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Background: Thyroid cancer (THCA) is a malignancy affecting the endocrine system, which currently has no effective treatment due to a limited number of suitable drugs and prognostic markers.

Methods: Three Gene Expression Omnibus (GEO) datasets were selected to identify differentially expressed genes (DEGs) between THCA and normal thyroid samples using GEO2R tools of National Center for Biotechnology Information. We identified hub gene FN1 using functional enrichment and protein-protein interaction network analyses. Subsequently, we evaluated the importance of gene expression on clinical prognosis using The Cancer Genome Atlas (TCGA) database and GEO datasets. MEXPRESS was used to investigate the correlation between gene expression and DNA methylation; the correlations between FN1 and cancer immune infiltrates were investigated using CIBERSORT. In addition, we assessed the effect of silencing FN1 expression, using an in vitro cellular model of THCA. Immunohistochemical(IHC) was used to elevate the correlation between CD276 and FN1.

Results: FN1 expression was highly correlated with progression-free survival and moderately to strongly correlated with the infiltration levels of M2 macrophages and resting memory CD4+ T cells, as well as with CD276 expression. We suggest promoter hypermethylation as the mechanism underlying the observed changes in FN1 expression, as 20 CpG sites in 507 THCA cases in TCGA database showed a negative correlation with FN1 expression. In addition, silencing FN1 expression suppressed clonogenicity, motility, invasiveness, and the expression of CD276 in vitro. The correlation between FN1 and CD276 was further confirmed by immunohistochemical.

Conclusion: Our findings show that FN1 expression levels correlate with prognosis and immune infiltration levels in THCA, suggesting that FN1 expression be used as an immunity-related biomarker and therapeutic target in THCA.
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INTRODUCTION

Thyroid carcinoma (THCA) is the most common type of endocrine cancer (1). Its prevalence has sharply increased in recent decades. In the US, the annual incidence of thyroid cancer increased from 4.9/100,000 in 1975 to 14.3/100,000 in 2009 (2). The observed increase in the incidence is partly due to the increased detection rate. In Beijing, China, the detection rate significantly increased from 16.8% in 1994 to 69.8% in 2015 (P < 0.01) (3). THCA can be subclassified into several histological subtypes, which include papillary thyroid carcinoma (PTC), follicular thyroid carcinoma (FTC), undifferentiated or anaplastic thyroid carcinoma (ATC), and medullary thyroid carcinoma (MTC). THCA occurs mostly in young adults (the average age of diagnosis is 40 years), and more frequently in females (4). The most common treatment of thyroid cancer consists of surgical resection combined with radiotherapy or chemotherapy. However, for PTC, ATC, and MTC, a satisfactory resection is not always feasible, and even after radiotherapy, the risk of cancer recurrence is still high (5, 6). In addition, recently personalized therapy approaches directed against specific targets have become available, only a few suitable targets have been identified thus far. Although the survival rate of patients with thyroid cancer is very high, with the rapid increase in THCA incidence, this disease poses a serious threat to human health (7).

Immune-related processes play an important role in the development of thyroid cancer, and hence, immunotherapy strategies are considered the most promising candidates for the treatment of thyroid cancer in the future (8). Many studies have shown that tumor-infiltrating lymphocytes, such as tumor-associated macrophages, tumor-associated dendritic cells, and tumor-infiltrating neutrophils, affect the prognosis of THCA patients and the efficacy of chemotherapy and immunotherapy (9). Therefore, there is an urgent need to understand which immune cells play a role in the development of THCA, as well as to explore novel immune-related biomarkers that could aid in the diagnosis and prognosis of this disease.

Fibronectin 1 (FN1) encodes a glycoprotein present in a soluble dimeric form in the plasma and a dimeric or multimeric form at the cell surface and in the extracellular matrix. FN1 is involved in cell adhesion and migration processes during embryogenesis, wound healing, blood coagulation, host defense, and metastasis, as well as in cell proliferation (10). Multiple studies have established its involvement in the development of cancer, including oral squamous cell carcinoma (11), renal cancer (12), and thyroid cancer (13). Previous studies have indicated that FN1 is involved in NKp46 receptor-mediated interferon-γ (IFN-γ) production by natural killer cells, with respect to the control of tumor architecture and metastasis (14). BAG5 also promotes invasion of papillary thyroid cancer cells via upregulation of FN1 at the translational level (15). In addition, FN1 plays an important role in glioblastomagrowth and invasion, and is correlated with the low elasticity of thyroid nodules and Malignancy of THCA (16, 17). These findings suggest that FN1 has multifaceted functional roles in tumor progression.

