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Abstract 

  Dysregulation of microRNAs (miRNAs) expression is prevalent in human 

malignancy development and progression. As previously reported, miR-509-5p has 

been identified as a tumor suppressor in various cancers, but its role and functional 

mechanism in NSCLC remains unknown. In the present study, we found that 

miR-509-5p was significantly downregulated in non-small lung cancer (NSCLC) 

tissues and cell lines using Quantitative real-time PCR (qRT-PCR). In addition, 

overexpression of miR-509-5p markedly inhibited the proliferation, migration, 

invasion and phosphorylation of Akt of NSCLC cells. Moreover, we identified 

tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein gamma 

(YWHAG) as a direct target of miR-509-5p. Knockdown of YWHAG mimicked the 

inhibitory effects of miR-509-5p on NSCLC cells for proliferation and motility. 

Finally, the negative correlation between miR-509-5p and YWHAG expression in 

NSCLC specimens was demonstrated. Taken together, our present study revealed the 

tumor suppressive role of miR-509-5p in NSCLC by targeting YWHAG, suggesting 

that miR-509-5p/YWHAG axis might be considered as a novel and potential target for 

clinical diagnosis and therapeutics of NSCLC. 
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1. Introduction  

Among the causes of cancer-associated mortality worldwide, particularly in China, 

lung cancer is the leading one [1]. Non-small lung cancer (NSCLC) takes up 

approximately 80% of lung cancer cases [2]. Although comprehensive treatment 

combining surgery, chemotherapy and radiotherapy is used to NSCLC, the prognosis 

for patients remains unsatisfactory. Therefore, constantly exploring of novel and 

effective molecular biomarkers that can suppress the progression of lung cancer is 

urgently needed. 

  MicroRNAs (miRNAs), a family of endogenous, small non-coding single-stranded 

RNAs, can regulate gene expression at the transcriptional or translational level via 

binding to the mRNA 3′-UTR of the target gene[3]. In recent years, miRNAs have 

emerged as key post-transcriptional regulators of gene expression, involved in diverse 

physiological and pathological processes, as well as tumorigenesis and progression 

[4]. Up to now, plenty of miRNAs have been verified to be related to NSCLC 

progression. For instance, miR-541-3p, miR-564 and miR-33a act as tumor 

suppressors in NSCLC [5,6,7], whereas miR-10a function as an oncogene [8]. 
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Specifically, With a view to the miR-509 family, miR-509-3p could inhibit cell 

proliferation, migration in multiple carcinomas [9]. MiR-509-5p functioned as tumor 

suppressive role in renal cell carcinoma (RCC) and cervical cancer [10,11]. In spite of 

these finds, the function and mechanism of miR-509-5p in NSCLC remains unknown.  

  YWHAG (tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation 

protein gamma, 14-3-3γ) belongs to 14-3-3 proteins，a family of highly conserved 

protein, which can regulate signal transduction by binding to 

phosphoserine-containing proteins [12]. Based on above features, YWHAG are 

involved in various biological processes, particularly in cancer. Overexpression of 

YWHAG has been observed in various neoplasms, including glioblastoma, head and 

neck squamous cell carcinoma (HNSCC) and breast cancer [13,14,15]. Another study 

have reported that YWHAG could inhibit apoptotic cell death and promote cell 

migration in breast cancer [16]. In particular, clinical prognostic significance of 

YWHAG, as oncogene, in advanced lung carcinoma have been demonstrated recently 

[17]. However, the functional mechanism of YWHAG and its upstream regulatory 

molecules in NSCLC have never been reported. 

  In the present study, gain- and loss-of-function analysis was utilized to investigate 

the biological mechanism of miR-509-5p in NSCLC as core method. We observed 

that expression of miR-509-5p was markedly down-regulated in tumor tissues 

compared with adjacent normal tissues. Then, the suppressive effect of miR-509-5p 

on NSCLC cells was demonstrated. We next predicted that YWHAG was the target 

genes of miR-509-5p utilizing bioinformatics analysis and verified their targeted 
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relationship in cell and tissue level, subsequently. In summary, these findings 

indicated that miR-509-5p functioned as a tumor suppressor in NSCLC, via 

miR-509-5p/YWHAG axis. Therefore, miR-509-5p can be used as a potential 

diagnostic and therapeutic target for NSCLC. 

