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The roles of different integrin alpha/beta (ITGA/ITGB) subunits in skin cutaneous melanoma (SKCM) and their underlying mechanisms of action remain unclear. Oncomine, UALCAN, GEPIA, STRING, GeneMANIA, cBioPortal, TIMER, TRRUST, and Webgestalt analysis tools were used. The expression levels of ITGA3, ITGA4, ITGA6, ITGA10, ITGB1, ITGB2, ITGB3, ITGB4, and ITGB7 were significantly increased in SKCM tissues. The expression levels of ITGA1, ITGA4, ITGA5, ITGA8, ITGA9, ITGA10, ITGB1, ITGB2, ITGB3, ITGB5, ITGB6 and ITGB7 were closely associated with SKCM metastasis. The expression levels of ITGA1, ITGA4, ITGB1, ITGB2, ITGB6, and ITGB7 were closely associated with the pathological stage of SKCM. The expression levels of ITGA6 and ITGB7 were closely associated with disease-free survival time in SKCM, and the expression levels of ITGA6, ITGA10, ITGB2, ITGB3, ITGB6, ITGB7, and ITGB8 were markedly associated with overall survival in SKCM. We also found significant correlations between the expression of integrin subunits and the infiltration of six types of immune cells (B cells, CD8+ T cells, CD4+T cells, macrophages, neutrophils, and dendritic cells). Finally, Gene Ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis were performed, and protein-protein interaction (PPI) networks were constructed. We have identified abnormally-expressed genes and gene regulatory networks associated with SKCM, improving understanding of the underlying pathogenesis of SKCM.
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Introduction

Skin cutaneous melanoma (SKCM) is one of the most aggressive and lethal skin cancers (1). In the past decade, incidence of SKCM has increased rapidly worldwide (1). Hence, SKCM poses a major global threat to human health. Recently, associations between molecular biological biomarkers and tumor prognosis during the development of SKCM have elicited great interest. However, our understanding of the etiology and pathogenesis of SKCM could be improved, and more effective prognostic biomarkers are required.

Integrins are glycosylated heterodimers composed of non-covalently bound α and β subunits (2). Specific integrin subunits are known to be closely associated with various tumors, including gallbladder cancer and breast cancer, etc. (3–5). The diversity of integrin function in tumors may be related to differences in the integrin domains. Therefore, we speculate that different integrin subunits may play a role in several biological processes underlying SKCM.

Several comprehensive scientific reviews of the molecular factors underlying SKCM biology, SKCM drug target mechanisms (6), and SKCM prognosis have been published. However, studies clarifying the role of integrins in SKCM are relatively scarce. In the present study, we evaluate the utility of abnormally-expressed integrin subunits as biomarkers in SKCM. In addition, we employ bioinformatics tools for analyzing the underlying mechanisms by which different integrin subunits affect SKCM. Our overall aim is to identify potential biological targets in the integrin subunit family which can be used as biomarkers in SKCM.



Materials and Methods


ONCOMINE

The ONCOMINE Database is a multi-functional website based on the Cancer Genome Atlas (TCGA) tumor database (7). Here, we used ONCOMINE to analyze the differentially expressed integrins subunits using a threshold limited by P value<0.05, Fold change ≥2. The specific referencing steps are as follows: the filter of Analysis Type: Cancer vs. Normal Analysis; the filter of Cancer Type: Cutaneous Melanoma; the filter of Data Type: mRNA. The data was order by: over-expression: Gene Rank.



UALCAN

UALCAN (http://ualcan.path.uab.edu/index.html) is an integrated data-mining platform facilitating comprehensive analyses of the cancer transcriptome (8). The functionalities of UALCAN including identifying biomarkers, analyzing expression profile, analyzing gene correlation, and survival analysis (9). In this study, UALCAN database was used to analyze the expression of target genes in primary SKCM, metastasis SKCM and normal samples. The sample information of UALCAN was derived from the TCGA database, and it used the TCGA-Assembler (10) to download the RNA-Seq data of 31 tumors in the TCGA database. RNA-Seq data were obtained for ‘Primary Solid Tumor’ and ‘Solid Tissue Normal’ for each cancer, and the tumor staging in UALCAN was based on the pathological tumor staging data of the American Joint Committee on Cancer (AJCC), which divided the samples into different stages (8). Data visualization was conducted by Highcharts (Highsoft AS Highcharts, http://www.highcharts.com/), a JavaScript library from Highsoft AS (8).



GEPIA

Developed by Gepia Zefang Tang, is a website that analyzes RNA sequence expression databases based on the TCGA and GTEX projects. Using a deconvolution strategy, it can present cell type information combined with clinical data to help us explore the relationship between cell proportion and prognosis (11). The cancer data of GEPIA was collected from TCGA or GTEx, and the tumor staging definition in GEPIA was based on the pathological tumor staging data of the American Joint Committee on Cancer (AJCC) (12, 13). For the calculation methods of survival analysis, the python package lifeline (https://github.com/CamDavidsonPilon/lifelines) was used for the survival analysis (11). Here, we mainly used the Multiple Gene Analysis module for analyzing the expression of integrins in SKCM at different pathological stages, and correlations between integrin subunit expression and overall survival and disease-free survival.



STRING

String is a website that can analyze the interaction relationship between genes. In order to understand the interaction relationship between integrin genes in this study, we used STRING website to build a PPI network. Each gene is represented by nodes in the network, and the strength and connections in the network are represented by the color and thickness of the lines.



