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Abstract. – OBJECTIVE: To clarify the role of 
microRNA-621 (miRNA-621)/SIX4 axis in regulat-
ing the malignant progression of non-small cell 
lung cancer (NSCLC) and the potential mecha-
nism.   

PATIENTS AND METHODS: MiRNA-621 ex-
pression in NSCLC tissues and paracancerous 
tissues (n=50) was examined by quantitative 
Real-time polymerase chain reaction (qRT-PCR). 
We further analyzed the correlation between 
miRNA-621 expression and pathological index-
es of NSCLC patients. By transfection of miR-
NA-621 mimics, its expression was upregulated. 
Regulatory effects of miRNA-621 on prolifera-
tion and apoptosis of H1299 and SPC-A1 cells 
were evaluated by cell counting kit-8 (CCK-8), 
5-Ethynyl-2’- deoxyuridine (EdU) assay and flow 
cytometry, respectively. Finally, the potential 
mechanism of miRNA-621 in regulating target 
gene SIX4 was explored by Western blot and 
rescue experiments.   

RESULTS: MiRNA-621 was lowly expressed 
in NSCLC tissues relative to paracancerous 
tissues. NSCLC patients with low-level miR-
NA-621 were expected to have a worse clinical 
grade and shorter overall survival compared 
with those with a high level. Transfection of 
miRNA-621 mimics in H1299 and SPC-A1 cells 
markedly suppressed proliferation, but induced 
apoptosis. SIX4 was found to be highly ex-
pressed in NSCLC and negatively regulated by 
miRNA-621. MiRNA-621 overexpression could 
downregulate protein levels of SIX4, CD31, Ki-
67, c-Myc, MMP-2 and MMP-9 in H1299 and 
SPC-A1 cells. Overexpression of SIX4 partially 
reversed the role of miRNA-621 in the malignant 
progression of NSCLC. 

CONCLUSIONS: MiRNA-621 is closely related 
to pathological grade and poor prognosis of NS-
CLC. Besides, miRNA-621 can inhibit the malig-
nant progression of NSCLC by regulating SIX4 
expression. 
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Introduction

Lung cancer is a common malignant tumor in 
the world, which is characterized by high morbid-
ity and mortality. The mortality of lung cancer 
ranks first in all types of malignancies, posing a 
great threat to human life and health1-3. In males, 
the morbidity and mortality of lung cancer account 
for 17% and 23% of malignancies, respectively. Fe-
males are also endangered by lung cancer, ranking 
the second place only to breast cancer4-6. Small 
cell lung cancer (SCL) and non-small cell lung 
cancer (NSCLC) are the two major pathological 
types7. NSCLC accounts for 85% of all subtypes 
of lung cancer7,8. Tumor severity and metastasis 
are varied in different subtypes of lung cancer9. 
Similar to malignant tumors, mutation or loss-of-
function of tumor-suppressor genes, and activation 
of oncogenes are the major pathological factors of 
NSCLC9,10. In addition, some biomarkers present 
significant influence on prognosis and drug-sen-
sitivity of NSCLC10. Therefore, researches on the 
malignant mechanism of NSCLC help to develop 
individualized therapeutic strategies, and provide 
effective prognostic hallmarks10,11. At present, mi-
croRNAs (miRNAs) have been identified to be 
related to the tumorigenesis of NSCLC and other 
malignant tumors8. MiRNAs are extensively pres-
ent in plants and animals. They are non-coding, 
single-stranded RNAs containing 18-24 nucleo-
tides derived from protein-coding gene sequences 
or intergenic sequences. Multiple biological func-
tions of miRNAs rely on the recognition of seed 
sequences at miRNA 5’ terminal and target gene 
3’-Untranslated Regions (3’-UTR). Subsequently, 
miRNAs induce the degradation of target mRNAs 
by complementary pairing12-14. Although miRNAs 
account for a small proportion in the human ge-
nome, they exert regulatory effects on a series of 
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physiological processes. Nearly one-third of the 
genes involved in cell growth, proliferation, and 
cell cycle are regulated by miRNAs14,15. MiR-
NA-621 is abnormally expressed in solid malig-
nant tumors, serving as an oncogene to promote 
tumor cell proliferation16,17. Recent studies have 
determined the potential of miRNAs to be thera-
peutic targets for tumors. MiRNA-621 is capable 
of regulating tumorigenesis by mediating SIX4. 
We believed that NSCLC-specific miRNAs could 
be utilized as targets by acting on SIX4. In this 
paper, we focused on the potential function of 
miRNA-621/SIX4 axis in the progression of NS-
CLC, and our results provide new directions in the 
diagnosis and treatment of NSCLC. 

