

[image: Identification of potential biomarkers and pathways for asthenozoospermia by bioinformatics analysis and experiments]
Identification of potential biomarkers and pathways for asthenozoospermia by bioinformatics analysis and experiments





ORIGINAL RESEARCH

published: 28 May 2024

doi: 10.3389/fendo.2024.1373774

[image: image2]


Identification of potential biomarkers and pathways for asthenozoospermia by bioinformatics analysis and experiments


Hui Lu 1*†, Liqiang Zhao 1†, Anguo Wang 1, Hailing Ruan 1, Xiaoyan Chen 1, Yejuan Li 1, Jiajia Hu 1, Weiying Lu 1* and Meifang Xiao 2*


1 Reproductive Medicine Center, Hainan Women and Children’s Medical Center, Haikou, Hainan, China, 2 Department of Clinical Laboratory, Center for Laboratory Medicine, Hainan Women and Children’s Medical Center, Haikou, Hainan, China




Edited by: 

Richard Ivell, University of Nottingham, United Kingdom

Reviewed by: 

Giovanni Luca, University of Perugia, Italy

Zhao Liangyu, The Fifth Affiliated Hospital of Sun Yat-Sen University, China

*Correspondence: 

Hui Lu
 xu_lixing@yeah.net

Weiying Lu
 Luweiying206@163.com

Meifang Xiao
 xiaomeifang2006@hotmail.com















†These authors have contributed equally to this work and share first authorship



Received: 20 January 2024

Accepted: 10 May 2024

Published: 28 May 2024

Citation:
Lu H, Zhao L, Wang A, Ruan H, Chen X, Li Y, Hu J, Lu W and Xiao M (2024) Identification of potential biomarkers and pathways for asthenozoospermia by bioinformatics analysis and experiments. Front. Endocrinol. 15:1373774. doi: 10.3389/fendo.2024.1373774






Background

Asthenozoospermia, a type of male infertility, is primarily caused by dysfunctional sperm mitochondria. Despite previous bioinformatics analysis identifying potential key lncRNAs, miRNAs, hub genes, and pathways associated with asthenospermia, there is still a need to explore additional molecular mechanisms and potential biomarkers for this condition.





Methods

We integrated data from Gene Expression Omnibus (GEO) (GSE22331, GSE34514, and GSE160749) and performed bioinformatics analysis to identify differentially expressed genes (DEGs) between normozoospermia and asthenozoospermia. Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses were conducted to gain insights into biological processes and signaling pathways. Weighted Gene Co-expression Network Analysis (WGCNA) identified gene modules associated with asthenozoospermia. Expression levels of key genes were assessed using datasets and experimental data. Gene Set Enrichment Analysis (GSEA) and correlation analysis identified pathways associated with the hub gene and explore the relationship between the ZNF764 and COQ9 and mitochondrial autophagy-related genes. Competitive endogenous RNA (ceRNA) networks were constructed, and in vitro experiments using exosome samples were conducted to validate this finding.





Results

COQ9 was identified as a marker gene in asthenozoospermia, involved in autophagy, ATP-dependent chromatin remodeling, endocytosis, and cell cycle, etc. The ceRNA regulatory network (LINC00893/miR-125a-5p/COQ9) was constructed, and PCR demonstrated that LINC00893 and COQ9 were downregulated in asthenozoospermia, while miR-125a-5p and m6A methylation level of LINC00893 were upregulated in asthenozoospermia compared to normozoospermic individuals.





Conclusion

The ceRNA regulatory network (LINC00893/miR-125a-5p/COQ9) likely plays a crucial role in the mechanism of asthenozoospermia. However, further functional experiments are needed to fully understand its significance.
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Introduction

Infertility is a prevalent issue affecting a significant proportion of the global population, with male infertility accounting for approximately 40–50% of all infertility cases (1). Among the various causes of male infertility, asthenozoospermia stands out as a common condition characterized by reduced sperm motility, primarily attributed to dysfunctional sperm mitochondria (2, 3). Extensive research has highlighted the involvement of genetic factors (4), environmental factors such as infections (e.g., human papillomavirus (HPV) infection (5) and novel coronavirus disease (COVID-19) infection (6)), varicocele (7), and lifestyle (8) in the development of asthenozoospermia. However, the precise molecular mechanisms underlying this condition remain poorly understood. Therefore, gaining insights into the underlying molecular mechanisms and identifying potential biomarkers for asthenozoospermia are crucial for the development of effective diagnostic and therapeutic strategies.

Recently, exosomes have garnered significant attention as a crucial medium for intercellular communication (9). These small extracellular vesicles, ranging from 30 to 150 nanometers in diameter, are released by cells and carry a diverse cargo of bioactive molecules, including microRNAs (miRNAs), long noncoding RNAs (lncRNAs), and messenger RNA (mRNA) (10). Exosomes have been shown to facilitate information exchange between cells and participate in various physiological and pathological processes by delivering these molecules (11). In the male reproductive tract, exosomes are secreted and are believed to play a crucial role in sperm maturation and function. Notably, ejaculated sperm have the ability to capture exosomes. Studies have demonstrated that exosomes derived from normozoospermic individuals can enhance sperm motility and promote capacitation, while exosomes from males with severe asthenozoospermia lack similar effects (12). Our previous research has provided initial insights into the dysregulated competitive endogenous RNA (ceRNA) network in asthenozoospermia, highlighting the potential involvement of exosomal lncRNAs in the pathogenesis of this condition (13). Although previous bioinformatics analyses have identified potential key lncRNAs, miRNAs, hub genes, and crucial pathways associated with asthenozoospermia (14–16), there are still many unexplored molecular mechanisms and potential biomarkers that related to asthenozoospermia need to be elucidated.

Therefore, the aim of this study was to identify potential biomarkers and pathways associated with asthenozoospermia through a combination of bioinformatics analysis and experimental validation in vitro. To achieve this, we integrated data from multiple sources, including GSE22331, GSE34514, and GSE160749, and identify the differentially expressed genes (DEGs) between normozoospermic and asthenozoospermic groups. To gain insights into the biological processes and signaling pathways related to the intersection genes between bioinformatics DEGs and previous experimental DEGs, we performed Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses. Additionally, we utilized Weighted Gene Co-expression Network Analysis (WGCNA) to identify gene modules closely associated with asthenozoospermia. We assessed the expression levels of the intersection genes between DEGs and WGCNA genes using the datasets and our previous experimental data. Gene Set Enrichment Analysis (GSEA) was conducted to identify pathways associated with the hub gene. Furthermore, we explored the relationship between the hub gene and mitochondrial autophagy, a process known to play a crucial role in sperm motility (17), through correlation analysis. Competitive endogenous RNA (ceRNA) networks were constructed to uncover the regulatory relationships among these molecules. To validate the findings from our bioinformatics analysis, we performed in vitro experiments using exosome samples. The design and analysis flowchart of our study is shown in Figure 1. These comprehensive methods aim to identify potential biomarkers and pathways associated with asthenozoospermia, providing a deeper understanding of the molecular mechanisms underlying asthenozoospermia.




Figure 1 | The design and analysis flowchart to identify potential biomarkers and biological pathways in asthenozoospermia. DEGs, differentially expressed genes; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; WGCNA, Weighted Gene Co-expression Network Analysis; GSEA, Gene Set Enrichment Analysis; ceRNA, Competitive endogenous RNA.







