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Abstract. 
Background. Lung cancer continues to be a burden worldwide with an estimated 2.09 million new cases of lung cancer and 1.76 million deaths in 2018. MicroRNAs (miRs) are key regulators of gene expression and show their oncogenic or antioncogenic role in human cancers including lung cancer. In this study, we test the hypothesis that miR-34c-5p functions as a candidate antioncomiR in lung adenocarcinoma by targeting NUF2. Methods. The expression pattern of miR-34c-5p and NUF2 was evaluated in 202 biopsy specimens from patients with lung adenocarcinoma and 176 biopsy specimens from patients with benign lung diseases. Interaction between miR-34c-5p and NUF2 was verified by the luciferase-based assay. Cell viability and invasion assays were carried out in cultured A549 cells treated with miR-34c-5p mimic, inhibitor, and siRNA against NUF2. Results. NUF2 was highly expressed in lung adenocarcinoma samples and related to the differentiation degree, TNM stage, and presence of lymph node metastasis (LNM). Patients with NUF2 overexpression had reduced overall survival (OS) and disease-free survival (DFS) compared to patients with underexpression. Cox multivariate analysis revealed that high expression of NUF2, advanced TNM stage, well/moderate differentiation, and existence of LNM were unfavorable prognostic factors. siRNA-mediated knockdown of NUF2 inhibits A549 cell viability and invasion. miR-34c-5p was expressed at a poor level in lung adenocarcinoma samples and related to the differentiation degree, TNM stage, and presence of LNM. miR-34c-5p underexpression contributes to reduced OS and DFS, which was demonstrated as an unfavorable prognostic factor by Cox multivariate analysis. siRNA-mediated knockdown of NUF2 could ablate miR-34c-5p inhibition-mediated effects on A549 cells. Conclusion. Our results prove the hypothesis that miR-34c-5p could suppress lung adenocarcinoma progression by binding to the NUF2 gene. The study is a significant step towards extending our understanding of the mode of miRNA regulation in lung adenocarcinoma.

