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miR-223-5p has been demonstrated to regulate the development and progression of various cancers, such 
as hepatocellular carcinoma, breast cancer, and gastric carcinoma. However, the role of miR-223-5p in non-
small cell lung cancer (NSCLC) requires further investigation. In this study, we found that the expression 
of miR-223-5p was significantly downregulated in NSCLC tissues and cell lines. Moreover, the expression 
level of miR-223-5p is negatively correlated with the malignance of NSCLC. We found that overexpression 
of miR-223-5p remarkably suppressed the proliferation of NSCLC cells in vitro and in vivo. miR-223-5p 
overexpression also led to reduced migration and invasion in NSCLC cells. Mechanistically, we found that 
E2F8, a key transcription factor involved in many kinds of biological processes, was a direct target gene of 
miR-223-5p. Overexpression of miR-223-5p significantly decreased the mRNA and protein levels of E2F8 in 
NSCLC cells. We also showed that restoration of E2F8 rescued the proliferation, migration, and invasion of 
miR-223-5p-overexpressing NSCLC cells. Taken together, our findings demonstrated that miR-223-5p sup-
pressed NSCLC progression through targeting E2F8.
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INTRODUCTION

Lung cancer is one of the most common and aggres-
sive cancers among both men and women1. Non-small 
cell lung cancer (NSCLC) accounts for almost 80% of 
all kinds of lung cancers and gives rise to large amounts 
of cancer-related deaths worldwide every year2. Surgical 
resection is the main treatment method for NSCLC. 
Despite some advances in the experimental oncology and 
treatment approach, the 5-year survival rate of NSCLC 
patients remains unsatisfactory3. The number of NSCLC 
patients is quickly increasing year by year. NSCLC is still 
a big challenging and major problem for public health4. 
Therefore, a detailed and improved understanding about 
the underlying pathogenesis of NSCLC development and 
progression is urgently required.

MicoRNAs (miRNAs) belongs to a class of small 
noncoding RNAs and possess a length of about 22 nucle-
otides5. By associating with the complementary sequence 
of the target 3¢-UTR of mRNAs, miRNAs are demon-
strated to guide these mRNA for degradation and conse-
quently regulate gene expression in various tissues or cell 
types6. miRNAs have been shown to exert a wide range 

of functions, including regulating cell survival, death, 
and mobility7–10. Because of their extensive expression 
and vital importance, miRNAs are involved in the devel-
opment and progression of various cancers, including 
NSCLC11. Many miRNAs are dysregulated in cancers and 
are identified as promising biomarkers for tumor diag-
nosis or prognosis12,13. For example, Chen et al. reported 
that miR-145 was downregulated in NSCLC and inhibits 
cancer cell proliferation by targeting c-Myc14. Therefore, 
determining the relationship between miRNA expression 
and cancer occurrence will be of particular significance.

Evidence indicates that miR-223 is an important regula-
tor in various cancers, including esophageal carcinoma15, 
hepatocellular carcinoma16, gastric cancer17, pancreatic 
cancer18, and chronic lymphocytic leukemia19. The role of 
miR-223 in NSCLC requires further investigation. In this 
study, we found that miR-223-5p was significantly down-
regulated in NSCLC tissues and correlated with clinical 
characteristics. Moreover, overexpression of miR-223-5p 
suppressed the proliferation, migration, and invasion of 
NSCLC cells. Mechanistically, we showed that E2F8 was 
a target of miR-223-5p and could reverse the effects of 
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miR-223-5p on NSCLC cells. Taken together, our study 
demonstrated the key role and mechanism of miR-223-5p 
in NSCLC progression.

MATERIALS AND METHODS

Clinical Specimens and Cell Lines

Thirty-one NSCLC tumors and adjacent normal tis-
sues were obtained from Harbin Medical University. 
Tissue samples were immediately frozen in liquid nitro-
gen after resection and stored at −80°C until use. Both 
tumor and nontumor samples were confirmed by patho-
logical examinations. Patients were excluded if they had 
recurrent NSCLC or had primary NSCLC but received 
chemoradiotherapy before surgical operation. This study 
was approved by the Human Research Ethics Committee 
of Harbin Medical University. All patients provided writ-
ten informed consent. The clinical stage was defined 
according to the revised International Staging System. 
The clinicopathological characteristics of the NSCLC 
samples are shown in Table 1.