Patients and Methods

Patients and NSCLC Samples
Tumor tissues and paracancerous tissues were 

harvested from 60 NSCLC patients undergoing 
radical resection. None of patients were preopera-
tively treated with chemotherapy or radiotherapy. 
Clinical stage of NSCLC was evaluated based on 
the criteria proposed by UICC (Union for Inter-
national Cancer Control). Patients who partici-
pated in this study gave their consent. This study 
was approved by Ethic Committee of Shengzhou 
Renmin Hospital.

Cell Lines and Reagents
NSCLC cell lines (A549, H1299, PC-9, H358, 

SPC-A1) and bronchial epithelial cell line (BE-
AS-2B) provided by American Type Culture 
Collection (ATCC) (Manassas, VA, USA), were 
cultured in Dulbecco’s modified eagle medium 
(DMEM) (Gibco, Rockville, MD, USA) con-
taining 10% fetal bovine serum (FBS) (Gib-
co, Rockville, MD, USA), 100 U/mL penicillin 
and 100 µg/mL streptomycin (Life Technologies, 
Gaithersburg, MD, USA). Cells were maintained 
in a 37°C, 5% CO2 incubator.

Transfection
MiRNA-621 mimics and negative control 

(NC) were provided by GenePharma (Shanghai, 
China). Cells were plated in 6-well plates and 
grown to a cell density of 70%, followed by 
plasmid transfection using Lipofectamine 3000 
(Invitrogen, Carlsbad, CA, USA). Cells were har-
vested at 48 h for quantitative real-time poly-
merase chain reaction (qRT-PCR) analysis and 
cell function experiments.

Cell Proliferation Assay
Transfected cells for 48 h were seeded into the 

96-well plate with 2000 cells per well. At 24 h, 48 
h, 72 h and 96 h, cell counting kit-8 (CCK-8) re-
agent (Dojindo Laboratories, Kumamoto, Japan) 
was supplied in each well. After 2 h of culture, 
absorbance of each well at 490 nm was recorded 
using a microplate reader.

5-Ethynyl-2’-Deoxyuridine (EdU) 
Proliferation Assay

Transfected cells for 24 h were labeled with 
50 μM EdU (Beyotime, Shanghai, China) for 2 h, 
dyed with AdoLo and 4’,6-diamidino-2-phenylin-
dole (DAPI) in dark for 30 min. EdU-positive 
rate was calculated as the ratio of EdU-positive 
cells (red) and DAPI-stained cells (blue) under a 
fluorescent microscope. 

Flow Cytometry Analysis 
of the Cell Apoptosis

Cells were washed with phosphate-buffered 
saline (PBS) twice, digested with ethylenedi-
aminetetraacetic acid (EDTA)-free trypsin and 
resuspended at the density of 1×106/mL. Subse-
quently, cells were incubated with 1× binding buf-
fer and 1.25 μL of Annexin V-FITC (fluorescein 
isothiocyanate) for 15 min in dark. After centrif-
ugation at 1000×g for 5 min, the precipitate was 
incubated with 10 μL of Propidium Iodide (PI). 
Apoptosis was determined within 1 hour by flow 
cytometry (Partec AG, Arlesheim, Switzerland).