1. Introduction
Lung cancer represents the leading cause of death among the population with malignant tumors worldwide [1]. The incidence and mortality of lung cancer in China are increasing rapidly in the past three decades, which imposes a large burden on patients and the society economy [2]. On the basis of annual projections, the National Central Cancer Registry reported that there were approximately 46.08 per 100,000 people suffering from lung cancer and 37.00 per 100,000 people dying of this disease in 2010 [2]. Lung adenocarcinoma is a frequently occurring subtype of lung cancer, originating from the smaller airways and occurring in peripheral lung tissues [3]. However, histopathology is insufficient to monitor disease progression and clinical outcome of patients with lung adenocarcinoma.
Interestingly, lung adenocarcinoma possesses different genomic alterations in contrast to other lung cancer subtypes, which suggests a wide range of molecular variations that underlie the disease [4]. Recently, approaches to lung adenocarcinoma treatment advanced from the application of adjuvant chemotherapy to personalized treatment based on genomic alterations [5]. Recently, dysfunctions of microRNAs (miRNAs) are commonly related to lung cancer tumorigenesis by affecting their target genes, which highlights their potential in reducing drug resistance and encouraging histological subclassification techniques [6].
The miR-34 family (miR-34a, miR-34b, and miR-34c) was upregulated in lung cancer, while miR-34b/c was demonstrated to be more effective as a tumor suppressor than miR-34a [7]. Poor expression of miR-34c-5p found in the context of human cancers including colorectal cancer [8] and laryngeal squamous cell carcinoma [9] underlines its antitumor effect. NUF2 (Ndc80 kinetochore complex component) is a molecular linker between tubulin subunits and the kinetochore attachment site at kinetochore-attached microtubule ends [10]. NUF2 has been identified as an oncogene that is overexpressed in the context of several cancers, such as prostate cancer [11], pancreatic cancer [12], and colorectal cancers [13]. Increasing bioinformatics prediction shows that miR-34c-5p has a chance to interact with NUF2 3-UTR. Therefore, we determined the expression level of miR-34c-5p and NUF2 in bronchial biopsy samples from patients with lung adenocarcinoma and benign lung diseases and correlate it with clinical features and prognosis. Furthermore, we manipulated miR-34c-5p expression in lung adenocarcinoma cell A549 and assess its effect on cell viability and invasion.
2. Materials and Methods
2.1. Gene Expression Profiles of NPC in Gene Expression Omnibus (GEO)
Microarray data deposited with GEO (https://www.ncbi.nlm.nih.gov/geo/) under accession number GSE33532 between individual primary tumors and matched distant normal lung tissues were analyzed. An absolute  plus a false discovery rate (FDR)  was used to screen as differentially expressed genes (DEGs) using the Limma package of R language between individual primary tumors and matched distant normal lung tissues.
2.2. Tissue Specimen Collection
Two hundred and two biopsy specimens were based on patients pathologically diagnosed with lung adenocarcinoma and undergoing bronchoscopy at our hospital from January 2009 to December 2015. The mean age of enrolled patients was  years, and none of them received chemotherapy or radiotherapy. The tumor node metastasis (TNM) of 202 specimens was split into different stages according to the staging criteria formulated by the International Association for the Study of Lung Cancer (IASLC) [14]. The follow-up study was performed from January 2009 to December 2020, with overall survival (OS) and disease-free survival (DFS) recorded. During the same period, 176 biopsy specimens were collected from patients with benign lung diseases who visited our hospital, and there were 103 males and 73 females, with a mean age of  years.
2.3. Immunohistochemistry (IHC)
Tissues were fixed with 10% formaldehyde, paraffin-embedded, and cut into sections (4 μm). Sections were stained using anti-NUF2 (Santa Cruz Biotechnology, USA) and then allowed to react with goat anti-rabbit IgG (Beyotime Institute of Biotechnology, China) for 30 min. We randomly captured 5 fields of view under 200x magnification using a microscope (Nikon, Japan). Extents of staining were reflected using scores: 0 indicates no stained cells, 1 indicates 1-25% stained cells, 2 indicates 26-50% stained cells, and 3 indicates 51-100% stained cells. With regard to staining intensities, 0 reflects uncolored or not obvious stain, 1 reflects light yellow stains, 2 reflects brownish yellow stains, and 3 reflects brown stains. Final staining scores consisted of intensity and extent scores. The score was 0-1 point as negative (-), 2-3 points as weakly positive (+), and 4-6 points as positive (++). In this study, both “-” and “+” were regarded as negative and “++” as positive.
2.4. Manipulation of miR-34c-5p and NUF2 In Vitro
A549 cells were harvested in RPMI-1640 with 10% fetal bovine serum (FBS) at 37°C under 5% CO2. Once cell confluence reached 70%-90%, the old medium was renewed with serum-free medium (1600 μL). miR-34c-5p mimic, control mimic, miR-34c-5p inhibitor, control inhibitor, siRNA targeting NUF2, and scramble siRNA (GenePharma, China) were separately delivered into A549 cells (400 μL supplemented with Lipofectamine 2000) as per the manufacturer’s protocols (Invitrogen, USA). Transient transfection lasted for 48 hours.
