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Strand-specific miR-28-3p and miR-28-5p 
have differential effects on nasopharyngeal 
cancer cells proliferation, apoptosis, migration 
and invasion
Yan Lv1*† , Huijun Yang2†, Xingkai Ma2 and Geping Wu2*

Abstract 

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-
noma (NPC) remain undetermined.

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 
were studied using cultured HONE-1 cells.

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 

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/
DGCR8, 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.

Cell line
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%  CO2. The detailed protocol was described in detail in 

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: CGC GCA CTA GAT TGT GAG CT;
miR-28-3p-Reverse: AGT GCA GGG TCC GAG GTA TT;
miR-28-3p-RT: GTC GTA TCC AGT GCA GGG TCC 

GAG GTA TTC GCA CTG GAT ACG ACT CCA GG; miR-
28-5p-Forward: GCG CAT TGC ACT TGT CTC G;

miR-28-5p-Reverse: AGT GCA GGG TCC GAG GTA TT;
miR-28-5p-RT: GTC GTA TCC AGT GCA GGG TCC 

GAG GTA TTC GCA CTG GAT ACG ACT CAG AC; 
U6-Forward: CTC GCT TCG GCA GCACA;

U6-Reverse: AAC GCT TCA CGA ATT TGC GT.

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  μl 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 × 103  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 μg/ml mitomy-
cin (Sigma) was always added to exclude the influence of 
cell proliferation.

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  μg/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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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 

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 qRT-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
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migration ability as compared with the mimic nega-
tive control group (Fig. 5a). In contrast, cells transfected 
with miR-28-3p inhibitor displayed decreased migra-
tion ability compared with the inhibitor negative control 

group. However, there were no statistically significant 
differences obtained for miR-28-5p mimic or inhibitor 
groups compared with the negative controls. Further, 
the same result was obtained when using the transwell 

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
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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 EdU positive staining cells were counted, and cell proliferation rate was calculated after transfection with 
mimics (b) and inhibitors (c) of miR-28-5p/-3p and negative control. The cell-cycle progression was analyzed by PI-FACS assay staining at 48 h (d). 
Cell cycle was divided into G0/G1, S and G2/M, and cell cycle distribution was counted respectively (e). Cells in G0/G1-phase were detected (f). The 
data represent three independent experimental repeats. **P < 0.01, ***P < 0.001, vs negative control. Scale bar = 100 μm
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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, c). 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 μm



Page 8 of 12Lv et al. Cancer Cell Int          (2019) 19:187 

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 

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 (c, 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 μm
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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 

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 CCND1 in CRC 
[18] and may suppress PI3K/AKT by inhibiting IGF1 
expression in HCC [30]. Cyclin D1, encoded by the 
CCND1 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]. PI3K/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 NM23-H1 
[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 

Fig. 6 miR-28-3p and miR-28-5p mediate the malignant biological behavior of NPC cells via different signaling pathways. Western blot analysis 
of p-Akt, Cyclin D1, Nm23-H1 and Ecadherin levels in cells transfected with mimics and inhibitors of miR-28-3p/-5p and negative control (a). 
Qualification of the data shown in a (b, c). All assays were performed in triplicate. *P < 0.05, vs negative control
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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.
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