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Abstract. Nasopharyngeal carcinoma (NPC) is a common 
type of cancer in southern China, miRNAs have been shown 
to be involved in the tumorigenesis of multiple cancer types. 
The present study aimed to explore the potential role of 
miR‑205 in NPC. Reverse transcription quantitative poly-
merase chain reaction was used to determine the expression 
levels of miR‑205 in 20 fresh NPC specimens and 20 normal 
nasopharyngeal tissues. The function of miR‑205 in the prolif-
eration, migration, invasion and apoptosis of NPC‑derived 
cells was detected by MTT assay, colony formation assay, 
wound healing assay, Transwell assay and flow cytometry. 
Furthermore, a target gene of miR‑205 was identified using 
the luciferase reporter assay. The expression of miR‑205 
was increased in NPC tissues compared with that in normal 
tissues. Overexpression of miR‑205 was found to promote the 
proliferation, migration and invasion of NPC‑derived cells, 

while apoptosis was suppressed. Tumor protein p53-inducible 
nuclear protein 1 was identified as a target gene of miR‑205. 
Overall, the present study demonstrated that miR‑205 may 
function as an oncogene in NPC tumorigenesis.

Introduction

Nasopharyngeal carcinoma (NPC) is a type of epithelial squa-
mous cell carcinoma, which is highly malignant with local 
invasion and early distant metastasis (1,2). Pathophysiological 
studies on the development of NPC have shown that genetic 
susceptibility, Epstein‑Barr virus infection and environmental 
factors are the major etiological factors of NPC (3). However, 
the exact molecular mechanisms involved in NPC pathogen-
esis and progression have remained to be fully elucidated (4). 
In spite of the development and application of intensity‑modu-
lated radiotherapy, the treatment outcome of NPC has 
remained poor (5). Therefore, it is required to investigate the 
underlying molecular mechanisms of the progression of NPC 
and to identify novel molecular targets for the development of 
novel therapeutic strategies for NPC patients.

MicroRNAs (miRNAs), small 15‑22 nucleotide 
non‑coding RNA molecules, act as critical regulators of gene 
expression by binding to the 3'‑untranslated region (3'‑UTR) 
of target genes  (6‑8). miRNAs have important roles in 
cellular processes of development, differentiation, metastasis 
and apoptosis  (9). Differential expression of miRNAs has 
been demonstrated in various human cancer types (10‑17), 
including NPC (18‑22). miR‑205 is a highly evolutionarily 
conserved miRNA and was shown to be involved in tumor 
proliferation, apoptosis, metastasis and invasion. Of note, the 
expression levels of miR‑205 in breast cancer, prostate cancer 
and laryngeal squamous cell carcinoma are consistently 
downregulated. However, overexpressed miR‑205 promotes 
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cancer cell proliferation, migration and invasion in various 
cancer types (23‑25), including bladder cancer, endometrial 
carcinoma and hepatocellular carcinoma (26‑28). To date, the 
function of miR‑205 in NPC has not been fully elucidated.

The present study detected the expression of miR‑205 
in NPC tissues and explored the roles of miR‑205 in three 
NPC‑derived cell lines by examining its effects on the prolif-
eration, colony formation, migration, invasion and apoptosis 
of these cells. Furthermore, a luciferase reporter assay was 
performed in order to identify a potential target of miR‑205.

Materials and methods

Patients and tissue samples. All tissue samples were obtained 
by surgery and were quickly frozen in liquid nitrogen and 
stored at ‑80˚C. A total of 20 fresh nasopharyngeal carcinoma 
specimens from NPC patients with non-keratinizing squamous 
cell nasopharyngeal carcinoma and no previous chemotherapy 
or radiotherapy prior to the surgery as well as 20  fresh 
normal nasopharyngeal tissues from healthy individuals who 
underwent nasopharyngeal endoscopy and were diagnosed 
as having inflammation were obtained from the Peking 
University Shenzhen Hospital (Shenzhen, China). The study 
was approved by the ethical committee of Peking University 
Shenzhen Hospital, and all patients provided written informed 
consent. The clinical tumor staging was based on the 2003 
Union for International Cancer Control staging system (29). 
The clinicopathological characteristics of the patients are 
shown in Table I.

