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Abstract: This study is to investigate the expression of miR-21 in nasopharyngeal carcinoma (NPC) cells, and the
effect of miR-21 in the biological behavior and expression of B-cell lymphoma 2 (BCL2) in NPC cells. Paired NPC
and adjacent non-tumor tissues were obtained from 53 patients who underwent primary surgical resection of NPC
tissues. Luciferase reporter assay was performed to test whether BCL2 is a direct target of miR-21. Methylthiazolyl
blue tetrazolium assay and colony assay were used to evaluate the effect of miR-21 on NPC cell proliferation.
Transwell and wound-healing assays were carried out to test the effect of low expression of miR-21 on cancer cell
migration and invasion. QRT-PCR and Western blotting were used to measure the levels of mRNA and protein ex-
pression, respectively. Tumor tissues showed a positive correlation between the levels of miR-21 and BCL2 protein
expression. Cells transfected with miR-21 inhibitor healed slower compared the control (P < 0.05). In addition,
cell migration was notably inhibited by the down-regulation of miR-21 in vitro (P < 0.05). The reduction in miR-21
expression showed a remarkable effect on the biological behavior of NPC cell clone formation (P < 0.05). Low
expression of miR-21 by transfection with miRNA expression plasmid led to a decrease in BCL2 expression, which
was accompanied by reduced migration and proliferation of the cancer cells. Our results demonstrated that miR-21
inhibitor down-regulated BCL2 expression level, suggesting that BCL2 might be a target gene for the initiation and
development of NPC cells.
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Introduction

Nasopharyngeal carcinoma (NPC) is one of the
most common diseases in China. NPC is close-
ly associated with Epstein-Barr virus (EBV)
infection, primarily due to the latent membrane
protein 1 oncogene of EBV. It has been shown
that NPC is sensitive to radiotherapy and che-
motherapy, with a cure rate of approximately
70% [1, 2]. EBV-encoded RNA signal is present
in all NPC cells, and early diagnosis of the dis-
ease is possible through the detection of raised
antibodies against EBV. However, a few genes
were reported to contribute to the risk of NPC
according to studies on genetic linkage and
association [3, 4].

MicroRNAs (miRNAs) are a class of small non-
coding RNAs that regulate gene expression at
the posttranscriptional level by degrading their

target mRNASs or by translational repression [5].
microRNAs play important roles in numerous
biological processes, such as development, dif-
ferentiation, and cellular stress response [6-8].
Recently, miRNA (miR)-21 has been highlighted,
because it is among the most up-regulated miR-
NAs in diverse cancers including colorectal can-
cer [9], renal cancer [10], breast cancer [11],
colon cancer [12], gastric cancer [13], hepato-
cellular carcinoma [14], oral cancer [15], and
liver cancer [16]. miR-21 has a strong effect on
cancer cell proliferation and is a putative onco-
gene [17].

It has been discovered that the transcription
factors that regulate miRNA are involved in
many cellular processes, such as cell differen-
tiation [18], proliferation and apoptosis [19].
Previous study reported that miR-21 negatively
regulates several targets, and thus impacts
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angioplasty restenosis [20]. However, the exact
mechanism of action of miR-21 in NPC cell line
is poorly understood, and there is currently no
direct evidence for a correlation between miR-
21 function and nasopharyngeal carcinoma. As
an oncogene, B-cell lymphoma 2 (BCL2) gene
was implicated in cell migration and invasion. It
has been reported that overexpression of a
27-nt miRNA significantly suppressed endothe-
lial nitric oxide synthase expression and endo-
thelial cell proliferation via the inhibition of sig-
nal transducer and activator of transcription 3
signaling [21], suggesting that some nuclear
transcription factors (TFs) might be involved in
the regulation of gene expression by the miRNA.
However, BCL2-like 12 is a new member of the
apoptosis-related BCL2 gene family. Members
of this family are implicated in various malig-
nancies. Recently, we have showed that BCL2
has a significant prognostic value in NPC.
Therefore, we hypothesize that miR-21 might
play important roles in the metastasis of NPC
and the regulation of BCL2. In this study, we
investigate whether miR-21 significantly pro-
motes the migration and invasion of NPC cells,
and regulates the expression of BCL2.

