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miRNA-328 overexpression confers cisplatin resistance
in non-small cell lung cancer via targeting of PTEN
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Abstract. Chemotherapy resistance, the molecular mecha-
nism of which is complex and has not been fully understood,
poses a major challenge in the treatment of patients with
non-small cell lung cancer (NSCLC). The dysregulation of
microRNAs (miRs) has been reported to serve a pivotal role in
the development of cancer and drug resistance. In the present
study, reverse transcription-quantitative polymerase chain
reaction analysis revealed a significant increase in miR-328
and a significant decrease in phosphatase and tensin homolog
(PTEN) mRNA expression levels within tumor tissues from
patients with cisplatin-resistant NSCLC compared with those
of cisplatin-sensitive NSCLC patients. In addition, there was a
negative correlation between PTEN mRNA and the miR-328
expression levels. In addition, higher miR-328 expression
levels, and lower PTEN mRNA and protein expression levels,
were detected in cisplatin-resistant A549 (A549rCDDP) cells
when compared with in their parental cells. A549rCDDP cells
demonstrated significantly higher cell viability compared with
A549 cells following treatment with all concentrations of
cisplatin tested (2, 4, 6 and 8 uM). Additionally, transfection
of miR-328 inhibitor significantly increased PTEN mRNA
and protein expression levels. Furthermore, the present
study predicted and confirmed PTEN, a well-known tumor
suppressor, as a direct target of miR-328 in NSCLC cells via the
online tool MiRanda and a dual luciferase assay, respectively.
Cell viability assay and flow cytometry analysis demonstrated
that inhibition of miR-328 also induced cellular apoptosis and
decreased cell proliferation in A549rCDDP cells treated with
cisplatin. In conclusion, these results suggested that abnormal
expression of miR-328 may contribute to cisplatin resistance
in NSCLC, and may be considered to be a novel therapeutic
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target and indicator for the treatment and prognosis of patients
with NSCLC treated with cisplatin-based chemotherapy.

Introduction

Lung cancer is a common type malignant tumor with the
highest incidence rate worldwide compared with other types
of cancers (1), and ~80% of lung cancer cases may be classified
as non-small cell lung cancer (NSCLC) (2). Chemotherapy
has been reported to improve the survival rate of patients with
NSCLC and is considered to be a first-line treatment following
surgery (3). Cisplatin-based chemotherapy is frequently used
in the clinical treatment of cancer (4). Patients may respond
well to cisplatin at the beginning of treatment; however, the
majority of patients develop resistance to cisplatin, resulting in
therapy failure (5). Thus, revealing the molecular mechanism
underlying the development of cisplatin resistance is required
to improve the treatment outcome of patients with lung cancer.

By binding to the 3' untranslated region (UTR) of target
mRNAs, microRNAs (miRNA/miRs) are able to regulate gene
expression at the transcriptional and translational levels (6).
Through the downregulation of certain proteins, miRNAs
have been associated with numerous cellular behaviors and
the pathogenesis of a number of diseases (7,8). During the
initiation and development of cancer, the dysregulation of
miRNAs has been frequently observed to lead to alterations in
the expression of oncogenes or tumor suppressors (9). In-depth
studies on the regulatory networks of miRNAs in cancer
may provide novel prognostic predictors and therapeutic
approaches, beneficial for patients with cancer (10). miR-328
has been reported to promote the progression of various cancer
types, including breast and hepatocellular cancers (11,12).
In NSCLC, elevations in miR-328 expression levels were
associated with brain metastasis (13); however, the role of
miR-328 in the development of cisplatin resistance in NSCLC
remains unclear.

Phosphatase and tensin homolog (PTEN) is a
well-characterized phosphatase, as well as a tumor suppressor,
which may undergo mutations in a variety of cancers (14).
PTEN serves its tumor suppressor role by negatively regu-
lating the phosphatidylinositol 3-kinase (PI3K)-RAC-a
serine/threonine-protein kinase (AKT) signaling pathway (15).
Theexpression of PTEN s tightly controlled by noncoding RNAs,
protein-protein interactions and protein modifications (16).
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Alterations in the expression or activity of PTEN may lead to
the uncontrolled activation of the PI3K-AKT signaling pathway,
which may promote the progression of cancer and induce drug
resistance (17,18).