Cell culture and transfection. The human nasopharyngeal 
carcinoma‑derived cell lines CNE2, 6‑10B and 9‑4E as well 
as the healthy human nasopharyngeal epithelial cell line 
NP69 were used in the present study. The cell lines used were 
obtained from Conservation Genetics Chinese Academy of 
Sciences Kunming Cell Bank (Kunming Institute of Zoology, 
Chinese Academy of Sciences, Kunming, Yunnan, China). 
The 9‑4E and NP69 cells were provided by Peking University 
Shenzhen Hospital (Shenzhen, China), and CNE2 and 6‑10B 
cells were a generous gift from Southern Medical University 
(Guangzhou, China). These cell lines were cultured in RPMI 
1640 (Gibco-BRL, Invitrogen Life Technologies, Carlsbad, 
CA, USA) supplemented with 10% fetal bovine serum (FBS; 
Invitrogen Life Technologies), 1% antibiotics (100 µ/ml peni-
cillin and 100 mg/ml streptomycin sulfates; Invitrogen Life 
Technologies) and 1% glutamate (Invitrogen Life Technologies) 
at 37˚C in a humidified 5% CO2 atmosphere. Transfection of 
miR‑205 (5'‑UCCUUCAUUCCACCGGAGUCUG‑3') and 
negative control (5'‑UUCUCCGAACGUGUCACGUTT) 
(GenePharma, Shanghai, China) were performed with 
Lipofectamine 2000 (Invitrogen Life Technologies), which 
were mixed in the Opti‑MEM® I Reduced Serum medium 
(Invitrogen Life Technologies) following the manufacturer's 
instructions. Fluorescence microscopy (BX51TF; Olympus, 
Tokyo, Japan) was used to verify the transfection efficiency.

RNA extraction and reverse transcription quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
from the clinical tissue samples by using the TRIzol reagent 
(Invitrogen Life Technologies) according to the manufacturer's 

instructions. Reverse transcription of the extracted RNA was 
performed using the miScript II RT kit (Qiagen GmbH, Hilden, 
Germany) according to the manufacturer's instructions. PCR 
reactions were performed by using the miScript SYBR® green 
PCR kit (Qiagen GmbH) according to the manufacturer's 
instructions using the Lightcycler 480 Real‑Time PCR System 
(Roche Diagnostics, Basel, Switzerland). The reaction mixture 
contained: 2µl cDNA template, 2µl specific microRNA primer, 
2µl 10X miScript Universal Primer, 10µl 2X QuantiTect SYBR 
Green PCR Master Mix and RNase-free water was added to 
20 µl in total. The amplification conditions were as follows: 
95˚C for 15 mins, followed by 94˚C for 15 sec, 55˚C for 30 sec 
and 70˚C for 30 sec, for 45 cycles. The 2‑ΔΔCT method was used 
to quantify the relative miRNA expression (30). U6 was used as 
an internal control for the normalization and the forward primer 
was 5'‑ACGCAAATTCGTGAAGCGTT‑3' (Invitrogen Life 
Technologies). The forward primer for miR‑205 amplification 
was 5'‑TCCTTCATTCCACCGGAGTCTG‑3' (Invitrogen Life 
Technologies), and the reverse primer of U6 and miR‑205 was 
the universal primer provided in the miScript SYBR® green 
PCR kit (Qiagen GmbH).

Cell proliferation assay. CNE2, 6‑10B or 9‑4E cells were 
seeded in 96‑well plates (7x103 cells/well). Following transfec-
tion for various time periods (0, 24, 48 and 72 h), 20 µl MTT 
solution was added and the mixture was incubated for 4 h at 
37˚C. Subsequently 150 µl dimethylsulfoxide (Sigma-Aldrich, 
St. Louis, MO, USA) was added to each well followed by 
thorough mixing for 10 min. The absorbance was measured 
using an ELISA microplate reader (680; Bio‑Rad, Hercules, 
CA, USA) at a wavelength of 490 nm (with 630 nm as the 
reference wavelength).

Table I. Clinical and pathological features of patients with naso-
pharyngeal carcinoma (mean age, 44 years; range, 28‑61 years).

Characteristic	 Number of cases

Total	 20
Gender
  Male	 16
  Female	 4
Degree of differentiation
  Differentiated	 6
  Undifferentiated	 14
Primary tumor stage
  T1	 3
  T2	 10
  T3	 5
  T4	 2
Union for International Cancer 
Control clinical stage
  I	 0
  II	 3
  III	 15
  IV	 2
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Colony formation assay. Following transfection for 24 h, the 
cells were trypsinized and cells were seeded into six‑well 
plates (1,000/well), cultured for 10 days, then fixed with meth-
anol and stained with 0.1% crystal violet. Images of colonies 
were captured and the colonies were counted. All steps were 
performed in triplicate.

