epithelial-mesenchy-
mal transition (EMT) [18-22]. However, the expression
and biological function of these miRNAs in NPC remain
largely undefined.

In this study, we discovered that miR-28-3p and miR-
28-5p were both downregulated in NPC tissues but had
distinct biological effects in NPC cells. miR-28-5p inhib-
ited NPC cell proliferation, and induced apoptosis and
cell cycle arrest but had no effect on cell migration and
invasion in vitro. In contrast, miR-28-3p accelerated the
migration and invasion abilities of NPC cell but had no
significant influence on cell proliferation and apoptosis.

Materials and methods

NPC tissue specimens

Total human NPC samples were obtained from 30
patients at the Affiliated Zhangjiagang Hospital of
Soochow University (Suzhou, China). This study was
approved by the Human Research Ethics Committee
of the Soochow University, and informed consent was
obtained from each patient.

Cellline

Human NPC cell line, HONE-1, were cultured with
RPMI 1640 medium RPMI-1640 medium (GIBCO,
Grand Island, USA) supplemented with 100 U/ml peni-
cillin-streptomycin solution and 10% fetal bovine serum
(FBS, Gibco, NY, USA), in a 37 °C incubator containing
5% CO,. The detailed protocol was described in detail in
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our previous studies [23]. HONE-1 was acquired from
the Institute of Cell Biology at the Chinese Academy of
Sciences (Shanghai, China).

Cell transfection

miR-28-3p/-5p mimic, inhibitor and the negative con-
trol were designed by RiboBio (Guangzhou, China).
miRNA transfection was performed using riboFECT"
CP Reagent (RiboBio, Guangzhou, China) according to
the manufacturer’s instructions. After 24, 48, 72, 96 h
of transfection, the transfected cells were harvested for
miRNAs or total RNA isolation, and protein extraction.

Real-time quantitative polymerase chain reaction
(qRT-PCR)
The detailed protocol was described in our previous
studies [24—26]. The qRT-PCR reactions were performed
on an ABI 7500 system (Applied Biosystems, USA) with
SYBR Green PCR Master Mixes (Thermo Fisher). A
human U6 small nuclear RNA was used for normaliza-
tion. Primer sequences are as follows:
miR-28-3p-Forward: CGCGCACTAGATTGTGAGCT;
miR-28-3p-Reverse: AGTGCAGGGTCCGAGGTATT;
miR-28-3p-RT: GTCGTATCCAGTGCAGGGTCC
GAGGTATTCGCACTGGATACGACTCCAGG; miR-
28-5p-Forward: GCGCATTGCACTTGTCTCG;
miR-28-5p-Reverse: AGTGCAGGGTCCGAGGTATT;
miR-28-5p-RT: GTCGTATCCAGTGCAGGGTCC
GAGGTATTCGCACTGGATACGACTCAGACG;
U6-Forward: CTCGCTTCGGCAGCACA;
Ué6-Reverse: AACGCTTCACGAATTTGCGT.

Western blotting assay

Western blot analysis was carried out as previously
described [24-26]. Following antibodies were utilized:
p-Akt (9271, Cell Signaling Technology, 1:1000 dilution),
Akt (9272, Cell Signaling Technology, 1:1000 dilution),
Cyclin D1 (60186-1-Ig, Proteintech, 1:2000 dilution),
Nm23-H1 (sc-514515, Santa Cruz, 1:500 dilution), Ecad-
herin (20874-1-AP, Proteintech, 1:2000 dilution) and
GAPDH (60004-1-Ig, Proteintech, 1:10,000 dilution).
Secondary antibodies (A0208, HRP-labeled Goat Anti-
Rabbit IgG, Beyotime, 1:1000 dilution; A0216, HRP-
labeled Goat Anti-Mouse IgG, Beyotime, 1:1000 dilution)
were used.

Cell viability assay

HONE-1 cells were seeded at a density of 3000 cells per
well in 96-well plates and transfected with miR-28-3p/-
5p mimic, inhibitor and the negative control. After incu-
bation for 0, 24, 48 and 72 h, 10 ul cell counting assay
kit-8 solution (Dojindo, Japan) was added to all wells and
incubated at 37 °C for another 2 h. Optical absorbance
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of each well at 450 nm was measured with a microplate
reader (Bio-Rad Laboratories, USA).

