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Abstract. dysregulation of micrornas (mirnas) is 
frequently observed during cancer development. aberrant 
expression of mirna-138-5p (mir-138-5p) has been found in 
many types of cancer. However, the role and the mechanisms 
underlying mir-138-5p function in non-small cell lung cancer 
(nSclc) progression remain unknown. in the present study, 
miR‑138‑5p expression was identified to be decreased in tumor 
tissues compared with matched normal tissues from patients 
with nSclc. in addition, low expression of mir-138-5p was 
detected in three nSclc cell lines compared with a normal 
lung epithelium cell line. Moreover, cdK8 mrna expression 
was increased in tumor tissues compared with matched normal 
tissues from patients with nSclc, and an inverse association 
between mir-138-5p and cdK8 was observed. Furthermore, 
cdK8 was predicted to be a target of mir-138-5p. dual 
luciferase assay confirmed that mir-138-5p could directly 
bind to the 3' untranslated region of cdK8 mrna. in a549 
cells, overexpression of mir-138-5p inhibited cell growth and 
significantly increased cell apoptosis rates and the number 
of cells in G0/G1 phase. Moreover, forced overexpression 
of cdK8 partially reversed mir-138-5p mimic-induced cell 
growth arrest and alteration of cell apoptosis and cell cycle. 
in conclusion, the present results suggested that mir-138-5p 
may be a tumor suppressor in nSclc cells and a promising 
therapeutic target for treating patients with nSclc.

Introduction

lung cancer is one of most lethal cancer types worldwide with 
an estimate of 1.8 million new cases and 1.5 million mortalities 
in 2012 (1). as a major subtype of lung cancer, non-small cell 

lung cancer (nSclc) accounted for >80% of all lung cancer 
cases (2). although development of concomitant chemoradio-
therapy has improved patient outcome, patients with nSclc 
can develop resistance, reducing the 5-year survival rate to 
~30% (3). Therefore, further investigation of the molecular 
mechanism driving nSclc cell proliferation is required in 
order to develop new effective therapeutic approaches to 
improve nSclc patient survival.

Micrornas (mirnas) are small,  non-coding, 
single-stranded rna molecules that are ubiquitously expressed 
in various types of cells (4). Mechanistically, mirnas can bind 
to the 3' untranslated region (uTr) of multiple target genes, thus 
inducing mrna degradation or translational inhibition (5). By 
regulating expression of multiple genes, mirnas are involved 
in many physiological processes including cell proliferation, 
differentiation, cell cycle and metastasis (6). accumulating 
evidences showed that mirna dysregulation is responsible 
for cancer initiation and progression (7). in nSclc, using 
microarray analysis, 15 differentially expressed mirnas were 
identified between normal lung and squamous cell carcinoma, 
one subtype of nSclc, and these mirnas were proved to 
be good predictors of patient survival (8). downregulation of 
miR‑138‑5p was first identified in human anaplastic thyroid 
carcinoma cells and was found to regulate cell proliferation by 
targeting telomerase reverse transcriptase (9). a previous study 
showed that downregulation of mir-138-5p is involved in the 
development of many cancer types (10,11). a previous study 
identified that miR‑138‑5p is pivotal for gefitinib sensitivity in 
nSclc cells (12). However, little is known about the role of 
mir-138-5p in mediating nSclc cell proliferation and survival.

cyclin-dependent kinases (cdKs) form complexes with 
cyclins to regulate cell cycle progression in human cells, which 
is maintained by the tight control of cdK activity (13). in 
cancer cells, aberrant expression of cdKs causes an acceler-
ated cell cycle, leading to uncontrolled cell proliferation (14). 
among the cdK family members, various studies observed 
that cdK8 is upregulated in cancer cells and may represent 
a promising target for cancer therapy (15). interestingly, the 
mechanism underlying cdK8 overexpression remains unclear.

in the present study, a decrease in mir-138-5p was observed 
in nSclc tumor tissues compared with normal tissues. reverse 
transcription-quantitative Pcr (rT-qPcr) and western blot 
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analysis suggested that cdK8 was regulated by mir-138-5p 
in A549 cells. Furthermore, CDK8 was identified as a target 
gene of mir-138-5p. in addition, mir-138-5p overexpression 
inhibited a549 cell growth, leading to cell apoptosis and 
accumulation of cells in G0/G1 phase. notably, the effect of 
mir-138-p could be reversed by cdK8 overexpression.