GeneMANIA

GeneMANIA is a website for reprocessing PPI network maps (14). GeneMANIA can perform cluster analysis on nodes in the PPI network graph by collecting hundreds of data sets from GEO, Biogrid, Pathway Commons and I2D, so as to provide biological function analysis of each gene in the PPI network graph (14).



CBioPortal

CBioPortal (http://www.cbioportal.org) is a website used to analyze and visualize cancer genomics data (15). Cbioportal collected the data of 126 tumor genomic studies from TCGA data, based on which cBioPortal can detect the genetic variation, gene network and co-expression of target genes in SKCM (9). Here, we analyzed the gene variation of integrins in SKCM using cBioPortal.



TIMER

TIMER is a website that analyzes the relationship between tumor purity and immune cell infiltration. Specifically, TIMER can explore the correlation between the degree of infiltration of immune cells in tumor microenvironment and clinical results, somatic mutations, gene expression and somatic copy number changes (16). By collecting the gene expression information of different tumors in the TCGA database, TIMER inferred the abundance of tumor-infiltrated immune cells in the gene expression profile using deconvolution method (17). In this study, the relationship between immune cell infiltration and integrin subunit in SKCM was investigated by using the “gene” module in TIMER.



Trrust

TRRUST (https://www.grnpedia.org/trrust/) is a curated database of human and mouse transcriptional regulatory networks. TRRUST is useful as a tool in predicting these transcriptional regulatory networks (18). Here, TRRUST was used to identify the relationships between selected integrin subunit genes and other target genes.



Webgestalt

WebGestalt is a website for gene enrichment analysis based on David database. Through the use of WebGestalt, we can quickly visualize the results of the enrichment analysis of DAVID, and at the same time, we can also visualize the results of KEGG pathway (19, 20).




Results


1. Aberrant Expression of Integrin Subunits in SKCM Patients

Firstly, we used the ONCOMINE database to compare the expression profiles of integrin subunits in cutaneous melanoma patients and control groups (Figure 1 and Table 1). The results reveal that the transcription levels of ITGA3, ITGA4, ITGA6, ITGA10, ITGB1, ITGB2, ITGB3, ITGB4, and ITGB7 in Cutaneous Melanoma samples were significantly increased (compared with normal control samples). These results were compiled from several sources. According to Riker et al., the transcription levels of ITGA4, ITGA10, ITGB1, ITGB2, and ITGB7 in SKCM patients were significantly increased (compared with normal skin tissue), with fold changes of 3.224, 2.074, 3.525, 3.968, and 2.84 respectively (21). Haqq et al. reported that the transcription level of ITGB3 in melanoma patients was significantly increased (compared with normal skin tissue), with a fold change of 3.147 (22). Talatov et al. reported that the transcription levels of ITGA3, ITGA6, and ITGB4 in cutaneous melanoma were significantly increased (compared with normal tissue), with fold changes of 14.807, 16.226, and 10.644 (23). The significant differences in the expression levels of other integrin subunits were not observed between SKCM patients and normal patients. For specific sample information, please refer to the references mentioned in Table 1.




Figure 1 | The mRNA expression levels of different integrin subunits in cutaneous melanoma/melanoma/benign melanocytic skin nevus and normal skin tissue (N). The t-test statistic provided in ONCOMINE reflects the magnitude of the difference between the groups. Each bar represents the gene expression of one sample. The p value was set at 0.05.




Table 1 | Aberrant expression of integrin subunits in SKCM patients.



To further validate the above results, we assessed the expression levels of different integrin subunits in primary SKCM samples and metastatic SKCM samples with UALCAN. Our analysis revealed that the transcriptional levels of ITGA1 (p = 6.89×10-7), ITGA4 (p = 6.27×10-8), ITGA5 (p = 6.30×10-5), ITGA8 (p = 6.40×10-4), ITGA9 (p = 3.24×10-3), ITGA10 (p =1.06×10-3), ITGB1 (p = 1.22×10-6), ITGB2 (p < 1×10-12), ITGB3 (p = 5.61×10-4), ITGB5 (p = 1.74×10-3), and ITGB7 (p = 3.15×10-11) in metastatic SKCM tissues were significantly increased compared with primary SKCM tissues (Figure 2). Whereas, the expression level of ITGB6 (p = 1.18×10-2) in metastatic SKCM tissue was decreased compared with primary SKCM tissue (Figure 2). All other comparisons do not meet our threshold by p value<0.05 and fold change ≥ 2.




Figure 2 | The expression levels of different integrin subunits in primary SKCM samples and metastatic SKCM samples (UALCAN). Student’s t test was used to generate a p value. The p value was set at 0.05.



Lastly, to clarify the clinical significance of the observed changes in integrin subunit expression, we analyzed the correlations between integrin subunit expression and the pathological stage of SKCM using GEPIA. The analysis revealed that ITGA1 (p = 0.000326), ITGA4 (p = 1.1×10-5), ITGB1 (p = 0.0213), ITGB2 (p = 5.78×10-5), ITGB6 (p = 0.00257), and ITGB7 (p = 0.00017) were notably associated with the pathological stage of SKCM (Figure 3). To clarify the gene expression rank of integrin subunit gene expression, we analyzed the expression levels of these genes in SKCM tissue using the GEPIA website (Figure 4). The results reveal that the expression level of ITGB1 in SKCM patients was highest among the integrin genes of interest.




Figure 3 | Correlation between different expressed integrin subunits and the pathological stage of SKCM patients (GEPIA). A P value less than 0.05 was used to determine statistical difference. Student’s t test was used to generate a p value for expression or pathological stage analysis.