Materials and methods
Patients and tissue samples

This study was approved by the Human
Research Ethics Committee of Guangxi Medical
University (China). Paired NPC and adjacent
non-tumor tissues were obtained from 53
patients who underwent primary surgical resec-
tion of NPC tissues with informed consent
between October 2012 and August 2013 at
The First Affiliated Hospital, Guangxi Medical
University (China). Tissue samples were imme-
diately frozen in liquid nitrogen after resection
and stored at-80°C until use. The clinical stage
was defined according to the revised Inter-
national Staging System. Both tumor and non-
tumor tissues were identified by pathological
examination. Pathological stage, grade, and
lymph nodal status were defined independently
by three experienced pathologists. The clinical
characteristics of the patients, including age,
gender, pathology, and tumor-node-metastasis
staging, were collected and analyzed.

Cell culture and transfection

NPC cells were cultured in RPMI-1640 medium
containing 10% fetal bovine serum (FBS), 100
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IU/ml penicillin and 100 pg/ml streptomycin in
humidified environment at 37°C in the pres-
ence of 5% CO,. NPC cell line was obtained
from Shanghai Cell Bank, Chinese Academy of
Sciences (Shanghai, China).

The miR-21 mimics and miR-21 inhibitor were
synthesized by Tiangen Biochemical Technology
Co., Ltd. (Beijing, China). For transfection, cells
were grown to 90% confluence, and transfect-
ed with miR-21 mimics or its inhibitor using
Lipofectamine 2000 (Invitrogen, USA) by incu-
bation in Opti-Mem | media for 4 h. The cells
were then transferred into fresh RPMI-1640
containing 10% FBS. After incubation for 24 h,
the culture medium was replaced, and fluores-
cent images were utilized to monitor transfec-
tion efficiency. After 48 h, cells were harvested
for analysis.

Luciferase reporter assay

Cells cultured in 6-well plates were transfected
with 1 pg of either pMIR/BCL2 vector or pMIR/
BCL2/mut vector containing firefly luciferase,
or 0.05 pg of the pRL-TK vector (Promega, USA)
containing renilla luciferase together with 30
nM miR-21 inhibitor or negative control. Cells
cultured in 24-well plates were transfected with
wild-type (WT) or mutant reporter plasmid using
Lipofectamine 2000. After transfection for 6 h,
cells were transfected again with miR-21 inhibi-
tor or negative control. Luciferase activity was
measured using dual luciferase assay system
(Promega, USA) after incubation for 36 h.

Methyilthiazolyl blue tetrazolium (MTT) assay

Cell growth was determined using MTT (Sigma-
Aldrich, USA) spectrophotometric dye assay. At
24 h post-transfection with miR-21 inhibitor or
negative control, cells were seeded into 96-well
plates (2x103 cells/well), and cell proliferation
was recorded every 24 h for 4 days. The num-
ber of viable cells was assessed by measuring
the absorbance at 450 nm using a microplate
reader.

Colony formation assay

The cells were transfected with 50 nmol/I miR-
21 mimics or its inhibitor, and cultured in media
containing 10% FBS. After incubation for 15
days, the cells were fixed with methanol and
stained with 0.1% crystal violet. Visible colo-
nies were manually counted. Triplicate wells
were measured for each group.
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Table 1. Primers for PCR

miR-21 Stem-loop RT primer: 5-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAACA-3’
Forward: 5-GCCCGCTAGCTTATCAGACTGATG-3’
Reverse: 5-GTGCAGGGTCCGAGGT-3’

ue RT primer: 5-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAAAAATATG-3'
Forward: 5-GCGCGTCGTGAAGCGTTC-3’
Reverse: 5-GTGCAGGGTCCGAGGT-3'

BCL2 mRNA Forward: 5-CTGTGCTGCTATCCTGC-3’
Reverse: 5-TGCAGCCACAATACTGT-3'