Materials and methods

Patient samples. Tumor tissues and matched normal tissues 
were collected from 30 patients with nSclc (17 males and 
13 females; age, 62. 21±5.23 years) in The central Hospital 
of linyi between February 2015 and January 2016. Written 
consents were obtained from all participants. ethical approval 
was obtained for the use of human tissues prior to the start 
of the study from an ethics committee based at The central 
Hospital of linyi. all tissues were subjected to rna extraction.

Cell lines. normal epithelial lung cell line BeaS-2B and the 
nSclc cell lines a549, H358 and H1299 were purchased 
from The american Type culture collection and used within 
6 months. all cell lines were maintained in rPMi-1640 
medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 10% FBS (Hyclone; Ge Healthcare life Sciences) in a 
humidified incubator at 37˚C with 5% CO2.

Western blot analysis. Protein lysates were prepared using 
riPa lysis buffer (Sigma-aldrich; Merck KGaa) according 
to the manufacturer's protocol. The protein concentra-
tion was determined using the method bicinchoninic acid 
method. antibodies for anti-cdK8 (cat. no 17395; dilution, 
1:1,000) and β-catenin (cat. no 8480; dilution, 1:1,000) were 
purchased from cell Signaling Technology, inc. β-actin 
antibody (cat. no SaB5500001; dilution, 1:1,000) was bought 
from Sigma-aldrich (Merck KGaa). Western blotting was 
performed as follows: Protein lysates (20 µg) were loaded into 
each lane of a 10% SdS gel and separated by electrophoresis. 
The proteins were transferred to a PVdF membrane. after that, 
membranes were blocked at room temperature for 2 h using 5% 
non-fat milk followed by incubation with primary antibodies 
overnight at 4˚C. On the next day, the membranes were washed 
and incubated with the appropriate anti-rabbit horseradish 
peroxidase-conjugated secondary antibody (cat. no. 7074; 
1:10,000; cell Signaling Technology, inc.) for 1 h at room 
temperature. The bands were visualized using an enhanced 
chemiluminescence (ecl) western blotting kit (Pierce; Thermo 
Fisher Scientific, Inc.). The quantification of bands was carried 
out using imageJ (version 1.51; national institutes of Health).

RNA extraction and RT‑qPCR. rna was extracted from cells or 
tissues using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. The rna concentra-
tion was measured using a nanodrop 2000 (Thermo Fisher 
Scientific, Inc.). For detection of miRNA expression, RNA was 
reverse transcribed into cdna using the Mir-X mirna First 
Strand Synthesis Kit (Takara Bio, Inc.) at 37˚C for 1 h and 
85˚C for 5 min. The RT‑qPCR was performed using the Mir‑X 
miRNA RT‑qPCR SYBR kit (Thermo Fisher Scientific, Inc.) 
using the following thermocycling conditions: 95˚C for 30 sec 
followed by 40 cycles of 95˚C for 5 sec and 60˚C for 30 sec. For 

mrna expression analysis, rna was reverse transcribed into 
first strand cDNA using PrimeScript RT Master Mix (Takara 
Bio, Inc.) at 37˚C for 15 min followed by 85˚C for 5 sec qPCR 
with SYBR Premix Ex Taq II (Thermo Fisher Scientific, Inc.) 
was performed using the following thermocycling conditions: 
95˚C for 30 sec followed by 40 cycles of 95˚C for 5 sec and 
60˚C for 30 sec. U6 and β-actin served as internal controls to 
normalize the expression of mirnas and mrnas, respectively. 
The primers used were the following: mir-138 forward, 5'-GGT 
GTc GTG GaG TcG Gca a-3' and reverse, 5'-aac TTc aca 
aca cca GcT Ta-3'; u6 forward, 5'-cTc GcT TcG Gca Gca 
ca-3' and reverse, 5'-aac GcT Tca cGa aTT TGc GT-3'; 
cdK8 forward, 5'-acc TGT TTG aaT acG aGG GcT-3' and 
reverse, 5'-TGc cGa caT aGa GaT ccc aGT-3'; and β-actin 
forward, 5'-caT GTa cGT TGc TaT cca GGc-3' and reverse, 
5'-cTc cTT aaT GTc acG cac GaT-3'. relative gene expres-
sion was analyzed using the 2-ΔΔcq method (16).