In the present study, miR-328 expression levels were
elevated, while the mRNA expression levels of PTEN were
decreased in tumor tissues obtained from patients with
cisplatin-resistant NSCLC, compared with patients with
cisplatin-sensitive NSCLC. In addition, there was a negative
correlation between PTEN mRNA and miR-328 expression
levels in the tumor tissues of patients with NSCLC. The present
study reported an increase in miR-328 expression levels in
cisplatin-resistant A549 (A549rCDDP) cells) compared with
parental cells. Furthermore, PTEN was predicted to be a
direct target of miR-328 in NSCLC cells via computational
and dual-luciferase methods. Additionally, the present study
proposed that the exposure of miR-328-silenced A549rCDDP
cells to cisplatin may be associated with cellular apoptosis
and inhibition of cell growth, indicating that miR-328 may
serve a central role in mediating cisplatin-resistance exhibited
by A549rCDDP cells. The present study demonstrated that
miR-328 may function in cisplatin resistance in NSCLC by
targeting PTEN.

Patients and methods

Patients. A total of 58 tumor tissue samples were collected
from 35 patients with cisplatin-sensitive NSCLC and
23 patients with cisplatin-resistant NSCLC; 47 of the patients
were aged <60-years-old and 11 of the patients were aged
=60-years old. A total of 42 male patients and 16 female
patients participated in the present study. Patients were
eligible if they had no history of prior chemotherapy and
radiotherapy. The cisplatin-sensitive patients were defined as
sensitive to cisplatin-based chemotherapy following surgery;
cisplatin-resistant patients were defined as non-responsive
to cisplatin-based chemotherapy following surgery. The
response to cisplatin-based chemotherapy was defined
in accordance with the Response Evaluation Criteria in
Solid Tumors (RECIST) criteria (19), and patients were
categorized into two different groups: Cisplatin-sensitive and
cisplatin-resistant. Patients in the sensitive group exhibited
a complete response (CR, as indicated in the RECIST
criteria). Patients in the resistant group exhibited persistent
disease [PR (Partial response), SD (Stable disease) or PD, as
indicated in the RECIST criteria]. According to the WHO
classification of lung cancer (20), patients were divided into
the well-intermediate and the poor differentiation groups.

All samples were obtained from Dezhou People's Hospital
(Dezhou, China) between April 2013 and June 2016. Written
informed consent was provided by all patients prior to surgery.
All participants did not receive radiotherapy or chemotherapy
prior to surgery. The present study was approved by the
Ethics Committee of Dezhou People's Hospital (approval
no. DZPH-2013-16). Tissue samples were immediately frozen
at -80°C prior to protein and RNA extraction.

Cell culture and agents. The human NSCLC cell line A549
was purchased from the American Type Culture Collection
(Manassas, VA, USA). The cisplatin-resistant A549 sub-line
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A549rCDDP was purchased from the Cancer Hospital of
Peking Union Medical College, Chinese Academy of Medical
Sciences (Beijing, China). The cell line was cultured in
RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) containing 10% fetal bovine serum
(Hyclone; GE Healthcare Life Sciences, Logan, UT, USA)
in an incubator at 37°C with 5% CO,. For the A549rCDDP
cells, the medium also contained 2 mg/l cisplatin (Selleck
Chemicals, Houston, TX, USA). For the analysis of cisplatin
response, increasing concentrations of cisplatin (2, 4, 6 and
8 uM) were added into the culture media of A549 cells and
AS549rCDDP cells at 37°C for 48 h, which were subsequently
subjected to further experimentation.

Cell transfection. For the cell transfection assay, 1x10® A549
or A549rCDDP cells were treated with 50 nM miR-328
inhibitor (5'-GACCGGGAGAGACGGGAAGGCA-3") or
miR-NC (negative control) inhibitor (NC, 5'-GGCAAGACG
AAACGAGACGACA-3' (Shanghai GenePharma Co., Ltd.,
Shanghai, China) in 1 ul Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manufacturer's
protocols. For the control group, cells were neither treated with
miR-NC or miR-328 inhibitor.