2.5. Real-Time qPCR (RT-qPCR)
Total RNA was obtained by the method of TRIzol (No. 15596026, Invitrogen, USA). The cDNA was generated using PrimeScript™ II 1st Strand cDNA Synthesis Kits (TaKaRa) for mRNA quantification. RT-qPCR was completed as instructed by the manual provided by the kit (SYBR Premix Ex Taq Kit, TaKaRa) on the real-time PCR system (Applied Biosystems, USA). The primer sequences of NUF2 were 5-CACACCAGGAGGCATTAATGAAACT-3 (forward) and 5-GGAATTTCCCTCTTGCAGCACT-3 (reverse), and the primer sequences of GAPDH were 5-ATGGGGAAGGTGAAGGTCGG-3 (forward) and 5-GACGGTGCCATGGAATTTGC-3 (reverse). The cDNA was generated using the One Step PrimeScript miRNA cDNA Synthesis Kit (TaKaRa, Japan) for miRNA quantification. The primer sequence of hsa-miR-34c-5p was 5-AGGCAGTGTAGTTAGCTGATTGC-3, and the primer sequence of U6 was 5-CGCAAGGATGACACGCAAATTC-3. The expression of miR-34c-5p was relative to U6 snRNA and NUF2 to GAPDH.
2.6. Western Blotting
After 10% SDS-PAGE followed by membrane transfer, Western blots were probed with anti-NUF2 (Santa Cruz Biotechnology) and incubation with goat anti-rabbit IgG (Beyotime Institute of Biotechnology). GAPDH was used as a loading control for normalization. Visualization for Western blots was performed by means of an enhanced chemiluminescence (ECL) method (Amersham Pharmacia, USA), and gray quantification of Western blots was analyzed using ImageJ v1.48u software.
2.7. Luciferase Activity Assays
The wild-type NUF2 and NUF2 mutated at the putative binding sites of miR-34c-5p were independently inserted into luciferase reporter plasmids (Promega, USA), named pmirGLO-NUF2-Wt and pmirGLO-NUF2-Mut. HEK293T cells were cotransfected with reporter plasmids and either miR-34c-5p mimic or control mimic using the dual-luciferase reporter assay system (D0010, Solarbio, China).
2.8. Cell Viability and Invasion Assays
Cell viability was reflected by absorbance at different incubation with 4 h incubation of 10 μL MTT, with growth curves plotted accordingly. When performing cell invasion assays, the cells were resuspended into  cells per well using serum-free RPMI-1640 medium and then added to the upper chambers (BD Biosciences, USA) coated with Matrigel (BD Biosciences). Matrigel was pretreated using serum-free DMEM (1 : 10). The lower chamber was filled with DMEM with 5% FBS as for chemoattractant. Twenty-four hours later, the cells stained with 0.1% crystal violet in the lower chamber were counted in six fields with a microscope (Olympus, Tokyo, Japan).
2.9. Data Processing
All statistics were performed using SPSS Statistics 21.0. Data were displayed as the percentage or  and compared using the chi-squared test or unpaired -test between two groups, with  regarded as a significant difference. Survival probabilities were estimated by the Kaplan-Meier method and log-rank test. Cox multivariate regression analysis was employed to identify independent risk factors for patient survival.
3. Results
3.1. Overexpression of NUF2 in Lung Adenocarcinoma Tissues
After analyzing raw data from the GSE33532 dataset, 50 DEGs between lung cancer tissue samples than their normal counterparts stood out. We depicted a heat map (Figure 1(a)) showing 50 DEGs between primary tumors and matched distant normal lung tissues from the GSE33532 dataset. The GEPIA database also showed higher expression of NUF2 in cancer samples than their normal counterparts in lung adenocarcinoma (Figure 1(b)). However, NUF2 has been investigated rarely in lung adenocarcinoma in recent studies. In order to further confirm the expression patterns of NUF2 in lung adenocarcinoma, we collected 202 biopsy specimens from lung adenocarcinoma patients and 176 biopsy specimens from patients with benign lung diseases. Immunohistochemical staining for NUF2 was performed to estimate the positive expression of NUF2 between lung adenocarcinoma tissues and benign lung tissues. It was found that NUF2 was mainly localized in the cytoplasm as yellow-brown particles. Among 202 lung adenocarcinoma tissues, the positive rate of NUF2 reached 57.92% (117/202). Among 176 benign lung tissues, no positive staining for NUF2 was observed. The positive rate of NUF2 was notably higher in lung adenocarcinoma tissues than in benign lung tissues (, Figure 1(c)). RT-qPCR showed that lung adenocarcinoma tissues exhibited a higher mRNA expression of NUF2 than benign lung tissues (, Figure 1(d)).
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Figure 1: NUF2 is overexpressed in lung adenocarcinoma tissues. (a) DEGs between primary tumors () and matched distant normal lung tissues () in the GSE33532 dataset are shown in a heat map. Color scale indicates degrees of downregulation (green) and upregulation (red). (b) The expression of NUF2 in primary lung tumors () and normal lung tissues () in the GEPIA database. (c) Representative image of immunohistochemical staining for NUF2 in lung adenocarcinoma tissues () and negative expression of NUF2 in benign lung tissues (); original magnification, ×200. (d) The mRNA expression of NUF2 in lung adenocarcinoma tissues () and benign lung tissues () determined by RT-qPCR. .


