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MicroRNA-27b reverses docetaxel resistance of non-small cell
lung carcinoma cells via targeting epithelial growth factor receptor
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Abstract. MicroRNA (miR)-27b has been reported to
participate in regulating the activity of non-small cell lung
carcinoma (NSCLC) cells. Additionally, when downregulated
in NSCLC it promotes resistance to docetaxel; however, the
underlying molecular mechanism remains largely unknown.
Using reverse transcription-quantitative polymerase chain
reaction, the present study determined that the expression of
miR-27b was significantly reduced in NSCLC cells that were
resistant to docetaxel. In addition, epidermal growth factor
receptor (EGFR) was identified as a possible target of miR-27b
by searching the online miRNA database, TargetScan. A
luciferase assay further validated EGFR as an effective
target gene of miR-27b. In addition, it was determined that
in tumor tissue samples resistant to docetaxel miR-27b was
significantly downregulated, whilst EGFR was significantly
upregulated. miR-27b negatively regulated the expression
of EGFR. This was evident as the transfection of miR-27b
mimics led to downregulation of the expression levels of
EGFR, whilst miR-27b inhibitors upregulated the expression
levels of EGFR. Furthermore, it was demonstrated that the
transfection of miR-27b mimics significantly suppressed the
apoptosis and promote the viability of A549 human lung
carcinoma cells. In line with this, the introduction of miR-27b
inhibitors significantly induced apoptosis and inhibited
the proliferation of A549 cells. These results indicate that
miR-27b may promote NSCLC cell viability and enhance
resistance to docetaxel treatment through direct inhibition
of EGFR expression. Additionally, miR-27b may become a
promising molecular target for improving the effectiveness of
chemotherapy with docetaxel.
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Introduction

Non-small cell lung carcinoma (NSCLC) is the most
common type of lung cancer and is often fatal (1). NSCLC
can be divided into different subtypes including the common
squamous cell carcinoma and adenocarcinoma and the less
common, large cell lung carcinoma. NSCLC accounts for
70-80% of lung cancer diagnoses, and the disease has often
progressed to an advanced stage by the time it is detected (1).
Although various treatments have been investigated, systemic
chemotherapy has been indicated to improve the quality of
life and the survival of patients with advanced NSCLC (1).

As innovative microtubule stabilizing agents, taxanes,
including paclitaxel and docetaxel, have been clinically
used for the treatment of NSCLC (2). Clinical efficacy of
these agents varies from patient to patient, with a number of
individuals exhibiting resistance to docetaxel. Resistance to
chemotherapy remains a challenge in improving the quality of
life and prolonging the survival of the patients with advanced
stage NSCLC. Therefore, it is important to explore the
underlying molecular mechanisms.

MicroRNAs (miRNAs) are a class of non-coding RNAs
(18-25 nucleotides in length), that may bind to the ‘seed
sequences’ in the 3'-untranslated region (3'-UTR) of mRNAs and
thus trigger mRNA degradation or inhibit protein translation.
In a previous study, miRNAs were shown to have a negative
impact on cell survival, proliferation and motility by regulating
the expression of their targets (3). In addition, miRNAs have
been reported to act as oncogenes or tumor inhibitors. It has
also been indicated that disruption of miRNA functioning is
correlated with human malignant tumors (4). Furthermore, the
deregulation of certain miRNAs, including miR-7, miR-182,
miR-192 and miR-17, was associated with resistance and
sensitivity to chemotherapy in NSCLC cells (5-8).

In a previous study, miR-27b was shown to be significantly
downregulated in NSCLC tumor tissue that was resistant to
docetaxel, as compared with tumor tissues that were sensitive
to the treatment (9). The present study aimed to investigate
the expression levels of miR-27b in samples collected from
patients with NSCLC who were resistant or sensitive to
docetaxel. In addition, the online miRNA database TargetScan
was searched in order to identify the target genes of miR-27b,
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and a luciferase assay was conducted in order to confirm these
predictions. Furthermore, the potential mechanisms underlying
the involvement of miR-27b in the apoptosis of A549 human
lung carcinoma cells, as well as their chemoresistance, were
investigated.