Analysis of apoptosis. The percentage of apoptotic cells 
was determined by Annexin V‑fluorescein isothiocyanate 
(FITC)/propidium iodide (PI) staining followed by flow 
cytometric analysis (Gallios Flow Cytometer and Kaluza for 
Gallios software; Beckman Coulter, Inc., Brea, California, 
USA). An Annexin V/FITC Detection kit (Invitrogen, Life 
Technologies) was used to stain the cells following the 
manufacturer's instructions. A total of 2x105 CNE‑2 or 6‑10B 
cells were seeded on six‑well plates, followed by transfection 
and incubation for 48 h. The cells were then washed twice 
with ice‑cold phosphate-buffered saline, re‑suspended in 
1X binding buffer and stained with Annexin V‑FITC (5 µl) 
and PI (3 µl). The experiments were repeated at least three 
times.

Wound‑healing assay. For the wound‑healing experiments, 
6x105 cells were plated on six‑well plates, transfected for 24 h 
and cultured for 48 h to confluency. A line-shaped wound was 
generated with a 200-µl pipette tip, and images were captured at 
the 0-, 12- and 24-h time-points to measure the wound‑healing 
distance. A DM4000B microscope (Leica, Wetzlar, Germany) 
was used. The migration distance (µm) was assessed using 
MIAS-2000 software (Sichuan University, Chengdu, China). 
Each experiment was performed at least three times.

Cell invasion assay. Matrigel (1:5; 50 µl/well; BD Biosciences, 
Franklin Lakes, NJ, USA) was added to Transwell chambers 
in a 24‑well plate. Following 24 h of transfection, a total 
of 2x104 transfected CNE2, 6‑10B or 9‑4E cells in 100 µl 
serum‑free RPMI 1640 medium were seeded into the upper 
chambers (24‑well insert; pore size, 8 µm; Corning-Costar, 
Corning, NY, USA), and the lower chambers were filled with 
500 µl RPMI 1640 medium containing 10% FBS. After 24 h 
of incubation, the non-invaded cells on the upper side of the 
membrane were removed and the lower sides of the membranes 
were fixed with methanol, stained with 0.1% crystal violet 
(Sigma‑Aldrich) and washed three times. Finally, the stained 
cells were visualized under the DM4000B microscope and 
manually counted. All experiments were performed in trip-
licate.

Luciferase reporter assay. For generating a reporter construct, 
the miRNA target sequences were inserted between the 
XhoI‑NotI restriction sites in the 3'‑untranslated region (UTR) 
of the hRluc gene of the psiCHECKTM‑2 luciferase vector 
(Promega, Madison, WI, USA). The primer sequences used  
for the amplification of the 3'-UTR of TP53INP1 were as 
follows: Forward, 5'‑CGC​TCG​AGA​TTT​GTT​GTC​TAA​TTA​
GGG​GCC​AAG‑3' and reverse, 5‑AAG​GAA​AAA​AGC​GGC​
CGC​CAA​CTT​CTG​TAG​CTT​GTG​AGG​TAC​TA​‑3' (Invitrogen  
Life Technologies). Takara EmeraldAmp PCR Master Mix 
(Takara Bio, Inc., Otsu, Japan) was used for this assay. The 
reaction mixture contained: cDNA template (2 µl), forward 

primer (2 µl), reverse primer (2 µl), Master Mix (25 µl), and 
RNase‑free water (19 µl). The amplification conditions were as 
follows: 98˚C for 2 mins, followed by 35 cycles of 98˚C for 
10 sec, 55˚C for 39 sec and 72˚C for 1 min, followed by a final 
extension at 72˚C for 5 min, then the mixture was maintained 
at 12˚C. The mutant construct of the 3'UTR was generated in 
the same way after substituting G with T and A with C to 
deactivate the potential binding sites. Co‑transfection of the 
reporter vectors and miR‑205 mimic or negative control were 
performed. After 48 h, dual‑luciferase activity was measured 
using the dual‑luciferase assay system (Promega, Madison, 
WI, USA) according to the manufacturer's instructions. The 
experiments were repeated at least three times.

Bioinformatics analysis. miRWalk (http://www.umm.uni-
heidelberg.de/apps/zmf/mirwalk/) was used to verify the 
targets of miR‑205. In addition to its own algorithm, miRWalk 
used eight additional computational algorithms - miRanda 
(http://www.microrna.org/microrna/home.do), miRDB 
(http://mirdb.org/miRDB/), RNA22 (https://cm.jefferson.edu/
rna22/), RNAhybrid (http://bibiserv.techfak.uni-bielefeld.de/
rnahybrid/submission.html), PITA (http://genie.weizmann.
ac.il/pubs/mir07/mir07_prediction.html), PICTAR (http://
pictar.mdc-berlin.de/), Diana-microT (http://diana.cslab.ece.
ntua.gr/microT/) and TargetScan (http://www.targetscan.org/) 
to predict the targets of the miRNAs.