In this study, we comprehensively analyzed the correlation between FN1 expression with the prognosis of patients with THCA, as well as with the presence of tumor-infiltrating immune cells. Our findings highlight the important role of FN1 expression in THCA, and suggest a potential correlation between FN1 expression and tumor-immune interactions. Furthermore, the results were validated by immunohistochemistry and cell biology experiments, which indicate that FN1 is a potential prognostic and immunity-related biomarker in THCA and could potentially be used as a drug target in THCA therapy.



MATERIALS AND METHODS


Cell Lines and Reagents

The cell lines B-CPAP and KTC-1, belonging to the thyroid cancer cell lines, were obtained from the Institute of Biochemistry and Cell Biology of the Chinese Academy of Sciences, Shanghai, China. All cells were cultured in Roswell Park Memorial Institute (RPMI) 1640 medium (Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (10%FBS), 100 U/mL penicillin, and 100 mg/mL streptomycin (Invitrogen, Carlsbad, CA, USA). Cells were incubated in a 5% CO2/95% O2 in a humidified atmosphere at 37°C.



Data Sources and Identification of Differentially Expressed Genes (DEGs)

TCGA is a landmark cancer genomics program that characterized over 20,000 primary cancer samples, spanning 33 cancer types and matched to the respective normal samples. Samples are molecularly characterized, and multi-omics data are provided, including gene transcripts, miRNA expression data, and DNA methylation state data. Additionally, it contains abundant and standardized clinical data. All datasets used were downloaded from the Cancer Genomics Browser website of the University of California, Santa Cruz (18). The GEO database (http://www.ncbi.nlm.nih.gov/geo/) stores original submitter-supplied records (series, samples, and platforms), as well as the curated datasets. Using the selection criteria of a number of samples >20 and < 1,000, we selected three gene expression profiles [GSE33630 (19), GSE58545 (20), and GSE60542 (21)]. Among them, GSE33630 (105 samples) and GSE60542 (45 samples) are based on the GPL570 platform, and GSE58545 (92 samples) was obtained with the GPL96 platform. According to the commonly used threshold parameters (adjusted P < 0.05, |log2FoldChange| ≥ 2.0) (22), we determined the DEGs between THCA and normal thyroid samples using the GEO2R online analysis tool, accessible via the National Center for Biotechnology Information website. Then, the interactive tool Venny2.1.0 (23) was used to create a Venn diagram of the DEGs to determine the common DEGs between the three analyzed gene expression profiles.



Functional Enrichment Analysis and Identification of Hub Genes

Gene Ontology (GO) is an initiative that provides a standardized classification of genes by accounting for their functions, biological pathways they participate in, and the cell localization of the corresponding proteins. Genes are categorized into three domains: biological process (BP), molecular function (MF), and cellular component (CC) (24). We annotated the identified DEGs according to the GO classification system using the Database for Annotation, Visualization, and Integrated Discovery (DAVID) tool (https://david.ncifcrf.gov/) (25). The threshold criteria to determine the significantly enriched GO terms were P < 0.05 and gene counts ≥ 5. To identify the hub genes, a protein-protein interaction (PPI) network was constructed for the DEGs that had been annotated in the category BP (P < 0.05) using Search Tool for the Retrieval of Interacting Genes (STRING) (http://string-db.org/) (26). PPI pairs with a combined confidence score ≥ 0.4, were visualized using Cytoscape (version 3.7.2) (27). The Cytoscape plugin Molecular Complex Detection (MCODE) (version 1.4.2), an app to cluster any given network, was used to identify the most important module in the PPI network, and the plugin CytoHubba was used to identify the hub genes in the PPI networks by calculating the degree of connectivity between DEGs. The selection criteria were as follows: MCODE score > 5 points, degree cut-off = 2, node score cut-off = 0.2, maximum depth = 100, and k-score = 2.