Materials and methods

Tissue specimen collection. A total of 54 snap-frozen
histologically confirmed NSCLC tissue samples were collected
and evaluated for miRNA and gene expression. All of the
samples were collected from the First Affiliated Hospital of
Nanjing Medical University, and this study protocol was
approved by the Institutional Review Boards at the First
Affiliated Hospital of Nanjing Medical University. None of the
patients had received any chemotherapy or radiotherapy prior to
the surgery. Following surgical intervention, patients received
at least 2-4 cycles of the docetaxel-based chemotherapy as the
first-line adjuvant therapy. Patients who experienced recurrent
or progressive disease during docetaxel-based chemotherapy
or within 12 months post-completion of first line therapy
were considered as docetaxel-resistant (n=26). Patients with
no recurrence or with recurrences beyond 12 months were
defined as docetaxel-sensitive (n=28). Informed consent was
obtained from each patient. Following surgical removal, the
tissue samples were stored in liquid nitrogen for future use.

Target prediction. The online miRNA database, TargetScan
(www.targetscan.org), was used to predict the target genes
of miR-27b, and the similarity of potential ‘seed sequences’
among various species was compared and presented.

Cell lines and cell culture. A549 cells were obtained from
the Shanghai Institute of Biochemistry and Cell Biology
(Shanghai, China). All cells were incubated in RPMI 1640
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
containing 100 U/ml penicillin, 10% fetal bovine serum and
100 g/ml streptomycin (Invitrogen; Thermo Fisher Scientific,
Inc.) in humidified air at 37°C at an atmosphere of 5% CO,.

Transfection. Following culturing the cells to 70% confluence,
they were transfected using Lipofectamine 2000 (Thermo
Fisher Scientific, Inc.), according to the manufacturer's
protocol. Briefly, miR-27b mimics/inhibitor and EGFR small
interfering (si)RNA (all from Shanghai GenePharma Co., Ltd.,
Shanghai, China) were diluted in serum-free medium (1:50;
Thermo Fisher Scientific, Inc.), which was also used to dilute
Lipofectamine 2000. Following incubation of the cells at 37°C
in 5% CO, for 6 h, the medium in each well was replaced by
the normal serum-containing medium and cultured for 24 h
prior to the assays being performed.

Western blot analysis of target genes. Cells or tissue samples
were suspended in 50 ul lysis buffer [ mM ethylene diamine
tetraacetic acid, pH 8.0; 5 mM dithiothreitol; 2% sodium
dodecyl sulfate (SDS); and 50 mM Tris-HCI, pH 8.0] for
30 min in ice and then harvested. The resulting lysates were
centrifuged at 4,000 x g for 10 min, and the supernatant was
removed. A 10% SDS-polyacrylamide gel electrophoresis
membrane (Invitrogen; Thermo Fisher Scientific, Inc.) was
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used to resolve the proteins, which were electroblotted onto
nitrocellulose membrane (Merck Millipore, Darmstadt,
Germany). Subsequently, 5% skimmed milk was used to block
the blots. The membranes were then incubated with mouse
anti-EGFR antibody (1:1,000; sc-120) and (-actin antibody
(1:10,000; sc-130656; both Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA) at room temperature for 2 h, and then
incubated with horseradish peroxidase-conjugated anti-goat
and mouse secondary antibodies (Sigma-Aldrich). The bands
were observed with an Enhanced Chemiluminescence kit
(Invitrogen; Thermo Fisher Scientific, Inc.). The relative
density of the bands was quantified using ImageJ software 1.41
(National Institutes of Health, Bethesda, MA, USA), and
normalized to the internal control, 3-actin.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from the A549 cells using
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
RNA samples (10 pg) were reverse-transcribed into cDNA using
the SuperScript III Reverse Transcriptase or miRNA-specific
primers and the TagMan MicroRNA Reverse Transcription
kit (all: Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol. PCR was conducted using 1 ul cDNA,
TagMan MicroRNA Assays, TagMan Universal PCR Master
Mix, No AmpErase UNG and primers (Applied Biosystems;
Thermo Fisher Scientific, Inc.), on an ABI 7500 Real-Time PCR
system (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The PCR cycling conditions were as follows: 95°C for 30 sec,
followed by 36 cycles at 95°C for 5 sec and 60°C for 40 sec.
The primer sequences were as follows: miR-27b forward,
5-GGGGTTCAAGTAATTCAGG-3' and reverse, 5’-CAG
TGCGTGTCGTGGA-3"; EGFR forward, 5-GTCAGCTAG
CGCGTATGCTAAT-3' and reverse, 5-GCGATCGTCGTA
TATCTAGTCAG-3'"; and f-actin forward, 5-GACCTCTAT
GCCAACACAGT-3'" and reverse, 5-AGTACTTGCGCTCAG
GAGG-3' (Sangon Biotech, Co., Ltd., Shanghai, China). The
PCR products were separated by 1% agarose gel electrophoresis
(Sigma-Aldich, St. Louis, MO, USA). Each RT-qPCR assay was
repeated at least three times. The mRNA expression levels of
the miRNA were normalized to U6 sSnRNA, whereas those of
the target genes were normalized to f-actin. Relative expression
levels were calculated using the 2244 method (10).