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA from tissues and
cells was extracted using an miRNeasy Mini kit (Qiagen, Inc.,
Valencia, CA, USA) following the manufacturer's protocol.
The synthesis of first-strand cDNA was performed with an
M-MLV kit (GE Healthcare Life Sciences) following the
manufacturer's protocol. Subsequently, qPCR was performed
on a CFX96 system (Bio-Rad Laboratories, Inc., Hercules,
CA, USA) using SYBR® Premix Ex Taq (Takara Bio, Inc.,
Otsu, Japan). GAPDH and U6 served as internal controls for
and mRNA and miRNA measurements, respectively. The
reaction conditions were as follows: 95°C for 10 min, 40 cycles
at 95°C for 15 sec and at 60°C for 1 min. The relative expres-
sion levels of the indicated genes were calculated using the of
2444 method (21). The sequences for primers were: miR-328
forward, 5SGCTGGCCCTCTCTGCCC3' and reverse, 5S'CGT
CAGATGTCCGAGTAGAGG3'; PTEN forward, 55CGGTGT
CATAATGTCTTTCAGC3' and reverse, SSTGAAGGCGT
ATACAGGAACAAT3'; GAPDH forward, 5AGAAGGCTG
GGGCTCATTTGS3' and reverse, 5SAGGGGCCATCCACAG
TCTTC3'; and U6 forward, SSCTCGCTTCGGCAGCACA3'
and reverse, SAACGCTTCACGAATTTGCGTS3..

Western blot analysis. GAPDH (cat. no. 5174; 1:5,000) and
PTEN antibodies (cat. no. 9188, 1:1,000) were obtained
from Cell Signaling Technology, Inc. (Danvers, MA, USA).
Secondary antibodies against rabbit (HRP-conjugated Goat
polyclonal Secondary Antibody to Rabbit IgG; ab97080;
1:10,000) and mouse (HRP-conjugated Goat polyclonal
Secondary Antibody to Mouse IgG; ab97040; 1:10,000)
were purchased from Abcam (Cambridge, MA, USA). Total
protein from A549 and A549rCDDP cell lysates was prepared
using radioimmunoprecipitation assay lysis buffer (Beyotime
Institute of Biotechnology, Haimen, China). The protein
lysates were quantified using Pierce BCA Protein Assay kit
(Thermo Fisher Scientific, Inc.) according to manufacturer's
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Table I. Expression of miR-328 and PTEN in NSCLC tissues.
miRNA-328, mean + PTEN, mean =
Factor No. cases standard deviation P-value standard deviation P-value
Sex 0.38 0.67
Male 42 1.51+£0.72 0.86+0.32
Female 16 1.32+0.52 0.90+0.32
Age, years 0.39 0.66
<60 47 1.49+0.70 0.86+0.32
>60 11 1.30+0.55 0.91+0.30
Tumor size, cm 0.06 0.98
>5 21 1.68+0.51 0.87+0.32
<5 37 1.33+0.73 0.88+0.32
Histological grade 0.00 <0.001
Well-intermediate differentiation 22 1.10+0.26 1.05+0.28
Poor differentiation 36 1.67+0.76 0.77+0.32

NSCLC, non-small cell lung cancer; PTEN, phosphatase and tensin homolog; miRNA, microRNA.

protocol. Then, 15 ug proteins were isolated and then sepa-
rated by 8% SDS-PAGE and transferred onto polyvinylidene
difluoride membranes (EMD Millipore, Billerica, MA, USA).
The membranes were then blocked with 5% non-fat milk for
0.5 h at room temperature, washed with Tris-buffered saline
with Tween-20 (0.1%) and incubated with the aforementioned
primary antibodies at 4°C overnight, followed by incubation
with the secondary antibodies at room temperature for 1 h.
The bands were visualized using Pierce ECL Western Blotting
Substrate (Thermo Fisher Scientific, Inc.). GAPDH served as
an internal expression control.