Correlation Between Gene Expression and Survival

ONCOMINE is an online cancer microarray database (www.oncomine.org) (28). Gene expression profiles from the website were used to analyze the transcription levels of FN1 in THCA. Furthermore, the correlation between FN1 expression and progression-free survival (PFS) and clinical parameters was analyzed using the TCGA database. In addition, the UALCAN (29), a web resource to analyze cancer OMICS data, was used to investigate the correlation between FN1 expression and cancer stage, and between FN1 expression and promoter methylation level.



Methylation and Immunity Correlation Analysis

MEXPRESS (https://mexpress.be/) is a data visualization tool designed for easy visualization of TCGA expression, DNA methylation, and clinical data, as well as the correlations between them (30, 31). We used this tool to investigate the correlation between hub gene expression and the degree of methylation of the gene promoters. CIBERSORT is an analytical tool used to estimate the abundance of cell types in a mixed cell population using gene expression data (32). We used this tool to assess the degree of immune infiltration. The co-expression analysis of FN1 and B7 family members (including CD274, CD80, CD86, CD276, CD273, CD275, B7-H4, B7-H5, CD28, B7-H7, CD152, CD279, CD278, TLT-2, and NKp30) was assessed in the normal thyroid samples and in the THCA samples from TCGA database. The correlation between FN1, CD273, CD274, CD275, B7-H4, and CD276 was further analyzed in the THCA cohort. GEPIA (http://gepia.cancer-pku.cn/detail.php) (33) and TIMER (39) were used to plot the expression scatterplots between any pair of genes in a given cancer type, while including the Spearman correlation and the statistical significance.



Silencing of FN1 by Small Interfering RNA (siRNA)

The siRNA targeting human FN1 (siFN1) and a non-specific scrambled siRNA sequence (siNC) were purchased from Shanghai Gene Pharma and transiently transfected into B-CPAP and KTC-1 cells using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. The target sequence in FN1 was: 5′-CAGUCAAAGCAAGCCCGGUUGUUAU-3′. Subsequently, assays were performed 48 h after the transfection. Cell viability was assessed 24, 48, or 72 h after transfection using the commercial kit Cell Counting Kit-8 (CCK-8, Beyotime Biotechnology, China) according to manufacturer's instructions.



Quantitative Reverse Transcription-Polymerase Chain Reaction (RT-qPCR)

RNA was isolated using TRIzol reagent (Invitrogen, Carlsbad, CA, USA), followed by transfer into RNA-free EP tubes and storage at −80°C. Complementary DNA (cDNA) was synthesized from total RNA using the PrimeScript RT reagent Kit (Takara, Dalian, China), and PCR was performed using the SYBR Green RT-PCR Kit (AG11701, Accurate Biotechnology, Hunan, Co., Ltd). PCR was performed on the StepOne Plus Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). Data were analyzed using the 2−ΔΔCT method. The primer sequences used in the experiment are as follows: FN1, 5′-CGGTGGCTGTCAGTCAAAG-3′ (forward), 5′-AAACCTCGGCTTCCTCCATAA-3′ (reverse); CD276, 5′-CTCCCTACAGCTCCTACCCTC-3′ (forward), 5′-TGGTCTGTGTATCGCATCCTT-3′ (reverse).



Immunohistochemistry (IHC) Staining

Samples from cancer patients were obtained from thyroid cancer arrays (DC-Thy11004 Avira Biotechnology Co., Ltd., China), which included 24 cases of thyroid cancer and corresponding paracancerous tissues. Tumor tissues chip were deparaffinized and rehydrated, followed by antigen retrieval. The sections were then blocked with 5% BSA in PBS and incubated with FN1 antibody (1 mg/mL, 1:200; Affinity) and CD276 antibody (1 mg/mL, 1:200; Affinity) at 4°C overnight. After three times washing, tissue sections were incubated with the secondary antibody conjugated with streptavidin–horseradish peroxidases for 1 h at room temperature. The slides were stained with 3, 3-diaminobenzidine tetrahydrochloride (DAB), and the nuclei were counterstained with hematoxylin. Marker density was scored independently by two investigators as follows: 0, negative; 1, weak; 2, moderate; or 3, strong.