QRT-PCR
We extracted total RNA using TRIzol reagent 

(Invitrogen, Carlsbad, CA, USA), and reversely tran-
scribed into the complementary deoxyribose nucleic 
acid (cDNA) using Primescript RT Reagent (TaKa-
Ra, Otsu, Shiga, Japan). The qRT-PCR reaction was 
performed using SYBR® Premix Ex TaqTM (TaKa-
Ra, Otsu, Shiga, Japan) and StepOne Plus Real-time 
PCR System (Applied Biosystems, Foster City, CA, 
USA). Relative gene expression was calculated by 
2-ΔΔCt method. Primer sequences were listed as fol-
lows: MiRNA-621: forward: 5’-TTAGCTCAGGAT-
CATCATCATTTACATAGATAGGG-3’, reverse: 
5’-AACACTCGAGTGAGAGAAGAGAGTG-
CCTAGA-3’; U6: forward: 5’-CTCGCTTCGGCAG-
CACA-3’, reverse: 5’-AACGCTTCACGAATTTG-
CGT-3’; SIX4: forward: 5’-TCTCGGGGTGATC-
GACAAGAA-3’, reverse: 5’-CCCTTTGTTCAT-
TCGTTCCTGG-3’; β-actin: forward: 5›-CCTGG-
CACCCAGCACAAT-3›, reverse: 5›-GCTGATCCA-
CATCTGCTGGAA-3›.
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Western Blot
Total protein was extracted using the cell 

lysate, and qualified using the protein determi-
nation kit (Pierce, Rockford, IL, USA). Protein 
samples were loaded on sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE), transferred on the polyvinylidene diflu-
oride (PVDF) membranes (Millipore, Billerica, 
MA, USA), and blocked with 5% skim milk. 
Membranes were then incubated with the prima-
ry antibody and corresponding secondary anti-
body. Band exposure was developed by enhanced 
chemiluminescence (Thermo Fisher Scientific, 
Waltham, MA, USA).

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 22.0 Software (IBM, Armonk, NY, USA) 
was utilized for statistical processing. Univariate 
analysis was performed using χ2 test and Fisher’s 
exact test; multivariate analysis was performed 
by COX regression analysis. Kaplan-Meier was 
introduced for survival analysis, followed by 

Log-rank test for intergroup curve determination. 
Data were expressed as mean ± standard devi-
ation (x̅±s). p<0.05 was considered statistically 
significant. 

Results

Expression Pattern of miRNA-621
in NSCLC

Expression pattern of miRNA-621 in NS-
CLC tissues and cell lines was determined by 
qRT-PCR. Compared with paracancerous tissues, 
miRNA-621 was lowly expressed in NSCLC tis-
sues (Figure 1A, 1B). Identically, miRNA-621 
expression was lower in NSCLC cell lines rel-
ative to BEAS-2B cells, especially in H1299 
and SPC-A1 cell lines (Figure 1C). Based on 
miRNA-621 level, NSCLC patients were divid-
ed into high-level group and low-level group. 
Kaplan-Meier curve indicated shorter overall 
survival in NSCLC patients with low level of 
miRNA-621 than those with high level (Figure 

Figure 1. Expression pattern of miR-621 in NSCLC. A-B, Compared with paracancerous tissues, miR-621 was lowly ex-
pressed in NSCLC tissues determined by qRT-PCR. C, MiR-621 expression was lower in NSCLC cell lines relative to BE-
AS-2B cells, especially in H1299 and SPC-A1 cell lines. D, Kaplan-Meier curve indicated shorter overall survival in NSCLC 
patients with low level of miR-621 than those with high level.
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1D). Subsequently, we analyzed the correlation 
between miRNA-621 expression and pathological 
indexes of NSCLC patients. As the data revealed, 
miRNA-621 expression was positively correlated 
to clinical grade of NSCLC patients, rather than 
age, gender, lymph node metastasis and dis-
tant metastasis (Table I). We believed that miR-
NA-621 may be a novel hallmark for predicting 
the malignant progression of NSCLC. 