B-actin Forward: 5-TCACCCACACTGTGCCCCATCTACGA-3’
Reverse: 5-CAGCGGAACCGCTCATTGCCAATGG-3'
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Figure 1. Overexpression of miR-21 in NPC tissues and its clinical significance. Paired NPC tissues and adjacent
non-tumor tissues were obtained from 45 patients who underwent primary surgical resection for NPC. The miR-21
expression was detected by gRT-PCR, and was normalized to U6 expression. A: Relative expression of miR-21 in NPC
tissues (n = 45) in contrast to matched non-tumor tissues (n = 45). NPC, tumor tissues; Control, non-tumor tissues.
B: Relative expression of miR-21 in tumor tissues and adjacent non-tumor tissues. T, tumor tissues; N, adjacent
non-tumor tissues. **, P < 0.01. C: miR-21 expression in patients with stages Ill+IV and those with stages I+1l. **,
P < 0.01. D: miR-21 expression in patients with [m (+)] and without [m (-)] distal metastasis. **, P < 0.01. E: miR-21
expression in patients with [m (+)] and without [m (-)] lymph node metastasis. **, P < 0.01.

Wound-healing assay post-transfection, the cells were allowed to

reach confluence before dragging a 1-ml sterile
The cultured cells were transfected with 50 nM pipette tip through the mono-layer. The cells
miR-21 inhibitor or negative control. At 24 h were then washed and allowed to migrate for
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Table 2. Characteristics of nasopharyngeal carcinoma patients

Characteristics

No. of patients (%)

Median age (range), in years
Gender (Male/Female)

Histological type (Squamous cell/Adenocarcinoma/others)

TNM stage (I+11/111+1V)

Lymph node metastasis (Positive/Negative)
Differentiation (Well/Moderate/Poor)
Tumor size (cm) (£5/> 5)

Distal metastasis (Positive/Negative)

48 (30-75)

33/45 (73.3); 12/45 (26.7)

12/45 (26.7); 30/45 (66.7); 3/45 (6.7)
12/45 (26.7); 33/45 (73.3)

26/45 (57.8); 19/45 (42.2)

6/45 (13.3); 13/45 (28.9); 26/45 (57.8)
19/45 (42.2); 26/45 (57.8)

37/45 (82.2); 5/45 (17.8)

Note: TNM, tumor-node-metastasis.

*x with a non-coated mem-
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chemoattractant in the
lower chamber. The cells
were incubated for 24 to
36 h. Cells that did not
migrate or invade through
the pores, were removed
by a cotton swab. Filters
were fixed with 90% etha-
nol, stained with 0.1%
crystal violet, and photo-
graphed. Cell numbers

Figure 2. Expression levels of BCL2 mRNA and protein in NPC tissues. A: Rela- ~ Were counted.

tive expression of BCL2 mRNA in NPC tissues (n = 20) compared with matched

non-tumor tissues (n = 20). T, tumor tissue; N, non-tumor tissue. **, P < 0.01. B: Quantitative real-time
BCL2 protein expression detected by Western blotting and normalized to -actin polymerase chain reaction
protein expression. The results were normalized with B-actin mRNA levels and (GRT-PCR)

were presented as relative BCL2 mRNA expression. T, tumor tissue; N, non-tumor

tissue. **, P < 0.01. C: Correlation between miR-21 expression and BCL2 protein

levels in NPC (Pearson correlation = 0.671, *, P < 0.05).

12 or 24 h. At O, 12 and 24 h post-wounding,
images were captured. Cell motility was deter-
mined according to the percentage of the
repaired area. The experiment was performed
in triplicate.

Transwell assay

For the invasion assay, 2x10° cells were plated
in the top chamber with a Matrigel-coated
membrane (24-well insert; 8-um pore size; BD
Biosciences, USA). For the migration assay,
5x10* cells were plated in the top chamber
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Total RNA was extracted

using Trizol reagent (Invi-

trogen, USA) for both miR-
21 and BCL2 mRNA analyses. For the detection
of miR-21 expression, stem-loop qRT-PCR was
performed using SYBR Premix Ex Taq™ (Takara,
Japan) according to the manufacturer’s proto-
col. Relative expression was evaluated by com-
parative computed tomography method and
normalized to the expression of U6 small RNA.
For the detection of BCL2 mRNA expression,
gRT-PCR was performed using Quantities’
SYBR Green PCR Kit (Qiagen, Germany). B-actin
was used to normalize BCL2 mRNA expression
levels. The primers are listed in Table 1. All gRT-
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Figure 3. The levels of WT or mutant BCL2 in NPC
cells in the presence of miR-21 inhibitor or negative
control. The miR-21 reporter plasmid was cotrans-
fected into NPC cells with miR-21 inhibitor or nega-
tive control (miR-NC). Luciferase activity in the con-
trol group was set as relative luciferase activity. All
data are representative of three independent experi-
ments. **, P < 0.01 compared with miR-NC.

