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Abstract. – OBJECTIVE: To explore the role 
of microRNA-217 in non-small cell lung cancer 
(NSCLC) and its underlying mechanism. 

PATIENTS AND METHODS: MicroRNA-217 ex-
pression in 48 NSCLC tissues and paracancer-
ous tissues were detected by qRT-PCR (quanti-
tative Real-time polymerase chain reaction). The 
relationship between microRNA-217 expression 
and prognosis of NSCLC patients was analyzed. 
Target gene of microRNA-217 was predicted by 
bioinformatics method and further verified by lu-
ciferase reporter gene assay. Cell proliferation, 
cell cycle and apoptosis were detected after al-
tering microRNA-217 expression in NSCLC cells. 
The effect of microRNA-217 on regulating PI3K 
pathway was detected by Western blot. 

RESULTS: MicroRNA-217 was downregulat-
ed in NSCLC tissues than that of paracancerous 
tissues. Shorter overall survival (OS) was ob-
served in NSCLC patients with lower expression 
of microRNA-217 than those with higher expres-
sion. Overexpressed microRNA-217 remarkably 
inhibited proliferation and cell cycle, whereas 
induced apoptosis of NSCLC cells. AKT3 was 
screened out to be the target gene of microR-
NA-217. Western blot results demonstrated that 
microRNA-217 upregulated AKT3 and PI3K path-
way-related genes. 

CONCLUSIONS: Downregulated microRNA-217 
promotes the occurrence and progression of NS-
CLC through upregulating AKT3 via PI3K pathway. 
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Introduction

Lung cancer is the most common primary 
pulmonary cancer. It is also known as bronchial 

lung cancer, reflecting the origin from bronchial 
epithelium. Lung cancer could classified into two 
types based on the cell morphology, namely non-
small cell lung cancer (NSCLC) and small cell 
lung cancer (SCLC)1, of which about 80-85% of 
lung cancers belong to NSCLC. The most fre-
quent types of NSCLC are adenocarcinoma and 
squamous cell carcinoma2. According to the la-
test data released by the World Health Organiza-
tion in September 2011, mortality and morbidity 
of NSCLC ranked the first among malignancies 
throughout the world3. The death number of lung 
cancer exceeds the total number of deaths from 
breast cancer, prostate cancer and colorectal can-
cer, which has been a serious public health pro-
blem. High incidence, rapid growth, high morta-
lity, and poor prognosis are prominent features of 
NSCLC4. It is of great significance to explore the 
potential mechanism of NSCLC, so as to better 
improve clinical outcomes of NSCLC patients. 

MicroRNAs are a kind of small, non-coding, 
single-stranded RNAs with 18-25 nt in length. 
MicroRNAs degrade or inhibit translation of 
mRNA via binding to target mRNAs at post-tran-
scriptional level. A wide range of biological beha-
viors could be precisely regulated by microRNAs, 
such as cell proliferation, apoptosis, migration 
and immune responses5,6. At present, it has been 
found that the dysregulation of certain microR-
NAs participate in tumor development7. For 
example, microRNA-217 has been confirmed to 
exert an important role in the pathogenesis of bre-
ast cancer, pancreatic cancer, gastric cancer and 
lung cancer8-11. We have already discovered that 
microRNA-217 is downregulated in lung cancer 
tissues than that of paracancerous tissues. The 
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specific mechanism of microRNA-217 in regula-
ting NSCLC, however, remains unclear. 

PI3K is a heterodimer composed of a regu-
latory subunit p85 and a catalytic subunit p110. 
PI3K is classified into Class I, II and III depen-
ding on the structure and specificity of the sub-
strate. Among them, Class I PI3K has been fre-
quently studied, which can be activated by cell 
surface receptors. Class I PI3K exerts a crucial 
role in tumor development and progression12,13. 
On the one hand, PI3K is activated by interaction 
with growth factor receptors or connexins, the-
reafter altering conformational change of the 
dimer. On the other hand, PI3K could be acti-
vated through directly binding to Ras and p110. 
Activated PI3K leads to the production of PIP3, 
which further binds to AKT containing intracel-
lular PH domain-and phosphoinositide-dependent 
kinase (PDK1). Subsequently, protein structure 
of AKT is altered and translocated to cell mem-
brane, where phosphorylates PDK21 and PDK-2. 
The phosphorylated Ser308 in PDK1 eventually 
leads to AKT activation14. AKT could regulate 
cell proliferation, apoptosis and differentiation 
via targeting downstream genes, including Bad, 
Caspase-9, NF-κB and GSK2315. Researches have 
found aberrantly expressed AKT3 in human bre-
ast, prostate, and thyroid cancers16-18, indicating 
the potential role of AKT3 in regulating tumor 
development. This study aims to elucidate the 
specific function of microRNA-217 in NSCLC 
and its underlying mechanism. 

