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Abstract: To investigate whether abnormally high expression of miRNA-375 is associated with epithelial cell mesenchymal 
transition (EMT) in lung cancer cells. The stable overexpression cell line was constructed by lentivirus and transfected into empty 
vector as a control group. The expression of miRNA-375 was detected by real-time fluorescence quantitative PCR. The protein 
expression of EMT-related protein E-cadherin and Vimentin were detected in three groups of cells by western blot. The cell invasion 
and metastasis were evaluated by transwell methods and wound healing. EMT of lung cancer A549 cells was characterized by 
mesenchymal cell cytoskeleton and morphology, and the expression of EMT-related marker protein E-cadherin was down regulated 
while the expression of Vimentin was up regulated. Transwell methods and wound healing showed that aberrant expression of 
miRNA-375 in A549 cells was significantly increased (P<0.05). The abnormal expression of microRNA-375 is associated with EMT in 
lung cancer A549 cells. 
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1. Introduction 

Lung cancer is the most common solid tumor and is 

one of the most rapidly growing and morbidly 

malignant tumors with the highest risk to human health 

and life[1,2]. Lung cancer is divided into two broad 

categories, small cell lung cancer (SCLC) and 

non-small cell lung cancer (NSCLC)[2]. The incidence 

of lung cancer gradually increases and more than 80% 

of non-small cell lung cancer[3]. Chemotherapy is the 

primary treatment for lung cancer. Although non-small 

cell lung cancer grows slowly and spreads relatively 

late, chemotherapy generally fails to cure non-small 

cell lung cancer and only prolongs patient survival and 

improves quality of life[4-5]. Therefore, we need an 

effective means of detection for the early diagnosis and 

treatment of lung cancer. 

MicroRNA plays an oncogene or tumor suppressor 

gene function, and it also plays an important role in the 

EMT process of tumor cells, which can promote or 

inhibit tumor cell invasion and metastasis. The aim of 

this study was to investigate whether abnormally high 

expression of microRNA-375 positively correlates 

with the malignant degree of lung adenocarcinoma 

A549. The role and mechanism of microRNA in 

invasion and metastasis of lung cancer were studied by 

western blot, scratch assay and transwell methods. 

Exploration further, improve the mechanism of lung 

cancer metastasis for the clinical diagnosis and 

treatment of lung cancer. 

2. Material and methods 

2.1. Reagents and antibodies 

RPMI 1640 medium was purchased from Hyclone; 

Fetal bovine serum (FBS) was purchased from Gibco; 

Primary antibodies to E-cadherin, Vimentin, β-actin 

and corresponding secondary antibodies were obtained 

from Abcam. Immunoblot chemiluminescence was 

purchased from Syngene. mir-375 mimics were 

purchased from Biomics, Trizol, reverse transcription 

kits, PCR primers, Lipofectamine RNAi max were 

purchased from the United States Invitrogen company. 

Transwell plates were purchased from Corning 

Corporation; lung cancer cell line A549 was stored in 

our laboratory. 

 

2.2. Cell culture and transfection 
Human lung adenocarcinoma cell line A549 cells 

were cultured in DMEM medium containing 10% fetal 

bovine serum, 100U/ml penicillin and 100U/ml 

streptomycin at 37°C under 5% CO2 saturated 

humidity. After the cells were grown to logarithmic 

growth phase, the lentivirus (Lv-miR-375) and the 

control lentivirus (Lv-NC) were expressed with 

25MOI of mir-375 at 37°C for 10 hours according to 

the instructions of the transfection kit, A549 cells were 

transfected. 