Dual luciferase reporter assay. The full length wild-type EGFR
3'-UTR was amplified by PCR, and inserted into a psiCHECK 2
vector (Promega Corporation, Madison, WI, USA), and the
mutant type 3'-UTR of EGFR was generated using site-directed
Mutagenesis kit (Agilent Technologies, Inc., Santa Clara,
CA, USA). The psiCHECK2-wildtype-EGFR-3'-UTR or
psiCHECK?2-mutantl or 2 EGFR-3'-UTR vectors were
used to transfect the A549 cells, in the presence or absence
of 100 nM miR-27b mimics. Following transfection, the
A549 cells were cultured at 37°C at an atmosphere of 5% CO,
for 48 h. The luciferase activity was then determined using an
LD400 luminometer (Beckman Coulter, Inc., Brea, CA USA).
The activity of firefly luciferase was standardized to the activity
of Renilla.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. The viability of the A549 cells was examined 48 h
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Figure 1. Luciferase activity was notably reduced in A549 cells co-trans-
fected with the wild type or mutant 2 of EGFR 3'-UTR and miR-27b mimics,
suggesting that miR-27b may directly bind to the 200-207 bp region in the
3-UTR of EGFR mRNA in A549 cells (“P<0.01 vs. control). EGFR, epithe-
lial growth factor receptor; 3'-UTR, 3'-untranslated region.

following transfection. A549 cells (5x10° cells/well) were seeded
in a 96-well plate and were incubated to 70-80% confluence.
Subsequently, 10 ul of 5 mg/ml MTT (Sigma-Aldrich, Shanghai,
China) was added to all wells and cultured at 37°C for a further
4 h. Following the removal of the medium, 150 xl dimethyl
sulfoxide (Sigma-Aldrich, Shanghai, China) were added to
dissolve the MTT formazan. The optical density was determined
at 490 nm using a spectrometer (ND-1000 Fluorospectrometer;
Thermo Fisher Scientific, Inc.).

Apoptosis assay using flow cytometry. The A549 cells
transfected with miR-27b mimics/inhibitor or EGFR siRNA
were stained with Annexin V-fluorescein isothiocyanate
and propidium iodide (PI) (Roche Diagnostics GmbH,
Mannheim, Germany). Following collection and washing with
phosphate-buffered saline, the cells (1x10*) were cultured
with Annexin V and PI at room temperature for 20 min. Flow
cytometry (LSR II; BD Biosciences, San Jose, CA, USA) was
used to analyze the A549 cells with a cell sorter activated by
fluorescence (BD Biosciences).

Statistical analysis. All data are expressed as the
mean = standard deviation, and the difference between the
groups was evaluated using an independent t-test or one-way
analysis of variance. P<0.05 was considered to indicate a
statistically significant difference. Each experiment was
performed three times. Statistical analysis was performed
using SPSS 19.0 (SPSS Inc., Chicago, IL, USA).

Results

EGFR is a direct target of miR-27b. miR-27b was significantly
downregulated in docetaxel-resistant NSCLC, which may be
involved in the molecular mechanism underlying the resistance
to docetaxel (9). When computational analysis was performed
in order to identify the potential target gene of miR-27b,
the results of bioinformatic analysis predicted a regulatory
association between miR-27b and EGFR (data not shown).
In addition, the putative ‘seed sequences’ for miR-27b in the
3'-UTR of EGFR were evolutionarily conserved. To validate
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Figure 2. (A) miR-27b was significantly downregulated in NSCLC tis-
sues that were resistant to the treatment of docetaxel compared with
those sensitive cases. (B) mRNA and (C and D) protein expression levels
of EGFR were significantly upregulated in NSCLC tissues that were
resistant to docetaxel when compared with sensitive cases (“P<0.01).
miR-27b, microRNA-27b; EGFR, epithelial growth factor receptor;
NSCLC, non-small cell lung carcinoma.

