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Abstract: Previous studies demonstrated that the acquired drug resistance of non-small cell lung cancer (NSCLC)
was related to deregulation of miRNAs. However, the effects of miR-107 and the mechanism through which miR-107
affects the cisplatin chemoresistance in NSCLC have not been reported. TagMan RT-PCR or Western blot assay was
performed to detect the expression of mature miR-107 and cyclin dependent kinase 8 (CDK8) protein. The viabilities
of treated cells were analyzed using MTT assay. We found that the expression level of miR-107 in A549 cells was
significantly lower than that in normal human bronchial epithelial cells (0.45 + 0.26 vs. 1.00 £ 0.29, P = 0.032).
The MTT assay showed that the A549 cells transfected with miR-107 mimics were significantly more sensitive to the
therapy of cisplatin than control cells. A549 cells transfected with miR-107 mimics showed a decreased CDKS8 pro-
tein expression. Downregulation of CDK8 expression by siRNAs, A549 cells became more sensitive to the therapy of
cisplatin. In addition, the enhanced growth-inhibitory effect by the miR-107 mimic transfection was enhanced after
the addition of CDK8 siRNA. In conclusion, the present study provides the first evidence that miR-107 plays a key
role in cisplatin resistance by targeting the CDKS8 protein in NSCLC cell lines, suggesting that miR-107 can be used
to predict a patient’s response to chemotherapy as well as serve as a novel potential maker for NSCLC therapy.
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Introduction 25 nucleotides and play important roles in a

variety of biologic processes [5]. miRNAs are
Non-small cell lung cancer (NSCLC) accounts predicted to regulate the expression of up to
for about 80% of all lung cancer cases, and is one-third of human protein-coding genes and
the most common cause of cancer death [1]. are involved in pathogenesis, diagnosis, treat-
Despite the considerable advances in medical ment and prognosis [6, 7]. An increasing body
and surgical treatment of NSCLC patients, the of evidence demonstrates that miRNAs regu-

prognosis associated with this disease remains
dismal. NSCLC is still an incurable disease, and
one of the most important factors that affect
survival rate is resistance to therapeutic drugs
[2]. Cisplatin (diammine dichloroplatinum),
which is a platinum-coordinated complex, is
widely used as the first-line chemo-therapeutic
agent for NSCLC treatment [3]. Unfortunately,
the clinical affectivity of cisplatin is limited
because some tumors show resistance or
become resistant to it after repeated cycles of
chemotherapy which ultimately leads to relapse

late drug sensitivity and/or resistance to che-
motherapeutic agents [8]. miR-107, located on
10th chromosome, is differentially expressed in
a number of metabolic pathways, including adi-
pogenesis, hypoxia, cell cycle arrest, angiogen-
esis and neurodegenerative diseases. In the
past few decades, it has been shown that miR-
107 acts as a tumor suppressor gene in several
tumor development process [9-12]. Previously,
Takahashi et al found that the expression of
miR-107 was reduced in NSCLC tissues, and it

and poor prognosis [4]. was able to induce cell cycle arrest in human
NSCLC cell lines [13]. These results indicated
MicroRNAs (miRNAs) are a new class of small, that miR-107 might be linked to lung cancer

non-coding RNAs that range in size from 19 to chemotherapy resistance. However, the effects
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of miR-107 and the mechanism through which
miR-107 affects the cisplatin chemoresistance
in NSCLC have not been reported.

Cyclin dependent kinase 8 (CDK8) locating on
chromosome 1312 has five transcripts and
only one transcript encodes protein product
containing 464 amino acid residues (molecular
weight 53.2 kD). CDK8 has important function
on the regulation of gene transcription [14].
Recent studies suggest that CDK8 is important
in the process of tumor development [15].
CDKS8 plays a key role in the regulation of cell
cycle and cell growth on post-transcriptional
level, and promotes the development and
progression of colorectal cancer [16]. We found
that miR-107 may modulate CDK8 using online
prediction software Target Scan. Therefore, we
speculate that miR-107 may play an important
role in NSCLC chemoresistance by targeting
CDK8.