Upregulation of miRNA-621 
Inhibited Proliferative Rate 
and Induced Apoptosis of NSCLC

To explore cellular regulations of miRNA-621 
on NSCLC, we first constructed miRNA-621 mim-
ics and verified its transfection efficacy (Figure 
2A). Proliferative and apoptotic changes in H1299 
and SPC-A1 cells influenced by miRNA-621 were 
evaluated. As CCK-8 assay indicated, transfection 
of miRNA-621 mimics markedly inhibited prolif-
erative rate of NSCLC cells (Figure 2B). EdU assay 
showed fewer proliferative cells after miRNA-621 
overexpression relative to those transfected with 
NC, indicating the inhibited proliferative capacity 
of NSCLC (Figure 2C). In addition, transfection 
of miRNA-621 mimics markedly increased the 
number of apoptotic cells (Figure 2D). 

Upregulation of miRNA-621 Inhibited 
Relative Genes in SIX4 Pathway

Next, we focused on the specific mechanism 
of miRNA-621 in regulating the malignant pro-

gression of NSCLC. Western blot was performed 
to determine relative gene expressions in SIX4 
pathway. Overexpression of miRNA-621 down-
regulated protein levels of SIX4, CD31, Ki-67, 
c-Myc, MMP-2 and MMP-9 in NSCLC cells 
(Figure 3). 

SIX4 was Highly Expressed 
in NSCLC

SIX4 expression was downregulated by 
transfection of miRNA-621 mimics in H1299 
and SPC-A1 cells (Figure 4A). QRT-PCR data 
showed higher level of SIX4 in NSCLC tissues 
relative to controls (Figure 4B). Similarly, SIX4 
was also highly expressed in NSCLC cell lines 
(Figure 4C). Correlation analyzed revealed a neg-
ative correlation between expressions of SIX4 
and miRNA-621 in NSCLC tissues (Figure 4D). 

MiRNA-621 Directly Inhibited 
SIX4 Expression

Rescue experiments were performed to verify 
whether miRNA-621 exerted its function in NS-
CLC via mediating SIX4. Transfection efficacy 
of pcDNA-SIX4 was first verified in NSCLC 
cells (Figure 5A). Downregulated SIX4 by miR-
NA-621 overexpression was partially reversed 
after co-overexpression of SIX4 and miRNA-621 
(Figure 5A). Interestingly, regulatory effects of 
miRNA-621 on proliferation and apoptosis of 
NSCLC cells were reversed by SIX4 overexpres-
sion (Figure 5B-5D). 

Table I. Association of miR-621 expression with clinicopathologic characteristics of lung cancer.

Parameters No. of cases                 miR-621 expression p-value

  High (%) Low (%)

Age (years)     0.812 
  <60 20 12 8 
  ≥60 30 19 11 
Gender    0.514 
  Male 24 16 8 
  Female 26 15 11 
T stage    0.009 
  T1-T2 30 23 7 
  T3-T4 20 8 12 
Lymph node metastasis    0.190
  No 32 22 10 
  Yes 18 9 9 
Distance metastasis    0.171
  No 37 25 12 
  Yes 13 6 7
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Discussion

NSCLC is a high-grade malignant tumor in 
humans. The 5-year survival of NSCLC is lower 
than 15%, and its mortality ranks first among all 
malignant tumors1-4. It is reported that the mor-
tality of NSCLC is remarkably higher than that of 
breast cancer, colorectal cancer and prostate can-

cer in North America and developing countries4,5. 
As a highly metastatic tumor, NSCLC is prone 
to brain metastases and severely threatens the 
prognosis6,7. Abnormal proliferation and apop-
tosis of tumor cells are fatal factors for carcino-
genesis7,8. The progression of NSCLC is a com-
plex process involving various factors, relying 
on a series of internal environmental factors9-11.  