Statistical analysis. Statistical analyses were performed 
using SPSS 19.0 (International Business Machines, Armonk, 
NY, USA). All values are expressed as the mean ± standard 
deviation of results from three independent experiments. The 
differences were assessed using a two‑tailed Student's t‑test, 
while the MTT data were examined by analysis of variance. 
P<0.05 was considered to indicate a statistically significant 
difference between values.

Figure 1. Expression of miR‑205 in 20 NPC tissues. Reverse transcription 
quantitative polymerase chain reaction analysis showed that miR‑205 was 
upregulated in NPC tissues compared with that in normal nasopharyngeal 
tissues (P=0.002). Each data-point resembles the result for one patient, hori-
zontal lines represent their mean value and error bars represent the standard 
deviation. *P<0.05. miR, microRNA; NPC, nasopharyngeal carcinoma.
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Results

Expression of miR‑205 is up‑regulated in NPC tissues and 
enforced expression of miR‑205 promotes NPC-cell growth 
and colony formation. As shown in Fig. 1, the expression 
of miR‑205 was significantly upregulated in NPC tissues 
compared with that in the normal nasopharyngeal epithelial 
tissues, suggesting that overexpression of miR‑205 may be 
important in NPC development and metastasis.

The transfection efficiency was >90% when the cells were 
transfected with fluorescence-conjugated miRNAs (Fig. 2). 

The MTT assay showed that the cell proliferation was 
significantly increased by overexpression of miR‑205 in 
CNE2, 6‑10B and 9‑4E cells compared with that of the nega-
tive control cells. (Fig. 3A). 

Furthermore, the effect of miR‑205 on the colony formation 
ability of NPC cells was assessed. Overexpression of miR‑205 
significantly increased the colony numbers of CNE2, 6‑10B 
and 9‑4E cells (Fig. 3B). These results proved that miR‑205 
may act as an oncogenic miRNA in NPC and that the upregu-
lation of miR‑205 enhanced the proliferation of NPC cells.

miR‑205 decreases apoptosis of NPC cells and increases 
NPC-cell migration and invasion. Flow cytometric analysis 
showed that overexpression of miR‑205 significantly decreased 
the percentage of apoptotic cells in CNE2 and 6‑10B cells 
(Fig. 4).

The wound‑healing and invasion assays indicated that 
overexpression of miR‑205 increased the rates of migration 
and invasion of CNE2, 6‑10B and 9‑4E cells compared with 
those of the negative control cells (Fig. 5A and B).

Tumor protein p53-inducible nuclear protein 1 (TP53INP1) is a 
direct target of miR‑205. Bioinformatics analysis with miRWalk 
(http://www.umm.uni-heidelberg.de/apps/zmf/mirwalk/) 
was used to identify potential targets of miR‑205, and from 
these results, TP53INP1 was selected as a potential target 
for further study. To verify whether miR‑205 directly targets 
TP53INP1, dual‑luciferase reporter assays were performed. 
The sequences of the short fragments are shown in Fig. 6A. 
As shown in Fig. 6B, co-transfection of CNE2, 6‑10B and 
9‑4E cells with TP53INP1‑3'UTR and miR‑205 mimic caused 
a significant decrease in the luciferase activity compared 
with that of the negative control. By contrast, the activity of 
the reporter containing the mutated seed sequence showed 
no obvious change in fluorescence. This result indicated that 
miR‑205 exerts an inhibitory effect on TP53INP1 expression 
via binding to the 3'‑UTR of TP53INP1, and that TP53INP1 is 
therefore a direct target of miR-205.

Discussion

Tumorigenesis is a complex process, which is controlled 
by oncogenes and anti‑oncogenes. Increasing evidence has 

Figure 2. Transfection efficiency of three NPC‑derived cells. The amount of fluorescence indicated that the efficiency was up to 90% in all of the three NPC 
cell lines. Magnification, x10. NPC, nasopharyngeal carcinoma.
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Figure 3. miR‑205 promotes cell proliferation and colony formation of NPC cells. (A) The proliferation was determined using an MTT assay. The prolifera-
tion of CNE2 cells was increased by 12.5% (24 h), 18.6% (48 h) and 29.9% (72 h) (P=0.035), the proliferation of 6‑10B cells was increased by 11.1% (24 h), 
14.8% (48 h) and 14.3% (72 h) (P=0.001) and the proliferation of 9‑4E cells was increased by 17.4% (24 h), 27.8% (48 h) and 38.6% (72 h) (P<0.001). (B) The 
clonogenic potential of the cells was determined using a colony formation assay. The promotion rates of colony formation were 75.4% in CNE2 cells, 271.7% 
in 6‑10B cells and 66.9% in 9‑4E cells. Values are expressed as the mean ± standard deviation. *P<0.05, **P<0.001 vs. NC. NPC, nasopharyngeal carcinoma; 
miR, microRNA; NC, negative control.