Statistical Analyses

All statistical analyses were performed using GraphPad Prism 5.0 (San Diego, CA, USA) and R version 3.6.1. Data from independent experiments performed in triplicate are presented as mean ± standard deviation (SD). Multivariate survival analysis was carried out for all parameters that were significant in the univariate analysis using the Cox regression model. To analyze the significance of differences between groups, unpaired two-tailed Student's t-test and one-way analysis of variance (ANOVA) were performed, and multiple comparisons were accounted for using Bonferroni's correction. Differences were considered significant at P < 0.05.




RESULTS


Identification of the Common DEGs Between the Datasets Used

We obtained three gene expression profiles (GSE33630, GSE58545, and GSE60542) from the GEO database. GSE33630 includes 45 normal thyroid samples and 60 THCA samples; GSE58545 includes 18 normal thyroid samples and 27 THCA samples; GSE60542 includes 30 normal thyroid samples and 33 THCA samples. According to the conventional criteria (adjusted P < 0.05 and |log2FoldChange| ≥ 2.0), 263 genes were identified as DEGs in GSE33630, of which 133 were downregulated and 130 were upregulated; moreover, GSE58545 included 270 DEGs, including 144 downregulated genes and 126 upregulated genes, and GSE60542 contained 228 DEGs, including 107 downregulated genes and 121 upregulated genes (Figures 1A–C). A Venn diagram showed that 98 genes were differentially expressed in the three datasets, of which 46 were downregulated, and 52 were upregulated (Figures 1D,E).


[image: Figure 1]
FIGURE 1. Identification of differentially expressed genes (DEGs). Volcano plot showing the differentially expressed genes of GSE33630 (A), GSE58545 (B), and GSE60542 (C). Veen diagram of downregulated (D) and upregulated (E) common DEGs to three gene expression profiles.




Functional Enrichment Analysis of the Common DEGs

In this study, we performed GO functional analysis of the common DEGs using the tool DAVID. Then, we filtered the results to improve the confidence according to the standard criteria (P < 0.05 and gene counts ≥ 5) (Supplementary Table 1). GO analysis showed that the common DEGs were mainly enriched in the CC category, including the plasma membrane, extracellular exosome, extracellular region, and extracellular space. DEGs annotated as BP were enriched in cell adhesion, signal transduction, extracellular matrix organization, positive regulation of gene expression, positive regulation of cell proliferation, blood coagulation, wound healing, platelet degranulation, and nervous system development, all of which are processes associated with the occurrence and development of tumors.



Identification and Analysis of the Hub Genes

We selected 46 DEGs involved in specific BP (P < 0.05) to build the PPI network (Figure 2A; Table 1). The most important module was obtained using the plugin MCODE in Cytoscape (Figure 2B). The top eight genes, including FN1, TIMP1, SERPINA1, COMP, PROS1, MMRN1, KIT, and TNFRSF11B, were identified as potential hub genes according to the degree score generated by the plugin CytoHubba (Figure 2C; Table 2). This was consistent with their enrichment in the top module determined using MCODE. Among them, FN1 had the highest degree of connectivity in the PPI network. Furthermore, logrank regression and multivariate Cox regression analysis were used to calculate the correlation between gene expression and PFS (Figures 2D,E), indicating FN1 appeared to be the most attractive drug target and prognostic marker. GSEA was used to perform kegg analysis for FN1. The results suggested that most of the involved significant pathways including chemokine signaling pathway, cytokine receptor interaction, Leishmania infection, natural killer cell-mediated cytotoxicity, and T cell receptor signaling pathway, as it has been established that FN1 plays a crucial role in tumor architecture and controls metastasis (Figure 2F) (13).


[image: Figure 2]
FIGURE 2. The Screening and identification of key genes. (A) PPI network constructed with the DEGs in biological progress. (B) The most significant module obtained from PPI network. (C) The top eight hub genes. The logrank analysis of hub genes (D) and the multivariate cox logistic regression analysis (E) of hub genes based on the TCGA database. (F) The significant kegg pathways of FN1 in THCA obtained by GSEA.