 

2. Materials and methods    

2.1. Tissue specimens and cell culture 

  Human lung carcinoma tissues, coupled with their homologous adjacent normal 

tissues, were collected from 20 NSCLC patients following surgical resection from 

March to August 2015 at the Tongji Hospital, Huazhong University of Science and 

Technology, China. The clinical characteristics of lung cancer patients were 

summarized in Table 1. All of the human tissue samples were obtained with written 

informed consent, and our study was approved by the Huazhong University of 

Science and Technology Ethics committee. All fresh samples were gathered after 

surgery and frozen in liquid nitrogen immediately and then stored at -80℃ 

refrigerator until RNA extraction.   

  Human NSCLC cell lines (A549, SPC-A-1, PC9 and H1793) and normal bronchial 

epithelial cell BEAS-2B were obtained from Cell Bank of the Chinese Academy of 

Sciences (Shanghai, China). BEAS-2B, A549, SPC-A-1, PC9 cell lines were 

propagated in RPMI-1640 medium modified (Thermo Scientific, MA, USA) 

supplemented with 10% fetal bovine serum (FBS), 1% streptomycin (50 µg/ml) and 

penicillin (100 U/ml). The H1793 cell lines were cultured in Dulbecco's modified 
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Eagle's medium（DMEM）supplemented with 10% fetal bovine serum (FBS). All cells 

were cultured at 37℃ in a humidified incubator where CO2 concentration remains 5% 

in air. 

 

2.2. Transfection of miR-509-5p mimics and inhibitor, YWHAG siRNA 

  Cells were eluted, counted and plated into six-well plates the day before 

transfection to ensure that the cell confluence can reach 70-80% at the time of 

transfection. MiR-509-5p mimics, inhibitor and YWHAG siRNA or their respective 

negative controls (NC) were synthesized by RiboBio Co. (Guangzhou, China) and 

transient transfected into cells using Lipofectamine 2000 reagent (Invitrogen, 

Carlsbad, CA, USA). The final concentration of miRNA mimics or inhibitor were 

different in distinct experiment. YWHAG siRNA and corresponding NC were 

performed in loss-of-function experiments at 50 nM. 

 

2.3. RNA isolation and quantitative real time PCR (qRT-PCR) 

  Total RNA was extracted from frozen tissues and cells using Trizol Reagent 

(Invitrogen, Carlsbad, CA, USA). The concentrations of RNA were detected utilizing 

Infinite F50® microplate reader (Tecan, CH). To obtain corresponding cDNA, total 

RNA was reverse-transcribed using the PrimeScript 1stStrand cDNA Synthesis Kit 

(Takara). Real-time quantitative PCR (qRT-PCR) was performed on ABI 7500 Real 

Time PCR System using Fast SYBR Green Master Mix Kit (Applied Biosystems, 

Foster City, CA, USA). Relative expression level of miR-509-5p and YWHAG were 
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evaluated using the 2-∆∆Ct method and normalized to their corresponding internal 

control, U6 and β-actin, respectively. All Primers in this study, synthesized by AuGCT 

Biotechnology Co. (Beijing, China), were as follows: miR-509-5p (forward:5′ 

-TACTGCAGACAGTGGCAAUCA-3′,reverse:5′-GTGCAGGGTCCGAGGT-3′), 

U6(forward:5′-CTCGCTTCGGCAGCACA-3′,reverse:5′-AACGCTTCACGAATTTG

CGT-3′),YWHAG(forward:5′-GGAGGGTCATCAGTAGCATTG-3′,reverse:5′-AGTT

ATCCAGCAGGCTCAGC-3′),β-actin(forward:5′-TGACGTGGACATCCGCAAAG-

3′, reverse: 5′-TCTTCATTGTGCTGGGTGCC-3′). 