the regulatory relationship between miR-27b and EGFR,
the full length wild-type EGFR 3'-UTR was sub-cloned into
psiCHECK?2 with a downstream firefly luciferase gene. The
two predicted binding sites (200-207 bp and 430-436 bp) were
replaced with complementary sequences, labeled as mutant 1
and mutant 2 EGFR 3'-UTR, respectively. Subsequently,
A549 cells were transfected with psiCHECK2-EGFR-3'-UTR
or psiCHECK?2-mutant 1 or mutant 2 EGFR-3'-UTR vectors,
together with miR-27b mimics or scramble controls. Following
incubation for 48 h, the luciferase activity was examined, and
the data revealed that it was significantly reduced in A549 cells
co-transfected with wild type or mutant 2 3'-UTR of EGFR
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Figure 3. (A) Protein and (B) mRNA expression levels of EGFR in
AS549 cells transfected with EGFR siRNA or miR-27b mimics were
higher in resistant cases compared with the control. ““P<0.01 vs. control.
miR-27b, microRNA-27b; EGFR, epithelial growth factor receptor;
siRNA, small interfering RNA.
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Figure 4. Viability of A549 cells transfected with EGFR siRNA or
miR-27b mimics was higher in resistant cases than in the control, while
the viability of A549 cells transfected with EGFR siRNA or miR-27b
mimics were higher in resistant cases than the control (“P<0.01 vs. con-
trol). miR-27b, microRNA-27b; EGFR, epithelial growth factor receptor;
siRNA, small interfering RNA.

and miR-27b mimics compared with the scramble control
(P<0.01; Fig. 1), suggesting that miR-27b may directly bind
to 200-207 bp in the 3-'UTR of EGFR mRNA in A549 cells.

Determination of the expression of miR-27b and EGFR in
docetaxel-resistant and -sensitive NSCLC samples. To further
verify the regulatory role of miR-27b in EGFR expression,
28 docetaxel-sensitive and 26 docetaxel-resistant NSCLC
tissue samples were collected. The expression levels of
miR-27b and EGFR were examined. As indicated by Fig. 2A, it
was determined that miR-27b was significantly downregulated
in NSCLC tissues resistant to the treatment of docetaxel
compared with those sensitive to it (P<0.01). The expression
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Figure 5. Apoptosis index of A549 cells transfected with scramble, miR-27b
inhibitors, EGFR siRNA and miR-27b mimics. miR-27b, microRNA-27b;
EGFR, epithelial growth factor receptor; siRNA, small interfering RNA.

of EGFR was determined using semiquantitative RT-PCR and
western blot analysis. The mRNA and protein expression of
EGFR was significantly upregulated in NSCLC tissues that
were resistant to the treatment of docetaxel compared with
those sensitive to it (P<0.01; Fig. 2B-D).

miR-27b negatively regulates EGFR expression in A549 cells.
A549 cells were transfected with scramble miRNA control,
EGFR siRNA, miR-27b mimics or its inhibitor. Subsequently,
the protein expression level of EGFR in each group was
examined. As indicated in Fig. 3A, the EGFR protein
expression level was significantly upregulated following
transfection with miR-27b inhibitors (P<0.01), whilst it
was significantly reduced subsequent to transfection with
the miR-27b mimics or EGFR siRNA (P<0.01). To explore
the regulatory association between miR-27b and EGFR,
the mRNA expression level of EGFR in A549 cells was
determined following transfection with the EGFR siRNA,
miR-27b mimics or inhibitor. As indicated in Fig. 3B,
upregulation of miR-27b and introduction of EGFR siRNA
significantly inhibited the protein expression of EGFR in
AS549 cells (P<0.01). By contrast, inhibition of miR-27b
resulted in a significantly increased protein expression of
EGFR in the cells (P<0.01). Therefore, it was suggested
that miR-27b negatively regulates EGFR expression at the
transcriptional level in A549 cells.

miR-27b transfection suppresses A546 cell viability by
targeting EGFR. To identify the role of miR-27b in the control
of the viability of the cells, A549 cells were transfected
with EGFR siRNA, and miR-27b mimics or inhibitor. It
was determined that the transfection of miR-27b inhibitors
significantly increased the viability of the cells by inhibiting
apoptosis (Fig. 4). The introduction of EGFR siRNA or
miR-27b mimics markedly decreased cell viability and
induced the apoptosis of A549 cells (Figs. 4 and 5).

Discussion

NSCLC is a major health problem worldwide with
>600,000 cases diagnosed annually in China despite



improvements in diagnosis and treatment (11). Current
treatment options for patients with NSCLC primarily include
chemotherapy, surgery, immunotherapy, radiation therapy
and targeted therapies, which are primarily dependent on the
stage of the disease (12,13). Commercially approved targeted
therapies and chemotherapeutic drugs, including docetaxel,
cisplatin, carboplatin, paclitaxel, erlotinib, gemcitabine and
pemetrexed, are used to treat advanced stage NSCLC (14-18).