Figure 4 | The relative expression levels of integrin subunits in SKCM.





2. The Prognostic Value of Integrin Subunits in SKCM Patients

We next investigated correlations between integrin subunit expression levels and patient prognosis using GEPIA. The results of this analysis reveal that integrin subunit expression and disease-free survival time in SKCM patients are related. Two of these correlations — those involving ITGA6 and ITGB7 — were statistically significant (Figure 5). We next analyzed the associations between integrin subunit expression levels and overall survival in SKCM patients. The results reveal that the expression levels of ITGA6, ITGA10, ITGB2, ITGB3, ITGB6, ITGB7, and ITGB8 were remarkably correlated with overall survival in SKCM patients (Figure 6).




Figure 5 | The prognostic value of differentially-expressed integrin subunits in the disease-free survival curve (GEPIA) for SKCM patients. Prognostic analysis was performed using a Kaplan–Meier curve. The p value was set at 0.05.






Figure 6 | The prognostic value of differentially-expressed integrin subunits in the overall survival curve (GEPIA) for SKCM patients. Prognostic analysis was performed using a Kaplan–Meier curve. The p value was set at 0.05.





3. Relationship Between Integrin Subunit Expression and Immune Cell Infiltration

Tumor immune microenvironment (TIME) refers to the mutual environment composed of tumor cells and their surrounding immune cells. Evidence is accumulating to suggest that immune cell infiltration is closely related with cancer occurrence and resistance, and the degree of immune cell infiltration can evaluate the effectiveness of clinical tumor immunotherapy (16, 24). If the expression of the gene in SKCM TIME is related to the infiltration of immune cells and tumor purity, it is suggested that the gene may become a target of tumor immunotherapy. To further explore the function of integrin subunits in SKCM, the immune effects of integrin subunits were analyzed using the TIMER website (Figures 7 and 8).




Figure 7 | Immune infiltration associated with ITGA1 – ITGA10 in SKCM patients (TIMER). Spearman correlation coefficient was used for statistical analysis. A P value less than 0.05 was used to determine statistical difference.






Figure 8 | Immune infiltration associated with ITGB1 – ITGB8 in SKCM patients (TIMER). Spearman correlation coefficient was used for statistical analysis. A P value less than 0.05 was used to determine statistical difference.



The expression of ITGA4, ITGA8, ITGB2, ITGB7 and ITGB8 was correlated with the infiltration of all types immune cell and tumor purity in the SKCM TIME. ITGA5 was related with tumor purity, B cell, Macrophage cell, Neutrophil cell, and Dendritic cell invasion in SKCM TIME. The expression of ITGA1 and ITGA9 was correlated with the infiltration of all types immune cell in the SKCM TIME, but not tumor purity. The expression of ITGA2 was correlated with the infiltration of CD8+/CD4+ T cell, Macrophage cell, Neutrophil cell and Dendritic cell in SKCM patients. ITGA6, ITGB1 and ITGB3 was correlated with B cell, CD8+ T cell, Macrophage cell, Neutrophil cell and Dendritic cell infiltration. ITGA10 was associated with CD4+/CD8+ T cell, Macrophage cell and Neutrophil cell infiltration. ITGB5 was related with the invasion of CD4+ T cell, Macrophage cell, Neutrophil cell and Dendritic cell. ITGB8 was correlated with CD8+ T cell, B cell and Neutrophil cell invasion.



4. Integrin Subunit Genetic Alteration and Protein Interaction Network in 1SKCM Patients

Firstly, we explored genetic alterations in the integrin subunit family in SKCM using the cBioportal website. The results of this analysis reveal that ITGA1, ITGA2, ITGA3, ITGA4, ITGA5, ITGA6, ITGA7, ITGA8, ITGA9, ITGA10, ITGB1, ITGB2, ITGB3, ITGB4, ITGB5, ITGB6, ITGB7, and ITGB8 were changed in 6%, 3%, 3%, 8%, 5%, 3%, 5%, 7%, 4%, 7%, 1.6%, 3%, 4%, 8%, 2.1%, 4%, 1.9%, and 6% of the queried SKCM samples, respectively (Figure 9A). Next a PPI network of the integrin subunit family was constructed to explore possible interactions. A PPI network with 18 nodes and 152 edges was constructed using STRING (Figure 9B). According to the statistical results reported by the String website, the P-value of PPI enrichment was <1.0e-16. Further analysis using GeneMANIA revealed that the above-mentioned integrin subunits were mainly involved in extracellular matrix organization, extracellular structure organization, integrin complex, receptor complex, and leukocyte migration (Figure 9C). To further corroborate these observations, we used STRING to analyze the top 48 most interacting neighboring genes associated with 18 integrin subunits. The results demonstrate that ALB, CBL, CBY1, CD247, CDC25C, CTGF, EGF, EGFR, ERBB2, ERBB3, ERBB4, FBN1, FLNA, FN1, GRB2, ICAM1, ICAM3, ICAM5, ILK,IRS1, ITGA1, ITGA10, ITGA2, ITGA2B, ITGA3, ITGA4, ITGA5, ITGA6, ITGA7, ITGA8, ITGA9, ITGAL, ITGAM, ITGAV, ITGAX, ITGB1, ITGB1BP1, ITGB2, ITGB3, ITGB4, ITGB5, ITGB6, ITGB7, ITGB8, NPNT, NTRK1, NTRK2, PCSK9, PIK3R1, PIK3R2, PLEC, PXN, RAF1, SHC1, SMAD2, SOS1, SRC, TGFB1, TGFBR1, TGFBR2, TLN1, VEGFA, VTN, VWF, YWHAB, YWHAG, YWHAH, and YWHAZ are all involved in either the regulation or function of integrin subunit family members in SKCM patients (Figure 9D).