Cell viability assay. The inhibitory effect of cisplatin was
investigated using a Cell Counting kit-8 (CCKS; Dojindo
Molecular Technologies, Inc., Kumamoto, Japan). Following
transfection with miR-NC inhibitor or miR-328 inhibitor
or untransfected, 1,000 A549 or A549rCDDP cells were
seeded in each well of 96-well plates in the RPMI-1640
medium containing vehicle (DMSO) or different concentra-
tions of cisplatin (0.25, 0.5, 1, 2, 4 or 8 uM) then incubated
for 72 h at 37°C. Following incubation for 0, 24, 48 or 72 h,
10 ul CCKS solution was added into each well and the cells
were incubated for a further 2 h at 37°C. The absorbance of
each well at 450 nm was measured with a microplate reader
(Bio-Rad Laboratories, Inc.).

Cellular apoptosis assay. Cellular apoptosis in response
to treatment with cisplatin (1 M) was measured using an
Annexin-V/Dead Cell Apoptosis kit (Invitrogen; Thermo
Fisher Scientific, Inc.) following the manufacturer's protocols.
Briefly, following treatment, A549rCDDP cells were harvested
by trypsinization and suspended in Annexin V binding buffer;
propidium iodide and Annexin V-fluorescein isothiocyanate
were then added to the cell suspensions and incubated for
15 min at room temperature. The cells were analyzed using a
BD FACSCalibur flow cytometer (BD Biosciences, Franklin
Lakes, NJ, USA). The cells positive for Annexin V staining

were considered as apoptotic cells following analysis using
FlowlJo version 10.2 (FlowJo LLC, Ashland, OR, USA).

Dual-luciferase reporter assay. Prediction of
miR-328 target genes was carried out on miRanda
(http://34.236.212.39/microrna/home.do). For the prepara-
tion of A549 cDNA, A549 RNA was extracted using TRIzol
(Invitrogen; Thermo Fisher Scientific, Inc.) according to
manufacturer's protocol and then reverse transcribed to
cDNA with PrimeScript™ II Ist Strand cDNA Synthesis kit
(Takara Bio, Inc.) following the manufacturer's protocol. The
wild type PTEN 3'UTR (PTEN 3'UTR WT) was amplified
from the cDNA of A549 cells using TaKaRa Ex Taq® DNA
Polymerase. kit (Takara Bio, Inc.). The thermo cycle condi-
tions were denaturation at 98°C for 10 sec, annealing at 55°C
for 30 sec, followed by elongation at 72°C for 60 sec, repeated
for 30 cycles. It was then inserted into Xbal site of the
pGL-3 vector (Promega Corporation, Madison, WI, USA). A
mutated PTEN 3'UTR (PTEN 3'UTR Mut) was created using
a site-directed mutagenesis kit (Agilent Technologies, Inc.,
Santa Clara, CA, USA) according to the manufacturer's proto-
cols. Then, 1x10% A549 cells were cotransfected with 2 ug
pGL3-PTEN 3'UTR WT or pGL3-PTEN 3'UTR Mut, 50 nM
miR-328 mimics (5'-CUGGCCCUCUCUGCCCUUCCG
U-3') or miR-NC (5'-AUUGGA ACGAUACAGAGAAGA-3')
(Shanghai GenePharma Co., Ltd.) and internal control Renilla
plasmid (Promega Corporation) using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). Following
transfection for 24 h, luciferase and Renilla activities were
detected using a Dual Luciferase Reporter Assay kit (Promega
Corporation) following the manufacturer's protocols.

Statistical analysis. All experiments were repeated 3 times
and all statistical analyses were performed using GraphPad
Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). All
data are presented as the mean + standard deviation. The
correlation analysis was carried out using Pearson Correlation
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Table II. Patient characteristics in cisplatin-responsive and non-responsive.

Factor Cisplatin-responsive Cisplatin-nonresponsive P-value
Sex 1.00
Male 25 17
Female 10 6
Age, years 0.74
<60 29 18
=60 6 5
Tumor size, cm 0.58
=5 14 7
<5 21 16
Histological grade 1.00
Well-intermediate differentiation 13 9
Poor differentiation 22 14

analysis. Differences between two groups were compared using
Student's t-tests. Differences among >2 groups were analyzed
with one-way analysis of variance followed by Newman-Keuls
analysis. Comparison of patient characteristics was achieved
using the y%* test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

miR-328 expression levels are elevated in tumor tissues from
patients with cisplatin-resistant NSCLC and are negatively
correlated with PTEN mRNA expression levels. The present
study investigated the expression of miR-328 and PTEN in the
tissues of patients with NSCLC. As presented in Table I, the
expression of miR-328 was not correlated with every one of
the listed characteristics: Sex (P=0.38), age (P=0.39) or tumor
size (P=0.06). In addition, no significant differences were
reported in the expression levels of PTEN between the charac-
teristics of sex (P=0.67), age (P=0.66) or tumor size (P=0.98).
Furthermore, there were significant differences in the expres-
sion levels of miR-328 (P=0.00) and PTEN (P=0.00) between
the well-intermediate and the poor differentiation groups.