The human NSCLC cell lines A549, H2170 and H1299 
and primary human bronchial epithelial cells (NHBE; 
ScienCell, Research Laboratories, Carlsbad, CA, USA) 
were grown in RPMI-1640 (Invitrogen, Carlsbad, CA, 
USA) in the presence of 10% heat-inactivated fetal 
bovine serum, 100 IU/ml penicillin, and 100 μg/ml strep-
tomycin in a humidified 5% (v/v) atmosphere of CO2 at 
37°C. Transfection was performed using Lipofectamine 
2000 reagent (Invitrogen) according to the manufac-
turer’s protocol.

Cell Proliferation Assay

We used Cell Counting Kit-8 (CCK-8; Dojindo Lab-
oratories, Tokyo, Japan) to determine the viability of cells. 

Cells were plated in 96-well plates at 5,000 cells per well 
and incubated for 48 h after transfection of 50 nmol/L 
miR-223-5p mimic or negative control. At the end of 
incubation, the cell proliferation reagent WST-8 (10 ml) 
was added to each well and incubated for 3 h at 37°C. 
Viable cell numbers were estimated by measurement of 
optical density (OD) at 450 nm.

Transwell Invasion Assay

Cell invasion was evaluated using Chemicon QCM™ 
24-Well Collagen-Based Cell Invasion Assay (Millipore, 
Billerica, MA, USA) according to the manufacturer’s 
instructions. In brief, 0.3 ml of serum-free medium was 
added into the interior of each insert to rehydrate the col-
lagen layer for 30 min at room temperature, and then it 
was replaced with 0.3 ml of prepared serum-free cell 
suspension containing 3.0 ́  105 cells transfected with 
miR-223-5p mimics or negative control. Medium (0.5 ml) 
containing 10% FBS was added to the lower chamber. 
Cells were incubated for 24 h at 37°C. After 24 h, all 
noninvaded cells were removed from the interior of the 
insert, and the invaded cells were stained with cell stain. 
The stained cells were dissolved in extraction buffer, and 
solutions were transferred to a 96-well culture plate for 
colorimetric reading of OD at 560 nm. The OD value rep-
resents the invasive ability.

Reverse Transcription and Real-Time PCR

Total RNA was extracted from cultured cells using 
TRIzol reagent (Invitrogen) according to the manufac-
turer’s protocol, and cDNA was synthesized from total 
RNA by a PrimerScript RT Reagent Kit (TaKaRa, Shiga, 
Japan). miRNA from total RNA was reverse transcribed 
using the PrimeScript miRNA cDNA Synthesis Kit 

Table 1. The Correlation Between miR-233-5p Expression and Clinicopathological 
Characteristics of NSCLC Patients

Characteristics Patients (n = 31) Low (n = 15) High (n = 16) p Value

Gender 1.00
Male 21 10 11
Female 10 8 8

Age (years) 0.458
£60 21 9 12
>60 10 6 4

Differentiation 0.032
Moderate and well 13 3 10
Poor 16 11 5

Metastasis 0.029
Negative 13 3 10
Positive 18 12 6

TNM stage 0.011
I–II 14 3 11
III–IV 17 12 5
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(TaKaRa). Real-Time (RT)-PCR was performed with 
the SYBR Green Premix Ex Taq II (TaKaRa) on Applied  
Bio systems Step One Plus Real-Time PCR System 
(Applied Biosystems, Carlsbad, CA, USA). GAPDH was  
used as the endogenous control for the detection of  
mRNA expression level, and U6 was used as endogenous 
control for miRNA expression analysis.

Luciferase Reporter Assay

The wild-type or mutant 3¢-UTRs of E2F8 were 
designed and prepared by GenePharma Co., Ltd. (Guang-
zhou, P.R. China) and then cotransfected into the cells 
with miR-150. Relative luciferase activity was calcu-
lated 48 h posttransfection by the dual-luciferase reporter  
assay (Promega, Madison, WI, USA).