Figure 9 | (A) Summary of genetic alterations in different integrin subunits in SKCM. (B, C) Protein-protein interaction network of different integrin subunits. (D) Gene-gene interaction network of different integrin subunits and 48 most frequently altered neighboring genes. (E, F) Enrichment analysis of different integrin subunits and 48 most frequently altered neighboring genes in SKCM (Webgestalt). (E) Bar plot of KEGG enriched terms. (F) Bar plot of GO enrichment in biological process terms, cellular component terms, and molecular function terms.





5. Gene Ontology and KEGG Pathway Analysis of Integrin Subunits in SKCM Patients

Go and KEGG pathway analysis for 18 integrin subunits and top 48 most interacting neighboring genes was performed using the Webgestalt website (Figures 9E, F). In the KEGG pathway analysis, the top 5 pathways identified were ECM-receptor interaction, arrhythmogenic right ventricular cardiomyopathy, hypertrophic cardiomyopathy, dilated cardiomyopathy, and focal adhesion. In the GO enrichment analysis, the results pertaining to biological processes were response to stimulus, biological regulation, and cell communication. For the results pertaining to the analysis of cellular components, the top five cellular components were membrane, protein-containing complex, vesicle, extracellular space, and endomembrane system. For the results pertaining to the analysis of molecular function, the top 5 molecular functions were protein binding, ion binding, molecular transducer activity, transferase activity, and nucleic acid binding.




Discussion

Recent studies indicate that ITGA1 is associated with melanoma proliferation via the regulation of miR-3065-5p (25). In addition, as a mediator of cell-cell and cell-matrix adhesion, ITGA1 was differentially expressed in melanoma samples (26). In the present study, we found that ITGA1 expression levels in SKCM tissues are correlated with different stages of SKCM and with migration in SKCM. ITGA1 protein mediate the adhesion of extracellular matrix proteins (27). We hypothesized that ITGA1 protein in SKCM promote the adhesion of melanocytes to the epidermal basement membrane (28), thus affecting the metastasis of SKCM. Besides, we found a positive correlation between the expression of ITGA1 and infiltration of all types of immune cell, but not tumor purity (Figure 7). Therefore, the effect of ITGA1 in tumor immune therapy may need further verification.

ITGA2 plays a role in melanoma by regulating the expression GTSE1, thereby restoring the epithelial-to-mesenchymal transition in SKCM (29). However, according to our results, the increased expression of ITGA2 may only be related to the infiltration of some immune cells, and this infiltration of immune cells does not lead to the reduction of tumor purity in SKCM TIME, suggesting that the infiltration of immune cells may not play a decisive role in SKCM.

Schumacher et al. reported that flocculating material observed around melanoma cells or nests contains basal membrane protein components, particularly ITGA3 (30). In line with previous research, we found that ITGA3 expression in SKCM tissues was significantly increased (in comparison with non-tumor tissue). Moreover, it is worth mentioning that ITGA3 has most biological functions compared with other integrin subunits, suggesting that it may play a central role in integrin subunits gene clusters (Figure 9C).

ITGA4 is closely related to the occurrence and development of melanoma, and ITGA4 can promote the metastasis of melanoma by promoting the aggregation of melanoma cells in the lymphatic system (31). J. Zhao et al. reported that ITGA4 down-regulation inhibits the adhesion and migration of melanoma cells in vitro and in vivo (32). The immunomodulatory mechanism of ITGA4 in melanoma has also been reported in previous studies. Geherin et al. reported that IL-10+ B1 cells are part of the skin immune system and require α4β1 integrin for homing into the skin (33). In addition, Kobayashi et al. reported that IL-10+ B1a B cells suppress melanoma tumor immunity by inhibiting Th1 cytokine production in tumor-infiltrating CD8+ T cells (34). According to our results, we speculated that the differentially expressed ITGA4 may recruit immune cells by effecting leukocyte migration, reduce the percentage of melanoma cells in SKCM TIME by affecting cell matrix adhesion in SKCM TIME, and ultimately affect the metastasis and tumor stage of SKCM (Figures 7 and 9C).

ITGA5 forms a receptor for extracellular fibronectin, which known to be involved in the formation of malignant tumor cells and tumor vascular systems (35). ITGA5 is known to play a role in melanoma by regulating miR-148b (36). Combined with our results, we hypothesized that ITGA5 may affect the infiltration of immune cells and tumor purity in SKCM TIME by regulating leukocyte migration (Figures 7 and 9C).

Specific ITGA6 variants were reported to be associated with a decreased risk of melanoma, and Luo et al. reported that ITGA6 can be considered a prognostic gene for uveal melanoma (37, 38). We also found that abnormally expressed ITGA6 is a potential prognostic biomarker in SKCM, and we speculate that missense mutation is one of the main reasons for the abnormal expression of ITGA6 (Figure 9A).

ITGA8 is a transmembrane cell surface receptor belonging to the alpha integrin family (39). To date, several studies have linked ITGA8 and tumorigenesis (40, 41). In addition, anti-ITGA8 therapies have been reported to play a role in the treatment of lupus and other glomerular diseases (42). Tumor cells express antigens that mediate recognition by CD8+ T cells and the infiltration of CD8+ T cells in SKCM TIME is a very important part of immunotherapy (43). Combined with our results, we speculated that interference against ITGA8 expression could effectively increase the infiltration of CD8+ T cells in SKCM TIME and reduce the percentage of tumor cells in SKCM, which is a potential target of SKCM targeted therapy (Figure 7).