Table 1. The information related to biological processes of statistical significance.
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Table 2. Hub genes with higher degree of connectivity.
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Expression Levels of FN1 in THCA and Evaluation of Its Value as a Prognostic Marker

We analyzed the expression levels of FN1 in THCA using the Oncomine database. We found that FN1 expression was upregulated in almost all different subtypes of THCA, including PTC and ATC (Figure 3A). We validated these results using the TCGA database, in which FN1 was also significantly high expressed in THCA samples than in normal thyroid samples (P < 0.05) (Figure 3B);. and FN1 expression level was also correlated with PFS of THCA (P < 0.05) (Figure 3C). The area under the curve (AUC) of FN1 from the TCGA dataset was 0.8971 (Figure 3D), highlighting the value of FN1 as a diagnostic marker in THCA. We compared the clinical characteristics (including age, sex, location, clinical stage, progression state, lymph node metastasis, and distant metastasis) between the FN1-high expression and FN1-low expression groups, and observed statistically significant differences in lymph node metastasis, distant metastasis, and progression state, although no significant differences were identified for other clinical features (Table 3). Furthermore, univariate and multivariate Cox regression models revealed that clinical stage and FN1 expression were independent prognostic factors for PFS in patients with THCA (Table 4). In addition, analysis of the UALCAN database showed that FN1 expression levels were closely correlated to cancer stage (Figure 3E) and that the degree of methylation of the FN1 promoter was lower in THCA than that in normal tissues (Figure 3F), indicating that FN1 may be involved in the development of THCA.


[image: Figure 3]
FIGURE 3. Transcriptional expressions of FN1 significantly correlated with poor survival outcomes in THCA patients from TCGA cohort. (A) The expression of FN1 in different subtypes of THCA. (B) The expressions of FN1 in THCA patients from TCGA-THCA cohort, (C) The correlation between the expression of FN1 and PFS, (D) ROC curve with an AUC of 0.8971. Transcriptional expression of FN1 was significantly correlated with individual cancer stages (E) and promoter methylation (F). *p < 0.05, **p < 0.01, ***p < 0.001.



Table 3. Comparison of clinical characteristics between low FN1 group and high FN1 group in THCA cohort.

[image: Table 3]


Table 4. Univariate and Multivariate Cox logistic regression analysis of FN1 for predicting PFS in TCGA cohort (PFS, progression free survival; TCGA, The Cancer Genome Atlas).
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Analysis of the Potential Genetic and Epigenetic Alterations Underlying FN1 Dysregulation

Next, we investigated the underlying mechanism of FN1 dysregulation in THCA. To determine whether copy number alterations (CNAs) are responsible for the abnormal expression of FN1 in THCA, we analyzed 397 cases from the TCGA database for which CNAs data was available. No differences were observed for CNAs in the FN1-high and FN1-low groups (Figures 4A,B). Another mechanism that could underlie the altered FN1 expression profile observed in THCA samples is promoter hypermethylation, which plays an important role in the occurrence and development of several types of tumors (34, 35). To investigate whether DNA methylation results in FN1 dysfunction, we examined the status of CpG sites in 507 THCA cases from the TCGA database using the tool MEXPRESS. We found that 27 CpG sites had associated data; among which 20 CpG sites showed a negative correlation with FN1 expression (Figure 4C). The Pearson correlation coefficient was calculated for the five CpG sites with the highest correlation coefficient, including cg21494132, cg09040552, cg11309217, cg03228449, and cg03228449 (Figure 4D, all P < 0.05). Our results demonstrate the correlation between DNA methylation and abnormal expression levels of FN1 in THCA, highlighting the need for further investigation of the underlying mechanism.


[image: Figure 4]
FIGURE 4. Analysis of the potential genetic and epigenetic alterations associated with FN1 dysregulation. (A,B) The CNAs in FN1-high and low expression groups. (C) Analysis of CpG island methylation and abnormal FN1 expression using TCGA-THCA dataset. (D) Correlation between FN1 expression and CpG island methylation was performed. *p < 0.05, **p < 0.01, ***p < 0.001.