Colony formation assay

Cells were plated in 6-well plates at low density
(3 x 10® cells/well) and cultured for 8 days. Cells were
then washed with PBS and stained with crystal violet.
The number of clones re-generated (colonies>50 cells
each) was scored under a microscope.

EdU assay

EdU Apollo®488 In Vitro Imaging Kit (Ribo Bio, China)
was used to evaluate the proliferation of HONE-1 cells. In
according to the manufacturer’s advice, 5-ethynyl-20-de-
oxyuridine (EdU) with a final concentration of 50 mM
was added and the cells were incubated at 37 °C for 2 h.
Cell nucleus were stained with Hoechst for 15-30 min
and visualized by a fluorescent microscope (Leica, DM
4000, Germany).

Cell cycle distribution analysis

Cells were harvested at 24 h and fixed by ice-cold etha-
nol at 4 °C overnight, and then stained with PI/RNase
staining buffer (BD Biosciences, China) for 30 min at
room temperature. DNA content was measured by using
a Navios Flow Cytometer (Beckman Coulter, Brea, CA,
USA).

Cell apoptosis analysis

Cells were collected 48 h after transfection. For apoptosis
analysis, cells were double stained using FITC Annexin
V Apoptosis Detection Kit I (BD Pharmingen, 556547).
After that, cells were detected by a Navios Flow Cytom-
eter (Beckman Coulter, Brea, CA, USA) in 1 h.

Trypan blue staining

Trypan blue staining cell survival assay kit (Beyotime,
Nantong, China) was used to test cell death rate: the col-
lected cells are resuspended with appropriate cell resus-
pension solution according to the number of cells. Add
0.1 ml of cell suspension to 0.1 ml Trypan blue solution
(2x), mix gently and stain for 3 min, then count with a
hemocytometer.

Wound healing assay

Cells were grown in a 6-well plate. After infection, cell
layers were scratched with a plastic tip to form a straight
line and washed twice with PBS solution. Under a light
microscope, cells were imaged at 0 h and 24 h time points
to observe the wound healing process. 1.0 pg/ml mitomy-
cin (Sigma) was always added to exclude the influence of
cell proliferation.
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In vitro cell migration and invasion assays

Cell migration capabilities were detected by using Tran-
swell chambers (Corning, New York, NY) as previously
described [25]. Transwell chambers were pre-coated with
1 mg/ml Matrigel (BD Biosciences, Shanghai, China) and
then used to test cell invasion abilities. 1.0 pg/ml mito-
mycin (Sigma) was always added to exclude the influence
of cell proliferation.

Statistical analysis

All data were analyzed by the SPSS 20.0 analysis. The
data shown in this study were obtained at least three
independent experiments and all results represent the
means £ S.D. The comparison between two groups was
performed by the Student’s t-test. Comparison of more
than two groups was performed by one-way ANOVA.
Statistical significance was defined as *P <0.05, **P <0.01,
***P <0.001.

Result

miR-28-3p and miR-28-5p are downregulated in human
NPC tissues

To evaluate the role of miR-28-3p/-5p in the development
of NPC, the expression levels of them were measured in
30 pairs of NPC tumor tissues and paired adjacent nor-
mal tissues. The results in Fig. 1a, b showed that the NPC
samples had a significantly lower level of miR-28-3p/-
5p expression compared with adjacent normal tissue
(P<0.05). These data suggest that miR-28-3p and miR-
28-5p are both downregulated in NPC.

miR-28-5p suppresses NPC cell proliferation and induces
cell cycle arrest in vitro

To investigate the potential functions of miRNAs in NPC
cell behaviors, we performed overexpression and knock-
down experiments by direct transfection of short double-
stranded RNAs (miRNA mimics) and the OMe-modified
antisense oligonucleotides (miRNA inhibitors). Trans-
fection efficiency was detected using real-time quantita-
tive PCR. Relative to mimic-negative control-transfected
cells, transfection of the miR-28-3p-mimic and miR-28-
5p-mimic in HONE-1 cells significantly increased mRNA
expression levels of miR-28-3p and miR-28-5p (Fig. 1c).
Besides, transfection of the miR-28-3p-inhibitor and
miR-28-5p-inhibitor significantly decreased miR-28-3p
and miR-28-5p levels compared with inhibitor-negative
control (Fig. 1d).