Materials and methods
Drugs and reagents

Cisplatin was purchased from QiLu Phar-
maceutical (Jinan, China). miR-107 mimics,
CDKS8 siRNA, and their negative control oligo-
nucleotides were synthesized by Integrated
Biotech Solutions Co, Ltd (Shanghai, China).
These were used to transfect A549 cells using
Lipofectamine™ 2000 (Invitrogen, Carlsbad,
CA, USA) according to the instructions provided
by the manufacturer. CDK8 monoclonal anti-
body was purchased from Cell Signaling
Company. BCA protein concentration assay kit
was purchased from Beyotime Biotechnology
Research Institute.

NSCLC cancer cell line and cell culture

The human lung adenocarcinoma cell line A549
was purchased from the Cell Bank of Chinese
Academy of Sciences (Shanghai, China). A549
cell line was cultured in DMEM containing 10%
fetal bovine serum (Gibco® Invitrogen,
Carlsbad, CA, USA), 100 units/ml penicillin, and
100 pg/ml streptomycin at 37°C in a 5% CO,
humidified incubator to the log phase of prolif-
eration before harvesting the cells. Normal
human bronchial epithelial cells (NHBE)
(Clonetics™) were maintained in a culture medi-
um according to the protocol provided by
Clonetics™.
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MTT assay

Cells transfected with miR-107 mimics or CDK8
siRNA, were seeded into 96-well plates at 6 x
103 cells/well and allowed to grow overnight,
and then were treated with different concentra-
tions of cisplatin. After 24 h of treatment, 20 pl
of 5 mg/ml MTT reagent (Sigma-Aldrich, St.
Louis, MO, USA) was added and incubated in
the dark for 4 h. The absorbance of the plate
was measured in a microplate reader at a wave-
length of a 570-nm reference (BMG Lab
Technologies, Germany), and the results were
expressed as the percentage of absorbance
relative to untreated controls. Each treatment
was carried out in triplicate.

Real-time quantitative reverse transcription-
PCR for miRNA expression and mRNA expres-
sion

For miRNA expression detection, reverse tran-
scription (RT) reaction was performed with
PrimeScript® RT reagent Kit (TAKARA Bio-
technology CO., LTD., Dalin, China) and real-
time quantitative RT-PCR (qRT-PCR) was per-
formed using SYBR® Premix Ex Tag™ Il (TAKARA
Biotechnology CO., LTD., Dalin, China) on the
basis of the protocol provided by the manufac-
turer. For mRNA expression detection, reverse
transcription reaction was performed with
PrimeScript® RT reagent kit (TAKARA Bio-
technology CO., LTD., Dalin, China) and RT-PCR
(qRT-PCR) was performed using SYBR® Premix
Ex Tag™ Il (TAKARA Biotechnology CO., LTD.,
Dalin, China). The primer sequences were as
follows: 5-G-GGATCTCTATGTCGGCATGTAG-3’
(forward) and 5-AAATGACGTTTGGATGCTTAA-
GC-3’ (reverse) for CDKS8; 5-CATGAGAAGTA-
TGACAACAGCCT-3’' (forward) and 5-AGTCC-
TTCCACGATACCAAAGT-3’ (reverse) for GAPDH.
The expression of the target miRNA was nor-
malized relative to that of the internal control,
U6 and the expression of the target gene was
normalized relative to the expression of glycer-
aldehyde-3-phosphate dehydrogenase (GAP-
DH), which was used as an internal control.
Data were analyzed according to the compara-
tive Ct method also referred to as the 2724¢T
method.

Western blot assay

The proteins were resolved on an SDS denatur-
ing polyacrylamide gel and then transferred
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Figure 1. The expression level of miR-107 in A549
cells line was significantly lower than that in NHBE
cell line (0.45 £ 0.26 vs. 1.00 = 0.29, P = 0.032).

101 p=0.016

Relative expression of miR-107
(normalized to U6 snRNA)

miR-107 mimics

Figure 2. A549 cells were transfected with miR-107
mimics or mimics NC, and the levels of miR-107 were
confirmed by qRT-PCR.

onto a nitrocellulose membrane. Antibody to
CDK8 or GAPDH was incubated with the mem-
branes overnight at 4°C. The membranes were
washed and incubated with horseradish peroxi-
dase (HRP)-conjugated secondary antibodies.
Protein expression was assessed by enhanced
chemiluminescence and exposure to chemilu-
minescent film. LabWorks™ Image Acquisition
and Analysis Software (UVP, Upland, CA) were
used to quantify the band intensities. All the
antibodies were purchased from Abcam
(Cambridge, MA).