In Vivo Studies

Animal studies were performed according to insti-
tutional guidelines. H1299 cells (5.0 ́  106) were sus-
pended in 100 ml of phosphate-buffered saline and then 
injected subcutaneously into either side of the posterior 
flank of the same female BALB/c athymic nude mouse 
(Charles River Breeding Laboratories, Wilmington, MA,  
USA) at 5–6 weeks of age. Tumor growth was exam-
ined. After 30 days, the mice were killed, and the tumors  
were weighed.

Statistical Analysis

Statistical analysis was performed using the SPSS 
17.0 (SPSS Inc., Chicago, IL, USA) and done by analysis 

of variance (ANOVA) or Student’s t-test. Statistical sig-
nificance was defined as a value of p < 0.05.

RESULTS

Expression Patterns of miR-223-5p in NSCLC Tissues 
and its Clinical Significance

The expression level of miR-223-5p was measured in 
31 pairs of NSCLC and adjacent normal tissues through 
qRT-PCR. The results indicated that miR-223-5p was sig-
nificantly downregulated in 31 tumor tissues compared 
to normal tissues (Fig. 1A). According to the TNM stage, 
we divided these tumor tissues into two groups, namely, 
stages I–II and stages III–IV. qRT-PCR analysis showed 
that miR-223-5p was markedly downregulated in sam-
ples of stages III–IV compared to that of I–II (Fig. 1B). 
Moreover, the lower expression of miR-223-5p was ob-
served in metastatic NSCLC tissues than nonmetastatic 
tissues (Fig. 1C). Consistently, we found that miR-223-5p 
was downregulated in NSCLC cell lines (H1299, H1299, 
and H2170 cells) compared to primary human bronchial 
epithelial cells (NHBE) (Fig. 1D).

miR-223-5p Impaired the Proliferation, Migration, 
and Invasion of NSCLC Cells

To explore the function of miR-223-5p in NSCLC, 
we overexpressed miR-223-5p in H1299 cells. qRT-PCR 
showed that miR-223-5p was significantly overexpressed 
in H1299 cells transfected with miR-223-5p mimics 
(Fig. 2A). Then CCK-8 and colony formation assays 

Figure 1. Expression patterns of miR-223-5p in non-small cell lung cancer (NSCLC) tissues and its clinical significance. (A) Relative 
expression of miR-223-5p in 31 NSCLC tissues and matched adjacent normal tissues. (B) The miR-223-5p expression was signifi-
cantly downregulated in patients with stages III–IV compared to those with stages I–II. (C) The miR-223-5p expression was signifi-
cantly lower in patients with distal metastasis than in those without. (D) Relative expression of miR-223-5p in NSCLC cell lines was 
measured by quantitative reverse transcription and real-time (qRT)-PCR. *p < 0.05.
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were conducted to check cellular proliferation. We found 
that overexpression of miR-223-5p significantly reduced 
the proliferation of H1299 cells and the colony number 
(Fig. 2B and C). Cell cycle is directly linked to prolif-
eration. Thus, we checked the cell cycle distribution and 
found that overexpression of miR-223-5p significantly 
inhibited the cells in the GS and G2/M phases (Fig. 2D). 
Lung cancer metastasis leads to the poor outcomes of 
patients. To further analyze the effect of miR-223-5p on 
tumor metastasis, we performed Transwell assay. Results 
indicated that overexpression of miR-223-5p dramati-
cally repressed the numbers of migrated and invaded cells 
(Fig. 2E and F). These data suggested that miR-223-5p 
served as a tumor suppressor in NSCLC.