To evaluate the effects of miR-28-3p/-5p on the NPC
cell viability and cell proliferation, we performed the Cell
Counting Kit-8 (CCK-8) viability assays, colony forma-
tion assays, EDU assays and cell cycle distribution analy-
sis. Results suggested that overexpression of miR-28-5p
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Fig. 1 Expression of miR-28-3p and miR-28-5p in human NPC tissues. The mRNA expression of miR-28-3p (a) and miR-28-5p (b) in NPC (“Tumor”)
and paired surrounding normal tissues (“Normal’, n = 30) were examined by gRT-PCR. Short double-stranded RNAs (miRNA mimics) and their
OMe-modified antisense oligonucleotides (MiRNA inhibitors) were used to overexpress (c) and knockdown (d) miR-28-3p and miR-28-5p in HONE-1

cells. *P <0.05, **P <0.01, vs “Normal” samples or negative control

significantly inhibited HONE-1 cell viability (Fig. 2a, b),
reduced colony number (Fig. 2c—e) and EDU staining
(Fig. 3a—c), moreover, induced G1-phase arrest (Fig. 3d,
e). In contrast, knockdown of miR-28-5p has the opposite
effect. In HONE-1 cells overexpressing or knockdown
miR-28-3p has no statistically significant differences at
any time compared with cells transfected with negative
controls. These results indicated that miR-28-5p, but
not miR-28-3p, suppresses NPC cell proliferation and
induces cell cycle arrest in vitro.

miR-28-5p induces NPC cell apoptosis in vitro

The cell apoptosis was examined by Annexin V-FITC/
PI staining and analyzed by flow cytometry. Results
demonstrated that overexpression of miR-28-5p signifi-
cantly increased Annexin V staining, a marker for early
stages of apoptosis (Fig. 4a, b). Knockdown of miR-28-5p

reduced Annexin V staining observably (Fig. 4a, c). Like-
wise, trypan blue staining revealed that, compared with
the negative control groups, the number of dying cells
(trypan blue positive cells) increased in the miR-28-5p
mimic group (Fig. 4d, e), but decreased in the miR-28-5p
inhibitor group (Fig. 4d, f). miR-28-3p had no effect in
the above experiments. These data together suggest that
miR-28-5p, but not miR-28-3p, lead to HONE-1 cell
apoptosis and death in vitro.

miR-28-3p promotes NPC cell migration and invasion

in vitro

To further understand the functions of miR-28-3p/-
5p in NPC metastasis, we performed the wound heal-
ing assay and transwell cell migration assays. Results
of the wound healing assay showed that HONE-1 cells
transfected with miR-28-3p mimic displayed increased
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Fig. 2 Biological functions of miR-28-3p and miR-28-5p in cell viability and cell growth in vitro. Cell viability was determined by CCK-8 assay (a, b).
The effect of miR-28-3p/-5p on tumorigenic capability of the NPC cells was measured by the colony-forming assay (c), Number of colonies were
counted at the 7th day after transfection with mimics (d) and inhibitors (e) of miR-28-3p/-5p. The data are representative of three repeats. *P < 0.05,
***P < 0,001, vs negative control

migration ability as compared with the mimic nega- group. However, there were no statistically significant
tive control group (Fig. 5a). In contrast, cells transfected  differences obtained for miR-28-5p mimic or inhibitor
with miR-28-3p inhibitor displayed decreased migra- groups compared with the negative controls. Further,
tion ability compared with the inhibitor negative control  the same result was obtained when using the transwell
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Fig. 3 Roles of miR-28-3p and miR-28-5p in cell proliferation and cell-cycle progression in vitro. Cell proliferation was determined using EdU assay
at 48 h after transfection (a); Number of EJU positive staining cells were counted, and cell proliferation rate was calculated after transfection with
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Fig. 4 Effects of miR-28-3p and miR-28-5p in cell apoptosis and death. The apoptosis of HONE-1 cells was examined by Annexin V-FITC/PI staining
and analyzed by flow cytometry after transfection with mimics and inhibitors of miR-28-5p/-3p and negative control for 96 h (a). The early and late
stages of apoptotic cells were all counted for cell apoptosis (b, €). Additionally, cell death was examined by trypan blue staining (d). The number of
dying cells (trypan blue positive cells) were detected (e, f). The data are representative of three repeats. *P < 0.05, **P <0.01, ***P <0.001, vs negative