Materials and methods




Data collection and preprocessing

We searched gene expression profiling datasets for asthenozoospermia using the term “asthenozoospermia” from the Gene Expression Omnibus (GEO) publicly available database (https://www.ncbi.nlm.nih.gov/gds/). The inclusion criteria for the dataset are as follows: (1) the dataset includes whole genome-wide expression mRNA microarray data; (2) the samples were sperm from normozoospermic and asthenozoospermic; (3) the organism was restricted to Homo sapiens. Finally, multiple gene expression datasets, including GSE22331 (1 normozoospermia and 1 asthenozoospermia), GSE34514 (4 normozoospermias and 4 asthenozoospermias), and GSE160749 (6 normozoospermias and 5 asthenozoospermias), were downloaded and integrated for further analysis, which included a total of 11 normozoospermias and 10 asthenozoospermias (Supplementary Table 1). Firstly, we conducted independent data cleaning and preprocessing on each dataset, including outlier detection, missing value filling, etc., to ensure data consistency and integrity. Additionally, the removeBatchEffect function of the R software (version 4.2.1) “limma” package was utilized for batch correction to minimize the batch effect. By reducing the dimensionality of the data, Principal Component Analysis (PCA) allowed us to visualize the overall patterns and relationships within the dataset (Supplementary Figure S1). This analysis helped confirm that the integrated data remained reliable and informative, despite the potential confounding effects of batch variations.





Identification of key DEGs

DEGs were identified using the “limma” packages of the R language, with a significance threshold of p-value < 0.05 and |log2FC| > 0.5. Volcano plots were generated using the SangerBox online software (http://sangerbox.com/home.html) based on the “ggplot” package of R language. Venn diagrams (https://jvenn.toulouse.inrae.fr/app/example.html) were used to identify the key DEGs by intersecting the DEGs obtained from GEO databases with our previous experimental DEGs (1,128 up-regulated and 1,210 down-regulated) (13).





GO and KEGG enrichment analysis

To explore the biological functions and pathways associated with the key DEGs, we conducted GO and KEGG analyses using the “AnnotationDbi”, “clusterProfiler”, and “ggplot2” R packages. A significance threshold of p.adjust < 0.05 was applied to determine significant terms. The results were visualized to provide insights into the enriched biological processes and pathways associated with the DEGs.





Co-expression network construction

A total of 5850 genes with a variance greater than 0.5 in the integrated dataset (11 normozoospermic and 10 asthenozoospermic individuals) were selected for WGCNA. First, we calculated the similarity between samples using horizontal hierarchical clustering. Then, we constructed an adjacency matrix and determined the optimal soft threshold power (β = 14) based on scale independence and mean connectivity (scale free R2 = 0.80). Next, we transformed the adjacency matrix into a topological overlap matrix (TOM) to assess network interconnectedness. The dynamic tree cutting method was applied to identify co-expressed gene modules, and a cluster dendrogram was generated to visualize the modules represented by different colors using hierarchical clustering. To ensure reliable results, we set the minimum number of genes per module to 50 and the module cutting height to 0.1. Pearson correlation analysis was performed to calculate the correlations between module eigengenes (MEs) and phenotypes, identifying the module with the highest positive correlation with asthenozoospermia. The genes most associated with the darkolivegreen and skyblue modules and asthenozoospermic traits were selected for further analysis. Additionally, gene significance (GS) and module membership (MM) values were generated, and genes with |MM| > 0.8 and |GS| > 0.4 were considered hub genes in the key module.





Identification and expression hub genes

The gene that exhibited the most significant difference, which was found at the intersection of DEGs and the hub genes identified by WGCNA, was selected as the core gene for further investigation. To visualize the expression patterns of the intersecting genes between DEGs and the hub genes identified by WGCNA, we generated violin plots using SangerBox software (http://sangerbox.com/home.html) based on datasets and our previous experimental data. These plots provided a graphical representation of the expression levels of the selected genes, allowing for a better understanding of their differential expression in asthenozoospermic and normozoospermic groups.





Single-gene GSEA of the hub gene

To gain further insights into the functional implications of hub gene, we performed single-gene GSEA and visualization using the R packages “clusterProfiler”, “enrichplot”, and “stringr”. Firstly, we divided all samples into low-expression and high-expression groups based on the expression levels of the key gene. Next, we conducted GSEA to identify significantly different KEGG pathways between the two groups. Pearson correlation analysis was performed to assess the correlation between the hub gene and all genes in the integrated dataset, and the genes were ranked in descending order based on the correlation scores. The ranked genes were then used as the gene set to be tested, while the KEGG signaling pathway served as the predefined gene set. Finally, we examined the enrichment of the KEGG signaling pathway in the corresponding set of genes to be tested, considering a p.adjust value less than 0.05 as the cutoff criterion for statistical significance. This analysis provided valuable information about the potential functional associations and pathways related to hub gene.





Association with autophagy

To explore the potential association between the hub gene and mitochondrial autophagy, we obtained a set of 29 mitochondrial autophagy-related genes (including ATG12, FUNDC1, SQSTM1, TOMM5, UBB, ATG5, MAP1LC3A, PGAM5, SRC, UBC, MAP1LC3B, PINK1, TOMM20, ULK1, CSNK2A2, MFN1, PARK2, TOMM22, TOMM70A, VDAC1, CSNK2B, MFN2, RPS27A, TOMM40, and UBA52) from the Reactome Pathway Database (https://reactome.org). We then performed Pearson correlation analysis to assess the correlation between the key gene and these mitochondrial autophagy-related genes. The resulting correlation heatmap was visualized using the SangerBox software. p less than 0.05 was considered as cut-off criterion for statistically significant.





ceRNA regulatory network construction

To investigate the potential regulatory interactions between the key gene and non-coding RNAs, we utilized online databases such as miRcode (http://www.mircode.org/), TargetScan (https://www.targetscan.org/vert_80/), and starBase (https://starbase.sysu.edu.cn/), along with our previous research findings. These resources allowed us to predict miRNAs and lncRNAs that may be associated with the key gene. We then constructed lncRNA-miRNA-mRNA networks by integrating the lncRNA-miRNA and mRNA-miRNA interactions. The resulting networks were visualized using Cytoscape software (version 3.10.0), providing a comprehensive view of the potential regulatory relationships between the key gene and non-coding RNAs.





Extraction and identification of seminal plasma exosomes

We collected semen samples from 3 asthenozoospermia males and 3 normozoospermia males at the Hainan Women and Children’s Medical Center. The collection methods, diagnosis, and inclusion criteria followed the protocols outlined in our previous study (13). To isolate seminal plasma exosomes, the semen samples were rapidly thawed at 37°C and transferred to a new centrifuge tube. They were then centrifuged at 4°C, 2000 ×g for 30mins. The supernatant was carefully transferred to another tube and subjected to a second centrifugation at 4°C, 10,000 ×g for 45mins to remove larger vesicles. The resulting supernatant was filtered using a 0.45μm filter membrane, and the filtrate was collected. Subsequently, the filtrate was transferred to a new centrifuge tube and centrifuged at 4°C, 100,000 ×g for 70mins. After removing the supernatant, the pellet was resuspended in 10 mL of pre-cooled 1× PBS and subjected to another centrifugation at 4°C, 100,000 ×g for 70mins. Finally, the supernatant was discarded, and the exosome pellet was resuspended in 100μL of pre-cooled 1× PBS and stored at -80°C. To examine the structural characteristics and morphology of the isolated exosomes, we performed high-resolution imaging using transmission electron microscopy (TEM, HT-7700, Hitachi) (Supplementary Figure S2A). Additionally, the size distribution and concentration of the exosomes were determined using a NanoFCM N30E particle size analyzer (Supplementary Figures S2B, C).