 

2.3. RNA extraction and Real time-PCR 

The total RNA was extracted with Iso plus RNA and 

subjected to reverse transcription reaction using 

PrimeScript RT reagent Kit with gDNA Eraser (Perfect 

Real Time). The reverse transcription primer for 

miR-375 was upstream primer 5'- CGC GCT TTG 

TTC GTT CGG CTC-3', downstream primer5'-ATC 

CAG TGC AGG GTC CGA GTG-3'; real-time PCR 

primer sequence: upstream primer 5'-CAT GTA CGT 

TGC TAT CCA GGC-3', downstream primer 5'-CTC 
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CTT AAT GTC ACG CAC GAT-3'. U6 small nuclear 

RNA for endogenous reference miRNA, β-actin for 

target gene mRNA endogenous reference, the use of 

SYBR Green dye reaction method, 95°C denaturation 

10min, 95°C denaturation 5s, 60°C annealing 34s, 

74°C fluorescence detection 3s, a total of 40 cycles. 

The difference between the two is compared with the 

2-ΔΔCt value. Set up three duplicate holes in each 

group. 

 

2.4. Western Blot Analysis 
Western Blot test protein expression levels. A549 

cells were infected with recombinant adenovirus after 

48h, with reference to the experimental manual, the 

total protein lysate was extracted, stored at -80°C for 

later use. The concentration of the protein was 

measured by BCA method according to the 

instructions of the kit, and the protein concentration 

was adjusted with 5 × loading buffer and denatured at 

95°C, for 10min. The protein was separated by 

electrophoresis on 50μg of the protein and 

electrophoresed to transfer the protein to PVDF 

membrane. 5% skim milk powder shaker at room 

temperature closed 1h, the band into the primary 

antibody, incubated overnight at 4°C. Wash with TBST 

three times, 10min/time, incubate the secondary 

antibody at room temperature 2h, washed three times 

with TBST, 10min/times, soaked with ECL 

luminescent liquid, the strip into the dark box to 

darkroom exposure. Using Photoshop CS6 grayscale 

analysis, and statistical gray value. 

 

2.5. Wound Healing Assay 
Using a marker pen behind the 6-well plate, draw a 

ruler approximately 1cm apart across a hole, across the 

uniform crossbar. Draw at least 3 straight lines per hole. 

A549, Lv-A549 and Lv-miR-375-A549 cells were 

planted in three 6-well plates, and about 500,000 cells 

were inoculated into each well. The cells were planted 

in a six-well plate and cultured. At the bottom of the 

plate, 3 lines are drawn longitudinally on the cell 

monolayer in each well using a 20μL pipette tip. After 

washing the cells three times with PBS, a culture of 

RPMI-1640 was added to the culture. At 0, 24, and 48h 

after injury, images were taken with an inverted 

microscope, the healing area of the scratch was 

calculated using Photoshop CS6 software, and the 

healing rate of scratches was calculated. 

 

2.6. Transwell analysis of cell transfer and 

invasion 
A549 cells were cultured in 12-well plates and 

transfected at a cell fusion level of 80%. Cells were 

transfused for 6h, replaced with complete culture 

solution, cultured for 18h, and then digested with 

0.25% trypsin, digested with 2ml complete medium, 

and centrifuged to adjust the cell density to 3×10
5
 

cells/ml with Opti-MEM Single cell suspension. 

Lv-miR-375-A549 and Lv-NC-A549 cells 

untransfected with diluted matrigel (coated coated 

matrigel (1: 9)) suspended in 200μl of serum- Total 

5×10
4 

cell invasion assays) Upper chamber. 20% fetal 

bovine serum containing PRMI1640 was added to the 

lower chamber. Incubation in the incubator 4h, each set 

3 parallel wells. The chamber was removed, the culture 

medium in the upper chamber was removed, the cells 

in the upper chamber were gently scraped off with a 

sterilized cotton swab, and stained with 0.05% crystal 

violet in 20% methanol for 5 minutes. Excess stains 

were removed and cells that passed through the basal 

lamina were observed under an inverted microscope 

and counted. 