Patients and Methods

Patients
48 pairs of NSCLC tissues and paracancerous 

tissues were surgically resected and preserved in 
liquid nitrogen. Clinical data of enrolled NSCLC 
patients were collected. This work was approved 
by our Hospital Ethic Committee and patients 
were informed consent. 

Cell Culture and Transfection
BEAS-2B, A549, HCC823, NCL-H23 and 

NCL-H358 cells were cultured in RPMI-1640 
(Roswell Park Memorial Institute-1640) containing 
10% FBS (fetal bovine serum), 100 U/mL penicil-
lin and 100 μg/mL streptomycin (Hyclone, South 
Logan, UT, USA). Cells were maintained in a 5% 
CO2 incubator at 37°C. For cell transfection, cells 
were washed with PBS (phosphate-buffered saline) 
when the confluence was up to 50-60%. MicroR-

NA-217 mimic or inhibitor was transfected based 
on the instructions of Lipofectamine 3000 (Invitro-
gen, Carlsbad, CA, USA), respectively. Correspon-
ding plasmids used in the study were constructed 
by Gene Pharma (Shanghai, China). 

CCK-8 (Cell Counting Kit-8) Assay 
Transfected HCC823 cells were seeded into 

96-well plates at a density of 1×104/μL. 10 μL of 
CCK-8 solution (Cell Counting Kit-8, Dojindo, 
Kumamoto, Japan) was added in each well after 
cell culture for 0, 24, 48 and 72 h, respectively. 
The absorbance at 450 nm of each sample was 
measure by a microplate reader (Bio-Rad, Hercu-
les, CA, USA). Each group had 5 replicates. 

Transwell Assay 
Transfected cells were centrifuged, washed 

with PBS for three times and resuspended in se-
rum-free medium. Cell density was adjusted to 2 
× 105 /mL. For Transwell assay, 100 μL of cell 
suspension and 600 μL of RPMI-1640 were ad-
ded in the upper and lower chamber, respectively. 
After cell culture for 48 h, cells were washed with 
PBS, fixed with ethanol and stained with crystal 
violet. 6 randomly selected fields were obser-
ved and captured using an inverted microscope 
(Nikon, Tokyo, Japan). 

Cell Cycle Detection
Cells were collected and cell density was adju-

sted to 1×105/mL. Subsequently, cells were fixed 
with pre-cooled ethanol overnight, washed with 
PBS twice and incubated with 100 μL of RNaseA 
at 37°C in dark. 25 min later, cells were stained 
with 400 μL of PI (propidium iodide). Cell cycle 
was detected using flow cytometry (Partec AG, 
Arlesheim, Switzerland) at the wavelength of 488 
nm. Each experiment was performed in triplicate. 

Cell Apoptosis Detection 
Cells were digested with Ethylene Diamine Te-

traacetic Acid (EDTA)-free trypsin and cell den-
sity was adjusted to 1×105/mL. After resuspended 
with 1×Annexin, cells were labeled with 5 μL of 
Annexin V and stained with 1 μL of propidium io-
dide (PI) at room temperature in dark. 15 min later, 
cell apoptosis was detected using flow cytometry. 
Each experiment was repeated in triplicate. 

Luciferase Reporter Gene Assay 
The binding site of microRNA-217 and AKT3 

was predicted by TargetScan. Wild-type AKT3 
(AKT3 WT) and mutant-type AKT3 (AKT3 
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MUT) were constructed based on the sequences 
downloaded online. Cells were co-transfected 
with AKT3 WT or AKT3 MUT and microR-
NA-217 mimic or inhibitor, respectively. After 
co-transfection for 48 h, luciferase activity was 
detected and average value was recorded from 
three independent detections. 