PCR experiments were performed in tripli-
cates.

Western blotting analysis

Western blotting analysis was performed as
previously described. miR-21 was extracted
from transfected group, miR-21 mimics trans-
fected cells total protein. The lysates were sep-
arated by 10% sodium dodecyl sulfate poly-
acrylamide gels after protein quantification
using bicinchoninic acid kit (Bioteke, Beijing,
China), followed by transfer to polyvinylidene
difluoride membranes (Invitrogen, USA). The
membrane was then blocked for 1 h with block-
ing solution (Invitrogen, USA) at room tempera-
ture with agitation, and incubated with the pri-
mary antibody at 4°C for 12 h. After blocking
with 5% skimmed milk in Tris Buffered Saline
with Tween-20 at 37°C for 1 h, the membrane
was incubated with primary antibodies for
BCL2 with dilution factor of 1:1000, using
B-actin (1:1000) as an internal reference. After
incubation with 5% skimmed milk in Tris
Buffered Saline with Tween-20 at 4°C over-
night, the membrane was washed for three
times of 10 min. Then, the polyvinylidene difluo-
ride membrane was incubated with secondary
antibodies (Invitrogen, USA) at room tempera-
ture for 1 h. The blots were visualized using the
electrochemiluminescence detection system
(Invitrogen, USA).
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Statistical analysis

All data quantification and statistical analysis
were performed using SPSS 17.0 software
(Chicago, USA). Values were expressed as
means = SEM. Statistical significance was
determined by one-way ANOVA or two-tailed
unpaired Student’s t-test. Differences were
considered statistically significant when P value
was < 0.05.

Results

miR-21 up-regulation is positively correlated
with the advanced tumor-node-metastasis
stage of NPC

To evaluate the expression level of miR-21, 45
paired nasopharyngeal carcinoma tissues and
adjacent non-tumor tissues were analyzed by
gRT-PCR. miR-21 was up-regulated in 35 tumor
tissues compared with that in the matched
non-tumor tissues (Figure 1A). Specifically, up-
regulation of miR-21 in NPC tissues was found
in 28 out of 30 patients with stage Il or IV
tumors. The difference of miR-21 expression
between tumor and non-tumor tissues was sta-
tistically significant (Figure 1B). Furthermore,
investigation of the association of miR-21 with
clinicopathologic factors (Table 2) in tumor tis-
sues revealed that miR-21 overexpression was
positively associated with advanced clinical
tumor-node-metastasis stage, distal metasta-
sis and lymph node metastasis (Table 2, Figure
1C-E). These data suggested that miR-21 up-
regulation was positively correlated with the
advanced tumor-node-metastasis stage of
NPC.

Overexpression of miR-21 up-regulates the
expression of BCL2 protein in NPC

To investigate the expression of oncogene
BCL2, 20 pairs were randomly selected from
the 45 pairs of matched NPC tissues for the
analysis of BCL2 mRNA using qRT-PCR and
BCL2 protein using Western blotting. In com-
parison to the non-tumor counterparts, tumor
tissues expressed significantly higher levels of
BCL2 mRNA (1.000 + 0.075 vs 0.524 + 0.067,
P < 0.01) (Figure 2A). Western blotting showed
that BCL2 protein expression in tumor tissues
was significantly higher (1.000 + 0.905) than
that in non-tumor tissues (0.342 + 0.053)
(Figure 2B). In addition, a statistically signifi-
cant inverse correlation was observed between