 

2.4. Cell proliferation assay 

  The proliferation ability of cells was evaluated using the Cell Counting Kit-8 

(CCK-8, Dojindo, Kumamoto, Japan) after transfection. Twenty-four hours before 

being planted into 96-well plates (3x103 cells/ well), cells in 6-well plates were 

transfected with miR-509-5p mimics, inhibitor or YWHAG siRNA. For concentration 

gradient assay, 10µL of CCK-8 reagent was added into each well of the 96-well plates 

after incubation for 48 h, while being added at various time points (24h, 48h, 72h and 

96h) for time gradient assay. Then the 96-well plates were placed at 37 ℃ for 2h, and 

the absorbance at 450 nm was measured using Infinite F50® microplate reader (Tecan, 

CH), Subsequently. Each experiment was carried out in four-replicate wells and 

repeated three times. 

 

2.5. Transwell migration/invasion assay 
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  Transwell insert chambers with an 8 µm pore size membrane (Costar, High 

Wycombe, UK) were used for the assays. The porous membrane was uncoated for 

migration assay, and coated with Matrigel (BD Biosciences, CA, USA) for migration 

assay. In this study, 3×104 and 5×104 cells (48h after transfection) were transferred 

into the upper chamber for migration and invasion assay, respectively. In both assays, 

cells were maintained in medium without serum in the upper chamber, and medium 

containing 20% FBS in the lower chamber as chemoattractant. After 24 h of 

incubation, the surface of membrane was manually swabbed using cotton wool to 

remove cells that did not penetrate through the membrane. Then the membranes were 

fixed in cold methanol and stained with 0.1% crystal violet for 15min. The 

membranes were next washed thoroughly and visualized under a phase-contrast 

microscope (Olympus). Nine random microscopic fields (x 100 magnification) were 

counted per chamber, with the mean being determined. Each experiment was carried 

out in triplicate. 

 

2.6. Wound healing assay 

  MiR-509-5p mimics, miR-509-5p inhibitor, and their own NC were transfected into 

the cells in 6-well plates. The monolayers were wounded with a 200 µl sterile pipette 

tip to form wound gaps when cells were grown to confluence on 6-well plates. 

Meanwhile, the location of wound was marked. Photographs of wound width at the 

tagged locations were taken at 0 and 48h using a phase-contrast microscope 

(Olympus). Subsequently, these images were handled and analyzed in order to assess 
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the migratory ability of the cells.  

 

2.7. MiRNA target prediction 

  Several miRNA target prediction algorithms: PicTar (http://pictar.mdcberlin.de/), 

TargetScan(http://www.targetscan.org/) and GCBI 

(https://www.gcbi.com.cn/gclib/html/index) were used to forecast the putative targets 

of miR-509-5p. According to the miRNA target gene (miTG) score, twelve genes with 

high score were selected to further verification using qRT-PCR. 

 

2.8. Plasmid construction and Dual luciferase reporter assay 

  YWHAG 3′-UTR sequences were amplified by PCR and cloned into XbaI 

restriction enzyme site of the pGL3 basic vectors (Promega, Madison, WI, USA). The 

Quick Change site-directed mutagenesis kit (Stratagene, La Jolla, CA, USA) was used 

to mutate the putative binding site of miR-509-5p in the 3′-UTR -containing vector. 