Statistical analysis

All the data were shown as mean + standard
deviation (SD) and the experiments were
repeated three times. The difference was deter-
mined by two-tailed students’ t-test and P <
0.05 was considered statistically significant.
The data were assessed using the GraphPad
Prism software 5.0 (GraphPad, USA) and SPSS
version 18.0 (SPSS, Chicago, IL, USA).
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Figure 3. The MTT assay showed that the A549 cells
transfected with miR-107 mimics were significantly
more sensitive to the therapy of cisplatin than con-
trol cells (*P < 0.05). Data are mean + SD of three
experiments.

Results
Expression level of miR-107 in A549 cell line

To define the role of miR-107 in human lung
cancer tumorigenesis, we compared the
expression levels of miR-107 in human lung
cancer cell line A549 and NHBE cell line (nor-
mal human bronchial epithelial cells) by qRT-
PCR. The expression level of miR-107 in A549
was significantly lower than that in NHBE cell
line (0.45 + 0.26 vs. 1.00 + 0.29, P = 0.032,
shown in Figure 1).

Transfection of miR-107 mimics induced sensi-
tivity of A549 cells to cisplatin

To further assess the effect of miR-107, we
transfected miR-107 mimics and its negative
control oligonucleotides into A549 cells.
Transfection of cells with miR-107 mimics
increased miR-107 level compared with the
control cells (P =0.016, shown in Figure 2). The
MTT assay showed that the A549 cells trans-
fected with miR-107 mimics were significantly
more sensitive to the therapy of cisplatin than
control cells (shown in Figure 3).

CDK8 was a target of miR-107 and responsible
for the miR-107-induced resistance to cisplatin
in A549 cells

We transfected A549 cells with miR-107 mim-
ics or mimics NC. The CDK8 mRNA level was
significantly decreased in A549 cells transfect-
ed with miR-107 mimics compared with con-
trols (shown in Figure 4A). We then examined
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Figure 4. Evaluation of CDK8 in A549 cells transfected with miR-107 mimics and its negative control oligonucle-
otides (NC). A. gRT-PCR showed significant downregulation of CDK8 mRNAs in the transfected cells. B. Western blot
analysis demonstrated significantly lower expression of CDK8 proteins in the transfected cells (*P < 0.05). Data are

mean * SD of three experiments.
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Figure 5. Changes in anti-tumor effects of the cis-
platin after transfection of miR-107 mimics and/or
siRNA against CDK8 in A549 cells. Downregulation
of CDK8 expression by siRNAs, A549 cells became
more sensitive to the therapy of cisplatin. In addition,
the enhanced growth-inhibitory effect by the miR-107
mimics transfection was enhanced after the addition
of CDK8 siRNA (*P < 0.05).

the protein levels of CDK8 following the trans-
fection of miR-107 mimics in A549 cells by
Western blot analysis and found that cells
transfected with miR-107 mimics showed a
decreased CDKS8 protein expression (shown in
Figure 4B). Downregulation of CDK8 expres-
sion by siRNAs, A549 cells became more sensi-
tive to the therapy of cisplatin (shown in Figure
5). In addition, the enhanced growth-inhibitory
effect by the miR-107 mimic transfection was
enhanced after the addition of CDK8 siRNA
(shown in Figure 5).

Discussion

Management of patients with lung cancer con-
tinues to pose a considerable challenge to
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today’s oncologist. While treatment may be
curative in the early stages of the disease, the
majority of patients are not diagnosed until the
tumor has progressed beyond the primary site.
Most patients face an intensive and invasive
treatment regimen comprising surgery, radio-
therapy, or chemotherapy, or combinations
thereof depending on disease stage/perfor-
mance status. Most will require chemotherapy
even if their initial surgery is potentially cura-
tive; for those with advanced disease, chemo-
therapy may be their only treatment option.
Cisplatin is still one of the most useful manage-
ment therapies for NSCLC patients, although
resistance to cisplatin represents a significant
barrier to the improvement of the long-term
overcome of patients with NSCLC [4]. Factors
that enhance the sensitivity of NSCLC cells to
cisplatin may highlight predictive biomarkers or
targets for therapy; however, the molecular
mechanisms leading to cisplatin chemoresis-
tance are poorly understood.

