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 Background: Nasopharyngeal carcinoma (NPC) is a type of head and neck cancer with very high prevalence in southern China. 
Phosphatase and tensin homolog (PTEN), a tumor suppressor, was reported to be downregulated in NPC pa-
tients and correlated with pathological grade and clinical stage of NPC.

 Material/Methods: Luciferase reporter assay, qPCR, and Western blot analysis were used to determine if PTEN is a target of miR-
152. The function of miR-152 in cell apoptosis and cell proliferation was examined as well. Tissue samples from 
NPC patients were also analyzed for PTEN and miR-152 expressions.

 Results: Reporter assay indicated miR-152 targets the 3’UTR of PTEN mRNA to inhibit PTEN expression. Transfection of 
the NPC-derived cell line with miR-152 mimic confirmed these findings. Overexpression of miRNA-152 inhibits 
apoptosis induced by Cisplatin in NPC cancer cells in vitro. Moreover, overexpression miR-152 also promotes 
NPC cancer cell invasion and proliferation. Samples from EBV-negative NPC patients demonstrated the down-
regulated level of PTEN may be related with overexpression of miR-152.

 Conclusions: The miR-152 targets PETN to inhibit cell apoptosis and promote cancer cell proliferation and migration in NPC 
development.
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Background

Nasopharyngeal carcinoma (NPC) is a type of head and neck 
cancer with very high prevalence in southern China [1]. Globally, 
NPC demonstrates a well-defined distribution [2]. NPC has a 
very low prevalence rate in Europe (annual incidence rate be-
low 1 per 100 000), but it is highly prevalent in South-East 
Asia and China [1,3]. Although genetic susceptibility, environ-
mental factors, and Epstein–Barr virus (EBV) latent infection 
have been considered as key factors in occurrence of NPC, the 
molecular mechanism of NPC development and progression is 
still largely unclear [4].

MicroRNAs (miRNAs) are a class of non-coding short RNA mol-
ecules that negatively regulate gene expression at the mRNA 
level [5]. There may be multiple targets of a single miRNA, and 
abnormal expression of miRNA expression during the devel-
opment of cancer and in progression of a variety diseases has 
been documented [6].

PTEN is a phosphoinositide phosphatase, originally identified 
as a multifunctional tumor suppressor frequently lost in var-
ious human cancers [7]. Previous studies reported that PTEN 
was downregulated in NPC patients as shown by immunohis-
tochemistry assay, and it is correlated with pathological grade 
and clinical stage of NPC [8,9]. A study identified microRNA-144 
as a negative regulator for PTEN to promote cell proliferation, 
migration, and invasion in nasopharyngeal carcinoma, sug-
gesting a significant role of microRNAs during the progno-
sis of NPC [1]. However, it has been unknown if there are any 
other microRNAs also responsible for regulating PTEN in NPC.

Because PTEN down-regulation by miRNA has been report-
ed, during the screening for other functional miRNA targeting 
PTEN, we identified MicroRNA-152 (miR-152) as a potential 
regulator for PTEN expression. Further analysis indicated that 
the phosphatase and tensin homolog could be the putative 
target of miR-152 and this was further verified in an in vitro 
study. Moreover, overexpression of miRNA-152 can promote 
the cell survival and inhibit apoptosis in vitro. Samples from 
EBV-negative NPC patients demonstrated that the down-reg-
ulation of PTEN may be related with overexpression of miR-
152. Taken together, our data provide valuable information for 
understanding NPC development and progression.

Material and Methods

Ethics statement, patients, and samples

Surgical tissue specimens from 4 patients with primary na-
sopharyngeal who underwent tumor resection at Zhengzhou 
Central Hospital affiliated with Zhengzhou University were 

prospectively obtained for this study by following Institutional 
Review Board guidelines. This study was reviewed and approved 
by the Research Ethics Board of Zhengzhou Central Hospital 
affiliated with Zhengzhou University. All participating subjects 
were formally informed about the purpose of using their sam-
ples in this study and a letter of consent was signed by every 
subject involved. Patients involved in this study were selected 
according to the following criteria: (1) diagnosis of the prima-
ry nasopharyngeal carcinoma based on clinical and histolog-
ical features; (2) the tumor tissue is surgically resectable; (3) 
Karnofsky performance status scale ³70; (4) the samples were 
EBV-negative. The EBV antibody test was used to determine 
if the patients were infected by EBV; this was done using the 
Human Epstein-Barr virus antibody (IgG) ELISA Kit (CUSABIO 
and CusAB China, Wuhan, Hubei Province, China), following 
the manufacturer’s instructions.