Figure 2. Upregulation of miR-621 inhibited proliferative rate and induced apoptosis of NSCLC. A, Transfection efficacy of 
miR-621 mimics in H1299 and SPC-A1 cells. B, CCK-8 assay showed that transfection of miR-621 mimics markedly inhibited 
proliferative rate of H1299 and SPC-A1 cells. C, EdU assay showed that transfection of miR-621 mimics markedly decreased 
the number of proliferative cells. D, Flow cytometry showed that transfection of miR-621 mimics markedly induced apoptosis 
of H1299 and SPC-A1 cells.
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Figure 3. Upregulation of 
miR-621 inhibited relative 
genes in SIX4 pathway. West-
ern blot analyses of SIX4, 
CD31, Ki-67, c-Myc, MMP-
2 and MMP-9 in H1299 and 
SPC-A1 cells transfected with 
miR-621 mimics or NC. 

Figure 4. SIX4 was highly expressed in NSCLC. A, SIX4 expression was downregulated after transfection of miR-621 mim-
ics in H1299 and SPC-A1 cells. B, QRT-PCR data showed higher level of SIX4 in NSCLC tissues relative to controls. C, QRT-
PCR data showed higher level of SIX4 in NSCLC cell lines. D, Correlation analyzed revealed a negative correlation between 
expressions of SIX4 and miR-621 in NSCLC tissues. 
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Although the oncology of NSCLC has been well 
explored, there are many unknown aspects need 
to be resolved10,11. Abnormal changes in miR-
NA expressions usually indicate the occurrence 
and development of diseases. Investigations of 
regulatory effects of miRNAs on diseases are 
significant to drug development12, 13. Recently, a 
variety of methods have been discovered to ef-
fectively regulate miRNA expression, including 
development of mimics, inhibitors, transgenic 
regulation, and point mutations14. Among the 
above methods, transfection of miRNA mimics 
or inhibitor could successfully and effectively 
alter miRNA expressions. They have been widely 
applied in experiments due to simple procedures 

and high successful rate15-17. MiRNA-621 is lowly 
expressed in several tumors, and its expression is 
closely correlated to pathological performances 
and prognosis. It is suggested that miRNA-621 
serves as an oncogene in malignant tumors16, 17. 
To explore the role of miRNA-621 in the devel-
opment and progression of NSCLC, its expression 
was first determined in 60 cases of NSCLC tis-
sues and paracancerous tissues. QRT-PCR data 
showed downregulated miRNA-621 in NSCLC, 
and its expression was correlated to clinical 
stage of NSCLC patients. We speculated the tu-
mor-suppressor effect of miRNA-621 on NSCLC. 
Subsequently, transfection of miRNA-621 mim-
ics markedly inhibited proliferative rate, but in-

Figure 5. MiR-621 directly inhibited SIX4 expression. H1299 and SPC-A1 cells were transfected with NC, pcDNA-SIX4, 
NC+miR-621 mimics or pcDNA-SIX4+miR-621 mimics, respectively. A, Relative level of SIX4 detected by qRT-PCR. B, 
CCK-8 assay determined viability. C, EdU assay determined the number of proliferative cells. D, Flow cytometry determined 
the percentage of apoptotic cells. 
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duced apoptosis of NSCLC cells. Overexpression 
of miRNA-621 downregulated levels of SIX4, 
CD31, Ki-67, c-Myc, MMP-2 and MMP-9, thus 
inhibiting the progression of NSCLC. Expression 
pattern of SIX4 in NSCLC was determined as 
well, which was highly expressed in NSCLC. An 
interaction between miRNA and its target genes 
has been revealed to regulate disease progres-
sion13-15. Our study showed that SIX4 promoted 
the malignant behaviors of NSCLC cells. SIX4 ex-
pression was negatively regulated by miRNA-621, 
indicating a potential interaction between them. 
Of note, the regulatory effects of miRNA-621 on 
proliferation and apoptosis of NSCLC cells were 
reversed by SIX4. Thus, our results identified the 
function of miRNA-621/SIX4 axis in mediating 
the malignant progression of NSCLC. 

Conclusions

In summary, miRNA-621 is closely related 
to pathological grade and poor prognosis of NS-
CLC; Besides, miRNA-621 can inhibit the malig-
nant progression of NSCLC by regulating SIX4 
expression. 
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