A549 and SPC-A-1 cells were cultured in 24-well plates for 24h, then co-transfected 

with miR-509-5p mimics or NC and luciferase reporter plasmids containing the wild 

type or mutation type of YWHAG 3′-UTR by the Lipofectamine 2000 (Invitrogen, 

CA, USA). After transfection for 48 h, the firefly luciferase activity was measured 

using the Dual-Luciferase Reporter Assay (Promega) and normalized for transfection 

efficiency utilizing the corresponding Renilla luciferase activity. The above 

experiments were repeated three times [18]. 
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2.9. Western blot analysis 

  Two days after transfection, cells in 6-well plates were harvested and resuspended 

in PBS. Then protein extracts were obtained by lysing the cells on ice in RIPA buffer 

for 30min after centrifugation. Equal amounts of protein lysate (30µg) were 

electrophoresed on 10% SDS-PAGE gels and then transferred to PVDF membranes 

for antibody blotting. Specific primary antibodies in our study were as follows: 

anti-p-Akt, anti-Total-Akt (purchased from Santa Cruz Biotechnology, CA, USA); 

anti-YWHAG and anti-β-actin (purchased from Cell Signaling Technology, Danvers, 

MA, USA). All experiments were repeated three times. 

 

2.10. Statistical analysis 

  All data are presented as mean ± SEM (standard error of the mean). Differences 

between groups were analyzed by two-tailed Student's t-test. Correlations between the 

expression of miR-509-5p and YWHAG were analyzed using Pearson’s correlation 

coefficient analysis. A two-sided p-value <0.05 was considered to indicate a 

statistically significant difference. All statistical analyses were performed using SPSS 

19.0 software. 

 

3. Results 

3.1. MiR-509-5p is downregulated in NSCLC tissues and cell lines  

  To determine the role of miR-509-5p in NSCLC preliminarily, we detected 

miR-509-5p expression in 20 paired NSCLC and adjacent normal tissues using 
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qRT-PCR. As shown in Fig. 1A, the average level of miR-509-5p was significantly 

lower in tumor tissues as compared with normal tissues (p=0.0085). Moreover, all 

patients included in this study were divided into two groups (N0 and N1-3) according 

to the status of lymph node metastasis (Table 1). As expected, miR-509-5p expression 

in metastasis group was lower than the other group. However, there was no 

statistically significant difference between two groups (Supplementary Fig. S1).  

  The expression of miR-509-5p was further detected in various NSCLC cells, 

including A549, SPC-A-1, PC9 and H1793. MiR-509-5p was significantly 

downregulated in all cell lines compared with the human bronchial epithelial cell 

BEAS-2B (Fig. 1B). A549 and SPC-A-1 cells were selected for further analysis owing 

to the lower level of miR-509-5p. These results suggest that miR-509-5p expression is 

ectopic attenuated in NSCLC and cells. 

 

3.2. MiR-509-5p suppresses NSCLC cells proliferation, migration, invasion and 

phosphorylation of Akt  

  To investigate the biological function in NSCLC, miR-509-5p mimics, inhibitor 

and their corresponding NC were transfected into A549 and SPC-A-1 cells. The 

transfection efficiency in candidate cells was examined by qRT-PCR (Fig. 2A).  

  We next performed the cell proliferation assay using CCK8 reagent in order to 

explore the effect of miR-509-5p upregulation and downregulation on lung cancer cell 

proliferation. The results indicated that upregulation of miR-509-5p obviously 

suppressed cell proliferation capacity of A549 and SPC-A-1 cells, as compared with 
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the negative control. By contrast, cell proliferation was significantly facilitated, with 

inhibitor being transfected (Fig.2B). In concentration gradient assay, proliferation 

ability of A549 was decreased gradually as concentration of miR-509-5p mimics rose. 

Conversely, proliferation of SPC-A-1 was increasingly promoted with concentration 

of inhibitor increased (Fig.2C). 

  To assess the role of miR-509-5p in cell migration and invasion, which act as the 

key determinants of malignant progression, wound healing and Transwell assays were 

conducted. Transwell assay showed that overexpression of miR-509-5p significantly 

reduced the migratory and invasive ability of A549 cells. In reverse, inhibition of 

miR-509-5p promoted cell migration and invasion in SPC-A-1 cells (Fig.2D). 

Consistent with above results, similar phenomena were found in wound healing assay 

(Fig.2E).  