3.2. Overexpression of NUF2 Contributes to Lung Adenocarcinoma Progression
Since NUF2 overexpression was observed in lung adenocarcinoma tissues, the focus of our analysis was shifted to studying the relationship between NUF2 activity and clinical variables of lung adenocarcinoma patients. We collected 202 biopsy specimens from lung adenocarcinoma patients and 176 biopsy specimens from patients with benign lung diseases, with medical records. We found that NUF2 expression was related to differentiation, TNM stage, and the existence of lymph node metastasis (LNM), as evidenced by the results that patients in stage III and stage IV, with poor differentiation, and with LNM presented a higher positive rate of NUF2 than those in stage I and stage II, with well/moderate differentiation, and without LNM (, Table 1). Collectively, NUF2 overexpression may be associated with lung adenocarcinoma progression.
Table 1: NUF2 expression was related to differentiation, TNM stage, and the presence of LNM in lung adenocarcinoma.
	

	Pathological index	Case	Positive rate of NUF2,  (%)		
	

	Gender				
	    Male	113	63 (55.75)	0.363	0.717
	    Female	89	54 (60.67)
	

	Age				
	    <60	63	35 (55.56)	0.238	0.812
	    ≥60	139	82 (58.99)
	

	Smoking history				
	    Yes	71	43 (60.53)	0.475	0.635
	    No	131	74 (56.49)
	

	Maximal tumor diameter				
	    <3 cm	143	79 (55.24)	0.612	0.541
	    ≥3 cm	59	38 (64.41)
	

	TNM stage				
	    I+II	121	52 (42.98)	2.670	0.008
	    III+IV	81	65 (80.25)
	Differentiation				
	    Medium/well differentiation	166	84 (50.60)	2.045	0.030
	    Poor differentiation	36	33 (91.67)
	

	LNM				
	    Presence	60	50 (83.33)	2.360	0.018
	    Absence	142	67 (47.18)
	



3.3. NUF2 Overexpression Predicted Poor Survival of Lung Adenocarcinoma
TCGA also showed that there was a significant difference concerning lung adenocarcinoma OS between patients with high and low expressions of NUF2 (). The intensity and extent of NUF2 staining were evaluated, and two scores were added. Patients with – and + were classified into the negative expression group and those with ++ into the positive expression group. Patients with NUF2 overexpression had reduced OS and DFS compared to patients with underexpression (, Figure 2). Next, we included high expression of NUF2, TNM stage, differentiation, and LNM into the Cox proportional hazards model for the prognosis of lung adenocarcinoma. The results of Cox multivariate analysis revealed that (Table 2) high expression of NUF2, TNM stage, differentiation, and LNM were independent risk factors for the prognosis of lung adenocarcinoma ().




			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
		
			
		
			
				
			
				
		
			
				
			
				
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		Figure 2: Kaplan-Meier curves were depicted to estimate OS and DFS of a patient with lung adenocarcinoma () according to NUF2 expression. The median OS and DFS time for the positive expression group was 38.6 months and 34.2 months, respectively. The median OS and DFS time for the negative group was 52.3 months and 48.7 months, respectively.


Table 2: Multivariate survival analysis in Cox proportional hazards models for prognosis of lung adenocarcinoma.
	

	Factors		SE	Wald	SIG.	Exp.()	95% CI for Exp.()
	Lower	Upper
	

	TNM	0.793	0.268	8.742	0.003	2.210	1.306	3.738
	Differentiation	-0.497	0.252	3.893	0.048	0.609	0.372	0.997
	LNM	0.559	0.275	4.121	0.042	1.749	1.019	3.001
	High expression of NUF2	0.664	0.243	7.454	0.006	1.943	1.206	3.130
	



3.4. Knockdown of NUF2 Inhibits Lung Adenocarcinoma A549 Cell Viability and Invasion
We manipulated NUF2 using siRNA in A549 cells and examined the effect of NUF2 on A549 cell viability and invasion. First, the RT-qPCR analysis and Western blotting determined that siRNA designed specifically for NUF2 successfully knocked down the mRNA expression of NUF2 and diminished the protein level of NUF2 (Figures 3(a) and 3(b)). The results of MTT assays and Transwell invasion assays revealed that compared with A549 cells treated with scramble siRNA, siRNA-NUF2-treated A549 cells showed reduced cell viability and invasion (, Figures 3(c) and 3(d)).
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Figure 3: Knockdown of NUF2 inhibits lung adenocarcinoma A549 cell viability and invasion. (a, b) siRNA targeting NUF2 was delivered into A549 cells to specifically blunt NUF2 expression in vitro, with delivery of scramble siRNA as the negative control. NUF2 mRNA and protein expressions were assessed in A549 cells by the RT-qPCR and Western blot analysis. (c) Cell viability was examined by MTT assays. (d) Cell invasion was examined by Transwell assays. .