CDK8 overexpression. The full length of the open reading 
frame of CDK8 was amplified using Taq DNA polymerase 
(Invitrogen; Thermo Fisher Scientific, Inc.) from the cDNA 
of BeaS-2B (forward 5'-aaG cTT GGG cTc cGG ccT caG 
aGG cT-3' and reverse, 5'-cTc GaG acc aca Tac aaa Gac 
aaa TGc T-3') using the following thermocycling conditions: 
94˚C for 2 min followed by 35 cycles of 94˚C for 2 sec, 60˚C 
for 60 sec and 72˚C for 1 min. The product was digested 
with Hindiii and Xhoi and cloned into a pcdna3.1 plasmid 
(Invitrogen; Thermo Fisher Scientific, Inc.). For CDK8 overex-
pression, pcdna3.1-cdK8 (2 µg) was transfected into a549 
cells using lipofectamine 3000 (invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. The 
medium was changed after 8 h and the cells were cultured for 
a further 48 h prior to subsequent experiments.

Dual luciferase reporter assay. TargetScan (release 7.1, 
http://www.targetscan.org/vert_71/) was used to predict the inter-
action between mir-138-5p and cdK8 3'uTr. The 3'uTr of 
CDK8 was amplified using the Taq DNA polymerase (Invitrogen; 
Thermo Fisher Scientific, inc.) from the cdna of BeaS-2B 
(forward, 5'-GGT acc aaG GaG acaa aaa Gaa cc-3' and 
reverse, 5'-cTc GaG GTa GTG GTa GGa GGa aca ac-3') 
using the following thermocycling conditions: 94˚C for 2 min 
followed by 35 cycles of 94˚C for 2 sec, 60˚C for 60 sec and 72˚C 
for 1 min. The product was ligated into pGl3 plasmid (Promega 
corporation) between the Kpni and Xhol restriction enzyme sites. 
in total, two site mutations were introduced into pGl3-cdK8 
3'uTr-wild-type (WT) to construct the pGl3-cdK8 
3'uTr-mutant (Mut) plasmid using the Quick Site-directed 
Mutagenesis kit (agilent Technologies, inc.) using the following 
primers: Forward, 5'-GaG aca aaa aGa acG TGc aGc aGc 
aGc aGG G-3' and reverse, 5'-ccc TGc TGc TGc TGc acG 
TTc TTT TTG TcT c-3'. The following thermocycling condi-
tions were used: 95˚C for 30 sec followed by 35 cycles of 95˚C 
for 30 sec, 55˚C for 60 sec and 78˚C for 1 min. In A549 cells, 
pGl3-cdK8 3'uTr-WT (0.4 mg) or pGl3-cdK8 3'uTr-Mut 
(0.4 mg) and mir-negative control (nc; 5'-uuG uac uac aca 
aaa Gua cuG-3'; 20 nM) mimic or mir-138-5p mimic (5'-aGc 
uGG uGu uGu Gaa uca GGc cG-3'; 20 nM) were cotrans-
fected into a549 cells using lipofectamine® 3000 (invitrogen; 
Thermo Fisher Scientific, Inc.). After 24 h, the relative luciferase 
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activity in each well was measured using the dual-luciferase 
reporter assay system (Promega corporation). Renilla luciferase 
activity was used for normalization.

Cell cycle and cell apoptosis analysis. For cell cycle analysis, 
cells (1x105 cells/ml) were harvested and treated with 75% 
ethanol overnight at 4˚C. On the next day, cells were stained 
with propidium iodide (Pi; Sigma-aldrich; Merck KGaa). cell 
cycle was then analyzed on a FACSCalibur flow cytometer (BD 
Biosciences). cell apoptosis was detected using an annexin V/Pi 
apoptosis detection kit (Sigma‑Aldrich; Merck KGaA). Briefly, 
cells were washed with PBS and resuspended in annexin binding 
buffer. Subsequently, annexin V-FiTc and Pi were added and 
incubated for 15 min at 4˚C. Cells were then subjected to flow 
cytometry analysis on a FacScalibur flow cytometer (Bd 
Biosciences). cell cycle distribution and cell apoptotic rates were 
analyzed with FlowJo software (version 7.2; FlowJo llc).