Antitubulin agents are important in NSCLC chemotherapy.
Taxanes are a family of diterpenes that bind preferentially to
microtubules, leading to stabilization and arrest of mitosis (19).
As a member of the taxane family, docetaxel is highly active
and commonly used as adjuvant therapy following resection
of localized tumors in patients with locally advanced NSCLC.
However, like the majority of chemotherapeutic agents, cellular
resistance limits the clinical success of docetaxel (20,21). It has
been determined that miR-27b was significantly downregulated
in docetaxel-resistant NSCLC, and may be responsible for the
molecular mechanism underlying resistance to docetaxel (9).

In the current study, EGFR was identified as a potential
target of miR-27b. The regulatory association between miR-27b
and EGFR was validated by a luciferase assay which indicated
that the luciferase activity was notably reduced in A549 cells
co-transfected with the wild type or mutant 2 3'-UTR of EGFR
(430-436 bp was replaced with complementary sequences)
and miR-27b mimics, but had minimal effect on those cells
transfected with mutant 1 3'-UTR of EGFR (200-207 bp was
replaced with complementary sequences). Therefore, miR-27b
may directly bind to 200-207 bp in the 3'-UTR of EGFR
mRNA in A549 cells. It has been previously determined
that miRNAs are involved in regulation of a wide range of
biological processes, and inhibition of their function may aid
the progression of human malignant tumors (22).

Low levels of miR-27b have been associated with numerous
types of human malignancy. A study by Wan et al (23)
demonstrated that miR-27b levels were considerably decreased
in cell lines and tissue samples of NSCLC, and that excessive
expression of miR-27b substantially inhibited NSCLC cell
invasion and proliferation. Thereby, suggesting that miR-27b
may act as a tumor inhibitor in NSCLC. Previous studies
have revealed that miR-27b acts as a tumor suppressor in
the development of various malignancies, including prostate
cancer, colon cancer and neuroblastoma (24-26). However,
other studies have also indicated that miR-27b may promote
tumorigenesis in various cancer types. A study by Jin et al (27)
demonstrated that miR-27b was significantly upregulated
in human breast cancer, and its proliferation was inhibited
by knockdown of miR-27b. Another study by Rui ef al (9)
demonstrated that miR-27b functions as an oncogene in glioma
as significant upregulation of miR-27b in glioma cells and
tissues was determined. The present study has confirmed the
downregulation of miR-27b in docetaxel-resistant NSCLC
by measuring and comparing the expression of miR-27b in
28 docetaxel sensitive and 26 docetaxel resistant NSCLC
tissue samples. EGFR was validated as a target of miR-27b.
Additionally, mRNA and protein expression of EGFR were
significantly upregulated in NSCLC tissues that were resistant
to docetaxel compared with those that were sensitive.

Asatransmembrane growth factor receptor, EGFR exhibits
tyrosine kinase activity, which is important for its involvement
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in controlling the survival and proliferation of cells (28),
and it has been indicated that the expression of EGFR was
negatively associated with the apoptosis of cancer cells (29).
Various mechanisms, including gene mutation, copy number
variation, and protein overexpression are associated with the
deregulation of cellular activity of EGFR (30,31). Alterations
in the quantity or activity of EGFR are not uncommon in lung
cancer and are usually associated with numerous pathological
features, including poor differentiation, high tumor grading
and an unsatisfactory prognosis, suggesting that EGFR may
be a therapeutic target for lung cancer (31-34). In the present
study, miR-27b negatively regulated the expression of EGFR,
as shown by the observation that miR-27b transfection mimics
downregulated the expression of EGFR, whereas miR-27b
inhibitors upregulated the expression of EGFR. Furthermore,
it was demonstrated that transfection with miR-27b mimics
significantly suppressed the apoptosis and promoted the
viability of A549 cells. By contrast, the introduction of
miR-27b inhibitors significantly induced apoptosis and
inhibited the proliferation of A549 cells.

In conclusion, EGFR was validated as a target of miR-27b
in NSCLC. It also mediated the apoptosis-promoting effect
of miR-27b and the transfection of miR-27 inhibitors
significantly promoted the apoptosis of lung cancer cells via
targeting EGFR. Therefore, it is possible that EGFR signaling
pathway activation underlies the observed downregulation
of miR-27b in docetaxel-resistant NSCLC cells, and
administration of miR-27b in a manner that efficiently
enhances the level of miR-27b in NSCLC tumor tissue may
be a novel method to improve the sensitivity to docetaxel in
patients with NSCLC.
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