Cells, miR-152 mimics and chemicals

Human nasopharyngeal carcinoma cell line CNE2Z (EBV-
negative) and HEK293T cells were purchased from Shanghai 
Bioleaf Biotech Co. Ltd (Shanghai, China) and maintained in 
Dulbecco’s modified Eagle’s medium (DMEM, Gibco, Carlsbad, 
CA) supplemented with 10% fetal bovine serum (Gibco). The 
putative miRNA targeting for PTEN was screened by using 
TargetScan (http://www.targetscan.org/, Release 7.0, August 
2015). The MISSION® microRNA Mimic hsa-miR-152 and 
the scramble control of microRNA mimic were commercial-
ly purchased from Sigma (Sigma-Aldrich, St. Louis, MO, USA). 
Transfection of CNE2Z and HEK293T cells with plasmid DNA 
or microRNA mimics was conducted by using Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA) according to the instruc-
tions of the manufacturer.

Reporter plasmid and luciferase-based miRNA functional 
assay

Human PTEN 3’UTR reporter plasmid psiCHECK2-PTEN-3’UTR 
(Addgene plasmid # 50936) was purchased from Addgene 
(Cambridge, MA). Luciferase activities in the HEK293T cell 
transfected with psiCHECK2-PTEN-3’UTR along with miR-
152 or scramble control were measured by using Dual-Glo® 
Luciferase Assay System (Promega) following the instructions 
of the manufacturer. The luminescence signal of luciferase 
was measured with a VICTOR3™ Multilabel Counter (Perkin-
Elmer, Waltham, MA). Relative percentages of luciferase activ-
ity were calculated by comparing them with scramble control 
transfected HEK293T cells.

Reverse transcription and Real-Time PCR (qPCR)

TRIzol Reagent (Invitrogen) was used for total RNAs isolation 
from in vitro cultured cells and samples obtained from patients. 
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The cDNA generation for quantification of miRNAs expres-
sion was conducted by using the Hairpin-it™ miRNA RT-PCR 
Quantitation kit (GenePharma, Shanghai, China) and ABM hsa-
miR-152 Primers (Applied Biological Materials Inc, Richmond, 
BC, Canada) according to manufacturer’s instructions. The cDNA 
of in vitro cultured cells were obtained via reverse transcrip-
tion by AMV reverse transcriptase (Promega). A combination 
of oligo dT and random hexamer was used for cDNA synthesis. 
The real-time PCR(qPCR) detection with SYBR Green Mix (Life 
technologies) for the targeting genes and miR-152 expression 
were described previously [10,11]. Transcripts level of human 
RPL32 and U6 were also monitored from the same sample to 
serve as reference genes for normalization. The relative gene 
expression was quantified by the 2–∆∆CT method, as previously 
described [12]. Primers used in this study are listed in Table 1.

Flow cytometry based cell apoptosis assay

The CNE2Z cells were transfected with miR-152 mimic or scram-
ble control for 24 h, then treated with Cisplatin (Sigma-Aldrich) 
at the concentration of 20 μM for another 24 h. Then the cells 
were trypsinized and fixed with 4% paraformaldehyde solu-
tion (Santa Cruz Biotech, Santa Cruz, CA) and permeabilized 
by PBS containing 1% TritonX100 (Sigma-Aldrich). A total of 
1×106 CNE2Z cells were stained with FITC-labeled Annexin V 
(Sigma-Aldrich) and propidium iodide (Sigma-Aldrich). The 
stained cells were analyzed via flow cytometer (FACSCalibur, 
BD Biosciences, San Jose, CA) for apoptosis analysis.

Western blotting

The SDS-PAGE and Western blot analyses were conducted as 
previously described [11,13]. Briefly, after denatured proteins 
were transferred to a PVDF membrane, the membrane was 
blocked and probed by rabbit anti-PTEN antibody (Santa Cruz 
Biotechnology, Santa Cruz, CA). Specific reactions between dif-
ferent antibodies and corresponding proteins were detected 
by using goat anti-rabbit conjugated with horseradish perox-
idase (Sigma, St. Louis, MO) and revealed by a chemilumines-
cence substrate (Thermo Fisher Scientific, Waltham, MA). The 
membrane was also probed with anti-Tubulin antibody (Santa 
Cruz) to normalize the total protein loading. The chemilumi-
nescence signal was digitally recorded and analyzed by the 

ChemiDoc XRS imaging system (Bio-Rad, Hercules, CA) with 
Quantity One Program (Version 4.6, Bio-Rad).