control. Scale bar=100 um




Lv et al. Cancer Cell Int (2019) 19:187

Page 8 of 12

- Mimic HONE1 Inhibitor

miR-28-5P NC miR-28-3P

~ miR-28-3P

Oh

24 h

~ miR-28-5P

b Migration
Mimic Inhibitor
miR-28-3P miR-28 5P NC r['llR -28- 3P miR-28- 5P
B ) "ﬂ"
s “.,g»i»
g
c Mimic d |nhI£)ItOI'
5 80+ i miR-28-3P  § 40+ P>005 m?R—28—3P
i I P>005 wmmiR285P E 4] = MEnRItsE
2 601 = NC 2 = NC
IS 1S
«— 40 w204
o o
£ 10| B
B 201 B 101
2 0. e 0.
e Invasion
Mimic Inhibitor
mIR-28 3P mIR-289£JP NC mIR-28 3P mIR 28 §P NC
4-'.. = RPT o .' .~ < .- 1 s T4, ;‘r:.tg‘. s, Q }‘II'
: !““"%&}a e
oy
ﬁi‘rﬁc’_-.‘.»@ eﬂ.i \‘,;\"’ SN SR bty
f Mimic .
c 60 1 * miR-28-3P <3097  P>005 miR-28-3P
ks) - ; Rel T _ = miR-28-5P
%) P> 0.05 = miR-28-5P 7]
S 40 = 2 —— mNC o 20 m NC
£ £ Y7
G G
£ 20 2104 I
o o
[0 [}
o 0 - o 0

Fig. 5 Biological effects of miR-28-3p and miR-28-5p in cell migration and invasion. In vitro cell migration was tested by the wound healing assay

(a). We also used the transwell cell migration assays to explore NPC cell migratory capacity (b). Cells that migrated into the lower well were stained,
photographed and counted (¢, d). Invasion assay was carried out in transwell chambers with matrigel-coated (e). Cells that invaded into the lower
well were counted (f, g). All assays were performed in triplicate. *P <0.05, **P <0.01, vs negative control. Scale bar =200 um

cell migration assays to explore migratory capacity
(Fig. 5b—d).

To evaluate the effects of miR-28-3p/-5p on invasive
ability of tumor cells, we performed the invasion assay
using the Matrigel Invasion Chamber. The same trend

was observed that forced miR-28-3p expression signifi-
cantly increased the invasive ability of cells (Fig. 5e, f)
whereas knockdown of miR-28-3p led to a significant
reduction in cell invasion compared with the negative
controls (Fig. 5e, g). There were no significant differences
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obtained for miR-28-5p mimic or inhibitor groups com-
pared with the negative controls. Taken together, these
data demonstrated that miR-28-3p, but not miR-28-5p,
promotes NPC cell migration and invasion in vitro.

miR-28-3p and miR-28-5p regulate different signaling
pathways

The above results suggested that miR-28-5p inhibits tum-
origenesis by restraining cell proliferation and inducing
cell cycle arrest and cell apoptosis in vitro, but it has no
effect on cell migration and invasion. In contrast, miR-
28-3p promotes NPC cell migration and invasion, but has
no effect on cell proliferation and apoptosis. To identify
signaling pathways that could be involved in the different
biological effects caused by these miRNAs, we used west-
ern blot to detect changes at the protein level for several
tumor proliferation, apoptosis and migration-related
proteins in cells transfected with miR-28-3p/-5p mimics,
inhibitors and negative controls.