Quantitative reverse-transcription polymerase chain reaction

Total RNA was extracted from exosomes of asthenozoospermia and normozoospermia using TRIZOL reagent (Invitrogen, Carlsbad, CA, USA) following the manufacturer’s instructions. The concentration and purity of RNA were assessed using a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA) by measuring the optical density (OD) at 280 and 260 nm. The integrity of the RNA was evaluated using agarose gel electrophoresis. Subsequently, the RNA was reverse transcribed into complementary DNA (cDNA) using a reverse transcription kit (Nocoprotein Co., Ltd., Suzhou, China). For qRT-PCR, the SYBR Green Master Mix (Applied Biosystems, MA, USA) and the Applied Biosystems 7500 sequence detection system were used. The cycling conditions consisted of an initial denaturation step at 95°C for 1 minute, followed by 45 cycles of denaturation at 95°C for 20 seconds, and annealing/extension at 60°C for 45 seconds. U6 was employed as an endogenous control for miRNA, while GAPDH served as the internal control for mRNA and lncRNA. The relative gene expression levels were calculated using the 2−ΔΔCt method. The primer sequences used for qRT-PCR are provided in Table 1.


Table 1 | The primer sequences used for qRT-PCR.







Relative quantitative detection of m6A methylation of lncRNA

The relative quantitative detection of m6A methylation involved the following steps: 1) Total RNA extraction and quality control: Total RNA was extracted as previously described, and quality control measures were performed to ensure RNA integrity. 2) RNA purification and fragmentation: The extracted total RNA was treated with DNase I to remove any trace genomic DNA (gDNA). Exogenous positive and negative m6A-modified fragments were introduced as controls. The RNA was then fragmented into fragments ranging from 60 to 200 base pairs (bp) by fragmenting reagents in the presence of metal ions. 3) Antibody immunoprecipitation: Dynabeads Protein A was mixed with the anti-m6A antibody to form complexes. The fragmented RNA was incubated with the bead-antibody complex, allowing for the binding of m6A-modified RNA fragments. The beads were separated from the solution using a magnet, and then washed to remove non-specifically bound RNA fragments. The m6A-modified RNA fragments were extracted using a lysis buffer. 4) Reverse transcription of RNA: A reverse transcription reaction was performed using random primers to synthesize single-stranded cDNA. This cDNA served as a quantitative template for subsequent analysis. 5) qRT-PCR: qRT-PCR was carried out using m6A-modification site-specific primers. SYBR fluorescent dye was used for detection, and ROX dye was added for inter-well signal correction. The reaction was amplified on a Real-Time PCR instrument, and the amplification and melt curves were analyzed. The primer sequences are provided in Table 2.


Table 2 | The primer sequences used for m6A methylation detection.








Results




Identification of key DEGs

Normalization and integration of the mRNA expression datasets GSE22331, GSE34514, and GSE160749 resulted in a total of 17,415 genes. A total of 2,070 DEGs were identified between asthenozoospermic and normozoospermic groups, including 159 upregulated genes and 1,911 downregulated genes. The volcano plot visualized these results, with each dot representing a gene (Figure 2A). Additionally, key DEGs (containing 7 upregulated genes and 55 downregulated genes) were identified by finding the intersection between the DEGs from the datasets and previous experiments (Figure 2B).




Figure 2 | Identification of key DEGs between asthenozoospermic and normozoospermic groups. (A) Volcano plots of DEGs. The x-axis represents the log2 fold change (log2FC) value, and the y-axis represents significant difference. The red dots represent significantly upregulated genes, the green dots represent significantly downregulated genes, the black dots represent no significantly. (B) The common key genes screened from DEGs of datasets and previous experiment are shown in Venn diagram. DEGs, differentially expressed genes.







GO and KEGG analyses of the key DEGs

GO and KEGG analyses were performed to determine the potential biological functions and pathways associated with the key DEGs (Figure 3). The GO analysis revealed that most of the DEGs were located in the ribosome (organellar, mitochondrial), ribosomal subunit, outer membrane (mitochondrial and organelle), and calpain complex (Figure 3A), which were involved in processes such as rRNA modification and methylation, membrane raft assembly, regulation of flagellated sperm motility, sperm individualization, cellularization (Figure 3B). Furthermore, many DEGs were found to be involved in the regulation of enzyme activity, including rRNA methyltransferase, lysophosphatidic acid acyltransferase, and glucosamine kinase (Figure 3C). The KEGG analysis showed that the key DEGs were mainly associated with glycerophospholipid metabolism, ubiquitin-mediated proteolysis, and protein processing in the endoplasmic reticulum (Figure 3D).




Figure 3 | GO and KEGG analysis. The visualization results of (A–C) partial GO biological function analysis and (D) partial KEGG analysis of magenta module gene. The first 10 important enrichment pathways are shown. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.







Co-expression network construction

A total of 5,850 genes with larger variance were selected for co-expression analysis based on the variance results of gene expression. Using the Pearson’s correlation coefficient, all samples from GSE22331, GSE34514, and GSE160749 were clustered, resulting in a sample clustering tree (Figure 4A). With a threshold correlation coefficient of 0.80 and a soft threshold of 14, a scale-free topology module was constructed (Figure 4B). Based on average hierarchical clustering and dynamic tree clipping, thirty co-expression modules were created (Figure 4C). Correlation analysis between the modules and clinical traits revealed that the darkolivegreen (r = 0.481, p = 0.027) and skyblue (r = 0.442, p =  0.045) modules showed modest significant correlations with asthenozoospermia (Figure 4D). GS and MM analysis identified the darkolivegreen (correlation coefficient = 0.440, p  = 9.8 × 10−12; Figure 4E) and skyblue (correlation coefficient = 0.460, p  = 1.2 × 10−11; Figure 4F) modules as important modules strongly correlated with asthenozoospermia for further analysis. According to the cutoff criteria (|MM|> 0.8 and |GS|> 0.4), the skyblue module contained 196 genes, of which 93 genes were identified as hub genes, and 141 hub genes were identified in the darkolivegreen module (218 genes) (Supplementary Table 2). A Venn diagram was then developed to take the intersection between the above genes and key DEGs to identify hub genes in asthenozoospermia, which were ZNF764, COQ9 and CA5A, respectively (Figure 4G).




Figure 4 | Weighted gene co-expression network analysis. (A) Clustering dendrogram of 21 samples. (B) Analysis of the scale-free index (left) and mean connectivity (right) for various soft-threshold powers (β). (C) Clustering dendrogram. Each branch represents one gene, and each color at the bottom represents one coexpression module. (D) Heatmap of the correlation between module eigengenes and clinical phenotype. The upper number in the color grid represents the correlation as well as its p-value. (E) The scatterplot of module membership and gene significance in darkolivegreen module. (F) The scatterplot of module membership and gene significance in skyblue module. (G) Venn diagram for key genes from DEGs and key modules. DEGs, differentially expressed genes.







