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Abstract: Nasopharyngeal carcinoma (NPC) has the highest incidence rate of head and neck cancer and a strong at-
tack capability. miR-34a, a member of microRNA family, has been shown to participate in the regulation of NPC pro-
liferation through Notch1 signaling pathway. Therefore, the regulation of NPC cell proliferation by targeting Notch1 
with miR-34a will be investigated in this study. qRT-PCR was used to detect the expression of miR-34a in NPC. 
Bioinformatics analysis was used to predict the possible targets of miR-34a which were verified by luciferase assay. 
Mimics-34a was designed according to miR-34a sequence and transfected into NPC cell line CNE1. Western-Blot 
analysis was used to detect the expression of Notch1 and flow cytometry was used to detect cell cycle distribution in 
order to analyze the changes in cell proliferation capability. RT-PCR analysis showed that the expression of miR-34a 
was significantly decreased in NPC cells compared to that in adjacent tissues (P<0.05). Bioinformatics analysis and 
luciferase reporter gene assay confirmed that Notch1 is one of miR-34a’s potential targets. Overexpression of miR-
34a resulted in decrease of the expression levels of Notch1, reduction of the number of cells in s phase (P<0.05), 
elongation of cell cycle, and decrease of cell proliferation. In conclusion, the expression of miR-34a is down-regulat-
ed in NPC, and miR-34a can inhibit the proliferation of NPC cells by targeting and reducing the expression of Notch1.
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Introduction

Nasopharyngeal carcinoma (NPC) has the high-
est incidence of head and neck cancer and a 
strong attack capability. The incidence of NPC 
is low and generally below 1/10 million world-
wide. However, in China, NPC has a higher inci-
dence and ranks the first among malignant 
tumors in otorhinolaryngology. The incidence of 
NPC can reach 30-50/100,000 in Guangdong 
Province of southern China [1]. It is believed 
that the occurrence of NPC is related to a vari-
ety of factors, including genetic factors, envi-
ronmental factors, viral infections, and other 
factors [2]. NPC is highly malignant and the 
5-year survival rate of patients with advanced 
diseases was only 8% to 10%. However, if treat-
ed at an early stage, the 5-year survival rate 
can reach 70% [3]. Therefore, in-depth study on 
NPC cell behavior and its regulation mecha-
nism are of great significance for the diagnosis 
and treatment of NPC.

miR-34a, a family member of microRNA, can 
modulate the expression of its target genes to 

affect a variety of cellular behaviors [4]. In NPC 
and other malignant tumor cells, the expression 
level of miR-34a was significantly reduced, sug-
gesting that miR-34a may be closely related 
with the development and progression of NPC 
[5]. Studies showed that miR-34a exerts its 
physiological role by affecting Notch1 signaling 
pathway [6]. Notch1 signaling pathway plays a 
role in cell differentiation, apoptosis, cell prolif-
eration, and boundary formation. It is also 
closely linked with the occurrence and regula-
tion of a variety of cancers [7-9]. This study 
investigates the effect of miR-34a on Notch1 
signaling pathway and regulation of NPC cells 
proliferation.

Materials and methods

Subjects selection

Eleven patients diagnosed with NPC in the 
Second Affiliated Hospital of Fujian Medical 
University from February 2015 to December 
2015 were included in this study. There were 7 
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males and 4 females with a mean age of 42.1 ± 
6.5. All patients were newly diagnosed and 
have not been treated with chemotherapy or 
surgery. Cancerous tissues and adjacent tis-
sues were removed from patients and kept fro-
zen in liquid nitrogen for later use. This study 
was approved by the Medical Ethics Committee 
of the Second Affiliated Hospital of Fujian 
Medical University and informed consents have 
been obtained from all subjects.

qRT-PCR

qRT-PCR was used to detect the expression of 
miR-34a in both NPC tissue and adjacent tis-
sue. PCR primers were designed for RT-PCR 
amplification according to miR-34a sequence 
(GeneBank accession number NR_029610) 
(Table 1). Total RNA was extracted from frozen 
tissue using RNAprep Pure Tissue Kit (QIAGEN). 
mirVanat qRT-PCR miRNA Detection kit (Am- 
bion) was used to perform RT-PCR at 95°C/ 
3 min, 95°C/15 sec, 60°C/30 s, 40 cycles. U6- 
RNA was used as the reference gene and 2-ΔΔCt 
was used to analyze the data [10].