Correlation Between FN1 and Inflammatory Activities

Considering the strong association between FN1 expression levels and THCA prognosis, we hypothesized that FN1 may be associated with inflammatory responses, leading to enhanced survival rates. To identify the FN1 associated immune signature in THCA, we assessed the degree of immune infiltration with CIBERSORT. FN1 expression was closely correlated to the degree of M2 macrophages, resting memory CD4+ T cells, follicular helper T cells, and CD8+ T cell infiltration. The increase in FN1 expression was associated with an increase of the proportion of M2 macrophages and resting memory CD4+ T cells and a decrease of the proportion of follicular helper T cells and CD8+ T cells (Figure 5A). To further investigate the correlation between FN1 and inflammation, we analyzed the co-expression of FN1 and members of the B7-CD28 ligand-receptor family, including CD274, CD80, CD86, CD276, CD273, CD275, B7-H4, B7-H5, CD28, B7-H7, CD152, CD279, CD278, TLT-2, and NKp30, which are closely correlated to T cell function. The result demonstrated that FN1 exhibited a significant co-expression trend with CD273, CD274, CD275, CD276 and B7-H4 (Figure 5B). Furthermore, we investigated the correlation between FN1, CD273, CD274, CD275, CD276, and B7-H4 expression in the THCA cohort, and found a close positive correlation between FN1 and CD276 expression (R = 0.55, P = 0) (Figures 5C,D). This result was validated using TIMER and GEPIA, which provided R-values of 0.682 and 0.79, respectively, for the correlation between FN1 and CD276 in THCA (P < 0.001) (Figures 5E,F).


[image: Figure 5]
FIGURE 5. The correlation between FN1 and inflammatory activities. (A) The heatmap of immune infiltration analysis. (B) The coexpression between FN1 and the B7-CD28 ligand-receptor family. (C) The correlation between FN1, CD273, CD274, CD275, CD276, and B7-H4 in THCA cohort. The correlation between FN1 and CD276 analyzed by THCA datasets (D), TIMER (E), and GEPIA (F).




Down-Regulation of FN1 Inhibited Cell Proliferation and Invasion and Decreased CD276 Expression Levels in THCA Samples

To explore the biological significance of FN1 in THCA tumorigenesis, KTC-1 and B-CPAP cells were transfected with siRNA targeting FN1 (siFN1) or negative control siRNA (siNC). Efficient depletion of FN1 expression was confirmed via RT-qPCR (P < 0.05, Figure 6A). Moreover, we found that downregulation of FN1 significantly reduced the expression of CD276 in KTC-1 and B-CPAP cells compared with siNC transfection (Figure 6A), indicating that that the interactions between FN1 and CD276 could be a potential mechanism for the correlation of FN1 expression with immune infiltration and poor prognosis in THCA. Then, we studied the effect of FN1 on THCA cell proliferation and invasion in vitro. The wound-healing assay, cell viability, and cytotoxicity CCK-8 assay, and clone formation assay revealed that downregulation of FN1 in both cell types significantly inhibited cell proliferation and invasion compared to that in the control cells (P < 0.05, Figures 6B–D). These results suggest that the downregulation of FN1 reduces the viability of THCA cell lines.


[image: Figure 6]
FIGURE 6. Down-regulation of FN1 suppressed THCA cell migration and invasion in vitro. (A) qRT-PCR showing the efficient depletion of FN1 expression and the expression of CD276 in B-CPAP and KTC-1 cells compared with siNC transfection. Representative photo-images (left) and histograms (right) of the effect of siFN1 on the clone formation (B) and migration (D) of B-CPAP and KTC-1 cells. (C) The proliferative ability of B-CPAP and KTC-1 cells after transfection was evaluated by CCK-8 assay. *p < 0.05, **p < 0.001.




FN1 Is Positively Correlated With CD276

In order to assess FN1 correlation with CD276, we analyzed FN1 and CD276 expression in tumor sites and the adjacent no-tumor samples (Figure 7A). We found that FN1 and CD276 showed significantly higher expression in tumor sites than in the adjacent no-tumor samples (P < 0.05, Figures 7C,D). Furthermore, we divided the tumor sites into two groups according to FN1 expression and found that CD276 levels were positively correlated with the level of FN1(P < 0.05, Figures 7B,E).