Verification of key genes expression and GESA

The expression levels of hub genes in asthenozoospermia and normozoospermia were validated using the integrated GO datasets (GSE22331, GSE34514, and GSE160749) and previous experimental data (Figure 5A). The expression level of ZNF764 was found to be higher in asthenozoospermic patients compared to normozoospermic individuals (p = 4.9e-3), while the expression of COQ9 was significantly decreased in asthenozoospermic patients (p = 3.4e-4). However, no significant differences were observed in the expression level of CA5A between the two groups (p = 0.16). Furthermore, the expression of these two genes (ZNF764 and COQ9) in seminal exosomes of asthenozoospermic and normozoospermic individuals was validated through RT-PCR (Figure 5B).




Figure 5 | Verification of key genes expression and GESA. (A) Verification of key genes expression between asthenozoospermic and normozoospermic groups. (B) The mRNA expression levels of ZNF764 and COQ9 in seminal exosomes of asthenozoospermic and normozoospermic groups via qRT-PCR. (C) Ridge map of ZNF764 most related pathways via single gene GSEA. (D) Ridge map of COQ9 most related pathways via single gene GSEA. GSEA, Gene Set Enrichment Analysis. *p < 0.05, **p < 0.01.



Furthermore, we performed GSEA to gain a more accurate understanding of the functional roles of the hub genes. Based on the designated cut-off criteria, we identified the top twenty KEGG pathways enriched in the analysis. For ZNF764, the enriched pathways included nucleocytoplasmic transport, protein processing in endoplasmic reticulum, ubiquitin mediated proteolysis, protein export, mRNA surveillance pathway, autophagy-animal, spliceosome, polycomb repressive complex, and cell cycle, etc. (Figure 5C). For COQ9, the enriched pathways included autophagy, nucleocytoplasmic transport, protein processing in endoplasmic reticulum, mRNA surveillance pathway, ubiquitin mediated proteolysis, ATP-dependent chromatin remodeling, polycomb repressive complex, lysosome, endocytosis, and cell cycle, etc. (Figure 5D).





Association with autophagy related genes

We analyzed the correlation between expression levels of ZNF764 and COQ9 and the expression levels of 22 mitochondrial autophagy-related genes (Table 3; Supplementary Figure S2). Significant negative correlations were found between the expression level of ZNF764 and three mitochondrial autophagy-related genes, including CSNK2A2 (cor = -0.792, p = 0.006), MFN1 (cor = -0.789, p = 0.007), and PARK2 (cor = -0.775, p = 0.009). On the other hand, the expression level of COQ9 showed significant positive correlations with 16 mitochondrial autophagy-related genes, including SQSTM1 (cor = 0.955, p < 0.001), TOMM5 (cor = 0.903, p < 0.001), UBB (cor = 0.772, p = 0.009), ATG5 (cor = 0.744, p = 0.014), MAP1LC3A (cor = 0.914, p < 0.001), PGAM5 (cor = 0.810, p = 0.005), UBC (cor = 0.804, p = 0.005), MAP1LC3B (cor = 0.989, p < 0.001), PINK1 (cor = 0.942, p < 0.001), TOMM20 (cor = 0.744, p = 0.014), PARK2 (cor = 0.858, p = 0.001), TOMM22 (cor = 0.875, p = 0.001), TOMM70A (cor = 0.846, p = 0.002), VDAC1(cor = 0.750, p = 0.013), CSNK2B (cor = 0.805, p = 0.005), MFN2 (cor = 0.948, p < 0.001), and TOMM40 (cor = 0.772, p = 0.009). Additionally, the expression level of COQ9 was significantly negatively correlated with the expression level of SRC (cor = -0.733, p = 0.016). Therefore, COQ9 was selected for further analysis.


Table 3 | The correlation between ZNF764 and COQ9 and mitochondrial autophagy-related genes expression.







ceRNA regulatory network construction and verification

We utilized miRcode, TargetScan, and starBase databases to predict miRNAs that are potentially associated with COQ9 and took intersections, including miR-125a-5p, miR-125b-5p, miR-148a-3p, miR-148b-3p, and miR-4139 (Figure 6A). Furthermore, lncRNAs potentially associated with these miRNAs were predicted using the starBase database, and a ceRNA regulatory network was constructed (Figure 6B). The expression levels of miR-125a-5p and LINC00893 in exosomes of asthenozoospermic and normozoospermic individuals were detected, revealing higher expression of miR-125a-5p in asthenozoospermia and significantly decreased expression of LINC00893 (p < 0.001, Figures 6C, D). Additionally, the expression of m6A methylation level of LINC00893 was found to be significantly increased in patients with asthenozoospermia (p < 0.05, Figure 6E).




Figure 6 | ceRNA regulatory network construction and verification. (A) Venn diagrams. Overlap of miRNAs in miRcode, TargetScan, and starBase databases. (B) ceRNA regulatory network. (C) The expression levels of miR-125a-5p in seminal exosomes of asthenozoospermic and normozoospermic groups via qRT-PCR. (D) The expression levels of LINC00893 in seminal exosomes of asthenozoospermic and normozoospermic groups via qRT-PCR. (E) The m6A methylation level of LINC00893 in seminal exosomes of asthenozoospermic and normozoospermic groups via qRT-PCR. ceRNA: Competitive endogenous RNA; qRT-PCR, quantitative reverse-transcription polymerase chain reaction. *p < 0.05; ***p < 0.001.








Discussion

To explore potential biomarkers and pathways linked with asthenozoospermia, we performed bioinformatics analysis on GEO datasets and corroborated our observations through in vitro experiments. Our findings indicated that the expression of the COQ9 gene was significantly lower in asthenozoospermia samples, and was associated with mitochondrial autophagy related genes expression. We constructed a ceRNA network consisting of LINC00893, miR-125a-5p, and COQ9. Furthermore, the vitro experiments demonstrated that COQ9 and LINC00893 exhibited low expression in asthenozoospermia, while miR-125a-5p showed high expression. Additionally, the m6A methylation level of LINC00893 was found to be high in asthenozoospermia. These findings provided valuable insights into potential mechanisms underlying of asthenozoospermia.

Coenzyme Q9 (COQ9) is a precursor of coenzyme Q (CoQ) and plays a crucial role in maintaining mitochondrial function and cellular energy metabolism (18). Previous studies have shown that coenzyme Q10 (CoQ10), also known as ubiquinone, has important metabolic and antioxidant functions (19). Additionally, the concentration of CoQ10 in seminal plasma has been found to be directly correlated with sperm count and motility (20). Administering exogenous CoQ10 has been shown to improve sperm kinetic features in patients with idiopathic asthenozoospermia (21–23). Moreover, CoQ deficiency has been found to trigger the degradation of mitochondria through mitochondrial autophagy (24), while asthenozoospermia is primarily linked to mitochondrial dysfunction in sperm (3). Autophagy is closely associated with male reproduction, especially the biosynthetic and catabolic processes of sperm (25). By analyzing GEO datasets and experimental data, it was observed that the expression of COQ9 was significantly lower in the asthenozoospermia group compared to the normal group. Furthermore, there was a significant positive correlation between COQ9 expression and 16 mitochondrial autophagy-related genes expression. Based on these findings, it is speculated that the COQ9 gene may affect COQ enzyme levels or mitochondrial autophagy, leading to mitochondrial dysfunction and impaired sperm motility, ultimately resulting in asthenozoospermia. However, further research is needed to fully understand the specific mechanism of COQ9 in asthenozoospermia.