RNA Extraction and qRT-PCR 
(Quantitative Real-Time Polymerase 
Chain Reaction)

Total RNA in treated cells was extracted using 
TRIzol method (Invitrogen, Carlsbad, CA, USA) 
for reverse transcription according to the in-
structions of PrimeScript RT reagent Kit (TaKa-
Ra, Otsu, Shiga, Japan). QRT-PCR was then per-
formed based on the instructions of SYBR Premix 
Ex Taq TM (TaKaRa, Otsu, Shiga, Japan), with 3 
replicates in each group. The specific qRT-PCR 
reaction parameters were: 94°C for 30 s, 55°C for 
30 s and 72°C for 90 s, for a total of 40 cycles. 
Primers used in the study were as follows: AKT3, 
F: 5’-TGTGGATTTACCTTATCCCCTCA-3’, R: 
5’-GTTTGGCTTTGGTCGTTCTGT-3’; GAPDH 
(glyceraldehyde 3-phosphate dehydrogenase), F: 
5’-AGCCACATCGCTCAGACAC-3’, R: 5’-GCC-
CAATACGACCAAATCC-3’; U6, F: 5’-CTC-
GCTTCGGCAGCAGCACATATA-3’, R: 5’-AA-
ATATGGAACGCTTCACGA-3’.

Colony Formation Assay 
HCC823 cells in logarithmic phase were col-

lected and cell density was adjusted to 1×104/L. 
Cells were seeded in the 6-well plates with 200 
cells per well. After culturing for 1-2 weeks, cells 
were fixed with 4% paraformaldehyde for 30 min 
and stained with 0.1% crystal violet for another 30 
min. Colony formation was observed and captured 
using a light microscope (Olympus, Tokyo, Japan). 

Western Blot
Total protein was extracted from treated cells 

by RIPA (radioimmunoprecipitation assay) solu-
tion (Beyotime, Shanghai, China). Protein sample 
was separated by electrophoresis on 10% SDS-
-PAGE (sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis) and then transferred to PVDF 
(polyvinylidene fluoride) membrane (Millipo-
re, Billerica, MA, USA). After membranes were 
blocked with skimmed milk, the membranes were 
incubated with primary antibodies (Cell Signaling 
Technology, Danvers, MA, USA) overnight at 4°C. 
The membranes were then washed with TBST 
(Tris-buffered Saline with Tween 20) and followed 

by the incubation of secondary antibody at room 
temperature for 1 h. The protein blot on the mem-
brane was exposed by chemiluminescence.

Statistical Analysis 
SPSS (Statistical Product and Service Solu-

tions) 20.0 statistical software (IBM, Armonk, 
NY, USA) was used for data analysis. GraphPad 
Prism 7 (La Jolla, CA, USA) was introduced for 
figure editing. Measurement data were expressed 
as mean ± standard deviation (x– ± s) and compared 
using the t-test. p<0.05 considered the difference 
was statistically significant.

Results 

MicroRNA-217 was Downregulated 
in NSCLC

MicroRNA-217 was downregulated in NSCLC 
tissues compared with that of paracancerous tis-
sues (Figure 1A). Clinical data of NSCLC patients 
indicated that shorter OS was observed in NSCLC 
patients with lower level of microRNA-217 than 
those with higher level (Figure 1B and 1C). Fur-
thermore, we detected microRNA-217 expression 
in NSCLC cell lines and normal lung epithelial 
cell line. Compared with BEAS-2B cells, microR-
NA-217 was remarkably downregulated in A549, 
HCC823, NCL-H23 and NCL-H358 cells (Figure 
1D). Among them, HCC823 cells expressed the 
lowest level of microRNA-217, which were se-
lected for the following experiments. 

Overexpressed microRNA-217 Inhibited 
Proliferation and Migration of HCC823 
Cells

We first constructed microRNA-217 mimic and 
inhibitor. Transfection efficacy was verified by 
qRT-PCR (Figure 2A). Overexpressed microR-
NA-217 remarkably decreased proliferative and 
migratory abilities of HCC823 cells (Figure 2B 
and 2C). Besides, cell apoptosis was increased 
after microRNA-217 mimic transfection (Figure 
2D). Cell cycle was arrested in G2 phase induced 
by microRNA-217 overexpression (Figure 2E). 
Colony formation assay demonstrated that clono-
genic capacity of HCC823 cells was suppressed 
after microRNA-217 overexpression (Figure 2F). 

Overexpressed microRNA-217 Directly 
Downregulated AKT3

Luciferase reporter gene assay demonstrated 
that microRNA-217 could bind to AKT3 (Figure 
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3A). Overexpressed AKT3 has already been re-
ported to participate in the development of mul-
tiple tumors19. Our data showed that both mRNA 
and protein levels of AKT3 were reduced after 
microRNA-217 overexpression (Figure 3B and 
3C), indicating that microRNA-217 could directly 
downregulate AKT3. 