Figure 4. miR‑205 affects the apoptosis of nasopharyngeal carcinoma cells. The apoptotic rate was significantly elevated (6.92 vs. 15.21%; P=0.03) in CNE2 
cells and in 6‑10B cells (3.67 vs. 16.49%; P=0.005) following transfection with miR‑205 mimic. Values are expressed as the mean ± standard deviation. *P<0.05 
vs. NC. miR, microRNA; NC, negative control; PI, propidium iodide; FITC, fluorescein isothiocyanate.

  A   B
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Figure 5. Effects of miR‑205 on cell migration and invasion of NPC cells. (A) Cell migration was determined by a wound healing assay. The promotion rates 
of cell migration were 56.8% in CNE2 cells (P=0.003), 108.6% in 6‑10B cells (P=0.003) and 95.2% in 9‑4E cells (P=0.004) after transfection with miR‑205. 
(B) Cell invasion was determined by a Transwell assay. The number of invaded cells was increased in CNE2, 6‑10B and 9‑4E cells by 61.4% (P=0.000), 67.4% 
(P=0.008) and 86.6% (P=0.003), respectively, after transfection with miR‑205. Cells are stained with crystal violet; magnification, x10. Values are expressed 
as the mean ± standard deviation. *P<0.05; **P<0.001 vs. NC. miR, microRNA; NC, negative control; NPC, nasopharyngeal carcinoma.

  A

  B
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indicate that microRNAs have significant roles in regulating 
the expression of their targets genes, and influence cell 
biological behavior, including proliferation, motility and 
apoptosis  (31‑33). MiR‑205 has opposite roles in various 
cancer types by serving as an oncogene or an anti‑oncogene. 
Luo et al (34) found that miR‑205 was upregulated in NPC 
biopsy specimens and correlated with the stage of NPC. 
Furthermore, Qu et al (35) demonstrated that overexpression 
of miR‑205 reduced NPC-cell apoptosis. However, the func-
tion of miR‑205 in NPC has remained elusive. The expression 
of miR‑205 in NPC tissues was found to be upregulated in 
the present study. Furthermore, the present study investigated 
the role of miR‑205 in NPC‑derived cells and revealed that 
overexpression of miR‑205 promoted NPC-cell proliferation, 
migration and invasion, and suppressed apoptosis, suggesting 
that miR‑205 may act as an oncogene in NPC.

To shed further light on the tumor-promoting effect of 
miR‑205 in NPC, the present study identified a target gene 
of miR‑205, TP53INP1, via a bioinformatics target analysis. 
TP53INP1 is known to function depending on p53 and to 
promote apoptosis by phosphorylating Ser46 of p53 (36,37). 
TP53INP1 encodes two protein isoforms which are able to 
modulate p53 activity to induce G1-arrest and enhance the 
p53‑mediated apoptosis by coordinating with homeodo-
main‑interacting protein kinase 2, which binds to p53 and 
induces its phosphorylation in promyelocytic leukemia protein 
nuclear bodies (38,39). In gastric cancer, it has been demon-
strated that TP53INP1 accelerated cancer cell apoptosis and 
was closely associated with the progression and prognosis of 
gastric cancer (40). Furthermore, TP53INP1 was confirmed to 
be a target of several other miRNAs, which enhance the growth 

of several cancer types, including esophageal squamous cell 
carcinoma and breast cancer, cervical cancer (41‑43). At the 
same time, TP53INP1 has been gradually considered to be a 
therapeutic target of certain cancer types (44,45). In the present 
study, TP53INP1 was found to be a direct target of miR‑205, 
suggesting that the effect of miR‑205 on NPC may be partially 
mediated through this protein. However, the explicit function 
of TP53INP1 in NPC requires further verification.

In conclusion, the present study provided evidence that 
miR‑205 has a pivotal role in NPC tumorigenesis, at least in 
part via TP53INP1, and may be utilized for the early detection 
and molecular‑targeted therapy of NPC.
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