Furthermore, we conducted miRNA prediction to identify potential associations with COQ9 and subsequently identified lncRNAs that are associated with these miRNAs. Finally, we constructed a ceRNA network. The overlapping miRNAs, including miR-125a-5p, miR-125b-5p, miR-148a-3p, miR-148b-3p, and miR-4139, were identified as COQ9-related miRNAs. Previous studies have found that miR-125a-5p is upregulated in the sperm of aging males, leading to increased cellular DNA damage in GC2 cells and perturbed stage-specific embryo development via Rbm38-p53 signaling (26). Sertoli cells provide protection and nutrition for developing sperm. miR-125a-5p regulated Sertoli cell proliferation and apoptosis by targeting RAB3D and regulating the PI3K/AKT pathway (27). Previous research reports only found that miR-148b-3p was downregulated in both human and mouse frozen-thawed sperm and was also decreased in embryos after fertilization using cryopreserved sperm (28). The association between miR-148a-3p, miR-4139, and sperm motility has not been reported. Therefore, we selected miR-125a-5p for further experimental verification and found that it is highly expressed in asthenozoospermia.

Additionally, four lncRNAs, including XIST, PCAT19, SPACA6P-AS, and LINC00893, were identified as miR-125a-5p-related lncRNAs in the ceRNA networks. XIST is a widely reported lncRNA that regulates X chromosome inactivation (XCI) and participates in the development of multiple types of tumors (29). PCAT19 has also been associated with the development of multiple types of tumors (30–32). However, there are few reports about SPACA6P-AS, which has been identified as a prognostic biomarker of breast cancer through bioinformatics analysis (33), and has been found to interact with miR-125a in hepatocellular carcinoma (HCC) cells (34). LINC00893 has previously been reported to be implicated in various malignancies. For instance, LINC00893 o overexpression suppresses the proliferation, migration, or invasion of gastric cancer cells and regulates epithelial-mesenchymal transition by binding with RBFOX2 (35). LINC00893 inhibits the progression of prostate cancer through the miR-3173–5p/SOCS3/JAK2/STAT3 pathway (36). LINC00893 overexpression abrogates the proliferation and migration abilities of papillary thyroid cancer cells via the PTEN/AKT pathway (37). Moreover, LINC00893 has been identified as an immune biomarker of sepsis through bioinformatic analysis (38). Our previous study, as well as the current study, has identified significantly lower expression of LINC00893 compared to the control group. m6A methylation affects both mRNA and lncRNA, exerting diverse functions within cells. In the testes, m6A modification is involved in the regulation of spermatogenesis and development. Previous studies have demonstrated the significance of m6A modification in sperm formation, and aberrant m6A methylation has been associated with spermatogenesis disorders and infertility (39). In our study, we observed a significant upregulation of m6A methylation level of LINC00893 in patients with asthenozoospermia. This finding suggests that m6A modification may play a pivotal role in the context of asthenozoospermia. Specifically, m6A methylation could potentially influence the stability and functionality of lncRNA, thereby impacting spermatogenesis and sperm motility. Nevertheless, the precise mechanism by which m6A methylation influences spermatogenesis and contributes to asthenozoospermia remains elusive, necessitating further investigations to unravel its underlying mechanisms.

However, it is important to acknowledge the limitations of our study. While we were able to verify the expression of LINC00893, miR-125a-5p, and COQ9 in asthenozoospermia, we did not confirm their interaction relationship. Additional experiments should be conducted to validate the regulatory relationships among these molecules. Further studies in vitro and in vivo models are needed to elucidate the specific mechanism of the LINC00893-miR-125a-5p-COQ9 ceRNA network in asthenozoospermia.





Conclusions

In summary, this study identified COQ9 as a marker gene in asthenozoospermia, associated with autophagy, ATP-dependent chromatin remodeling, endocytosis, and cell cycle. The ceRNA regulatory network (LINC00893/miR-125a-5p/COQ9) was constructed, revealing downregulation of LINC00893 and COQ9, and upregulation of miR-125a-5p and m6A methylation level of LINC00893 in asthenozoospermia compared to normozoospermic individuals. These findings provide valuable insights into the molecular mechanisms underlying asthenozoospermia.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by the Ethical Committee of the Hainan Women and Children’s Medical Center (No. 2023-134) and adhered to ethical standards set forth by the committee and the Declaration of Helsinki. All participants provided written informed consent after being fully informed of the study’s purpose. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin. Written informed consent was obtained from the individual(s), and minor(s)’ legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.





Author contributions

HL: Conceptualization, Investigation, Project administration, Writing – original draft. LZ: Formal analysis, Writing – original draft. AW: Formal analysis, Visualization, Writing – review & editing. HR: Methodology, Writing – review & editing. XC: Methodology, Writing – review & editing. YL: Resources, Writing – review & editing. JH: Resources, Writing – review & editing. WL: Conceptualization, Investigation, Writing – review & editing. MX: Conceptualization, Investigation, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by the Hainan Provincial Natural Science Foundation of High-Level Talent Project (No.822RC857), the Key Research and Development Program of Hainan Province (No. ZDYF2023SHFZ093), Hainan Province Clinical Medical Center (No. QWYH202175), and the Excellent Talent Team of Hainan Province (No. QRCBT202121).




Acknowledgments

The authors would like to thank GEO for open access to the database and all participants in this study.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2024.1373774/full#supplementary-material

Supplementary Figure 1 | Principal component analysis plot of the data for the different datasets.

Supplementary Figure 2 | The Characterization of seminal plasma exosomes. (A) Transmission electron microscope image of seminal plasma exosomes. (B) The size distribution of seminal plasma exosomes. (C) The concentration of seminal plasma exosomes.

Supplementary Figure 3 | Heatmap of the correlation between ZNF764 and COQ9 and autophagy-related genes expression.




References

1. Agarwal, A, Baskaran, S, Parekh, N, Cho, CL, Henkel, R, Vij, S, et al. Male infertility. Lancet (London England). (2021) 397:319–33. doi: 10.1016/S0140-6736(20)32667-2

2. Shahrokhi, SZ, Salehi, P, Alyasin, A, Taghiyar, S, and Deemeh, MR. Asthenozoospermia: Cellular and molecular contributing factors and treatment strategies. Andrologia. (2020) 52:e13463. doi: 10.1111/and.13463

3. Nowicka-Bauer, K, Lepczynski, A, Ozgo, M, Kamieniczna, M, Fraczek, M, Stanski, L, et al. Sperm mitochondrial dysfunction and oxidative stress as possible reasons for isolated asthenozoospermia. J Physiol Pharmacol. (2018) 69:403–17. doi: 10.26402/jpp.2018.3.05

4. Tu, C, Wang, W, Hu, T, Lu, G, Lin, G, and Tan, YQ. Genetic underpinnings of asthenozoospermia. Best Pract Res Clin Endocrinol Metab. (2020) 34:101472. doi: 10.1016/j.beem.2020.101472

5. Das, S, Doss, CG, Fletcher, J, Kannangai, R, Abraham, P, and Ramanathan, G. The impact of human papilloma virus on human reproductive health and the effect on male infertility: An updated review. J Med Virol. (2023) 95:e28697. doi: 10.1002/jmv.28697

6. Seckin, S, Ramadan, H, Mouanness, M, Gidon, A, Thornton, M, and Merhi, Z. A case of asthenozoospermia following COVID-19 infection. Reprod Sci (Thousand Oaks Calif). (2022) 29:2703–5. doi: 10.1007/s43032-022-00975-2