Prediction of miR-34a function 

Bioinformatics software TargetScan Release 
5.1 (www.targetscan.org) was used to predict 
miR-34a function. Luciferase reporter gene 
assay was used to verify miR-34a targets. The 
region of 155-206 of 3’UTR, which might con-
tain possible targets of miR-34a, was chos- 
en to synthesize oligonucleotides of Notch1-
3’UTR, according to Notch1 mRNA sequence 
(Genebank accession number NM_017617). 
Notch1-3’UTR: 5’-GTCACTAGTATGTACTTTTATTT- 
TACACAG-AAACACTGCC TTTTTATTTATATGTACT- 
GAAGCTTCTC-3’. The Notch1-3’UTR sequence 
was inserted into downstream of the coding 
region of firefly luciferase gene within pmirGLO 
vector to construct pmirGLO-notch1 vector. 
NPC cells were transfected with either pmir-
GLO-notch1 or pmirGLO first, followed by trans-

ferring mimics-34a to enhance the activity of 
miR-34a. Successfully transfected cells were 
cultured 48h and then analyzed for fluores-
cence intensity using a dual luciferase reporter 
assay system (Promega) and MicroLumat Plus 
LB96V photometer (Berthold). PmirGLO vector 
transfected cells were used as a control to cal-
culate the relative fluorescence intensity.

Overexpression of miR-34a

Mimics-34a was designed according to miR-
34a sequence and synthesized by Shanghai 
Biological Engineering Co. Liposome transfec-
tion kit (Polyplus transfection) and Interfer in 
TM (50 nM) were used to perform cell transfec-
tion experiments. NPC cell line CNE1 was pur-
chased from the cell bank of Chinese Academy. 
Frozen cells were cultured until reaching loga-
rithmic growth phase, trypsinized, counted, 
diluted with fresh medium, and inoculated to 
96 well plates. Transfection experiments were 
performed 24 h after inoculation according to 
manufacturers’ instructions [11].

Western blot

CNE1 cells were collected, homogenized with 
100 uL cell lysis buffer in a glass homogenizer, 
and centrifuged at 13000 g for 10 min. 
Supernatant was used for Western-Blot analy-
sis. 15% gel was used for SDS-PAGE electro-
phoresis. Protein was transferred to PVDF 
membrane. Membranes were blocked with 5% 
skim milk for 1 h, washed with TBST, and incu-
bated with mouse anti-human Notch1, GAPDH 
antibodies (1:2000 dilution) at 4°C overnight. 
Membranes were washed with TBST, incubated 
with horseradish peroxidase-labeled goat anti-
mouse IgG secondary antibody (1:1000 dilu-
tion) at room temperature for 1 h, washed with 
TBST, incubated with freshly prepared DAB at 
dark for 10 min, washed with distilled water to 
stop color development [12]. Gel imaging analy-
sis system was used to analyze the Western-
Blot image. GAPDH was used as an internal 
reference.

Flow cytometry analysis

Flow cytometry was used to detect the effect  
of transfection of pcDNA3-miR-34a on the pr- 
oliferation of CNE1 cells. Cells at logarithmic 
phase were pelleted, washed with PBS, fixed 