Cell proliferation assay. cell proliferation was measured using a 
cell counting Kit-8 (ccK-8; dojindo Molecular Technologies, 
Inc.). Briefly, 1,000 cells were plated in each well of a 96‑well 
plate. after 24, 48 and 72 h, 10 µl ccK-8 solution was added 
into each well and maintained for 2 h at 37˚C. The medium 
containing ccK-8 was removed and added into another well. 
The absorbance at 450 nm was detected in each well using a 
microplate reader (Bio-rad laboratories, inc.).

Statistical analysis. all experiments were repeated three times. 
all data were analyzed using GraphPad Prism (version 7.0; 
GraphPad Software, inc.). data are presented as the mean ± Sd. 
differences between two groups were compared using a 
paired or unpaired Student's t-test. differences among three 
groups were calculated using one-way anoVa followed by 
newman-Keuls test. Pearson's correlation analysis was used to 
analyze the correlation between mir-138-5p and cdK8. P<0.05 
was considered to indicate a statistically significant difference.

Results

miR‑138‑5p is downregulated in NSCLC tissues and cell lines. 
To investigate the potential biological function of mir-138-5p 
in nSclc, mir-138-5p expression was measured in 30 pairs 
of tumor tissues and normal tissues from 30 patients with 
nSclc. rT-qPcr results showed that mir-138-5p levels 
were significantly decreased in tumor tissues compared with 
normal tissues (Fig. 1a). Subsequently, mir-138-5p levels 
were analyzed in normal epithelial lung cell line BeaS-2B 
and three nSclc cell lines, including a549, H358 and 
H1299. in comparison with BeaS-2B, mir-138-5p expression 
was significantly lower in the three NSCLC cell lines tested 
(Fig. 1B). cdK8 mrna expression was increased in tumor 
tissues compared with matched normal tissues (Fig. 1c). There 
was an inverse correlation between mir-138-5p and cdK8 

Figure 1. downregulation of mir-138-5p in nSclc tumor tissues and cell lines. (a) compared with adjacent normal tissues, expression of mir-138-5p was 
decreased in tumor tissues isolated from patients with nSclc. (B) in comparison with the normal lung epithelial cell line BeaS-2B, mir-138-5p levels were 
decreased in the nSclc cell lines a549, H358 and H1299. (c) compared with matched normal tissues, cdK8 mrna expression was increased in tumor 
tissues isolated from patients with nSclc. (d) expression of mir-138-5p and cdK8 were inversely correlated. ***P<0.001 vs. normal tissue; #P<0.05, ##P<0.01 
vs. BeaS-2B. mir, microrna; nSclc, non-small-cell lung carcinoma; rT-qPcr, reverse transcription-quantitative Pcr.
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(Fig. 1D). The present findings suggested that miR‑138‑5p may 
be associated with cdK8 and may play a role in nSclc.

miR‑138‑5p negatively regulates CDK8 in NSCLC cells. 
cdK8 was upregulated in nSclc tissues. To evaluate whether 
mir-138-5p regulated cdK8 expression, mir-138-5p mimic 
was transfected into a549 cells. Transfection of mir-138-5p 
mimic increased mir-138-5p level in a549 cells (Fig. 2a). 
In addition, miR‑138‑5p mimic significantly reduced CDK8 
mrna level (Fig. 2B). Furthermore, western blot analysis 
indicated that cdK8 protein levels were also decreased 
following mir-138-5p overexpression (Fig. 2c and d).