7. El Taieb, MA, Hegazy, EM, Ibrahim, HM, and Ibrahim, AK. Seminal and serum leptin levels in male patients with varicocele and isolated asthenozoospermia before and after repair. Aging Male. (2020) 23:579–84. doi: 10.1080/13685538.2018.1548590

8. Liu, YS, Zhang, YX, Wang, XB, Wu, QJ, Liu, FH, Pan, BC, et al. Associations between meat and vegetable intake, cooking methods, and asthenozoospermia: A hospital-based case-control study in China. Nutrients. (2022) 14:1956. doi: 10.3390/nu14091956

9. Pegtel, DM, and Gould, SJ. Exosomes. Annu Rev Biochem. (2019) 88:487–514. doi: 10.1146/annurev-biochem-013118-111902

10. Krylova, SV, and Feng, D. The machinery of exosomes: biogenesis, release, and uptake. Int J Mol Sci. (2023) 24:1337. doi: 10.3390/ijms24021337

11. Kalluri, R, and LeBleu, VS. The biology, function, and biomedical applications of exosomes. Sci (New York NY). (2020) 367:eaau6977. doi: 10.1126/science.aau6977

12. Murdica, V, Giacomini, E, Alteri, A, Bartolacci, A, Cermisoni, GC, Zarovni, N, et al. Seminal plasma of men with severe asthenozoospermia contain exosomes that affect spermatozoa motility and capacitation. Ferti Steril. (2019) 111:897–908.e2. doi: 10.1016/j.fertnstert.2019.01.030

13. Lu, H, Xu, D, Wang, P, Sun, W, Xue, X, Hu, Y, et al. RNA-sequencing and bioinformatics analysis of long noncoding RNAs and mRNAs in the asthenozoospermia. Biosci Rep. (2020) 40:BSR20194041. doi: 10.1042/BSR20194041

14. Kyrgiafini, MA, Sarafidou, T, and Mamuris, Z. The role of long noncoding RNAs on male infertility: A systematic review and in silico analysis. Biology. (2022) 11:1510. doi: 10.3390/biology11101510

15. Li, L, and Chen, S. Screening, identification and interaction analysis of key MicroRNAs and genes in Asthenozoospermia. Int J Med Sci. (2021) 18:1670–9. doi: 10.7150/ijms.54460

16. Zou, C, Xu, S, Geng, H, Li, E, Sun, W, and Yu, D. Bioinformatics analysis identifies potential hub genes and crucial pathways in the pathogenesis of asthenozoospermia. BMC Med Genomics. (2022) 15:252. doi: 10.1186/s12920-022-01407-5

17. Uribe, P, Meriño, J, Matus, CE, Schulz, M, Zambrano, F, Villegas, JV, et al. Autophagy is activated in human spermatozoa subjected to oxidative stress and its inhibition impairs sperm quality and promotes cell death. Hum Reprod (Oxford England). (2022) 37:680–95. doi: 10.1093/humrep/deac021

18. Pallotti, F, Bergamini, C, Lamperti, C, and Fato, R. The roles of coenzyme Q in disease: direct and indirect involvement in cellular functions. Int J Mol Sci. (2021) 23:128. doi: 10.3390/ijms23010128

19. Hargreaves, I, Heaton, RA, and Mantle, D. Disorders of human coenzyme Q10 metabolism: an overview. Int J Mol Sci. (2020) 21:6695. doi: 10.3390/ijms21186695

20. Alahmar, AT, Calogero, AE, Singh, R, Cannarella, R, Sengupta, P, and Dutta, S. Coenzyme Q10, oxidative stress, and male infertility: A review. Clin Exp Reprod Med. (2021) 48:97–104. doi: 10.5653/cerm.2020.04175

21. Boonsimma, K, Ngeamvijawat, J, Sukcharoen, N, and Boonla, C. Supplementing post-wash asthenozoospermic human spermatozoa with coenzyme Q10 for 1 hr in vitro improves sperm motility, but not oxidative stress. Andrologia. (2020) 52:e13818. doi: 10.1111/and.13818

22. Vishvkarma, R, Alahmar, AT, Gupta, G, and Rajender, S. Coenzyme Q10 effect on semen parameters: Profound or meagre? Andrologia. (2020) 52:e13570. doi: 10.1111/and.13570

23. Lucignani, G, Jannello, LMI, Fulgheri, I, Silvani, C, Turetti, M, Gadda, F, et al. Coenzyme Q10 and melatonin for the treatment of male infertility: A narrative review. Nutrients. (2022) 14:4585. doi: 10.3390/nu14214585

24. Rodríguez-Hernández, A, Cordero, MD, Salviati, L, Artuch, R, Pineda, M, Briones, P, et al. Coenzyme Q deficiency triggers mitochondria degradation by mitophagy. Autophagy. (2009) 5:19–32. doi: 10.4161/auto.5.1.7174

25. Wang, M, Zeng, L, Su, P, Ma, L, Zhang, M, and Zhang, YZ. Autophagy: a multifaceted player in the fate of sperm. Hum Reprod Update. (2022) 28:200–31. doi: 10.1093/humupd/dmab043

26. Liang, K, Yao, L, Wang, S, Zheng, L, Qian, Z, Ge, Y, et al. miR-125a-5p increases cellular DNA damage of aging males and perturbs stage-specific embryo development via Rbm38-p53 signaling. Aging Cell. (2021) 20:e13508. doi: 10.1111/acel.13508

27. Teng, F, Hu, F, and Zhang, M. MicroRNA-125a-5p modulates the proliferation and apoptosis of TM4 Sertoli cells by targeting RAB3D and regulating the PI3K/AKT signaling pathway. Mol Hum Reprod. (2021) 27:gaab049. doi: 10.1093/molehr/gaab049

28. Xu, X, Li, W, Zhang, L, Ji, Y, Qin, J, Wang, L, et al. Effect of sperm cryopreservation on miRNA expression and early embryonic development. Front Cell Dev Biol. (2021) 9:749486. doi: 10.3389/fcell.2021.749486

29. Wang, W, Min, L, Qiu, X, Wu, X, Liu, C, Ma, J, et al. Biological function of long non-coding RNA (LncRNA) xist. Front Cell Dev Biol. (2021) 9:645647. doi: 10.3389/fcell.2021.645647

30. Xiao, L, Yuan, W, Huang, C, Luo, Q, Xiao, R, and Chen, ZH. LncRNA PCAT19 induced by SP1 and acted as oncogene in gastric cancer competitively binding to miR429 and upregulating DHX9. J Cancer. (2022) 13:102–11. doi: 10.7150/jca.61961

31. Feng, J, Zhang, J, Li, Y, Cheng, W, Liu, Y, Chen, Z, et al. Inhibition of lncRNA PCAT19 promotes breast cancer proliferation. Cancer Med. (2023) 12:11971–82. doi: 10.1002/cam4.5872

32. Gao, P, Xia, JH, Sipeky, C, Dong, XM, Zhang, Q, Yang, Y, et al. Biology and clinical implications of the 19q13 aggressive prostate cancer susceptibility locus. Cell. (2018) 174:576–89. doi: 10.1016/j.cell.2018.06.003

33. Xu, M, Chen, Z, Lin, B, Zhang, S, and Qu, J. A seven-lncRNA signature for predicting prognosis in breast carcinoma. Trans Cancer Res. (2021) 10:4033–46. doi: 10.21037/tcr