Previous studies have suggested that miR-28-5p altered
expression of Cyclin D1 whereas miR-28-3p bound
Nm23-H1 [18], we then tested the effect of miR-28-5p/-
3p overexpression and knockdown on the expression of
the above proteins. Besides, we also tested some key fac-
tors of different signaling pathways involved in tumor
proliferation, apoptosis and migration, such as, PI3K/
AKT pathway and EMT. Our results confirmed that
overexpression of miR-28-5p downregulated Cyclin D1,
p-Akt protein expression (Fig. 6a, b). In contrast, sup-
pression of miR-28-5p upregulated Cyclin D1, p-Akt
protein expression (Fig. 6a, c¢). However, miR-28-5p has
no effect on the regulation of Nm23-H1 and Ecadherin
protein expression (Fig. 6a—c). As expected, overexpres-
sion of miR-28-3p downregulated Nm23-H1 and Ecad-
herin protein expression (Fig. 6a, b), whereas suppression
of miR-28-3p upregulated Nm23-H1, Ecadherin pro-
tein expression (Fig. 6a, c¢). However, miR-28-3p has no
effect on the regulation of Cyclin D1 and p-Akt protein
expression.

Taken together, these data consistently suggest that
miR-28-5p suppresses NPC cell proliferation, induces cell
cycle arrest and apoptosis by downregulating the expres-
sion of the oncogenes, such as Cyclin D1 and p-Akt.
However, miR-28-3p promotes NPC cell migration and
invasion by regulating the expression of genes such as
Nm23-H1 and Ecadherin. This may explain, at least in
part, the observed different biological effects of miR-
28-3p and miR-28-5p.

Discussion

Identifying specific miRNAs in tumors and their targets
is critical for understanding their role in tumorigenesis
and progression and may help to explore new therapeutic
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targets [12]. miRNAs may function either as oncogenes
or tumor suppressors and are heavily involved in the pro-
gression and metastasis of solid tumors [27]. The signifi-
cance of change in the expression of miRNAs that could
serve as diagnostic and therapeutic biomarkers in NPC
has been emphasized [11, 28, 29].

Studies have reported miR-28 to be frequently dysregu-
lated in several types of cancers such as colorectal can-
cers [18, 22], renal cell carcinoma [19], Lymphoma [20]
and ovarian cancers [21]. However, a limited number of
studies have examined the functions and mechanisms of
miR-28 involved in progression and metastasis. Only 1
study has addressed the distinct functions of the miR-28
hairpin RNA products, miR-28-3p and miR-28-5p, Maria
et al. demonstrated that overexpression of miR-28-5p
reduced CRC cell proliferation, migration and invasion
in vitro, whereas miR-28-3p increased CRC cell migra-
tion and invasion [18].

In this study, we report that expression of miR-28-3p
and miR-28-5p are downregulated in NPC tissues. Addi-
tionally, we observed the distinct roles of miR-28-3p and
miR-28-5p in malignant biological behavior of NPC cells,
such as cell growth, proliferation, apoptosis resistance,
migration and invasion. We found that miR-28-5p, but
not miR-28-3p, suppresses NPC cell proliferation and
induces cell cycle arrest and apoptosis in vitro. In con-
trast, miR-28-3p, but not miR-28-5p, promotes NPC cell
migration and invasion. Most of our results are consist-
ent with previous studies, but we have found that miR-
28-5p has no effect on NPC cell migration and invasion
in vitro, when mitomycin is used to exclude the influence
of cell proliferation.

miRNAs may act as tumor suppressors or oncogenes
depending on whether their specific targets act as onco-
genes or tumor suppressors [27]. Previous studies have
shown that miR-28-3p and miR-28-5p regulate different
signaling pathways during tumorigenesis and develop-
ment. miR-28-5p altered expression of CCNDI in CRC
[18] and may suppress PI3BK/AKT by inhibiting IGF1
expression in HCC [30]. Cyclin D1, encoded by the
CCNDI gene, is a well-known oncogene that is over-
expressed in several types of tumors [31, 32], including
NPC [33]. This protein is a key player in cell-cycle regu-
lation [34]. PI3BK/AKT pathway is involved in the regu-
lation of cell cycle progression and cellular growth [35].
In line with these findings, our present study showed
that overexpression of miR-28-5p, but not miR-28-3p,
decreased cyclin D1 and p-Akt protein level in HONE-1
cells. The results indicate that miR-28-5p acts as a tumor
suppressor in NPC.

miR-28-3p has the capacity of regulating NAM23-HI
[18], the first metastasis-suppressor gene identified
[36]. Our present study showed that overexpression of
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miR-28-3p, but not miR-28-5p, decreased Nm23-H1
protein level in HONE-1 cells. These findings are con-
sistent with previous studies. Interestingly, we found
that miR-28-3p can regulate the expression of E cad-
herin, which is the most important marker in the process

of epithelial-mesenchymal transition (EMT) [37]. The
adhesion between epithelial cells mediated by E cadherin
is an effective way to inhibit tumor cell invasion and
metastasis [38]. In summary, these findings manifest that
miR-28-3p promotes NPC cell migration and invasion
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in vitro, at least in part by inhibiting Nm23-H1 and E
cadherin expression.