  As is well known, phosphorylation of Akt is involved in the overwhelming majority 

of human cancers and favors tumorigenesis by influencing many downstream signal 

pathways [19]. To explore whether the phosphorylation of Akt is correlated to 

miR-509-5p, we performed western blot analysis. Our results showed that 

upregulation of miR-509-5p significantly reduced the level of phosphorylated Akt 

without altering the total Akt in A549 cells (Fig.2F). In conclusion, these results 

revealed that miR-509-5p suppresses the proliferation and motility ability of NSCLC 

cells and simultaneously decreased the phosphorylation of Akt.   

 

3.3. YWHAG is a direct target of miR-509-5p 
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  To confirm the target gene of miR-509-5p, we first sought putative targets using 

established miRNA target prediction programs and twelve genes with high miTG 

score were selected to further verification using qRT-PCR (Supplementary Fig. S2). 

The results revealed that YWHAG and PLK1 were significantly attenuated (P<0.05) 

in A549 cells after being transfected with miR-509-5p mimics, compared with control 

groups (Fig.3A). However, in reversing verification, only YWHAG mRNA levels 

were observably enhanced (P<0.05) by miR-509-5p inhibitor (Fig.3B). Accordingly, 

we selected YWHAG as the putative target gene for further research. 

  To further ascertain whether YWHAG is a direct target of miR-509-5p, we 

performed dual luciferase reporter assay. We analyzed the 3′-UTR of YWHAG and 

one conserved binding domain for miR-509-5p was identified (Fig.3C). We next 

constructed luciferase reporter vectors containing the wild type (WT) or mutation type 

(MuT) fragments of YWHAG 3′-UTR. Then the vectors were co-transfected with 

miR-509-5p mimics or inhibitor into A549 and SPC-A-1 cells. Upregulation of 

miR-509-5p markedly reduced relative luciferase activity, whereas downregulation 

increased it significantly in both cells (Fig.3D). Furthermore, western blot analysis 

suggested that protein expression level of YWHAG was attenuated by miR-509-5p 

mimics, while enhanced by inhibitor (Fig.3E). Taken together, above results 

confirmed that miR-509-5p suppressed YWHAG expression by directly binding to 

3′-UTR of YWHAG. 

 

3.4. Knockdown of YWHAG by siRNA imitates the effect of miR-509-5p on NSCLC 
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cells. 

  To evaluate whether YWHAG is responsible for the tumor suppressive role of 

miR-509-5p in NSCLC cells, we silenced YWHAG in A549 and SPC-A-1 cells using 

RNA interference. The silence effect was verified at both mRNA and protein levels 

(Fig.4A and B). Knockdown of YWHAG suppressed cell proliferation, migration and 

invasion (Fig.4C and D), which paralleled the same effects as upregulation of 

miR-509-5p in these cells.  

 

3.5. The negative correlation relationship of miR-32 and YWHAG in NSCLC tissues 

  To demonstrate the clinical relevance of miR-32 and YWHAG in NSCLC, we 

detected the levels of YWHAG mRNA in 20 paired clinical specimens using 

qRT-PCR. Results showed that YWHAG was notably upregulated in NSCLC tissues 

compared with matched normal tissues (Fig.4D). Moreover, a significant negative 

correlation between miR-509-5p and YWHAG was identified in NSCLC patient 

specimens using Pearson’s correlation coefficient analysis (Fig. 4F; r=-0.425, P = 

0.031).  

 

4. Discussion 

  As one of the highest morbidity and fatality rate neoplasms, NSCLC remains a 

serious threat to human health despite progress in treatment strategy, including 

surgery, radiation and chemotherapy. Accordingly, to explore a new therapeutic 

strategy suppressing lung cancer, extensive research about the biological 
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characteristics of NSCLC has been performed. Over the past teens years, miRNAs 

have emerged as a novel class of regulatory molecules involved in various biological 

processes, particularly in tumorigenesis and progression [20,21]. Specifically，as 

previously reported, the relation between miR-509-5p and multiple tumors have been 

revealed. For instance, miR-509-5p is obviously decreased in RCC compared with 

adjacent normal tissue, which suppressed the cell proliferation and induced apoptosis 

in RCC as well as precursor-B acute lymphoblastic Leukemia [10,22]. Additionally, it 

has reported that miR-509-5p is implicated in breast carcinoma, inhibiting brain 

metastasis of tumor by modulating RhoC and TNF α [20]. Nevertheless, the precise 

roles that miR-509-5p play in NSCLC remains poorly understood.  