Several studies have reported a close association between ITGA9 and cell adhesion, proliferation, and migration (44). Changes in ITGA9 expression levels affect the interaction between tumor cells and the extracellular matrix (45). ITGA9 is a host gene for various long non-coding RNAs, including LncCCAT1 and HOXA11-AS. Therefore, proliferation, apoptosis, metastasis of melanoma cells may be modulated via regulation of ITGA9-related non-coding RNAs (46, 47). In the present study ITGA9 was positively correlated with the invasion of several immune cells in SKCM TIME, but not tumor purity (Figure 7). Combined with our results and previous reports, we suggest that ITGA9 in SKCM may mediate cell-cell communication between cancer cells and their microenvironment by influencing the formation of integrin and receptor complexes, and ultimately effect SKCM metastasis and progression (Figure 9C) (48).

ITGA10 is a transmembrane glycoprotein involved in cell adhesion and integrin-mediated signaling pathways (49). ITGA10 is associated with various cancers development and metastasis, and variants in ITGA10 are associated with changes of melanoma risks (50). In the present study, we found that ITGA10 expression was up-regulated in SKCM tissues (in comparison with control tissues), and this abnormal expression of ITGA10 may be the results of amplification mutations or the missense mutations (Figure 9A).

Previous studies have confirmed the correlation between ITGB1 expression and SKCM metastasis (51). In line with previous studies, we report aberrant ITGB1 expression in SKCM, and we reveal that ITGB1 expression is closely associated with SKCM metastasis by effecting cell migration (Figure 2) (52).

According to a bioanalysis conducted by Jun Zhu et al., ITGB2 was one of the top hub genes in malignant melanoma, and its expression was related to overall survival and disease-free survival (53). Combined with our results, we believe that ITGB2 is one of the integrin subunits most closely related to SKCM. ITGB2 plays a variety of roles in integrin complex, including extracellular matrix formation, Integrin complex formation, leukocyte migration, etc. Through the above functions, the highly expressed ITGB2 can effectively recruit T cells in SKCM TIME and reduce the purity of tumor cells in SKCM, so the overexpression of ITGB2 may effectively improve the effectiveness of immunotherapy against SKCM and improve the overall survival rate.

ITGB3 may play a vital role in the treatment of melanoma. Inhibition of ITGB3-SRC-STAT3 pathway activation can sensitize tumor-repopulating cells to the effects of IFN-α, and enhance the overall efficacy of melanoma treatment (54). In addition, the ADAR1-ITGB3 network may also play a central role in acquisition of an invasive phenotype in metastatic melanoma (55, 56). Transcription of ITGB3 gene induces the expression of NME1, a metastatic suppressor, in melanoma (57). According to our results, we hypothesized that the abnormal expression of ITGB3 in SKCM suggesting its value as a prognostic marker.

ITGB4 and ITGA6 are heterodimeric cambium adhesin receptors. ITGB4 has a long cytoplasmic domain and has unique cytoskeleton and signaling functions (58, 59). In addition, a mutation in ITGB4 has been identified in a metastasis sample taken from acral melanoma patients (60). The findings presented here are consistent with this previous research. In particular, ITGB4 expression was significantly increased in SKCM tissues compared with non-tumor tissues (Figure 1).

ITGB5, which is located between 13:133161078 and 13:139609422 in the SSC13Q41 region, encodes the integrin β5 subunit, and this coordinates with the αV subunit to produce the integrin αVβ5 (61). Reports concerning the role of ITGB5 in melanoma are scarce.

ITGB6 is extensively involved in wound healing and the pathogenesis of a variety of diseases, including fibrosis and cancer (62). Previous studies have identified abnormal expression of ITGB6 in SK-Mel-28 human melanoma cells (63). In line with previous findings, we demonstrate here that ITGB6 expression was positively associated with SKCM tumor stage (Figure 3).

There are only a few reports concerning ITGB7 expression in melanoma and its potential role. However, we found that ITGB7 was not only abnormally expressed in SKCM, but also correlated with the prognosis of SKCM. The expression of ITGB7 in SKCM TIME was positively correlated with immune cell infiltration and negatively correlated with tumor purity. integrin subunits target therapy such as etrolizumab may play a role in the treatment of SKCM by mediated the infiltration of immune cells, of course, this needs further trial verification.

As for ITGA7 and ITGB8, there have been few reports confirming their connection to SKCM, and we did not find meaningful results in our study, we prefer to leave this question open.

Integrins form a heterodimer with α subunit and β subunit, and there is an intimate connection between integrin α subunits and β subunits (Figure 9B). Considering the biological functions of integrin subunits family and the results of our gene enrichment analysis (Figures 9E, F), we believe that integrin subunits family, which are mainly distributed in cell membrane and protein-containing complex, may affect protein-binding in SKCM by participating in biological processes such as cell communication, cellular component organization and response to stimulus and other biological processes. Further, these biological functions of the integrin family may also be inseparable from 48 genes (Figure 9D) that interact with them.