The dysregulation of miRNAs is common in vari-
ous carcinomas and plays an important role in
cancer progression by altering normal gene
expression. miR-107, located on 10th chromo-
some, is differentially expressed in a number of
metabolic pathways, including adipogenesis,
hypoxia, cell cycle arrest, angiogenesis and
neurodegenerative diseases. miR-103/miR-
107 are highly conserved miRNAs that map to
intron 5 of pantothenate kinase (Pank) genes.
Pank2 and Pank3 host the pre-miRNA sequenc-
es of miR-103, whereas Pankl encodes miR-
107, which differs from miR-103 by a single
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nucleotide [17, 18]. Pantothenate kinase is the
rate limiting enzyme in the biosynthesis of
coenzyme A, a cofactor that is involved in over
100 metabolic reactions. p53 can induce
expression of Pank-1 and miR-107, presumably,
through a p53 element located~1 kb upstream
of the Pank-1 transcriptional start site [19].
Yamakuchi et al demonstrated that expression
of miR-107 is inversely associated with expres-
sion of hypoxia inducible factor-1§3 (HIF-13) and
can mediate p53 regulation of hypoxic signal-
ing and tumor angiogenesis in colon cancer.
Members of the miR-107 gene group have also
been shown to repress granulin (GRN) protein,
a potent mitogen and growth factor, in prostate
cancer cells [20]. miR-107 induces cell cycle G1
arrest and inhibits invasion by targeting cyclin
dependent kinase 6 (CDK®), thereby inhibiting
tumor progression in gastric cancer, pancreatic
cancer, and non-small cell lung cancer cell lines
[21]. Another study revealed that Toll-like
Receptor-4 down-regulated miR-107, increas-
ing macrophage adhesion via CDK6 [22]. On
the contrary, miR-107 has also been implicated
in tumor progression. miR-107 showed over-
expression in pancreatic cancer and breast
cancer suggesting some positive role in carci-
nogenesis and its expression was inversely cor-
related with let-7 expression in breast tumors
and cancer cell lines [23].

In the present study, to explore whether miR-
107 was involved in the NSCLC cells resistant
to cisplatin, we transfected miR-107 mimics
and its negative control oligonucleotides into
A549 cells. The MTT assay showed that the
A549 cells transfected with miR-107 mimics
were significantly more sensitive to the therapy
of cisplatin than control cells, indicating that
miR-107 may involve in chemoresistance of
NSCLC cells to cisplatin. In NSCLC tissues,
many onco-miRs/tumor suppressor-target or
tumor suppressor-miRs/onco-target pathways
have been demonstrated to participate in the
tumorigenesis of lung cancer. However, miRNA/
target network was so complex that more and
more miRNA/target axis needs to be elucidat-
ed in lung cancer especially NSCLC. In the pres-
ent study, we transfected A549 cells with miR-
107 mimics and its negative control oligonucle-
otides. The expression of CDK8 mRNA and
protein were decreased in cells transfected
with miR-107 mimics compared with controls,
indicating that miR-107 was a negative regula-
tor of CDK8. Furthermore, we found that down-
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regulation of CDK8 expression by siRNAs, A549
cells became more sensitive to the therapy of
cisplatin. In addition, the enhanced growth-
inhibitory effect by the miR-107 mimic transfec-
tion was enhanced after the addition of CDK8
siRNA. These findings suggested that CDK8
was responsible for the miR-107-induced resis-
tance to cisplatin.

In conclusion, the present study provides the
first evidence that miR-107 plays a key role in
cisplatin resistance by targeting the CDK8 pro-
tein in NSCLC cell lines, suggesting that miR-
107 can be used to predict a patient’s response
to chemotherapy as well as serve as a novel
potential maker for NSCLC therapy.
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