34. Di Palo, A, Siniscalchi, C, Mosca, N, Russo, A, and Potenza, N. A Novel ceRNA Regulatory Network Involving the Long Non-Coding Antisense RNA SPACA6P-AS, miR-125a and its mRNA Targets in Hepatocarcinoma Cells. Int J Mol Sci. (2020) 21:5068. doi: 10.3390/ijms21145068

35. Ou, X, Zhou, X, Li, J, Ye, J, Liu, H, Fang, D, et al. p53-induced LINC00893 regulates RBFOX2 stability to suppress gastric cancer progression. Front Cell Dev Biol. (2021) 9:796451. doi: 10.3389/fcell.2021.796451

36. Yu, C, Fan, Y, Zhang, Y, Liu, L, and Guo, G. LINC00893 inhibits the progression of prostate cancer through miR-3173–5p/SOCS3/JAK2/STAT3 pathway. Cancer Cell Int. (2022) 22:228. doi: 10.1186/s12935-022-02637-4

37. Li, S, Zhang, Y, Dong, J, Li, R, Yu, B, Zhao, W, et al. LINC00893 inhibits papillary thyroid cancer by suppressing AKT pathway via stabilizing PTEN. Cancer Biomark: Section A Dis Markers. (2021) 30:277–86. doi: 10.3233/CBM-190543

38. Wang, T, Xu, S, Zhang, L, Yang, T, Fan, X, Zhu, C, et al. Identification of immune-related lncRNA in sepsis by construction of ceRNA network and integrating bioinformatic analysis. BMC Genomics. (2023) 24:484. doi: 10.1186/s12864-023-09535-7

39. Cai, Z, Niu, Y, and Li, H. RNA N6-methyladenosine modification, spermatogenesis, and human male infertility. Mol Hum Reprod. (2021) 27:gaab020. doi: 10.1093/molehr/gaab020




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Lu, Zhao, Wang, Ruan, Chen, Li, Hu, Lu and Xiao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-15-1373774-g003.jpg
ribosome

ribosomal subunit

mitochondrial outer membrane

organelle outer membrane

outer membrane

organellar ribosome

mitochondrial ribosome

large ribosomal subunit

 sno(s)RNA-containing
ribonucleoprotein complex

calpain complex

cC

0.025

0.050

0.075
GeneRatio

0.100

chaperone binding

1-acylglycerol-3-phosphate.
O-acyltransferase activity

TRNA methyltransferase
activity

lysophosphatidic acid
acyltransferase activity

lys(;phospholipid
acyltransferase activity

catalytic activity, actin;
onarRN,

ATPase activator activity

acylglycerol
O-acyltransferase activity

glucosamine kinase activity:

phosphocholine phosphatase
activity

0.02

0.03

0.04
GeneRatio

0.05

Count

00000
> o s o —

pvalue

0.005
0.004
0.003
0.002
0.001

Count

e 10
PRE
@ 20
@25

@30

p-value
0.0040

0.0035
0.0030
0.0025
0.0020

BP
fRNA modification (]
‘membrane raft assembly o
regulation of flagellated ®
sperm motility Couni
regulation of Arp2/3 e 10
complex—mediated actin @ @ !5
nucleation @ 20
& @ 25
protein refolding [
membrane raft organization o pval(l]leom
0.002
rRNA methylation [ )
0.001
sperm individualization
cellularization
mitotic cleavage furrow
ingression
0.02 0.03 0.04 0.05
GeneRatio
D KEGG
Shigellosis [ ]
Glycerophospholipid metabolism ®
Ubiquitin mediated proteolysis @
Ribosome ® C."“{“
Protejn processing in
endoplasinic rehcttum ° [ X
pvalue
Type 11 diabetes mellitus ° 096
0.04
Carbohydrate digestion and 0.02
E’ﬁ%sorpnon L]
Vibrio cholerae infection [ ]
Central carbon metabolism in °
cancer
Nitrogen metabolism
0.050 0.075 0.100 0.125
GeneRatio





OEBPS/Images/fendo-15-1373774-g005.jpg
Group
@ Asthenozoospermia
® Normozoospermia

10 =016 p=49¢3 p=>34e4
8
5
£
4 )
g -
o 4 q}
) 4
O T T
ZNF764 C0Q9

Neuroactive ligand—receptor interaction
Taste transduction

Basal cell carcinoma

ECM-receptor interaction

Protein digestion and absorption
Calcium signaling pathway
Dilated cardiomyopathy

Hypertrophic cardiomyopathy

Cytokine—cytokine receptor interaction
Huntington disease

Amyotrophic lateral sclerosis

Cell cycle

Polycomb repressive complex
Spliceosome
Autophagy — animal

mRNA surveillance pathway
Protein export

Ubiquitin mediated proteolysis

Protein processing in endoplasmic reticulum

Nucleocytoplasmic transport

ZNF764

-1.0-0.5 00 05 1.0

B
2204 4 E
g 5
2 s}
< <
%1.5 2
g
T 1o )
> S
=
20_5 .422
k| <
o) 0.0 e«

W W
00595““ Bos?e““
o e
P{:

Autophagy — animal

Nucleocytoplasmic transport
Protein processing in endoplasmic reticulum

mRNA surveillance pathway

Ubiquitin mediated proteolysis

ATP-dependent chromatin remodeling

p.adjust Polycomb repressive complex
Lysosome

0.0004 Endocytosis
Cell cycle

00008 Huntington disease
0.0012 Amyotrophic lateral sclerosis
Shigellosis

Pathways of neurodegeneration — multiple diseases
ECM-receptor interaction

Metabolism of xenobiotics by cytochrome P450

Protein digestion and absorption

Nicotine addiction
Taste transduction

Olfactory transduction

n

=

o

=
153

=
=3

A
)
%

g

-10" 00
C009

p.adjust

2.50e-06
5.00e-06
7.50e-06
1.00e-05
1.25¢-05





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Identification of potential biomarkers and pathways for asthenozoospermia by bioinformatics analysis and experiments

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Data collection and preprocessing

          



          		

            Identification of key DEGs

          



          		

            GO and KEGG enrichment analysis

          



          		

            Co-expression network construction

          



          		

            Identification and expression hub genes

          



          		

            Single-gene GSEA of the hub gene

          



          		

            Association with autophagy

          



          		

            ceRNA regulatory network construction

          



          		

            Extraction and identification of seminal plasma exosomes

          



          		

            Quantitative reverse-transcription polymerase chain reaction

          



          		

            Relative quantitative detection of m6A methylation of lncRNA

          



        



        



        		

          Results

        

          		

            Identification of key DEGs

          



          		

            GO and KEGG analyses of the key DEGs

          



          		

            Co-expression network construction

          



          		

            Verification of key genes expression and GESA

          



          		

            Association with autophagy related genes

          



          		

            ceRNA regulatory network construction and verification

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-15-1373774-g002.jpg
-log10(p-value)

w
O
i

w
=3
h

~
G
L

~
o
h

1.0+

0.5

0.0

T
=15

-To 05 0o
log2(FoldChane)

0.5

1.0

Up-regulated
® Down-regulated
@ No-difference

DEGs-Up

Experiment
GS-Up

154

1702

1148





OEBPS/Images/table2.jpg
Primer types Primer names Sequences

LINC00893_F AATTCGTCCTGCTTCCCTGG

Verify primers 658
LINC00893_R CACCTTATCACTGGCTGCCA
Cluc_F AAGCAACTGCTCGTCGTACA

Exogenous negative sites /
Cluc_R ACCGCAAATACCGCAAGTCT
Gluc_F CTGTCTGATCTGCCTGTCCC

Exogenous positive sites /
Gluc_R TTGTCGCCTTCGTAGGTGTG
SLC39A14-Human_F CCAGATTGGGTAGGGCTCTG /

Endogenous positive sites
SLC39A14-Human_R

F, Forward primer; R, Reversed primer.