Int J Clin Exp Pathol 2014;7(6):3478-3487
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were performed. Transwell
assay demonstrated that
low expression of miR-21
significantly reduced the
migration and invasion
i capacity of NPC cells
(Figure 4A). Meanwhile, in
vitro wound-healing assay
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Figure 4. A: Migration and invasion of NPC cells transfected with miR-21 inhibitor
or negative control determined in Transwell migration and invasion assays. Data
are shown as means + SD. **, P < 0.01 compared with miR-NC. B: Quantification
of wound repair at 12 and 24 h after wound scratch in wound-healing assay. Data
are shown as means + SD. **, P < 0.01 compared with miR-NC. C: Representative
images of NPC cells transfected with miR-21 inhibitor or negative control at O, 12

and 24 h after wound scratch in wound-healing assay.

miR-21 and BCL2 protein (Figure 2C). These
results suggested that miR-21 up-regulated the
expression of BCL2 protein.

miR-21 modulates BCL2 expression by directly
targeting BCL2 mRNA

To test whether BCL2 is a direct target of miR-
21, WT or mutant reporter plasmids was
cotransfected into NPC cells along with miR-21
inhibitor or negative control. Data showed that
miR-21 inhibitor significantly decreased the
activity when cotransfected with WT reporter
plasmid, compared with control (0.83 + 0.05 vs
1.72 £ 0.07, P < 0.01). Meanwhile, when trans-
fected with negative control miRNA, there was
no significant difference between WT or mutant
vector (1.72 £ 0.07 vs 1.65 + 0.06, P > 0.05)
(Figure 3). These results indicated that miR-21
modulated BCL2 expression by directly target-
ing BCL2 mRNA.

Low expression of miR 21 inhibits cell migra-
tion and invasion in NPC cells

To test whether low expression of miR-21
affects the ability of cancer cell migration and
invasion, Transwell and wound-healing assays
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showed that wound repair
in NPC cells transfected
with miR-21 inhibitor was
delayed when compared
with cells transfected with
the negative control.
Compared with the con-
trol at 24 h after wound
scratch, low expression of
miR-21  inhibited NPC
cells migration by up to
65% (Figure 4B and 4C).
These data demonstrated
that low expression of
miR-21 suppressed mig-
ration and invasion in NPC
cell lines.

24h

Low expression of miR-21
inhibits the proliferation of NPC cells

In order to explore the biological function of
miR-21 in NPC, we down-regulated the expres-
sion level of miR-21 by transfecting the cells
with 60 nM inhibitor and performed MTT assay.
MTT assay showed that low expression of miR-
21 significantly inhibited the growth of NPC
cells. By contrast, high expression of miR-21
resulted in more rapid proliferation compared
with the control (Figure 5A). Furthermore, inhi-
bition of miR-21 in NPC cells suppressed colony
formation on soft agar compared with the con-
trol. In comparison, transfection with miR-21
resulted in significantly increased colony forma-
tion (Figure 5B). These results indicated that
low expression of miR-21 inhibited NPC cell pro-
liferation in vitro.

Low expression of miR-21 inhibits BCL2 pro-
tein expression in NPC cells

To test the effect of miR-21 on BCL2 protein
expression, we used cultured NPC cells trans-
fected with miR-21 mimics and inhibitor.
Western blotting analysis revealed that miR-21
inhibitor significantly decreased BCL2 protein
expression by 66.81% (0.313 + 0.021) com-

Int J Clin Exp Pathol 2014;7(6):3478-3487
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expression of BCL2. As a
tumor oncogene, BCL2 is
implicated in cell migra-
tion and invasion [29],
suggesting that miR-21
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Figure 5. The effect of low expression of miR-21 on NPC cells growth and BCL2
protein expression in vitro. A: Proliferation curve of NPC cells stably transfected
with empty vector and vectors expressing miR-21 inhibitor or miR-21 mimics. B:
Colony formation of NPC cells transfected with miR-21 mimics, miR-21 inhibitor
and control mimics. C: Western blotting analysis of BCL2 protein expression in
NPC cells transfected with miR-21 mimics, miR-21 inhibitor and control. D: Quan-
tification of BCL2 protein expression in NPC cells transfected with miR-21 mimics,
miR-21 inhibitor and control. Data are expressed as means + SEM. **, P < 0.01.

pared with control (0.943 + 0.015) (P < 0.01).
By contrast, the miR-21 mimics significantly
increased BCL2 protein expression by 48.14%
(1.397 + 0.021) compared with control (0.943
+ 0.015) (P < 0.01) (Figure 5C and 5D). These
results demonstrated that low expression of
miR-21 directly inhibited BCL2 protein expres-
sion in NPC cells.