Transwell cell invasion assay

To evaluated the CNE2Z cell invasion capability transfection of 
miR-152 mimic or scramble control, the Transwell cell invasion 
assay was conducted as previously described, with modifica-
tions [14]. Briefly, 12 h before miRNA mimic transfection, the 
cell culture medium was discarded and replaced with serum-
free DMEM for miRNA transfection. After 24 h, cells were tryp-
sinized and stained with trypan blue for cell counting. Then, 
a total of 100 uL cell suspension medium was added into a 
Transwell chamber and cultured for another 48 h, after which 
the chambers were stained with hematoxylin. Six microscop-
ic fields were randomly selected from each chamber and cap-
tured for quantification of cell numbers.

Clonogenic cell survival assay

Clonogenic cell survival assay was conducted as previously 
described, with modifications [15]. Briefly, miR-152 mimic or 
scramble control transfected cells were trypsinized and count-
ed for viable cells. A total of 1×104 cells were seeded into 100-
mm cell culture dishes and maintained for 1 week, after which 
the cell colonies were stained with gentian violet for imaging.

Statistical analysis

The statistical analysis was conducted by using SPSS Version 
16.0 (SPSS, Chicago, IL). Differences in indicators between 
treatment samples (e.g., luciferase activity, PTEN mRNA level, 
and apoptosis percentage) were assessed by use of the t test. 
A 2-tailed P-value of less than 0.05 was considered significant.

Results

The expression of PTEN was regulated by miR-152

The gene PTEN is considered as a tumor suppressor gene via 
the action of its phosphatase protein product [16]. PTEN is in-
volved in the regulation of the cell cycle, preventing cells from 
over-proliferation, as well as cell apoptosis [16,17], and reports 
also confirmed the downregulation of PTEN in NPC [8,9]. While 
little is known about the role of miRNA during the downregu-
lation of PTEN in NPC, a screening of putative miRNAs target-
ing PTEN mRNA was conducted and the miR-152 was identi-
fied as a potential regulator (Figure 1A).

To determine if PTEN is targeted by miR-152, the luciferase re-
porter vector containing PTEN 3’UTR was utilized to check wheth-
er overexpression of miR-152 could inhibit luciferase activity. 

Primer name  Sequence 

PTEN -F1 ACACTCCAGCTGGGATCTGTAAGAGAA

PTEN-R1 TGGTGTCGTGGAGTCG

PRL32-F1 CAACTGGCCATCAGAGTCAC

RPL32-R1 GTGCACATGAGCTGCCTACT

Table 1. Primers and their sequence used in this study.

4332
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Huang S. et al.: 
miR-152 inhibits apoptosis in NPC

© Med Sci Monit, 2016; 22: 4330-4337
MOLECULAR BIOLOGY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Figure 1B compares the HEK293T cells transfected with scram-
ble control and PTEN3’UTR reporter transfected cells, showing 
that expression of luciferase was reduced to only 0.4-fold in 
miR-152 transfected cells, suggesting that the binding of miR-
152 to 3’UTR of PTEN mRNA downregulated luciferase activity. 
Taken together, these data suggested miR-152 could be a po-
tential regulator for PTEN mRNA via targeting its 3’UTR region.

To further confirm the above findings, we also tested the en-
dogenous PTEN mRNA level by qPCR in NPC cell line CNE2Z 
cells and a EBV-negative NPC cell line [18,19]. As shown in 
Figure 2A, compared with MOCK-treated cell, transfection of 
scramble control miRNA had minimal effect on PTEN mRNA 
level. However, a significant reduction of PTEN mRNA was 
observed when transfected with miR152-mimic (Figure 2A). 
Moreover, Western blot analysis for PTEN protein also demon-
strated a significant reduction of PTEN protein and confirmed 
our observation in qPCR (Figure 2B).

Transfection of miR-152 inhibits cisplatin-induced 
apoptosis

It has been demonstrated that overexpression of PTEN leads 
to apoptosis [17]; therefore, we expected that inhibition of 

PTEN via miR-152 would inhibit apoptosis induced by chemo-
therapy. To validate our speculations, cisplatin, a widely used 
chemotherapy drug, was used to induce apoptosis of CNE2Z 
cells. After transfection with scramble control and miR-152 to 
CNE2Z cells and then treated the cells with cisplatin, the apop-
tosis status of transfected cells was analyzed by flow cytome-
try. When cells were transfected with scramble, exposing cells 
to cisplatin increased early apoptosis and late apoptosis in-
creased drastically to 23.8% and 11.4%, respectively (Figure 
3A). However, with the transfection of miR-152 to inhibit the 
expression of PTEN, cisplatin-induced early and late apoptosis 
were reduced to 13.4% and 0.196%, respectively (Figure 3A), 
which suggests a protective role of miR-152 in NPC-derived 
CNE2Z in response to chemotherapy drugs. Moreover, by re-
peating the same experiment at least 3 times, the statistical 
analysis yielded similar results (Figure 3B), which confirmed 
our previous findings.