Additionally, the characteristics of patients in the
cisplatin-responsive and non-responsive groups were analyzed
in the present study. As presented in Table II, there were no
significant differences in the characteristics of sex (P=1.00),
age (P=0.74), tumor size (P=0.58) or histological grade
(P=1.00) between cisplatin-responsive and non-responsive
groups.

To investigate the role of miR-328 in the development
of cisplatin resistance in NSCLC, RT-qPCR was employed
to detect whether there were differences in miR-328
expression levels between tumor tissues from patients with
cisplatin-sensitive and cisplatin-resistant NSCLC. A signifi-
cant increase in miR-382 expression levels was detected in
the cisplatin-resistant tumor tissues compared with the
cisplatin-sensitive tumor tissues (P<0.0001; Fig. 1A). Loss of
PTEN has frequently been reported to contribute to chemore-
sistance, particularly cisplatin-resistance in NSCLC (22). As
expected, the present study observed a significant decrease

in PTEN mRNA expression levels within the tumor tissues
from patients with cisplatin-resistant NSCLC compared with
the cisplatin-sensitive tumor tissues (P<0.0001; Fig. 1B). In
addition, there was a significant negative correlation between
miR-328 and PTEN mRNA expression levels in the NSCLC
tumor tissues (Fig. 1C), suggesting an underlying regulatory
association between miR-328 and PTEN in NSCLC.

Dysregulation of miR-328 and PTEN expression is involved
in the development of cisplatin resistance in a cell model.
In order to investigate the role of miR-328 in cisplatin resis-
tance, the A549 cell line and its cisplatin-resistant sub-line
A549rCDDP were employed in the present study. Compared
with A549 cells, A549rCDDP cells were relatively insensitive
to increasing concentrations of cisplatin (2, 4, 6 and 8 uM;
P<0.01 and P<0.0001; Fig. 2A). RT-qPCR revealed an increase
in the miR-328 expression levels within A549rCDDP cells
compared with their parental cells (P<0.05; Fig. 2B). In addi-
tion, the significant elevation of miR-328 expression levels
within A549rCDDP cells was accompanied by a decrease in
PTEN at the mRNA and protein expression levels compared
with A549 cells (P<0.05; Fig. 2C and D). These data indicated
that the A549rCDDP cell line may be a suitable model to
study the effects of miR-328 and PTEN in the development of
cisplatin resistance in NSCLC.

PTEN is regulated by miR-328 in A549rCDDP cells. The
present study aimed to determine the association between
miR-328 and PTEN using a miR-328 inhibitor. As presented
in Fig. 3A, miR-328 inhibitor induced a significant decrease
in miR-328 expression levels in A549rCDDP cells compared
with the miR-NC inhibitor groups (P<0.01). Additionally, the
inhibition of miR-328 significantly increased PTEN mRNA
expression and markedly increased the protein expression
levels compared with miR-NC inhibitor groups (P<0.0001;
Fig. 3B and C). These results indicated that miR-328 may
negatively regulate PTEN expression in A549rCDDP cells.

miR-328 directly targets the PTEN 3'UTR. Using the online
tool MiRanda, the present study predicted that miR-328
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from cisplatin-resistant NSCLC patients. (C) There was a negative correlation between miR-328 expression and PTEN mRNA expression in the tumor tissues
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may directly target the 3'UTR of PTEN mRNA (Fig. 4A).
A dual-luciferase assay revealed that miR-328 mimics may
significantly decrease the luciferase activity of cells trans-
fected with PTEN 3'UTR-WT, although not PTEN 3'UTR-Mut
(P<0.01; Fig. 4B). These results indicated that miR-328 may
directly target PTEN and reduce the expression of PTEN by
binding to its 3'UTR.