GATGGTAAGTCCTCGGGCTG





OEBPS/Images/table3.jpg
ccorrelation

ZNF764

ccorrelation

coefficient coefficient
ATGI2 -0.361 0.305 0.195 0.588
FUNDCI 0436 0208 0.136 0707
SQSTMI 0333 0347 0.955 <0.001
TOMMS5 028 0433 0.903 <0001
UBB -0.168 0642 0.772 0.009
ATG5 -0.629 0.051 0.744 0.014
MAPILC3A -0.39 0.265 0.914 < 0.001
PGAMS5 -0.217 0.547 0.810 0.005
SRC 0.545 0.104 -0.733 0.016
UBC 0497 0.143 0.804 0.005
MAPILC3B 0465 0175 0.989 <0001
PINKI 0264 0.461 0.942 <0.001
TOMM20 -0.087 0.811 0.744 0.014
ULK1 0.541 0.106 0.033 0.928
CSNK2A2 -0.7920 0.006 0.583 0.077
MFN1 -0.789 0.007 0.211 0.558
PARK2 0775 0.009 0.858 0.001
TOMM22 0508 0.134 0.875 0.001
TOMM70A 0458 0.183 0.846 0002
VDACI -0.625 0.053 0.750 0.013
CSNK2B -0.561 0.092 0.805 0.005
MFN2 -0.546 0.102 0.948 < 0.001
RPS27A 0.488 0.152 0.029 0936
TOMM40 -0.003 0993 0772 0.009
UBAS2 0567 0.087 0349 0323

p < 0.05 was considered statistically significant.





OEBPS/Images/fendo-15-1373774-g004.jpg
Normozoospermic

Asthenozoospermic

o

40 60 80 100
L L L L

Height

20
I

Sample dendrogram and trait heatmap

GSM850438

GSM4878484
GSM4878485

b3
o ®
23|
w5 o
HER
2 = 7
© 28z
QE;
- I
T 00§58
=283 %
CEisi
£5 33 o b
$EIZ23 3889 o w
>2%2z735%§83¢g
2 & [CHP- - A -1
£2£2535 3%
23222222
[CANC] ©Cs6 83

Scale independence

Mean connectivity

GSM4878469

s
=]
0
2 -
& o
z
=
-}
0
2
S
g
3

Dynamic Tree Cut

Merged Dynamic

Gene dendrogram and module colors

D

[ 1]

Module membership vs. gene significance
cor =040, p = 9.8¢-12

Module membership vs. gene si

MElightyan
MEsaddlebrown
MEturquoise
MEivory
MEorangeredd
MEsalmon
MEblack
MEgreenyellow
MEred
MElightgreen
MEorange
MEyellowgreen
MEdarkgreen
MEsteelblue
MEbrown
MElightsteelblue
MEpurple [l
MEfloralwhite
MEgreen
MEmagenta
MEcyan
MEdarkolivegreen
MEgrey60
MEdarkorange
MEpink
MElightyellow
MEskyblue
MEdarkmagenta
MEdarkred
MEgrey |

Module-trait relationships

0.223(0.330)
0.106 (0.648)
0.151 (0512)

0 )
0269 (0.238)
-0.187 (0.416)
-0.234 (0.306)

-0.029 (0.902)
0231 (0314

0,025 (0.914)
0217 (0.346)
0,198 (0.390)

-0.106 (0.648)

0187 (0416)
0234 (0306

0029 (0.902)
0231 (0314)

-0.025 (0.914)
0217(0.346)
0,198 (0.390)

cor=10.460,p=12e-11

Normozoospermic

G

o S »
2 o
oo " >
o <
o o 2 5 <
%6 0009 o
00
2 0 o ® 8 o € o °
2 o & 0% g Ll oe
g < ¢ oy BT E o4 o .
£ 5 o
& Co g0 | & , o
g e 0o®o® oRIBRS | & .
g o a8 S
g o o %an, oS g
5 2 0° PRo P o g =
s 3 5 ° 3
g & ° ° 0,2 0 &7 ° 2 g
Z & 00 9% o z
& 8 g o g &0 e
& o 5 3 6. & 570" gy E o]
' 05 ° o g < 5
: o
LR 5% o m g
& ° o © &
£ 8 £
g o o o g o "
E A 2 S ® o
o ° g e o
g 9 © b g
s ° 3 _
=
- - o
= T T T T T T T T T T
0.6 0.7 08 09 05 06 0.7 08 09 10

Module Membership in darkolivegreen module

Module Membership in skyblue module

DEGs

Asthenozoospermic

WGCNA

CAS5A,ZNF764, COQ9

s
g4
151617181920 St
¥}
ot
9
o ow 7 £
o 24 &
£ 6
3
[ H
e = 2 ]
gz B . £ 84
& & 3 g - 2
T = S o
> = =z o 4 £
7z % S g
G o g ]
2 R
& 3 2 34
8 3
£
4
g . 4
<7 8-
s
3 6
s
qw”'2131415
1 _ 1617181920
i 7 T T ;i 7 y ’
5 10 15 20 s 10 15 20
Soft Threshold (power) Soft Threshold (power)





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo.2024.1373774_cover.jpg
& frontiers | Frontiers in Endocrinology

Identification of potential biomarkers and
pathways for asthenozoospermia by
bioinformatics analysis and experiments





OEBPS/Images/fendo-15-1373774-g006.jpg
StarBase

25
Q
T 20
o=
SERR
=
f
qz,% 1.0
§ 0.5

0.0

miRcode

*kk

Relative LINC00893

mRNA Levels

o
W

N
=

—
W

—_
o

I
=






OEBPS/Images/fendo-15-1373774-g001.jpg
Data sources (GSE22331, GSE34514, and
GSE160749 datasets, 17,415 genes)
WGCNA analysis
(5850 genes)

Identification of DEGs between
asthenozoospermic and control groups,
and Intersection of experimental DEGs

Expression levels analysis of DEGs
and key modules intersection genes
: Hub genes identification and Correlation analysis of
GSEA anal : : : :
verification (ZNF764 and COQY) mitochondrial autophagy

ceRNA networks construction
(LINC00893-miR-125a-5p-C0OQ9)

GO and KEGG
analysis

Validation in vitro





OEBPS/Images/table1.jpg
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ZNF764-F GCCAAACACCAGTGGGTTCATC
ZNF764-R GGGTCAGGGTCACAGACAGAC
COQ9-F ACTTGGCGCTTCCTGGAAAACC
COQ9-R V ACCCATGAGTCCTTGCACCAGT
LINC00893-F CAGATCTCCATGCAAAGTATGTC
LINC00893-R GTTAGAATTATCTTCAAGGAGCCTC
GAPDH-F | GGAGCGAGATCCCTCCAAAAT
GAPDH-R GGCTGTTGTCATACTTCTCATGG
miR-125a-5p TCCCTGAGACCCTTTAACCTGTGA
U6-F GGAACGATACAGAGAAGATTAGC

F, Forward primer; R, Reversed primer.