E2F8 Was a Target of miR-223-5p

Further analysis by informatics, we found that E2F8 
may be a target of miR-223-5p. We identified a poten-
tial binding site with miR-223-5p in the 3¢-UTR region 
of E2F8 mRNA (Fig. 3A). To validate it, we constructed 
wild-type (WT) and mutant (Mut) luciferase reporter plas-
mid. Through luciferase reporter assay, we showed that 
overexpression of miR-223-5p significantly inhibited 
that luciferase activity in H1299 cells transduced with 

WT luciferase reporter plasmid (Fig. 3B). We found that 
ectopic expression of miR-223-5p effectively downreg-
ulated the mRNA and protein levels of E2F8 in H1299 
cells (Fig. 3C and D). Furthermore, qRT-PCR analysis 
indicated that there was a negative correlation between 
the expression of miR-223-5p and E2F8 in NSCLC tis-
sues (Fig. 3E). Moreover, to determine the role of E2F8, 
we analyzed the expression of E2F8 in NSCLC tissues 
and cell lines and found that E2F8 was upregulated in 
tumor tissues and cell lines (Fig. 3F and G).

Overexpression of E2F8 Alleviated the Effects  
of miR-223-5p

Then in order to determine whether E2F8 expression is 
responsible for miR-223-5p-mediated effects on NSCLC 
cells, we rescued the protein levels of E2F8 in H1299 
cells transfected with miR-223-5p mimics. The Western 
blot indicated that E2F8 was significantly upregulated 
in H1299 cells (Fig. 4A). CCK-8 and colony formation 
assays indicated that overexpression of E2F8 promoted 
the proliferation and colony number (Fig. 4B and C). 
Moreover, the Transwell assay indicated that restoration 
of E2F8 enhanced the migration and invasion of H1299 
cells transfected with miR-223-5p (Fig. 4D and E). Taken 

Figure 2. miR-223-5p impaired the proliferation, migration, and invasion of NSCLC cells. (A) Relative expression of miR-223-5p 
in H1299 cells transfected with miR-223-5p mimics or control. (B, C) Cellular proliferation of H1299 cells was determined by Cell 
Counting Kit-8 (CCK-8) and colony formation assay. (D) Cell cycle distribution was measured by FACS. (E, F) Cell migration and 
invasion of H1299 cells were determined by Transwell assay. *p < 0.05.
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Figure 3. E2F8 was a target of miR-223-5p. (A) Diagram of predicted binding site of miR-223-5p in the 3¢-UTR of E2F8 mRNA. 
(B) Luciferase reporter assay indicated that overexpression of miR-223-5p repressed the luciferase activity in H1299 cells transfected 
with wild-type (WT)-E2F8-3¢-UTR. (C, D) qRT-PCR and Western blot analysis indicated that overexpression of miR-223-5p inhibited 
the mRNA and protein levels of E2F8 in H1299 cells. (E) Correlation of miR-223-5p expression with E2F8 level in NSCLC tissues. 
(F) Relative expression of E2F8 in NSCLC tissues and adjacent normal tissues. (G) Relative expression of E2F8 in NSCLC cell lines 
by qRT-PCR. *p < 0.05.

Figure 4. Overexpression of E2F8 alleviated the effects of miR-223-5p. (A) Western blot indicated that the expression of E2F8 was 
restored in H1299 cells. (B, C) CCK-8 and colony formation assays showed that overexpression of E2F8 restored the proliferation 
ability of H1299 cells. (D, E) Transwell assay was used to evaluate the migration and invasion of H1299 cells. *p < 0.05.
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together, these data indicated that E2F8 downregulation 
was indispensable for miR-223-5p-mediated inhibition 
on NSCLC cell proliferation, migration, and invasion.

Effect of miR-223-5p on NSCLC Cell 
Proliferation In Vivo

We then assessed the effects of miR-223-5p on 
NSCLC cell proliferation in vivo by a xenograft model. 
We injected H1299 cells transfected with miR-223-5p 
mimics or control into nude recipient mice. Every other 
5 days, we measured the tumor volumes and found that 
overexpression of H1299 significantly inhibited the tumor 
growth (Fig. 5A). Moreover, the tumor weight was deter-
mined after 30 days. We found that the weights of tumors 
derived from miR-223-5p-overexpressed H1299 cells 
were lighter than those of the control group (Fig. 5B). Fur-
thermore, the proliferation of tumor tissues was measured 
by analysis of PCNA expression. As shown in Figure 5C, 
overexpression of miR-223-5p significantly decreased 
the expression of PCNA in tumor tissues. Summarily, our 
data demonstrated that miR-223-5p suppressed NSCLC 
progression by targeting E2F8 in vitro and in vivo.