Table 1. Primer sequences used qRT-PCR 
Name Sequence Tm (°C)
miR-34a-F 5’TGTGAGTGTTTCTTTGGCAGTG3’ 55.7
miR-34a-R 5’ACAACGTGCAGCACTTCTAG3’ 54.2
U6-F 5’CTCGCTTCGGCAGCACA3’ 55.3
U6-R 5’AACGCTTCACGAATTTGCGT3’ 55.4
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with 90% ethanol at 4°C overnight. Untreated 
CNE1 was used as control. After removal of 
ethanol, RNase was added and incubated at 
37°C for 30 min. Propidium iodide (PI) was us- 
ed to stain cells. Flow cytometer (Becton Dic- 
kinson) with argon ion excitation was used to 
detect fluorescence. Excitation wavelength was 
488 nm, and emission wavelength was 630 
nm. 10000 fluorescence signals were collected 
for each sample. Modifit software was used to 
analyze the FL-2 area and DNA histograms. All 
experiments were repeated three times [13].

was used to predict miR-34a function. Notch1 
was found to be a potential target for miR-34a. 
Sequence homology analysis was shown in 
Figure 2 and certain homology was found 
between 3’UTR region of Notch1 mRNA and 
miR-34a sequence.

Cell transfection and overexpression of miR-
34a

Mimics-34a was transfected into CNE1 cells. 
Transfected cells were cultured until reaching 
logarithmic phase, and Western-Blot assay was 
used to measure the relative expression of 
Notch1 protein (Figure 3). The result showed 
that cells transfected with mimics-34a have 
reduced Notch1 protein expression (0.28 ± 
0.06) compared to blank control (0.91 ± 0.16) 

Figure 1. A. Expression of miR-34a in different NPC tissues. RNA was extract-
ed from NPC tissue or adjacent tissue followed by analysis of the expression 
of miR-34a by qRT-PCR. B. Average expression level of miR-34a in both adja-
cent tissue and NPC tissue. RNA was extracted from NPC tissue or adjacent 
tissue followed by analysis of the expression of miR-34a by qRT-PCR. Note: 
*P<0.05 compared to adjacent tissues.

Statistical analysis

The results were expressed 
as mean ± standard devia-
tion. T test was performed 
using SPSS 20.0. P<0.05 indi-
cates significant difference.

Results

RT-PCR results

RT-PCR was used to detect 
the expression of miR-34a in 
NPC tissues and adjacent tis-
sues. The relative expression 
of miR-34a was shown in 
Figure 1. Compared with the 
corresponding adjacent tis-
sues, the expression of miR-
34a from different NPC tis-
sues was reduced. By calcul- 
ating the average expression 
of miR-34a in adjacent tissue 
and NPC tissue, we found that 
the relative expression of 
miR-34a in NPC tissue (0.16 
± 0.09) was decreased by 
76.6 ± 11.5% as compared to 
that in adjacent tissues (0.62 
± 0.03) (P<0.05).

Prediction of miR-34a targets

Target Scan Release 5.1 so- 
ftware (www.targetscan.org) 

Figure 2. Sequence homology analysis of Notch1 
3’UTR and miR-34a.
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(P<0.05), indicating that overexpression of 
miR-34a in NPC cell line CNE1 decreased the 
expression levels of Notch1 protein.

Luciferase assay

Luciferase reporter gene assay was designed 
according to bioinformatics analysis results 
(Figure 4). The Figure 4 showed that, compared 
to CNE1 cell transfected with pmirGLO + mim-
ics-34a (1.03 ± 0.15), CNE1 cells transfected 
with pmirGLO-notch1 + mimics-34a had decr- 
eased fluorescence intensity (0.62 ± 0.11) 
(P<0.05), indicating that CNE1 cell transfected 
with pmirGLO-notch1 + mimics-34a had lower 
levels of luciferase, which suggested that miR-
34a could bind to 3’UTR region of Notch1 gene.

Flow cytometry measurement of cell prolifera-
tion

Flow cytometry was used to measure the prolif-
eration of CNE1 cells transfected with mimics-
34a. Modifit software was used to analyze sam-
ple’s FL-2 area and the DNA histograms (Figure 
5A). Cell numbers of different cell cycles were 
recorded (Figure 5B). The result showed that, 
compared with the control group (35.6 ± 7.2%), 
CNE1 cells transfected with mimics-34a had 
less cells in S phase (17.1 ± 4.5%) (P<0.05), 
however, cells in the G0/G1 and G2/M phase 
did not change significantly (P>0.05), indicating 
that CNE1 cells transfected with mimics-34a 
had prolonged cell cycle and lower proliferation 
capability.