Overexpressed microRNA-217 Inhibited 
PI3K Pathway

After transfection of microRNA-217 mimic in 
HCC823 cells, phosphorylation level of AKT was 
markedly reduced (Figure 4A and 4B). Similarly, 
phosphorylation level of PI3K was also downre-
gulated after microRNA-217 overexpression (Fi-

gure 4C and 4D). The above results demonstrated 
that microRNA-217 regulates NSCLC develop-
ment by targeting AKT3 via PI3K pathway. 

Discussion 

Accumulating evidence20 has shown that mi-
croRNAs are greatly involved in maintaining 
normal cell growth and function. Differentially 
expressed microRNAs are closely related to va-
rious types of tumors. It has been observed that 
microRNAs are capable of regulating tumorige-
nesis via modulating proliferation and migration 
of tumor cells21. Disordered microRNAs could 

Figure 1. MicroRNA-217 was downregulated in NSCLC. A, MicroRNA-217 was downregulated in NSCLC tissues compared 
with that of paracancerous tissues. B, C, Shorter overall survival was observed in NSCLC patients with lower level of microR-
NA-217 than those with higher level. D, Compared with BEAS-2B cells, microRNA-217 was remarkably downregulated in 
A549, HCC823, NCL-H23 and NCL-H358 cells. 



Y.-J. Qi, W.-J. Zha, W. Zhang

5976

Figure 2. Overexpressed microRNA-217 inhibited proliferation and migration of HCC823 cells. A, Transfection efficacies 
of microRNA-217 mimic and inhibitor were verified by qRT-PCR. B, C, Overexpressed microRNA-217 remarkably decreased 
proliferative (B) and migratory (C) abilities of HCC823 cells. D, Cell apoptosis was increased after microRNA-217 mimic 
transfection. E, Cell cycle was arrested in G2 phase induced by microRNA-217 overexpression. F, Colony formation assay 
demonstrated that clonogenic capacity of HCC823 cells was suppressed after microRNA-217 overexpression.
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markedly affect cell homeostasis. In this study, 
we analyzed the role of microRNA-217 in NSCLC 
through downloading GEO database. Subsequent 
experiments were carried out to further explore 
the potential mechanism of microRNA-217 in re-
gulating occurrence and progression of NSCLC. 
Our study aims to provide theoretical basis for 
improving clinical outcomes of NSCLC patients. 

Through online prediction using REGRNA and 
TargetScan, AKT3 was screened out to be the tar-
get gene of microRNA-217. AKT, also known as 
PKB or Rac, is important in maintaining normal 
cellular functions. Multiple factors could activate 
AKT pathway, including insulin and inflamma-
tory factors. Previous investigations22 have al-
ready confirmed the correlation between AKT3 

and tumor development. Some other studies23, 24 
also elucidated that AKT3 exerts its biological 
function via binding to microRNAs. In our stu-
dy, AKT3 was screened out to be the target gene 
of microRNA-217, which was further verified by 
luciferase reporter gene assay. AKT3 expression 
was negatively regulated by microRNA-217. 

Currently, there are a great number of resear-
ches have pointed out that PI3K pathway partici-
pates in NSCLC development25. PI3K is a hetero-
dimer composed of a regulatory subunit p85 and 
a catalytic subunit p110. The regulatory subunit 
contains SH2 and SH3 domains where target pro-
teins containing the corresponding binding sites 
are interacted. There are four catalytic subunits, 
namely p110α, β, δ and γ26. AKT, an important 

Figure 3. Overexpressed microRNA-217 directly downregulated AKT3. A, Luciferase reporter gene assay demonstrated that 
microRNA-217 could bind to AKT3. B-C, The mRNA (B) and protein (C) levels of AKT3 were reduced after microRNA-217 
overexpression. 
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downstream molecule of PI3K pathway, includes 
at least three forms, namely Class I, II and III 
PI3K. They exert very important roles in the re-
gulation of cell growth, proliferation, migration, 
survival, and glucose metabolism27. Our work 
suggested that PI3K pathway is activated by mi-
croRNA-217 induction, thereby participating in 
NSCLC development. 

Conclusions

We found that the downregulated microR-
NA-217 promotes the occurrence and progression 
of NSCLC through upregulating AKT3 via PI3K 
pathway. 
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