Conclusion

In conclusion, ITGA4, ITGB2 and ITGB7 was identified as novel biomarkers which may assist in the design of new immunotherapeutic drugs and server as diagnostic biomarkers. However, there are several limitations with our research. Firstly, in vivo and in vitro research should be conducted to verify our results. Secondly, this research was conducted mainly based on public databases. As we have not explained all the statistics and code information used in these databases in detail, this may cause some confusion in non-specialist readers.



Data Availability Statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/supplementary material.



Author Contributions

YN and WS carried out the experiment and wrote the manuscript with support from PM and KL, HX, and YZ helped supervise the project and conceived the original idea. All authors contributed to the article and approved the submitted version.



Abbreviations

SKCM, skin cutaneous melanoma; AJCC, American Joint Committee on Cancer.



References

1. Bertolotto, C. Melanoma: From Melanocyte to Genetic Alterations and Clinical Options. Scientifica (2013) 2013:635203. doi: 10.1155/2013/635203

2. Valero, MC, Huntsman, HD, Liu, J, Zou, K, and Boppart, MD. Eccentric Exercise Facilitates Mesenchymal Stem Cell Appearance in Skeletal Muscle. Plos one (2012) 7:e29760. doi: 10.1371/journal.pone.0029760

3. Zhang, H, Cui, X, Cao, A, Li, X, and Li, L. ITGA3 Interacts With VASP to Regulate Stemness and Epithelial-Mesenchymal Transition of Breast Cancer Cells. Gene (2020) 734:144396. doi: 10.1016/j.gene.2020.144396

4. Brooks, DL, Schwab, LP, Krutilina, R, Parke, DN, Sethuraman, A, Hoogewijs, D, et al. ITGA6 Is Directly Regulated by Hypoxia-Inducible Factors and Enriches for Cancer Stem Cell Activity and Invasion in Metastatic Breast Cancer Models. Mol Cancer (2016) 15:26. doi: 10.1186/s12943-016-0510-x

5. Bhandari, A, Xia, E, Zhou, Y, Guan, Y, Xiang, J, Kong, L, et al. ITGA7 Functions as a Tumor Suppressor and Regulates Migration and Invasion in Breast Cancer. Cancer Manag Res (2018) 10:969–76. doi: 10.2147/cmar.S160379

6. Kobayashi, T, Matsumoto, S, Shimizu, K, Miyake, M, Maeda, S, Hamaguchi, Y, et al. Discrepancy in Responses to Dabrafenib Plus Trametinib Combination Therapy in Intracranial and Extracranial Metastases in Melanoma Patients. J Dermatol (2021) 48:e82–82e83. doi: 10.1111/1346-8138.15677

7. Rhodes, DR, Yu, J, Shanker, K, Deshpande, N, Varambally, R, Ghosh, D, et al. ONCOMINE: A Cancer Microarray Database and Integrated Data-Mining Platform. Neoplasia (2004) 6:1–6. doi: 10.1016/s1476-5586(04)80047-2

8. Chandrashekar, DS, Bashel, B, Balasubramanya, SAH, Creighton, CJ, Ponce-Rodriguez, I, Chakravarthi, B, et al. UALCAN: A Portal for Facilitating Tumor Subgroup Gene Expression and Survival Analyses. Neoplasia (2017) 19:649–58. doi: 10.1016/j.neo.2017.05.002

9. Zhou, X, Peng, M, He, Y, Peng, J, Zhang, X, Wang, C, et al. CXC Chemokines as Therapeutic Targets and Prognostic Biomarkers in Skin Cutaneous Melanoma Microenvironment. Front Oncol (2021) 11:619003. doi: 10.3389/fonc.2021.619003

10. Zhu, Y, Qiu, P, and Ji, Y. TCGA-Assembler: Open-Source Software for Retrieving and Processing TCGA Data. Nat Methods (2014) 11:599–600. doi: 10.1038/nmeth.2956

11. Tang, Z, Kang, B, Li, C, Chen, T, and Zhang, Z. GEPIA2: An Enhanced Web Server for Large-Scale Expression Profiling and Interactive Analysis. Nucleic Acids Res (2019) 47:W556–60. doi: 10.1093/nar/gkz430

12. Human genomics. The Genotype-Tissue Expression (GTEx) Pilot Analysis: Multitissue Gene Regulation in Humans. Science (2015) 348:648–60. doi: 10.1126/science.1262110

13. Weinstein, JN, Collisson, EA, Mills, GB, Shaw, KR, Ozenberger, BA, Ellrott, K, et al. The Cancer Genome Atlas Pan-Cancer Analysis Project. Nat Genet (2013) 45:1113–20. doi: 10.1038/ng.2764

14. Warde-Farley, D, Donaldson, SL, Comes, O, Zuberi, K, Badrawi, R, Chao, P, et al. The GeneMANIA Prediction Server: Biological Network Integration for Gene Prioritization and Predicting Gene Function. Nucleic Acids Res (2010) 38:W214–20. doi: 10.1093/nar/gkq537

15. Cerami, E, Gao, J, Dogrusoz, U, Gross, BE, Sumer, SO, Aksoy, BA, et al. The Cbio Cancer Genomics Portal: An Open Platform for Exploring Multidimensional Cancer Genomics Data. Cancer Discov (2012) 2:401–4. doi: 10.1158/2159-8290.Cd-12-0095

16. Li, T, Fan, J, Wang, B, Traugh, N, Chen, Q, Liu, JS, et al. TIMER: A Web Server for Comprehensive Analysis of Tumor-Infiltrating Immune Cells. Cancer Res (2017) 77(21):e108–10. doi: 10.1158/0008-5472.Can-17-0307