Conclusion

Taken together, the results demonstrated that the miR-28
hairpin RNA products, miR-28-3p and miR-28-5p, are
significantly downregulated in NPC cells, but they have
distinct biological effects. miR-28-5p inhibits the tumo-
rigenesis of NPC by downregulating Cyclin D1 and influ-
encing the activation of the PI3K/AKT signaling pathway.
In contrast, miR-28-3p promotes the invasion and metas-
tasis of NPC cell by downregulating Nm23-H1 and accel-
erate the process of EMT. Such information has a crucial
application for the design of microRNA gene therapy
trials.

Abbreviations
NPC: nasopharyngeal carcinoma; EMT: epithelial-mesenchymal transition;
PI3K: phosphoinositide 3-kinase; AKT: also known as Protein Kinase B.

Acknowledgements
Not applicable.

Authors’ contributions

YL and GW designed the study. YL and HJY performed the research. XKM
analyzed the data. The manuscript was drafted by YL. All authors read and
approved the final manuscript.

Funding

This work was supported by the National Natural Science Foundation of China
(No. 81802386), and by grants from the “Science and Technology Project” of
Zhangjiagang (No. ZKS1517).

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Ethics approval and consent to participate

For the use of patient samples, informed consent was obtained from all
patients. This study was approved by the Human Research Ethics Committee
of the Soochow University.

Patient consent for publication
Patients included in the present study consented for publication.

Competing interests
The authors declare that they have no competing interests.

Received: 18 April 2019 Accepted: 16 July 2019
Published online: 19 July 2019

References

1. Chua MLK, Wee JTS, Hui EP, Chan ATC. Nasopharyngeal carcinoma. Lan-
cet. 2016;387(10022):1012-24.

2. Huang SCM, Tsao SW, Tsang CM. Interplay of viral infection, host cell fac-
tors and tumor microenvironment in the pathogenesis of nasopharyn-
geal carcinoma. Cancers (Basel). 2018;10(4):E106.

3. Lee AW, Ma BB, Ng WT, Chan AT. Management of nasopharyngeal
carcinoma: current practice and future perspective. J Clin Oncol.
2015;33(29):3356-64.

4. Genova P, Brunetti F, Bequignon E, Landi F, Lizzi V, Esposito F, Charpy C,
Calderaro J, Azoulay D. de’Angelis N: Solitary splenic metastasis from

20.

21.

22.

23.

24,

25.

Page 11 of 12

nasopharyngeal carcinoma: a case report and systematic review of the
literature. World J Surg Oncol. 2016;14(1):184.

Prawira A, Oosting SF, Chen TW, Delos Santos KA, Saluja R, Wang L,

Siu LL, Chan KKW, Hansen AR. Systemic therapies for recurrent or
metastatic nasopharyngeal carcinoma: a systematic review. Br J Cancer.
2017;117(12):1743-52.

Lan M, Chen C, Huang Y, Tian L, Duan Z, Han F, Liao J, Deng M, Sio TT,
Prayongrat A, et al. Neoadjuvant chemotherapy followed by concur-
rent chemoradiotherapy versus concurrent chemoradiotherapy alone
in nasopharyngeal carcinoma patients with cervical nodal necrosis. Sci
Rep. 2017,7:42624.

Bruce JP, Yip K, Bratman SV, Ito E, Liu FF. Nasopharyngeal cancer:
molecular landscape. J Clin Oncol. 2015;33(29):3346-55.

Calin GA, Croce CM. MicroRNA signatures in human cancers. Nat Rev
Cancer. 2006;6(11):857-66.

To KK. MicroRNA: a prognostic biomarker and a possible druggable
target for circumventing multidrug resistance in cancer chemotherapy.
J Biomed Sci. 2013;20:99.

. Croce CM. Causes and consequences of microRNA dysregulation in

cancer. Nat Rev Genet. 2009;10(10):704-14.