 

2.7. Statistical analysis 
All experiments were repeated 3 times. The 

experimental data were expressed as mean ± SD, and 

SPSS 17.0 statistical software was used for data 

analysis. One-way analysis of variance (ANOVA) was 

used to compare among groups. Bonferroni test was 

used to compare the two groups, P<0.05 was 

considered as statistically significant.  

3. Results 

3.1. The expression of mir-375 in lung 

adenocarcinoma A549 cells 
The effect of recombinant adenovirus A549 cells on 

the expression of mir-375, as shown in Figure 1, 

showed that the infection rate of A549 cells transfected 

with miR-375 and NC null plasmid was ≥90 %. 

 

3.2. The expression of mir-375 in lentivirus 

transfected A549 lung cancer cells  
As shown in Figure 2A, compared with the human 

normal lung epithelial 2B cells, the expression of 

miR-375 was significantly increased, and in human 

small lung cancer cells H520 miR-375 was 

down-regulated (P<0.05). As shown in Figure 2B, 

transfected miR-375 lentivirus lung cancer A549 cells 

significantly increased the expression of mir-375 in 

lung cancer A549 cells. The expression of mir-375 was 

significantly up-regulated compared with the negative 

control group and the blank control group (P<0.05), 

but there was no significant difference between the 

negative control group and the blank control group 

(P>0.05). 

 

3.3. The expression of E-cadherin and Vimentin 

protein in A549 cells 
Western blot was used to detect the expression of 

E-cadherin and Vimentin protein in A549 cells after 

transfected with recombinant adenovirus. The results 

showed that compared with A549 and LV-A549, A549 

cells transfected with mir-375 recombinant adenovirus 

E-cadherin protein (P<0.05). The expression of 

Vimentin protein was significantly increased (P<0.05), 

but there was no significant difference between 

LV-A549 and A549 (P>0.05).
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Figure 1. The expression on miRNA-375 in the lung cancer A549 cells after 

transfection with recombinant adenovirus (×100). 

 

 

  
Figure 2. A: mir-375 expression in A549, BEAS-2B, H520 cells. B: mir-375 expression 

in A549, Lv-A549, Lv-miR-375-A549 cells. 
* 
P <0.05 vs 2B; 

# 
P <0.05 vs 2B; 

&
 P <0.05 

vs LV-A549. 

 

 

Figure 3. A: The protein expression of EMT-related protein markers in three groups of cells; 

B: Expression of E-cadherin protein in A549 cells after transfection of recombinant 

adenovirus; C: Vimentin protein expression in A549 cells after transfection of recombinant 

adenovirus. *P <0.05 vs A549.  

 

3.4. The migration ability in lung cancer A549 cell  
Wound healing test on lung cancer A549 cell 

migration ability. The results showed that the wound 

healing rate of LV-miR-375-A549 transfected plasmid 

group was decreased by 35.76% and 34.35% 

respectively compared with LV-A549 empty vector 

group and A549 blank control group, but LV-A549 

empty vector group and A549 blank The difference 

between the control group was not statistically 

significant, shown in Figure 4.  
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A549                LV-A549            LV-mir375-A549 
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Figure 4. The effect of mir-375 on metastasis of lung cancer A549 cells. 

 

3.5. The invasiveness in lung cancer A549 cells  
Transwell chambers were used to compare the 

invasiveness of A549 cells transfected with 

LV-miR-375. The results showed that the number of 

transmembrane cells transfected with recombinant 

plasmid LV-miR-375-A549 was (109.60±6.25) The 

numbers of transmembrane cells in A549 empty vector 

group and A549 blank control group were (48.00±4.82) 

and (47.50±4.97), respectively (Figure 5) The number 

of transmembrane cells in empty vector group was 

significantly increased compared with A549 blank 

control group (P<0.05), but there was no significant 

difference between untransfected group and negative 

control group (P>0.05). The above results show that, 

miR-375 can promote the invasive ability of A549 

cells. 