DISCUSSION

In the past decades, much effort has been made to inves-
tigate the biological functions of miRNAs. Increasing 
evidence demonstrates the essential role of miRNAs in 
various biological processes and implies the close cor-
relation between miRNA expression and human can-
cers20. Until now, the functions of only a small fraction of 
miRNAs have been elucidated. The mechanisms of most 
miRNAs in the regulation of tumorigenesis, cell prolif-
eration, angiogenesis, tumor metastasis, and chemore-
sistance remain largely unknown. Reports suggest that 
miRNAs are effective biomarkers for tumor diagnosis and 
prognosis21,22. Also, some studies indicate that miRNAs  
are promising therapeutic targets for cancer intervention23. 
Therefore, the research on miRNA functions is of clini-
cal importance. In this study, we investigated the function 
and mechanism of miR-223-5p on NSCLC progression.

miR-223 has been shown to be dysregulated in a diver-
sity of cancers, including esophageal carcinoma15, hepa-
tocellular carcinoma16, gastric cancer17, pancreatic can cer18, 
chronic lymphocytic leukemia19, prostate cancer24,25, breast 
cancer26, osteosarcoma27, nasopharyngeal carcinoma28, and  
colorectal cancer29. Additionally, some reports indicated 
that miR-223 overexpression leads to poor prognosis in 
specific cancers30. A previous study also indicated that 
miR-223-3p inhibited NSCLC cell proliferation and 
induced apoptosis31. In our study, we found that miR-
223-5p was downregulated in NSCLC tissues compared 
with adjacent normal tissues. Moreover, we indicated that  
miR-223-5p expression was correlated with tumor pro-
gression and metastasis. As we have shown, miR-223-5p 
was expressed more lowly in NSCLC tissues of stages 
III–IV or metastasis. By CCK-8 and colony formation 
assay, we demonstrated that overexpression of miR-
223-5p suppressed cellular proliferation. We validated 
the inhibition of miR-223-5p on proliferation by in vivo 
assay. Moreover, we found that overexpression of miR-
223-5p significantly inhibited cell migration and invasion, 
which has not been reported previously. Therefore, our 
study, for the first time, indicated the correlation between 
miR-223-5p expression and NSCLC progression.

E2F8 belongs to the E2F transcription factor family 
that is essential for the regulation of cell cycle progres-
sion32. Increasing evidence indicates that E2F8 acts as an 
oncogene in various tumors, such as hepatocellular carci-
noma33, lung cancer34, breast cancer35, prostate cancer36, 
and ovarian cancer37. Furthermore, Sun et al. reported 
that E2F8 targeted by miR-144 promotes papillary thy-
roid cancer progression via regulating cell cycle32. E2F8 
has been acknowledged to regulate cell cycle and tumor 
progression32. In our study, we found that E2F8 was a 
direct target of miR-223-5p in NSCLC cells. We showed 
that overexpression of miR-223-5p significantly inhibited 
the mRNA and protein levels of E2F8 in NSCLC cells. 
Moreover, we found that there was an inverse relation-
ship between the expression of miR-223-5p and E2F8 in 
NSCLC tissues. We also found that restoration of E2F8  

Figure 5. Effect of miR-223-5p on NSCLC cell proliferation in vivo. (A) Tumor volume was measured every 5 days. (B) Tumor 
weight was determined at the end of experiment. (C) The protein level of PCNA was measured in the tumor tissues by Western blot. 
*p < 0.05.
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in miR-223-5p-overexpressing NSCLC cells significantly 
promoted the proliferation, migration, and invasion of 
cancer cells. Our data, for the first time, demonstrated the 
correlation of miR-223-5p with E2F8 in NSCLC cells.

In summary, our study demonstrated that miR-223-5p 
suppressed the proliferation, migration, and invasion of 
NSCLC cells through direct inhibition of E2F8 expres-
sion. Therefore, our findings will contribute to the 
knowledge about the molecular mechanism of NSCLC 
progression.
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