  In the present study, we found that the expression level of miR-509-5p was 

markedly reduced in tumor tissues and four NSCLC cell lines compared with matched 

controls by qRT-PCR. Additionally, tissue samples were divided into two groups 

according to the status of lymph node metastasis, no statistically significant difference 

being discovered between them. Further analysis based on a larger amount of tissue 

specimens may provide more information concerning the clinical relevance of 

miR-509-5p and lymph node metastasis. Moreover, considering the potential 

mechanism of miR-509-5p has not been investigated, we performed gain- and lose-of 

function analysis to reveal the effect of miR-509-5p on NSCLC cells. We observed 

that overexpression of miR-509-5p significantly suppressed tumor cell proliferation, 

migration and invasion capability, while downregulation exerted the inverse effect on 

NSCLC cells. Summarily, we experimentally confirmed the tumor suppressive role of 
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miR-509-5p in NSCLC. 

  Subsequently, we focused on the internal mechanism of how miR-509-5p executed 

its function in NSCLC. To ascertain the target genes of miR-509-5p, three online 

bioinformatics analysis databases were applied and twelve putative genes with high 

predicted score were selected to further sifting using qRT-PCR. The results confirmed 

significant downregulation of YWHAG and PLK1 mRNA levels, with miR-509-5p 

mimics transfected into cells. However, only YWHAG expression was enhanced by 

miR-509-5p inhibitor in reversing verification. Therefore, YWHAG was selected as a 

target gene of miR-509-5p for further study. Then we validated the targeted 

relationship between miR-509-5p and YWHAG via dual luciferase reporter assay and 

western blot analysis. More importantly, knockdown of YWHAG mimicked the effect 

of miR-509-5p on NSCLC cells. Finally, we further showed the negative correlation 

between miR-509-5p and YWHAG by analyzing mRNA and protein expression levels 

in NSCLC clinical specimens. Besides, YWHAG was reported as the target of 

miR-181b-3p and miR-141 [15,23], implying the multiple roles of YWHAG in signal 

pathway regulated by miRNA. All together, these data provided the first insight that 

miR-509-5p/YWHAG axis plays a pivotal role in the mechanism of tumorigenesis 

and progression of NSCLC.  

Akt, also known as protein kinase B, can influence many downstream effectors and 

mediate multiple pathways that promote tumorigenesis and development and as such 

it is one of the most frequently excessively activated signal molecular in human 

cancer [19]. As a consequence, we focused on Akt and its phosphorylation for further 
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study exploring the signaling pathways downstream of miR-509-5p/YWHAG axis. 

We found that miR-509-5p could significantly inhibit the phosphorylation of Akt 

without altering the total level of Akt in NSCLC cells. However, the same 

phenomenon did not appear when we knockdown YWHAG using siRNA. Generally, 

we have preliminarily verified the relationship between miR-509-5p and Akt, but how 

miR-509-5p/YWHAG axis regulated Akt signal pathway needs further study.  