Discussion

miRNAs are a class of naturally occurring small
non-coding RNAs that target protein-coding
MRNAs by repressing translation or causing
MRNA degradation [22, 23]. It has been report-
ed that miRNAs play important roles in regulat-
ing diverse cellular processes including prolif-
eration, apoptosis, migration and invasion [24,
25]. Down-regulation of miRNAs affects normal
cell growth and development, leading to a vari-
ety of disorders including human cancer, diabe-
tes and cardiovascular disease [26-28]. miR-
NAs can function as tumor suppressors or
oncogenes. It has been demonstrated that
miR-21 is overexpressed in tumors or tumor
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may also have a role in
migration and invasion.
We predicted that miR-21
inhibitor  might target
BCL2, but there is no clear
evidence to support its
correlation with miR-21.
Three major findings are
described in this study.
First, we showed that
BCL2 expression was
increased in the NPC tis-
sues. Second, we showed
that low expression of
miR-21 inhibited cell inva-
sion and migration and
restrained cell growth in
the cultured NPC cells.
Moreover, we found that
miR-21 expression had a
correlation with BCL2 pro-
tein levels in NPC tissues.
Finally, BCL2 was found to be a direct target of
miR-21.

In the past decade, it has been reported that
miRNAs are important players involved in carci-
nogenesis [30, 31]. Recently, miR-21 became
well-known in all kinds of cancer cells. However,
there is no report indicating the alteration of
BCL2 expression in NPC. In the present study,
we found that miR-21 expression was signifi-
cantly up-regulated in NPC tissues. The present
study revealed that NPC cells transfected with
low levels of miR-21 inhibited cell growth and
invasion, which may be due in part to the nega-
tive regulation of BCL2 by miR-21. Although evi-
dence indicates that miR-21 expression may be
regulated by miRNA-specific hypermethylation
and histone deacetylation [32, 33], the precise
mechanisms involved in the up-regulation of
miR-21 in NPC tissue need to be further inves-
tigated, such as whether other transcription
factor(s) take part in the role of miR-21 inhibitor
in the regulation its target gene(s).

TFs and miRNAs are two large families of trans-
acting gene regulators in multi-cellular genomes

Int J Clin Exp Pathol 2014;7(6):3478-3487
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with extensive interactions on gene regulation
[34, 35]. Because most genes in genomes are
not controlled by a single trans-acting factor, a
model of inter- and intra-combinatorial regula-
tion by TFs and miRNAs has been proposed as
a mechanism for regulating gene expression
[36]. This dynamic interactive mechanism of
gene regulation by TFs and miRNAs has been
supported by a few recent observations [34,
37]. The common nuclear locations of both TFs
and miR-21 increase the likelihood of their
interactions. miR-21 has been shown to be able
to enter the nucleus by transfection or via
reverse transportation [38]. As predicted, our
data showed that low expression of miR-21
substantially suppressed NPC cell expression
in association with decreased levels of BCL2.
Furthermore, we found that increased BCL2
protein expression was inversely associated
with the up-regulation of miR-21. Using lucifer-
ase reporter assay, we found that a segment of
BCL2 was the direct target of miR-21. Our study
indicated that miR-21 plays important roles in
the occurrence and development of NPC by
regulating BCL2. We predicted that BCL2 and
miR-21 might be two factors that keep the regu-
lation of NPC cell expression under normal
physiological condition. BCL2 is positive, while
miR-21 is negative for NPC cell expression.
These findings provided a novel mechanistic
paradigm for the regulation of host gene expres-
sion by miRNA and TFs.

In summary, we demonstrated that miR-21
inhibitor played an important role in the regula-
tion of BCL2 gene expression. The effect of
miRNAs on NPC cell expression occurred at
both mRNA and transcription levels, and at
least in part through targeting BCL2. However,
we emphasize that miR-21 inhibitor may be
capable of controlling tumor-specific gene(s),
consequently favoring cell growth and migra-
tion. Therefore, our study suggests that target-
ing of miR-21 inhibitor may provide a better
strategy to block tumor metastasis.
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