 

A549                LV-A549            LV-mir375-A549 

 
Figure 5. The effects of miR-424 on migration abilities of A549 by crystal violet staining.  

 

4. Discussion 

Lung cancer is one of the malignant tumors that 

seriously affect human health. The increasing 

incidence of lung cancer causes widespread concern 

worldwide. With the continuous research of lung 

cancer in the world, more and more researches show 

that it is very important to diagnose and treat the 

occurrence and development of lung cancer in the 

early stage[6-8].  

MicroRNAs are recently discovered a class of 

highly conserved, short-sequence, endogenous, 

non-coding single-stranded small RNAs that are 

widely present in animals, plants and viruses and are 

involved in the regulation of cell proliferation, 

apoptosis, Differentiation and other life processes[9]. 

In recent years, studies have shown that microRNA 

plays a key role in tumorigenesis. In 2008, Chinese 

researchers first discovered that serum microRNA can 

be used as a specific biomarker for the diagnosis of 

lung cancer[10]. A large number of studies have shown 

that miRNA-375 plays an important role in the 
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proliferation, differentiation, apoptosis and cell cycle 

regulation of malignant tumors. MicroRNA-375 is 

expected to become a new target for tumor therapy and 

may become an important organism for disease 

diagnosis and prognosis Markers[11,12]. As a member 

of the miRNA family, mir-375 has drawn more and 

more attention in recent years[13]. Mir-375 

participates in many cellular processes, including cell 

proliferation, cell differentiation, cell metabolism, 

apoptosis and angiogenesis by regulating target 

genes[14,15]. However, the current research on the 

signaling pathway of mir-375 in lung cancer related to 

EMT is not yet clear. In this study, we further clarified 

the mechanism of mir-375 in lung cancer by analyzing 

the relationship between mir-375 and EMT signaling 

molecules. 

Epithelial-mesenchymal transition (EMT) refers to 

the biological process by which epithelial cells are 

transformed into mesenchymal cells by a specific 

procedure. EMT is an important process in 

tumorigenesis and development and is also one of the 

important mechanisms of tumor invasion and 

migration and secondary metastasis. This change is 

usually accompanied by an increase in the decrease of 

intercellular adhesion molecules such as E-cadherin 

accompanied by an increase in interstitial cell markers 

such as Vimentin and fibronectin[16-18]. E-cadherin is 

a key marker protein for EMT[19]. EMT plays a very 

important role in a variety of physiological and 

pathological processes, such as wound healing, 

chemoresistant cancer resistance, and tumor invasion 

and migration[20]. To study the role of EMT in the 

invasion and metastasis of lung cancer is helpful for 

the prevention and treatment of lung cancer. 

However, some studies have found that mir-375 is 

overexpressed in lung adenocarcinoma and small-cell 

lung cancer and low in lung squamous cell 

carcinoma[21]. The differences between the above 

results may be related to the type of lung cancer, cell 

line differences, cell species, and sample size and other 

factors. The results showed that mir-375 can 

significantly reduce E-cadherin protein level and 

up-regulate Vimentin protein level in lung cancer A549 

cells. It suggested that mir-375 may further affect the 

invasion and migration of lung cancer by 

down-regulating the EMT signaling pathway and 

affecting the epithelial-mesenchymal transition of 

A549 lung cancer cells. In summary, the experiment by 

cell transfection lung cancer A549 cells mir-375 low 

expression, analysis of lung cancer cell migration, 

invasion and other biological behavior changes, and 

explore the possible mechanism of this change. The 

experimental results show that mir-375 can inhibit lung 

cancer A549 cell migration and invasion, while 

inhibiting the EMT signaling pathway. We will also 

continue to investigate the target gene of mir-375 by 

gene knockout or overexpression of the target gene, 

and then to construct a stable cell line, analyzing the 

interaction between the EMT signaling pathway and 

the target gene of mir-375 used in clinical research to 

provide the basis for lung cancer. 
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