  Taken together, our study demonstrated that miR-509-5p was significantly 

decreased in NSCLC tissues and cells, and simultaneously revealed the tumor 

suppressive role of miR-509-5p in observably inhibiting proliferation, migration, 

invasion and Akt′s phosphorylation of NSCLC cells. Furthermore, we also identified 

YWHAG as a direct and functional target of miR-509-5p at experimental and clinical 

levels. In summary, our finds provide powerful evidence that restoration of 

miR-509-5p or silence of YWHAG might be potential novel and specific targets for 

the diagnosis, prognosis and therapy of NSCLC. 
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Figure/Table Legends 

Fig. 1. MiR-509-5p is attenuated in NSCLC tissues and cell lines. (A) Expression of 

miR-509-5p in 20 NSCLC tissues and adjacent normal tissues. (B) MiR-509-5p levels in 

different NSCLC cell lines were measured by qRT-PCR. The experiments were 

performed three times. Data represent mean ± SE. *, P < 0.05, **, P < 0.01, compared 

with the BEAS-2B cells.  

 

Fig. 2. MiR-509-5p inhibit NSCLC cell proliferation, migration, invasion and 

phosphorylation of Akt. (A) Expression of miR-509-5p in A549 and SPC-A-1 cells 

were detected after being transfected with miR-509-5p mimics, miR-509-5p inhibitor 

and the negative control (NC), respectively. (B) The proliferation ability was examined 

after transfection at 24, 48 and 72 h, respectively. (C) The proliferation ability was 

detected after being transfected with different mimics and inhibitor. (D) The 

migration and invasion ability was detected by transwell 48 h after transfecting the 

miR-32 mimic or inhibitor. (E) The migratory ability was determined by wound healing 

assay. Each bar represents the mean of three independent experiments and data 

statistically analyzed by two-sided t-test. (F) Western blot analysis of p-Akt and 

total-Akt in A549 cells transfected with miR-509-5p mimics. 

 

Fig. 3. YWHAG is a direct target of miR-509-5p. (A) and (B) Expression of YWHAG 

and PLK1 in A549 and SPC-A-1 cells were detected by qRT-PCR after being 
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transfected with miR-509-5p mimics, miR-509-5p inhibitor and NC, respectively. (C) 

Predicted miR-509-5p target sequence in the 3’-UTR of YWHAG mRNA and the 

positions of four mutated nucleotides. (D) Luciferase reporter assay of A549 and 

SPC-A-1 cells transfected with the pmiR-YWHAG-WT or pmiR-YWHAG-MuT reporter 

plasmid and miR-509-5p mimics and inhibitor. Data represent mean ± SE. *, P < 0.05, 

**, P < 0.01, compared with the control group. (E) Western blot analysis of protein 

level of YWHAG in A549 and SPC-A-1 cells transfected with miR-509-5p mimics and 

inhibitor, respectively.  

 

Fig. 4. YWHAG's function and relationship with miR-509-5p in NSCLC tissues. 

(A) and (B) The silence effect of YWHAG by specific siRNA was verified at both mRNA 

and protein levels. (C) The proliferation ability was detected by CCK8 assay after 

transfecting with siRNA. (D) The migration and invasion ability was detected by 

transwell after transfecting with siRNA for 48h. (E) YWHAG mRNA expression was 

detected in 20 NSCLC tissues with the adjacent normal controls by qRT-PCR. (F) 

Correlation analysis of miR-509-5p and YWHAG in NSCL patients. Data was 

presented as log2 of the fold change.   
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Table 1 

Clinical characteristics of the NSCLC patients according to miR-32 level in tissue.  

Characteristics Total (n=20) MiR-509-5p         

expression 

   in tissues  

P 

High      Low 

Age 

>60                  7              1          6           0.112 

<60                 13              3         10 

Gender 

Male                15              2         13           0.223 

Female               5              2          3 

Differentiation 

High                 6              1          5           0.062 

Middle               8              2          6 

Low                 6              1          5 

Lymph node metastasis                                             

Yes                  8              2          6           0.223 

No                  12             2          10 
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.The tumor suppressive role of miRNA-509-5p in non-small cell lung cancer is 
revealed. 
 
.MiR-509-5p exerts its influence on NSCLC cells by targeting YWHAG. 
 
.MiR-509-5p inhibits the phosphorylation of Akt in NSCLC cells. 
 
.MiR-509-5p can be deemed as a potential diagnostic and therapeutic target for 
NSCLC. 
 