Discussion

NPC has the highest incidence rate of head and 
neck cancer and a strong attack capability. 
Studies confirmed that there is a big difference 
between the expression profiles of cellular 
microRNA in normal cells and NPC cells, includ-
ing miR-26a, miR-144, miR-218 and miR-34a, 
etc. [14-16]. In this study, the expression level 
of miR-34a was found to be significantly 
decreased in NPC tissues by qRT-PCR assay, 
suggesting that miR-34a may play an important 
role in the development of NPC. Recent studies 
showed that miR-34a is the target of tumor 
suppressor gene P53. It can arrest cells in G1 
phase and induce apoptosis [17]. Long et al. 

Figure 3. Effect of over-expression of miR-34a on expression levels of Notch1. NPC cell line CNE1 was transfected 
with Mimics-34a using Liposome transfection kit. Then cells were collected to extract RNA and protein for analysis 
of mRNA and protein expression of Notch1 by qRT-PCR and western blot. 

Figure 4. Luciferase assay. Note: A: CNE1 cells 
transfected with pmirGLO-notch1 + mimics-34a; B: 
CNE1 cells transfected with pmirGLO + mimics-34a; 
*P<0.05 compared with group B. 
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found that miR-34a expression level was sig-
nificantly reduced in NPC compared with that in 
normal tissue [18]. It is debatable how did the 
expression of miR-34a decrease in NPC. Some 
scholars believe that the aberrant methylation 
of CpG island in the promoter region of miR-
34a resulted in the down-regulation of miR-34a 
level [19], but this conclusion needs more 
experimental data to confirm.

miR-34a belongs to microRNA family. It can 
bind to the mRNA of its target gene to regulate 
gene expression at the transcriptional level [6]. 
We have found through bioinformatics and 
luciferase reporter gene assay that Notch1 may 
be a potential target of miR-34a. We also found 
that overexpression of miR-34a in CNE1 result-
ed in the reduction of Notch1 expression, elon-
gation of CNE1 cell cycle, decrease of cell pro-

either as a proto-oncogene, or a tumor sup-
pressor gene [21, 22].

NPC, number one of ear, nose and throat can-
cer, seriously threats human health. Therefore, 
early diagnosis and treatment of NPC has 
become a common concern of doctors and 
patients [2]. This study showed the relationship 
and interaction between Notch1 and miR-34a 
in NPC, providing a theoretical basis for clinical 
diagnosis and future application of RNA inter-
ference on the treatment of NPC. 
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Figure 5. A. Cell cycle of CNE1. Cells at logarithmic phase were pelleted, 
washed with PBS, fixed with 90% ethanol at 4°C overnight. Untreated CNE1 
was used as control. After removal of ethanol, RNase was added and in-
cubated at 37°C for 30 min. Propidium iodide (PI) was used to stain cells 
followed by flow cytometer analysis of cell cycle. B. Cell cycle changes after 
overexpression of miR-34a. Cells with miR-34a overexpression at logarith-
mic phase were pelleted, washed with PBS, fixed with 90% ethanol at 4°C 
overnight. Untreated CNE1 was used as control. After removal of ethanol, 
RNase was added and incubated at 37°C for 30 min. Propidium iodide (PI) 
was used to stain cells followed by flow cytometer analysis of cell cycle. Note: 
*P<0.05 compared to control group.

liferation capability. In short, 
miR-34a could inhibit Notch1 
expression to inhibit cell pro-
liferation and cell division in 
NPC cells.