[image: Figure 7]
FIGURE 7. The correlation between FN1 and CD276 in THCA. (A) Representative IHC staining of CD276 and FN1 in tumors and adjacent no-tumor tissues from THCA patients. (B) Representative IHC staining of CD276 in tumor tissues from FN1-high and low patient groups. IHC score of CD276 (C) and FN1 (D) in adjacent no-tumor tissues and tumor tissues form patients with THCA. (E) IHC score of CD276 in tumor tissues from FN1-high and low patient groups, *p < 0.05, **P < 0.01.





DISCUSSION

FN1 is a member of the FN family widely expressed in multiple cell types and is involved in cellular adhesion and migration processes (36). Here, we report that variations in FN1 expression levels correlate with prognosis in THCA patients. High expression levels of FN1 are associated with a poorer prognosis in THCA, indicating that FN1 expression could be used to predict tumor patient' prognosis. Furthermore, our analysis show that immune infiltration levels and immune markers are correlated with FN1 expression level in THCA, suggesting a potential role of FN1 in tumor immunology and its possible used as a cancer biomarker.

In this study, we screened DEGs from three GEO datasets based on functional enrichment analysis and PPI network maps. FN1, which is closely correlated to disease-free survival, was identified as a hub gene. In addition, we found that the promoter region of FN1 had significantly lower methylation levels (P < 0.05) in THCA than in normal thyroid tissues. GSEA analysis also showed that FN1 plays a role in the chemokine signaling pathway, cytokine receptor interaction, natural killer cell-mediated cytotoxicity, and T cell receptor signaling pathway, which is closely correlated to tumorigenesis. Importantly, immune infiltration analysis showed that immune infiltration level and diverse immune marker sets were correlated with FN1 expression level. Therefore, FN1 can be a potential immunity-related biomarker and therapeutic target in THCA. Moreover, using quantitative proteomic approaches, previous studies have proved that FN1 can be a potential novel candidate prognostic biomarker in THCA (37). However, these studies did not specify the exact range of effects of genes on disease prognosis, lacked certain clinical significance. In this study, three GEO datasets were combined to screen the hub genes, providing results with a high statistical and clinical significance. Our research further demonstrates that FN1 is a potential prognostic biomarker and therapeutic target in THCA from the perspective of DNA methylation and tumor immunology.

The important aspect of this study is that FN1 expression is correlated with diverse immune infiltration level in THCA. An increase in FN1 expression level was positively correlated with the proportion of M2 macrophages and resting memory CD4+ T cells but negatively correlated with the proportion of follicular helper T cells and CD8+ T cells. To further investigate the correlation between FN1 and inflammatory activities, the correlation between FN1 and members of the B7-CD28 ligand-receptor family was analyzed, and a close positive correlation between FN1 and CD276 was identified. CD276, a member of the B7 superfamily, has been previously identified as a poor prognostic factor. A previous study demonstrated that CD276, expressed in multiple tumor lines, tumor-infiltrating dendritic cells, and macrophages, can inhibit T-cell activation and autoimmunity (38). Therefore, the interactions between FN1 and CD276 could be a potential mechanism underlying the correlation of FN1 expression with immune infiltration and poor prognosis in THCA.

In summary, increased FN1 expression correlated with poor prognosis and altered immune infiltration levels in THCA, indicating that FN1 is a potential immunity-related biomarker. This study was based on a statistical analysis of bioinformatics methods, and the conclusions obtained were supported by experimental data and multiple databases. Therefore, it is reasonable to believe that FN1 plays an important role in the diagnosis, treatment, and prognosis of THCA.



CONCLUSION

In summary, we performed a comprehensive analysis using the TCGA dataset and multiple online databases and identified FN1 as a potential immunity-related biomarker and a prognostic marker in THCA. Our results suggest FN1 has a significant part in the diagnosis, treatment, and prognosis of THCA, highlighting the necessity of future clinical research in the topic.
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