Inhibition of PTEN expression via miR-152 promotes NPC 
cell invasion and proliferation

PTEN has been found to play an important role in regulating 
cell proliferation, cell growth, cell migration, genomic stability, 
and stem cell self-renewal [20]; therefore, it would be useful to 
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Figure 1.  miR152 inhibits PTEN expression via targeting 3’UTR 
of PTEN mRNA in HEK293T cells. (A) Alignment of 
putative binding sites of miR-152 with PTEN 3’UTR. 
(B) Luciferase reporter assay for miR-152 inhibition 
of PTEN mRNA. The PTEN reporter plasmid was co-
transfected with miR-152 mimic or scramble control 
miRNA to HEK293T cell for 24 h, then the cells were 
monitored for luciferase activity. For the qualification 
of luciferase activity, 3 repeated experiments were 
conducted. Significant differences between different 
groups are shown by “*” to indicate a significant 
difference (P<0.05).
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Figure 2.  miR152 inhibits PTEN expression in the NPC cell line. 
(A) Human nasopharyngeal carcinoma cell line CNE2Z 
(EBV-negative) were transfected with either miR162 
mimic or scramble control or left untreated for 48 
h, then cells were subjected to RNA isolation and 
qPCR detection for PTEN transcripts. (B) Western blot 
for CNE2Z cells transfected with miR-152 mimic or 
scramble control. At 48 h after transfection, cell lysates 
were subjected to SDS-PAGE and Western blot analysis 
with anti-PTEN antibody. Significant differences 
between different groups are shown by “*” to indicate 
a significant difference (P<0.01).
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know if inhibition of PTEN via miR-152 can affect cell invasion 
ability and clone formation ability, since invasiveness of trans-
formed cells is a necessary step for tumor progression [21]. 
In the cell invasion assay, cell staining results demonstrated 
a stronger invasion of miR-152-transfected cells (Figure 4A). 
Statistical analysis demonstrated cell counts were increased 
from 147 per field to more than 200 (Figure 4B). Moreover, in 
the clonogenic cell survival assay, which is alternative way to 
evaluate cell proliferation ability, we observed very strong in-
crease in colonies formed by CNE2Z cells with miR-152 mim-
ic transfection compared with cells transfected with scramble 
control (Figure 4C). Taken together, these data demonstrated 
inhibition of PTEN via miR-152 mimic can promote cell inva-
sion and proliferation ability of CNZ2Z cells.

The miR-152 overexpression may contribute to PTEN 
down-regulation in NPC patients

Because the above data demonstrate that miR-152-mediated 
inhibition of PTEN expression can result in apoptosis induc-
tion resistance and promote cancer cell invasion and prolifer-
ation of NPC cells, it is necessary to confirm these findings in 
vivo. Therefore, 4 patients admitted to our hospital who were 

undergoing surgery to remove NPC tissues and who met our 
study inclusion criteria agreed to donate their tissues sam-
ple for this study. Since the CNZ2Z cells are EBV-negative, to 
avoiding the interference of EBV in this study, the patients 
enrolled in this study had to be EBV-negative as well. The ad-
jacent healthy tissues were also collected during the surgery 
to serve as a control. We first checked the PTEN expression 
level from these samples via Western blot analysis. As shown 
in Figure 5B, although the baseline PTEN expression in adja-
cent tissues was different among the 4 patients, we saw a 
relative reduction of PTEN level in corresponding cancer tis-
sues, which is consistent with previous reports of down-reg-
ulation of PTEN in NPC patients [8,9]. The different baseline 
level may be due to the different progression stage of NPC 
in each patient as well as the individual differences or genet-
ic difference among these patients. Moreover, we also mea-
sured the expression of miR-152 level from each sample sep-
arately. The expression level of miR-152 in adjacent healthy 
tissues was set as 1-fold for each patient and the experiment 
was repeated 3 times. As demonstrated in Figure 5B, tumor 
tissue samples from the patients No. 2 and No. 4 demonstrat-
ed a significant increase of miR-152 level, while a slight up-
regulation of miR-152 observed in patient No. 1 (Figure 5B). 
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Figure 3.  miR152-mediated PTEN down-regulation inhibited apoptosis induced by cisplatin. (A) Cells were transfected with miR-152 
mimic or scramble control, followed by treatment with cisplatin, then the cells were fixed and stained with Annexin V and PI 
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However, for patient No. 3, no significant difference was ob-
served for miR-152 level between adjacent healthy tissues 
and tumor tissue. Taken together, our study results demon-
strate that miR-152 can target PTEN to inhibit chemothera-
py-induced apoptosis, as well as promoting cancer cell prolif-
eration and cell invasion.