17. Li, T, Fu, J, Zeng, Z, Cohen, D, Li, J, Chen, Q, et al. TIMER2.0 for Analysis of Tumor-Infiltrating Immune Cells. Nucleic Acids Res (2020) 48:W509–509W514. doi: 10.1093/nar/gkaa407

18. Han, H, Cho, JW, Lee, S, Yun, A, Kim, H, Bae, D, et al. TRRUST V2: An Expanded Reference Database of Human and Mouse Transcriptional Regulatory Interactions. Nucleic Acids Res (2018) 46:D380–6. doi: 10.1093/nar/gkx1013

19. Zhang, B, Kirov, S, and Snoddy, J. WebGestalt: An Integrated System for Exploring Gene Sets in Various Biological Contexts. Nucleic Acids Res (2005) 33:W741–8. doi: 10.1093/nar/gki475

20. Wang, J, Vasaikar, S, Shi, Z, Greer, M, and Zhang, B. WebGestalt 2017: A More Comprehensive, Powerful, Flexible and Interactive Gene Set Enrichment Analysis Toolkit. Nucleic Acids Res (2017) 45:W130–7. doi: 10.1093/nar/gkx356

21. Riker, AI, Enkemann, SA, Fodstad, O, Liu, S, Ren, S, Morris, C, et al. The Gene Expression Profiles of Primary and Metastatic Melanoma Yields a Transition Point of Tumor Progression and Metastasis. BMC Med Genomics (2008) 1:13. doi: 10.1186/1755-8794-1-13

22. Haqq, C, Nosrati, M, Sudilovsky, D, Crothers, J, Khodabakhsh, D, Pulliam, BL, et al. The Gene Expression Signatures of Melanoma Progression. Proc Natl Acad Sci USA (2005) 102:6092–7. doi: 10.1073/pnas.0501564102

23. Talantov, D, Mazumder, A, Yu, JX, Briggs, T, Jiang, Y, Backus, J, et al. Novel Genes Associated With Malignant Melanoma But Not Benign Melanocytic Lesions. Clin Cancer Res (2005) 11:7234–42. doi: 10.1158/1078-0432.CCR-05-0683

24. Kobayashi, T, Hamaguchi, Y, Hasegawa, M, Fujimoto, M, Takehara, K, and Matsushita, T. B Cells Promote Tumor Immunity Against B16F10 Melanoma. Am J Pathol (2014) 184:3120–9. doi: 10.1016/j.ajpath.2014.07.003

25. Palkina, N, Komina, A, Aksenenko, M, Moshev, A, Savchenko, A, and Ruksha, T. miR-204-5p and miR-3065-5p Exert Antitumor Effects on Melanoma Cells. Oncol Lett (2018) 15:8269–80. doi: 10.3892/ol.2018.8443

26. Cioanca, AV, Wu, CS, Natoli, R, Conway, RM, McCluskey, PJ, Jager, MJ, et al. The Role of Melanocytes in the Human Choroidal Microenvironment and Inflammation: Insights From the Transcriptome. Pigment Cell Melanoma Res (2021). doi: 10.1111/pcmr.12972

27. Hynes, RO. Integrins: Bidirectional, Allosteric Signaling Machines. Cell (2002) 110:673–87. doi: 10.1016/s0092-8674(02)00971-6

28. Pinon, P, and Wehrle-Haller, B. Integrins: Versatile Receptors Controlling Melanocyte Adhesion, Migration and Proliferation. Pigment Cell Melanoma Res (2011) 24:282–94. doi: 10.1111/j.1755-148X.2010.00806.x

29. Xu, T, Ma, M, Chi, Z, Si, L, Sheng, X, Cui, C, et al. High G2 and S-Phase Expressed 1 Expression Promotes Acral Melanoma Progression and Correlates With Poor Clinical Prognosis. Cancer Sci (2018) 109:1787–98. doi: 10.1111/cas.13607

30. Schumacher, D, and Schaumburg-Lever, G. Ultrastructural Localization of Alpha-3 Integrin Subunit in Malignant Melanoma and Adjacent Epidermis. J Cutan Pathol (1999) 26:321–6. doi: 10.1111/j.1600-0560.1999.tb01853.x

31. Rebhun, RB, Cheng, H, Gershenwald, JE, Fan, D, Fidler, IJ, and Langley, RR. Constitutive Expression of the Alpha4 Integrin Correlates With Tumorigenicity and Lymph Node Metastasis of the B16 Murine Melanoma. Neoplasia (2010) 12:173–82. doi: 10.1593/neo.91604

32. Zhao, J, Qi, Q, Yang, Y, Gu, HY, Lu, N, Liu, W, et al. Inhibition of Alpha(4) Integrin Mediated Adhesion was Involved in the Reduction of B16-F10 Melanoma Cells Lung Colonization in C57BL/6 Mice Treated With Gambogic Acid. Eur J Pharmacol (2008) 589:127–31. doi: 10.1016/j.ejphar.2008.04.063

33. Geherin, SA, Gómez, D, Glabman, RA, Ruthel, G, Hamann, A, and Debes, GF. IL-10+ Innate-Like B Cells Are Part of the Skin Immune System and Require α4β1 Integrin To Migrate Between the Peritoneum and Inflamed Skin. J Immunol (2016) 196:2514–25. doi: 10.4049/jimmunol.1403246