CDK8 is a target gene of miR‑138‑5p. To further investigate 
whether cdK8 was a target gene of mir-138-5p, TargetScan 
was used to predict the interaction between mir-138-5p and 
cdK8 3'uTr. Bioinformatic analysis indicated that there was 
a complementary binding site between mir-138-5p and the 
3'uTr of cdK8 mrna (Fig. 3a). To determine their direct 
binding, a portion of the 3'uTr of cdK8 mrna was inserted 
into a firefly luciferase reporter. A dual luciferase assay was 
performed, and mir-138-5p mimic decreased the relative 
luciferase activity of cells transfected with cdK8 3'uTr-WT, 
whereas luciferase activity was not changed in cells transfected 
with cdK8 3'uTr-Mut and mir-138-5p mimic compared 
with cells transfected with cdK8 3'uTr-Mut and mir-nc 
(Fig. 3B). collectively, the present results indicated that cdK8 
was directly regulated by mir-138-5p in nSclc cells.

Overexpression of miR‑138‑5p inhibits NSCLC cell prolif‑
eration by regulating CDK8. The function of mir-138-5p 

in nSclc cells was examined. a pcdna3.1 plasmid 
expressing cdK8 was transfected into a549 cells to increase 
cdK8 expression. using rT-qPcr, cdK8 mrna level 
was identified to be increased following pcDNA3.1‑CDK8 
transfection (Fig. 4a). using rT-qPcr and western blot 
analysis, mir-138-5p mimic was found to decrease cdK8 
mrna and protein level, which could be recovered following 
pcdna3.1-cdK8 transfection (Fig. 4B-d). cell proliferation 
was investigated, and overexpression of mir-138-5p inhib-
ited cell proliferation of a549 cells, whereas transfection of 
pcdna3.1-cdK8 partially reversed the cell proliferation 
inhibition induced by mir-138-5p (Fig. 4e).

Overexpression of miR‑138‑5p influences cell cycle and cell 
apoptosis by regulating CDK8. cdK8 is a major regulator of cell 
cycle (13). Using flow cytometry, miR‑138‑5p mimic was found 
to induce an accumulation of cells in G0/G1 phase. in addition, 
overexpression cdK8 reduced the number of cells in G0/G1 
phase (Fig. 5a and B). a cell apoptosis assay was performed, 
and transfection of mir-138-5p significantly increased cell 
apoptosis rate, whereas cdK8 overexpression partially reversed 
cell apoptosis (Fig. 5c and d). The present results suggested 
that mir-138-5p promoted cell cycle arrest and cell apoptosis by 
repressing cdK8 expression in nSclc cells.

Discussion

nSclc is a major type of lung cancer, and is one of most lethal 
cancer types worldwide (17). Previous studies identified that 
many mirnas serve critical roles in cancer progression (18,19). 
in cancer cells, mirnas can act as oncogenes or tumor 

Figure 2. mir-138-5p represses cdK8 expression in a549 cells. (a) Transfection of mir-138-5p mimic increased mir-138-5p expression in a549 cells. 
(B) Transfection of mir-138-5p mimic decreased cdK8 mrna expression in a549 cells. (c) mir-138-5p overexpression decreased cdK8 protein levels in 
A549 cells. (D) Quantification of CDK8 protein expression level. *P<0.05, **P<0.01 vs. mir-nc mimic. mir, microrna; nc, negative control.
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Figure 3. cdK8 is a target gene of mir-138-5p in a549 cells. (a) Sequence alignment showing a complementary binding site between cdK8 3'uTr and 
mir-138-5p. (B) dual luciferase reporter assay showed that overexpression of mir-138-5p reduced the relative luciferase activity in a549 cells transfected with 
cdK8 3'uTr-WT. **P<0.01 vs. mir-nc mimic. uTr, untranslated region; mir, microrna; nc, negative control; WT, wild-type; Mut, mutant.

Figure 4. mir-138-5p inhibits a549 cell proliferation by regulating cdK8. (a) Transfection of pcdna3.1-cdK8 increased cdK8 mrna level, as assessed 
by reverse transcription-quantitative Pcr analysis. (B) Transfection of mir-138-5p mimic decreased cdK8 mrna level and this effect could be reversed by 
concomitant cdK8 overexpression in a549 cells. (c) Western blot analysis suggested that transfection of mir-138-5p mimic decreased cdK8 protein level 
and this effect could be reversed by concomitant cdK8 overexpression in a549 cells. (d) Quantitative analysis of cdK8 protein expression. (e) mir-138-5p 
mimic inhibited a549 cell proliferation and this effect was reversed by overexpression of cdK8. *P<0.05, **P<0.01, ***P<0.001. mir, microrna; od, optical 
density; nc, negative control.
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suppressors (20). In addition, several miRNAs were identified 
as good prognostic predictors in patients with nSclc (21,22).