. Lee KT, Tan JK, Lam AK, Gan SY. MicroRNAs serving as potential

biomarkers and therapeutic targets in nasopharyngeal carcinoma: a
critical review. Crit Rev Oncol Hematol. 2016;103:1-9.

. Lin CH, Chiang MC, Chen YJ. MicroRNA-328 inhibits migration and epi-

thelial-mesenchymal transition by targeting CD44 in nasopharyngeal
carcinoma cells. Onco Targets Ther. 2018;11:2375-85.

. Wang LX, Kang ZP, Yang ZC, Ma RX, Tan Y, Peng XB, Dai RZ, Li J, Yu

Y, Xu M. MicroRNA-135a inhibits nasopharyngeal carcinoma cell
proliferation through targeting interleukin-17. Cell Physiol Biochem.
2018;46(6):2232-8.

. LeeY, Jeon K, Lee JT, Kim S, Kim VN. MicroRNA maturation: stepwise

processing and subcellular localization. EMBO J. 2002;21(17):4663-700.

. LeeY, Ahn C, Han J, Choi H, Kim J, Yim J, Lee J, Provost P, Radmark O,

Kim S, et al. The nuclear RNase Il Drosha initiates microRNA processing.
Nature. 2003;425(6956):415-9.

. Kim VN. MicroRNA biogenesis: coordinated cropping and dicing. Nat

Rev Mol Cell Biol. 2005;6(5):376-85.

. Griffiths-Jones S, Grocock RJ, van Dongen S, Bateman A, Enright AJ.

miRBase: microRNA sequences, targets and gene nomenclature.
Nucleic Acids Res. 2006;34(Database issue):D140-D144144.

. Almeida MI, Nicoloso MS, Zeng L, Ivan C, Spizzo R, Gafa R, Xiao L,

Zhang X, Vannini |, Fanini F, et al. Strand-specific miR-28-5p and miR-
28-3p have distinct effects in colorectal cancer cells. Gastroenterology.
2012;142(4):886.6889-96.889.

. Wang C,Wu C, Yang Q, Ding M, Zhong J, Zhang CY, Ge J, Wang J,

Zhang C. miR-28-5p acts as a tumor suppressor in renal cell carci-
noma for multiple antitumor effects by targeting RAP1B. Oncotarget.
2016;7(45):73888-902.

Bartolome-lzquierdo N, de Yebenes VG, Alvarez-Prado AF, Mur SM,
Lopez Del Olmo JA, Roa S, Vazquez J, Ramiro AR. miR-28 regulates

the germinal center reaction and blocks tumor growth in preclinical
models of non-Hodgkin lymphoma. Blood. 2017;129(17):2408-19.

Xu J, Jiang N, Shi H, Zhao S, Yao S, Shen H. [Corrigendum] miR-28-5p
promotes the development and progression of ovarian cancer through
inhibition of N4BP1. Int J Oncol. 2017;50(6):2236.

Tsiakanikas P, Kontos CK, Kerimis D, Papadopoulos IN, Scorilas A. High
microRNA-28-5p expression in colorectal adenocarcinoma predicts
short-term relapse of node-negative patients and poor overall
survival of patients with non-metastatic disease. Clin Chem Lab Med.
2018;56(6):990-1000.

Wang SS, LvY, Xu XC, Zuo Y, Song Y, Wu GP, Lu PH, Zhang ZQ, Chen
MB. Triptonide inhibits human nasopharyngeal carcinoma cell
growth via disrupting Lnc-RNA THOR-IGF2BP1 signaling. Cancer Lett.
2019;443:13-24.

LvY,SiM, Chen N, LiY, Ma X, Yang H, Zhang L, Zhu H, Xu GY, Wu GP, et al.
TBX2 over-expression promotes nasopharyngeal cancer cell proliferation
and invasion. Oncotarget. 2017;8(32):52699-707.

LvY,Song Y, Ni C,Wang S, Chen Z, Shi X, Jiang Q, Cao C, Zuo Y. Overex-
pression of lymphocyte antigen 6 complex, locus e in gastric cancer
promotes cancer cell growth and metastasis. Cell Physiol Biochem.
2018;45(3):1219-29.