3.5. Downregulated miR-34c-5p Was Associated with the Development and Poor Prognosis of Lung Adenocarcinoma
To further evaluate the expression pattern of miR-34c-5p in lung adenocarcinoma, we quantified miR-34c-5p in lung adenocarcinoma tissues and benign lung tissues. As shown in Table 3, patients in stage III and stage IV, with poor differentiation, and with lymph node metastasis (LNM) presented a lower expression level of miR-34c-5p than those in stage I and stage II, with well/moderate differentiation, and without LNM (). Subsequently, Kaplan-Meier curves were depicted to estimate patient OS and DFS according to miR-34c-5p expression (). The results showed that patients with low miR-34c-5p expression exhibited poor OS and DFS when compared to those with high miR-34c-5p expression (Figure 4). Next, we included low expression of miR-34c-5p, TNM stage, differentiation, and LNM into the Cox proportional hazards model for the prognosis of lung adenocarcinoma. After Cox multivariate analysis, it was revealed that miR-34c-5p underexpression, TNM stage, differentiation, and LNM were independent risk factors for lung adenocarcinoma prognosis (, Table 4).
Table 3: Association between miR-34c-5p expression and clinical variables of lung adenocarcinoma patients.
	

	Index	The expression of miR-34c-5p		
	

	Gender			
	    Male		0947	0.345
	    Female	
	

	Age			
	    <60		0.959	0.588
	    ≥60	
	

	Smoking history			
	    Yes		0.996	0.321
	    No	
	

	Maximal tumor diameter			
	    <3 cm		1.383	0.168
	    ≥3 cm	
	

	TNM stage			
	    I+II		3.383	0.001
	    III+IV	
	

	Differentiation			
	    Medium/well differentiation		2.581	0.011
	    Poor differentiation	
	

	LNM			
	    Presence		2.256	0.025
	    Absence	
	







			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
		
			
		
			
				
			
				
		
			
				
			
				
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
		Figure 4: Kaplan-Meier curves were depicted to estimate lung adenocarcinoma patient () OS and DFS according to miR-34c-5p expression. The median OS and DFS time for the low miR-34c-5p group was 44 months and 33.0 months, respectively. The median OS and DFS time for the high miR-34c-5p group was 54.0 months and 48.0 months, respectively.


Table 4: Independent risk factors for prognosis of lung adenocarcinoma.
	

	Factors		SE	Wald	SIG.	Exp.()	95% CI for Exp.()
	Lower	Upper
	

	TNM	0.570	0.234	5.925	0.015	1.768	1.117	2.798
	Differentiation	0.287	0.101	8.021	0.005	1.332	1.092	1.624
	LNM	0.497	0.244	4.164	0.041	1.645	1.020	2.652
	miR-34c-5p	0.409	0.202	3.978	0.046	1.496	1.007	2.222
	



3.6. miR-34c-5p Restrained A549 Cell Viability and Invasion by Targeting NUF2
In this part, we aim to prove the hypothesis that the anticarcinogenic effect of miR-34c-5p on lung adenocarcinoma is achieved by targeting NUF2. At first, we searched web-available databases RNA22 where miR-34c-5p sharing binding sites with NUF2 are predicted (Figure 5(a)) and starBase (http://starbase.sysu.edu.cn/) where miR-34c-5p and NUF2 are coexpressed in lung adenocarcinoma (Figure 5(b)). After dual-luciferase reporter gene assays, it was found that the pmirGLO-NUF2-WT exhibited reduced luciferase intensity upon miR-34c-5p mimic transfection (, Figure 5(c)). The qRT-PCR and Western blot analysis (, Figure 5(d)) demonstrated that NUF2 was decreased in A549 cells treated with miR-34c-3p mimic and increased in A549 cells treated with miR-34c-3p inhibitor at mRNA and protein levels. Finally, A549 cells were treated with miR-34c-3p inhibitor and siRNA-NUF2, and their viability and invasion were evaluated using MTT assays and Transwell invasion assays. When compared to A549 cells treated with NC inhibitor followed by scrambled siRNA, A549 cells treated with miR-34c-3p inhibitor followed by siRNA-NUF2 did not differ concerning cell viability and invasion (, Figures 5(e) and 5(f)), suggesting that miR-34c-3p mediated A549 cell viability and invasion by binding to NUF2.
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		(f)
Figure 5: miR-34c-3p mediates A549 cells by binding to NUF2. (a) The binding sites of miR-34c-5p and NUF2 are predicted in the RNA22 database (https://cm.jefferson.edu/). (b) Coexpression of miR-34c-5p and NUF2 in lung adenocarcinoma in the starBase database (http://starbase.sysu.edu.cn/). (c) NUF2 as the target gene of miR-34c-3p was verified by luciferase activity assays ( stands for  when compared with pmirGLO-NUF2-MUT+miR-34c-5p mimic). (d) NUF2 mRNA and protein expressions in A549 cells were determined by qRT-PCR and Western blot analysis, normalized to GAPDH ( stands for  when compared with NC mimic or NC inhibitor). (e) Cell viability was examined by MTT assays. (f) Cell invasion was examined by Transwell assays.