accumulating evidence showed that mir-138-5p is a 
tumor suppressor in many cancer types, including bladder and 
colorectal cancer (23,24). in nSclc, microarray screening 
identified that mir-138-5p is significantly downregulated 
in gefitinib‑resistant NSCLC cells compared with parental 
cells and may regulate gefitinib sensitivity by regulating G 
protein-coupled receptor 124 (12). However, whether and 
how mir-138-5p may be involved in cell proliferation, cell 
cycle and cell apoptosis remain unclear. in the present study, 
rT-qPcr results suggested that mir-138-5p was decreased 
in nSclc tumor tissues compared with matched normal 
tissues. additionally, a decreased expression of mir-138-5p 
was observed in nSclc cell lines compared with normal 
epithelial lung cell line BeaS-2B. More importantly, overex-
pression of mir-138-5p induced cell proliferation arrest, cell 
apoptosis and increased the number of cells in G0/G1 phase. 
The present data suggested that mir-138-5p may serve as a 
tumor suppressor gene in nSclc.

cdK8 is a well-characterized oncogene in various cancer 
types (25,26). Several reports showed that the downregula-
tion of various mirnas contribute to the upregulation of 
cdK8 in cancer cells (27,28). in nSclc, mir-10a targets 
cdK8, regulating cisplatin chemosensitivity (29). The present 
bioinformatic analysis indicated that mir-138-5p may bind 
to the 3'uTr of cdK8 mrna. in addition, overexpression 
of mir-138-5p decreased cdK8 expression in a549 cells. 

Moreover, dual luciferase assay confirmed that CDK8 was a 
target gene of mir-138-5p. cdK8 is a regulator of cell cycle, 
and alteration of CDK8 activity or expression was identified to 
influence cell cycle, leading to cell apoptosis and cell prolif-
eration arrest (30,31). in the present study, mir-138-5p mimic 
was found to induce cell growth arrest, increasing the number 
of cells in G0/G1 phase and increasing the cell apoptotic rate. 
Moreover, transfection of cdK8 partially reversed the effects 
of mir-138-5p overexpression on cell proliferation inhibition, 
cell cycle redistribution and cell apoptosis increase. Therefore, 
the present study suggested that the downregulation of 
mir-138-5p may be responsible for the upregulation of cdK8 
in nSclc, and mir-138-5p was found to inhibit nSclc cell 
proliferation by regulating cell cycle and cell apoptosis.

collectively, mir-138-5p was found to be downregulated 
in nSclc tumor tissues and inhibited nSclc cell prolifera-
tion by directly targeting cdK8. The present results suggested 
mir-138-5p may be a promising therapeutic target for treating 
patients with nSclc.

However, the present study presented certain limitations; 
since mir-138-5p was downregulated in nSclc tumor 
tissues, the effects of mir-138-5p overexpression were inves-
tigated to examine whether mir-138-5p mimics could reverse 
the abnormal phenotype of nSclc. Therefore, further studies 
are required to investigate the effect of mir-138-5p inhibition. 
in addition, the present study did not investigate the effects of 
cdK8 on the regulation of β-catenin activity, notch signaling 
and on additional downstream effectors of cdK8. Moreover, 

Figure 5. mir-138-5p overexpression induces cell cycle arrest in G0/G1 and cell apoptosis by repressing cdK8. (a) mir-138-5p mimic transfection led 
to accumulation of a549 cells in G0/G1 phase and this effect was reversed by cdK8 overexpression. (B) Quantitative analysis of cell cycle distribution. 
(C) Overexpression of miR‑138‑5p significantly increased the cell apoptotic rate and this effect was reversed by CDK8 overexpression in A549 cells. 
(d) Quantitative analysis of cell apoptotic rate. ***P<0.001. mir, microrna; Pi, propidium iodide; nc, negative control.
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the role of mir-138-5p on cell migration and invasion were not 
examined in the present study, and further studies are required 
to investigate these aspects.
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