Lv et al. Cancer Cell Int

26.

27.

28.

29.

30.

31

32.

33.

(2019) 19:187

ZuoY, LvY, Qian X, Wang S, Chen Z, Jiang Q, Cao C, Song Y. Inhibition of
HHIP promoter methylation suppresses human gastric cancer cell prolif-
eration and migration. Cell Physiol Biochem. 2018;45(5):1840-50.

Zhang B, Pan X, Cobb GP, Anderson TA. microRNAs as oncogenes and
tumor suppressors. Dev Biol. 2007;302(1):1-12.

Chen HC, Chen GH, Chen YH, Liao WL, Liu CY, Chang KP, Chang YS, Chen
SJ. MicroRNA deregulation and pathway alterations in nasopharyngeal
carcinoma. Br J Cancer. 2009;100(6):1002-111.

Wang LJ, Chou YF, Chen PR, Su B, Hsu YC, Chang CH, Lee JW. Differential

miRNA expression in repeated recurrence of nasopharyngeal carcinoma.

Cancer Lett. 2014;344(2):188-94.

Shi X, Teng F. Down-regulated miR-28-5p in human hepatocel-

lular carcinoma correlated with tumor proliferation and migration
by targeting insulin-like growth factor-1 (IGF-1). Mol Cell Biochem.
2015;408(1-2):283-93.

Musgrove EA, Caldon CE, Barraclough J, Stone A, Sutherland RL. Cyclin D
as a therapeutic target in cancer. Nat Rev Cancer. 2011;11(8):558-72.
Jirawatnotai S, Hu Y, Livingston DM, Sicinski P. Proteomic identifica-
tion of a direct role for cyclin d1 in DNA damage repair. Cancer Res.
2012;72(17):4289-93.

Tsang CM, Yip YL, Lo KW, Deng W, To KF, Hau PM, Lau VI, Takada K,
Lui VW, Lung ML, et al. Cyclin D1 overexpression supports stable EBV

34.

35.

36.

37.

38.

Page 12 of 12

infection in nasopharyngeal epithelial cells. Proc Natl Acad Sci USA.
2012;109(50):E3473-E34823482.

Nishi K, Inoue H, Schnier JB, Rice RH. Cyclin D1 downregulation is impor-
tant for permanent cell cycle exit and initiation of differentiation induced
by anchorage-deprivation in human keratinocytes. J Cell Biochem.
2009;106(1):63-72.

Fresno Vara JA, Casado E, de Castro J, Cejas P, Belda-Iniesta C, Gonzalez-
Baron M. PI3K/Akt signalling pathway and cancer. Cancer Treat Rev.
2004;30(2):193-204.

Steeg PS, Bevilacqua G, Pozzatti R, Liotta LA, Sobel ME. Altered expression
of NM23, a gene associated with low tumor metastatic potential, dur-
ing adenovirus 2 Ela inhibition of experimental metastasis. Cancer Res.
1988;48(22):6550-4.

Kalluri R, Weinberg RA. The basics of epithelial-mesenchymal transition. J
Clin Invest. 2009;119(6):1420-8.

Canel M, Serrels A, Frame MC, Brunton VG. E-cadherin-integrin crosstalk in
cancer invasion and metastasis. J Cell Sci. 2013;126(Pt 2):393-401.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Strand-specific miR-28-3p and miR-28-5p have differential effects on nasopharyngeal cancer cells proliferation, apoptosis, migration and invasion
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	NPC tissue specimens
	Cell line
	Cell transfection
	Real-time quantitative polymerase chain reaction (qRT-PCR)
	Western blotting assay
	Cell viability assay
	Colony formation assay
	EdU assay
	Cell cycle distribution analysis
	Cell apoptosis analysis
	Trypan blue staining
	Wound healing assay
	In vitro cell migration and invasion assays
	Statistical analysis

	Result
	miR-28-3p and miR-28-5p are downregulated in human NPC tissues
	miR-28-5p suppresses NPC cell proliferation and induces cell cycle arrest in vitro
	miR-28-5p induces NPC cell apoptosis in vitro
	miR-28-3p promotes NPC cell migration and invasion in vitro
	miR-28-3p and miR-28-5p regulate different signaling pathways

	Discussion
	Conclusion
	Acknowledgements
	References