Downregulation of miR-328 reverses cisplatin resistance in
A549rCDDRP cells. To further confirm the function of miR-328
in the development of cisplatin resistance, A549rCDDP
cells were transfected with miR-328 inhibitor in the present
study. The antagonist effects of miR-328 did not alter the
cell proliferation of A549rCDDP cells compared with the
vehicle and miR-NC inhibitor groups (Fig. SA). However,
A549rCDDP cell proliferation was significantly inhibited
in the miR-328 inhibitor-transfected group when cells were
treated with 1 uM cisplatin, compared with that of the vehicle-
and cisplatin + miR-NC inhibitor groups. This indicated that
miR-328 may serve a pivotal role in cisplatin resistance and
not in cell proliferation (P<0.001; Fig. 5B). Additionally, in the
presence of cisplatin, miR-328 inhibitor, although not miR-NC
inhibitor, induced an elevation in cellular apoptosis; there was no
significant difference in the extent of cellular apoptosis between
the vehicle + miR-NC inhibitor and cisplatin + miR-NC inhibitor
groups (Fig. 5C and D). Collectively, the results of the present
study suggested that the upregulation of miR-328 contributed to
cisplatin resistance in A549rCDDP cells.

Discussion

As cisplatin is a first-line drug for the treatment of NSCLC,
cisplatin resistance has been considered to be a major issue
affecting treatment efficacy for patients with NSCLC (23). The
present study identified abnormal overexpression of miR-328
in cisplatin-resistant cells and tumor tissues from patients with
cisplatin-resistant NSCLC, suggesting a novel mechanism under-
lying cisplatin-resistance in NSCLC associated with miR-328.
In addition to its role in the suppression of cell proliferation
and migration, PTEN is well known for its function in
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Figure 4. miR-328 directly targets the PTEN 3'UTR. (A) Sequence align-
ment of miR-328 and the PTEN 3'UTR. (B) In cells transfected with PTEN
3'UTR-WT, co-transfection of miR-328 mimics significantly decreased the
luciferase activity compared with cells co-transfected with miR-NC mimics;
within cells transfected with PTEN 3'UTR-Mut, no significant difference in
luciferase activity was observed between the miR-328 mimics and miR-NC
mimics groups. “P<0.01, miR-328 mimics vs. miR-NC mimics. miR,
microRNA; Mut, mutated; Nc, negative control; PTEN, phosphatase and
tensin homolog; RT-qPCR, reverse transcription-quantitative polymerase
chain reaction; UTR, untranslated region; WT, wild-type.

PTEN 3’UTR-Mut

modulating cancer cell responses to drug treatment (24,25). In
NSCLC, promoter methylation was initially reported to account
for PTEN silencing, with ~35% of PTEN-negative NSCLC
patients exhibiting high levels of promoter methylation (26). In
recent years, numerous miRNAs including miR-10a, miR-205
and miR-21 have been reported to negatively regulate PTEN
expression at the post-transcriptional level in NSCLC (27-29).
Additionally, overexpression of miR-328 was correlated with
brain metastasis in patients with NSCLC (13). In vitro studies
additionally indicated that miR-328 had the ability to promote
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microRNA; NC, negative control; OD, optical density; PI, propidium iodide.

A549 cell invasion and migration (30). The present study
observed an upregulation in miR-328 and a downregulation
in PTEN expression levels within cisplatin-resistant NSCLC
cells and tumor tissues from cisplatin-resistant NSCLC
patients. Furthermore, PTEN may be negatively regulated by
miR-328 in NSCLC cells; miR-328 inhibition may reverse
cisplatin resistance in NSCLC cells as observed in the present
study. Thus, miR-328 may be considered to be an inducer of
cisplatin resistance in NSCLC cells via PTEN targeting.

In conclusion, the present study demonstrated that
dysregulation of miR-328 was associated with cisplatin
resistance in NSCLC. Mechanistically, miR-328 may directly
bind to the 3'UTR of PTEN to negatively regulate PTEN
expression in NSCLC cells. The results of the present study
proposed miR-328 as a novel prognostic marker and therapeutic
target in patients with NSCLC exhibiting cisplatin resistance.
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