4. Discussion
Lung adenocarcinoma, the most frequent histological subtype of non-small-cell lung cancer (NSCLC), has been indicated to be closely correlated with molecular heterogeneity [4]. Recently, the significance of miRNAs in lung cancer has been increasingly recognized regarding their therapeutic and diagnostic values [15]. In the current study, we synthesized the evidence of miR-34c-5p as a prognostic biomarker in lung adenocarcinoma and provided available evidence validating the relationship between poorly expressed miR-34c-5p and unfavorable oncologic outcomes of patients with lung adenocarcinoma. Furthermore, elevated miR-34c-5p was observed to exert inhibitory effects on lung adenocarcinoma cell viability and invasion by inhibiting NUF2.
miR-34c-5p was confirmed to be poorly expressed in lung adenocarcinoma in association with poor prognosis, setting a foundation for subsequent experiments. Importantly, miR-34c-5p has been acknowledged to be of great importance in lung-related diseases [16, 17]. Besides, miR-34c-5p has been suggested as a target for potential therapeutic strategies in cancer pain management [18]. The association between miR-34c-5p and overall survival condition of patients with lung adenocarcinoma has also been elucidated, which is largely in agreement with our finding [19]. In addition, the prognostic value of miR-34c-5p at the low expression level is consistent with its role in colon cancer according to a previous report [20]. Likewise, miR-34c-5p underexpression has been defined as an independent factor of dismal overall and DFS in patients with laryngeal squamous cell carcinoma [9]. Dysregulation of miRNAs has been identified to affect downstream targets and further function as regulators of various tumorigenic events during the progression and development of cancer [21]. When miR-34c-5p expression was forced in our study, A549 cell abilities of migration and invasion were significantly weakened. A functional study has unraveled the antiapoptotic effects of miR-34c-5p in A549 cells induced by paclitaxel in lung cancer [22]. Similarly, upregulation of miR-34c-5p has been explored to be involved in the protection mechanism of Pien Tze Huang in colorectal cancer [23]. In the context of cervical cancer, overexpressed miR-34c-5p has the ability to curtail cancer cell proliferation and migration [24], supporting our validation on the involvement of miR-34c-5p in lung adenocarcinoma.
It has been underlined that the integration of miRNAs and target genes may manifest itself as a promising approach for the prediction and progression of NSCLC [25]. During the investigation, it was found that miR-34c-5p could target and further regulate NUF2 in a negative manner, which was considered the underlying mechanism responsible for the antitumor potential of miR-34c-5p against lung adenocarcinoma. Similar interplay involving miR-34c-5p has been elaborated that special AT-rich sequence-binding protein 2 is a specific target of miR-34c-5p in colorectal cancer and sirtuin 6 works in tandem with miR-34c-5p in regulating colon cancer progression [8, 26]. NUF2, a key mediator of meiotic cell cycle distribution in mammalian oocytes, harbors the property to give rise to defective spindles, activated spindle assembly checkpoint, and misaligned chromosomes [27]. Notably, NUF2 has been documented to play an important part in cell senescence after irradiation, which may result in serious deadly lung injury featured with respiratory failure and pulmonary dysfunction [28]. Mounting evidences have emerged regarding NUF2-targeted therapies to combat multiple cancers, including breast cancer, hepatocellular carcinoma, and pancreatic cancer [29–31]. In lung cancer, NUF2 has also been found to be engaged by interacting with ZW10 interacting protein, a critical part of the mitotic checkpoint with prognostic value [32]. Additionally, NUF2 can be targeted by miR-3613-3p and highlighted as a potential biomarker of liver cancer [33]. Given the aforementioned data and studies, we were convinced that miR-34c-5p-dependent NUF2 inhibition conferred protection against cancerigenic behaviors of lung adenocarcinoma cells.
To sum up, our findings demonstrated that the target inhibition of miR-34c-5p on NUF2 imparted a pronounced inhibitory effect on malignant cell viability and invasion in lung adenocarcinoma, shedding light on the remarkable potential of miR-34c-5p as a prognostic biomarker for lung adenocarcinoma. However, further investigations with regard to their functional roles in vivo are expected to make inroads into the implication of miRNA-mRNA in the treatment and prognosis of lung cancer. Besides, more in-depth researches as well as combined research efforts are needed to validate its applicable value in clinical practice.
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