Li et al. showed by bioinfor-
matics analysis and lucifer-
ase reporter gene assay that 
miR-34a binds to the 3’UTR 
region of Notch1 mRNA to 
inhibit Notch1 expression at 
the transcriptional level [20]. 
Notch1 signaling pathway in- 
volves in evolutionary cons- 
erved cell-cell interactions 
and plays an important role in 
cell differentiation, develop-
ment, and apoptosis. Adjacent 
cells transfer Notch signaling 
by binding Notch1 receptor 
and ligand, thereby propagate 
the signaling, determine cell 
differentiation fate, organ for-
mation, and morphogenesis 
[6]. Studies have also showed 
that Notch1 was closely asso-
ciated with the pathogenesis 
and development of a numb- 
er of malignancies including 
breast cancer, prostate can-
cer [7, 8]. Notch1 exerts its 
function mainly through influ-
ence of the cell cycle. A recent 
study found that Notch1 has 
dual roles in cancers and acts 



miR-34a and Notch1 in nasopharyngeal carcinoma

8816	 Int J Clin Exp Pathol 2016;9(9):8811-8816

Address correspondence to: Dr. Enhui Qiu, The Se- 
cond Affilliated Hospital of Fujian Medical University, 
34 Zhongshan Road, Licheng District, Quanzhou 
362000, China. Tel: +86-595-22101380; Fax: +86-
595-22101380; E-mail: enhuiqiu123@sina.com 

References

[1]	 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieu-
lent J and Jemal A. Global cancer statistics, 
2012. CA Cancer J Clin 2015; 65: 87-108.

[2]	 Polesel J, Serraino D, Negri E, Barzan L, Vac-
cher E, Montella M, Zucchetto A, Garavello W, 
Franceschi S, La Vecchia C and Talamini R. 
Consumption of fruit, vegetables, and other 
food groups and the risk of nasopharyngeal 
carcinoma. Cancer Causes Control 2013; 24: 
1157-1165.

[3]	 Chan KC, Hung EC, Woo JK, Chan PK, Leung 
SF, Lai FP, Cheng AS, Yeung SW, Chan YW, Tsui 
TK, Kwok JS, King AD, Chan AT, van Hasselt AC 
and Lo YM. Early detection of nasopharyngeal 
carcinoma by plasma Epstein-Barr virus DNA 
analysis in a surveillance program. Cancer 
2013; 119: 1838-1844.

[4]	 Yin D, Ogawa S, Kawamata N, Leiter A, Ham M, 
Li D, Doan NB, Said JW, Black KL and Phillip 
Koeffler H. miR-34a functions as a tumor sup-
pressor modulating EGFR in glioblastoma mul-
tiforme. Oncogene 2013; 32: 1155-1163.

[5]	 Iorio MV and Croce CM. microRNA involvement 
in human cancer. Carcinogenesis 2012; 33: 
1126-1133.

[6]	 Sun F, Wan M, Xu X, Gao B, Zhou Y, Sun J, 
Cheng L, Klein OD, Zhou X and Zheng L. Cross-
talk between miR-34a and Notch Signaling 
Promotes Differentiation in Apical Papilla Stem 
Cells (SCAPs). J Dent Res 2014; 93: 589-595.

[7]	 Zhu H, Zhou X, Redfield S, Lewin J and Miele L. 
Elevated Jagged-1 and Notch-1 expression in 
high grade and metastatic prostate cancers. 
Am J Transl Res 2013; 5: 368-378.

[8]	 Qiu M, Peng Q, Jiang I, Carroll C, Han G, Rymer 
I, Lippincott J, Zachwieja J, Gajiwala K, Kraynov 
E, Thibault S, Stone D, Gao Y, Sofia S, Gallo J, Li 
G, Yang J, Li K and Wei P. Specific inhibition of 
Notch1 signaling enhances the antitumor effi-
cacy of chemotherapy in triple negative breast 
cancer through reduction of cancer stem cells. 
Cancer Lett 2013; 328: 261-270.

[9]	 Gu F, Ma Y, Zhang Z, Zhao J, Kobayashi H, 
Zhang L and Fu L. Expression of Stat3 and 
Notch1 is associated with cisplatin resistance 
in head and neck squamous cell carcinoma. 
Oncol Rep 2010; 23: 671-676.