Discussion

Micro-RNAs (miRNAs) have been identified as a novel post-
transcription mechanism for regulating gene expression [5]. It 
has been demonstrate that miRNAs are involved in regulation 
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Figure 4.  Transfection of miR-152 in NPC cells promotes its invasion and clone-forming ability. (A) Cell invasion assay image for 
scramble control or miR152 mimic-transfected CNE2Z cells. (B) Quantification of cell invasion results between scramble 
control and miR-152 mimic-transfected CNE2Z cells indicated the significant enhancement of cell invasion ability. Error 
bars represent standard errors of 3 repeated experiments. (C) Clonogenic cell survival assay indicated miR-152 transfection 
significantly increased the colony-formation ability of CNE2Z cells. Significant differences between groups are shown by “*”, 
which indicates P<0.05.
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of many biological functions of cells, including proliferation, 
migration, and differentiation [5]. We found that miR-152 is a 
potential regulator for the gene PTEN to protect cancer cells 
via antagonizing apoptosis induction, as well as promoting cell 
proliferation and invasion. Moreover, analysis of 4 NPC tumor 
samples showed that 3 of them up-regulated miR-152, which 
is also correlated with down-regulation of PTEN protein level.

Based on our recent literature search, miR-152 was previous-
ly considered as the only functional microRNA generated from 
precursor [35]. However, a current database (Target Scan) lists 
2 microRNA species – miR-152-3p and miR-152-5p – as ma-
ture microRNAs generated by miR-152 precursor. miR-152 is 
now classified as new miR-152-3p (we used miR-152 in this 
study for consistency). However, the function of miR-152-5p 
is still unknown.

Previous reports suggested that miR-152 may be a tumor-sup-
pressing miRNA in certain types of cancers. A report based 
on prostate cancer suggested that miR-152 targets 3’ UTR of 
TGF-a and functions as a suppressor of tumor growth [22]. 
Another report demonstrated that epigenetic silencing by DNA 
hypermethylation was observed for miR-152 in endometrial 
cancer, and restoration of miR-152 expression in endometrial 

cancer cell lines inhibited tumor cell growth both in vitro and 
in vivo [23]. However, in our study, we found that miR-152 pro-
moted cancer cell growth, enhanced cell invasion, and protect 
cancer cells from apoptosis induction in the NPC cancer cell 
line. It is possible that a single miRNA may play different role 
in different cancers because the targets of a single miRNA 
are multiple. Colony stimulating factor-1 [24], matrix metallo-
proteinase 3 [25], Kruppel-like factor 4 [26], and CaMK II [27] 
were also suggested as targets for miR-152. However, the ex-
act role of miR-152 in different cancer types still needs fur-
ther investigation.

PTEN is a critical negative regulator of the PI3K-Akt signaling 
pathway and is considered to be a tumor suppressor [16,20]. 
The cellular function of PTEN includes regulation of prolif-
eration, cell growth, migration, genomic stability, and stem 
cell self-renewal [20]. It has been reported that the activity 
of PTEN can be regulated in a variety of ways, such as muta-
tions, epigenetic silencing, transcriptional repression, aberrant 
protein localization, and post-translational modifications [20]. 
Aberrant PTEN expression or activation has been reported in 
many cancer types [28,29]. Moreover, miRNAs were also iden-
tified as novel regulators for PTEN, and these miRNAs include 
miR-19a [30], miR-21 [31], miR-26a [32], and miR-214 [33]. 
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It is notable that overexpression of these PTEN-targeting miR-
NAs targeting was considered as a contributing factor for tu-
mor development in these reports [32]. Results of the present 
study indicate that miR-152 is a regulator miRNA for PTEN in 
NPC, suggesting that miR-152 also contributes to the devel-
opment and progression of NPC.
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