[10]	 Wong W, Farr R, Joglekar M, Januszewski A and 
Hardikar A. Probe-based Real-time PCR Ap-
proaches for Quantitative Measurement of mi-
croRNAs. J Vis Exp 2015. 

[11]	 Mandir JB, Lockett MR, Phillips MF, Allawi HT, 
Lyamichev VI and Smith LM. Rapid determina-
tion of RNA accessible sites by surface plas-
mon resonance detection of hybridization to 
DNA arrays. Anal Chem 2009; 81: 8949-8956.

[12]	 Wael H, Yoshida R, Kudoh S, Hasegawa K, Ni-
imori-Kita K and Ito T. Notch1 signaling con-
trols cell proliferation, apoptosis and differen-
tiation in lung carcinoma. Lung Cancer 2014; 
85: 131-140.

[13]	 Krzeszinski JY, Wei W, Huynh H, Jin Z, Wang X, 
Chang TC, Xie XJ, He L, Mangala LS, Lopez-
Berestein G, Sood AK, Mendell JT and Wan Y. 
miR-34a blocks osteoporosis and bone metas-
tasis by inhibiting osteoclastogenesis and 
Tgif2. Nature 2014; 512: 431-435.

[14]	 Lu J, He ML, Wang L, Chen Y, Liu X, Dong Q, 
Chen YC, Peng Y, Yao KT, Kung HF and Li XP. 
MiR-26a inhibits cell growth and tumorigene-
sis of nasopharyngeal carcinoma through re-
pression of EZH2. Cancer Res 2011; 71: 225-
233.

[15]	 Li T, Chen JX, Fu XP, Yang S, Zhang Z, Chen Kh 
H and Li Y. microRNA expression profiling of na-
sopharyngeal carcinoma. Oncol Rep 2011; 25: 
1353-1363.

[16]	 Zhang LY, Ho-Fun Lee V, Wong AM, Kwong DL, 
Zhu YH, Dong SS, Kong KL, Chen J, Tsao SW, 
Guan XY and Fu L. MicroRNA-144 promotes 
cell proliferation, migration and invasion in na-
sopharyngeal carcinoma through repression of 
PTEN. Carcinogenesis 2013; 34: 454-463.

[17]	 Christoffersen NR, Shalgi R, Frankel LB, Leucci 
E, Lees M, Klausen M, Pilpel Y, Nielsen FC, 
Oren M and Lund AH. p53-independent upreg-
ulation of miR-34a during oncogene-induced 
senescence represses MYC. Cell Death Differ 
2010; 17: 236-245.

[18]	 Long Z, Wang B, Tao D, Huang Y and Tao Z. 
Hypofractionated radiotherapy induces miR-
34a expression and enhances apoptosis in hu-
man nasopharyngeal carcinoma cells. Int J Mol 
Med 2014; 34: 1388-1394.

[19]	 Cui X, Zhao Z, Liu D, Guo T, Li S, Hu J, Liu C, 
Yang L, Cao Y, Jiang J, Liang W, Liu W, Wang L, 
Gu W, Wu C, Chen Y and Li F. Inactivation of 
miR-34a by aberrant CpG methylation in Ka-
zakh patients with esophageal carcinoma. J 
Exp Clin Cancer Res 2014; 33: 20.

[20]	 Li WB, Ma MW, Dong LJ, Wang F, Chen LX and 
Li XR. MicroRNA-34a targets notch1 and inhib-
its cell proliferation in glioblastoma multiforme. 
Cancer Biol Ther 2011; 12: 477-483.

[21]	 Lobry C, Oh P, Mansour MR, Look AT and Aifan-
tis I. Notch signaling: switching an oncogene to 
a tumor suppressor. Blood 2014; 123: 2451-
2459.

[22]	 Avila JL and Kissil JL. Notch signaling in pan-
creatic cancer: oncogene or tumor suppres-
sor? Trends Mol Med 2013; 19: 320-327.

mailto:enhuiqiu123@sina.com