34. Kobayashi, T, Oishi, K, Okamura, A, Maeda, S, Komuro, A, Hamaguchi, Y, et al. Regulatory B1a Cells Suppress Melanoma Tumor Immunity via IL-10 Production and Inhibiting T Helper Type 1 Cytokine Production in Tumor-Infiltrating CD8(+) T Cells. J Invest Dermatol (2019) 139:1535–44.e1. doi: 10.1016/j.jid.2019.02.016

35. Feng, C, Jin, X, Han, Y, Guo, R, Zou, J, Li, Y, et al. Expression and Prognostic Analyses of ITGA3, ITGA5, and ITGA6 in Head and Neck Squamous Cell Carcinoma. Med Sci Monit (2020) 26:e926800. doi: 10.12659/msm.926800

36. Quirico, L, Orso, F, Esposito, CL, Bertone, S, Coppo, R, Conti, L, et al. Axl-148b Chimeric Aptamers Inhibit Breast Cancer and Melanoma Progression. Int J Biol Sci (2020) 16:1238–51. doi: 10.7150/ijbs.39768

37. Lenci, RE, Rachakonda, PS, Kubarenko, AV, Weber, AN, Brandt, A, Gast, A, et al. Integrin Genes and Susceptibility to Human Melanoma. Mutagenesis (2012) 27:367–73. doi: 10.1093/mutage/ger090

38. Karhemo, PR, Ravela, S, Laakso, M, Ritamo, I, Tatti, O, Mäkinen, S, et al. An Optimized Isolation of Biotinylated Cell Surface Proteins Reveals Novel Players in Cancer Metastasis. J Proteomics (2012) 77:87–100. doi: 10.1016/j.jprot.2012.07.009

39. Wu, J, Cheng, J, Zhang, F, Luo, X, Zhang, Z, and Chen, S. Estrogen Receptor α Is Involved in the Regulation of ITGA8 Methylation in Estrogen Receptor-Positive Breast Cancer. Ann Transl Med (2020) 8:993. doi: 10.21037/atm-20-5220

40. Matsushima, S, Aoshima, Y, Akamatsu, T, Enomoto, Y, Meguro, S, Kosugi, I, et al. CD248 and Integrin Alpha-8 Are Candidate Markers for Differentiating Lung Fibroblast Subtypes. BMC Pulm Med (2020) 20:21. doi: 10.1186/s12890-020-1054-9

41. Talbot, JC, Nichols, JT, Yan, YL, Leonard, IF, BreMiller, RA, Amacher, SL, et al. Pharyngeal Morphogenesis Requires Fras1-Itga8-Dependent Epithelial-Mesenchymal Interaction. Dev Biol (2016) 416:136–48. doi: 10.1016/j.ydbio.2016.05.035

42. Scindia, Y, Deshmukh, U, Thimmalapura, PR, and Bagavant, H. Anti-Alpha8 Integrin Immunoliposomes in Glomeruli of Lupus-Susceptible Mice: A Novel System for Delivery of Therapeutic Agents to the Renal Glomerulus in Systemic Lupus Erythematosus. Arthritis Rheum (2008) 58:3884–91. doi: 10.1002/art.24026

43. Yan, K, Lu, Y, Yan, Z, and Wang, Y. 9-Gene Signature Correlated With CD8(+) T Cell Infiltration Activated by IFN-Gamma: A Biomarker of Immune Checkpoint Therapy Response in Melanoma. Front Immunol (2021) 12:622563. doi: 10.3389/fimmu.2021.622563

44. Zhang, J, Na, S, Liu, C, Pan, S, Cai, J, and Qiu, J. MicroRNA-125b Suppresses the Epithelial-Mesenchymal Transition and Cell Invasion by Targeting ITGA9 in Melanoma. Tumour Biol (2016) 37:5941–9. doi: 10.1007/s13277-015-4409-8

45. Xu, TJ, Qiu, P, Zhang, YB, Yu, SY, Xu, GM, and Yang, W. MiR-148a Inhibits the Proliferation and Migration of Glioblastoma by Targeting ITGA9. Hum Cell (2019) 32:548–56. doi: 10.1007/s13577-019-00279-9

46. Fan, J, Kang, X, Zhao, L, Zheng, Y, Yang, J, and Li, D. Long Noncoding RNA CCAT1 Functions as a Competing Endogenous RNA to Upregulate ITGA9 by Sponging MiR-296-3p in Melanoma. Cancer Manag Res (2020) 12:4699–714. doi: 10.2147/cmar.S252635

47. Xu, Y, Zhang, J, Zhang, Q, Xu, H, and Liu, L. Long Non-Coding RNA HOXA11-AS Modulates Proliferation. Apoptosis Metastasis EMT Cutaneous Melanoma Cells Partly via miR-152-3p/ITGA9 Axis. Cancer Manag Res (2021) 13:925–39. doi: 10.2147/cmar.S281920

48. Peng, Y, Wu, D, Li, F, Zhang, P, Feng, Y, and He, A. Identification of Key Biomarkers Associated With Cell Adhesion in Multiple Myeloma by Integrated Bioinformatics Analysis, Apoptosis, Metastasis and EMT in Cutaneous Melanoma Cells Partly via miR-152-3p/ITGA9 Axis. Cancer Cell Int (2020) 20:262. doi: 10.1186/s12935-020-01355-z

49. Hamaia, SW, Luff, D, Hunter, EJ, Malcor, JD, Bihan, D, Gullberg, D, et al. Unique Charge-Dependent Constraint on Collagen Recognition by Integrin Alpha10beta1. Matrix Biol (2017) 59:80–94. doi: 10.1016/j.matbio.2016.08.010

50. Lasić, V, Kosović, I, Jurić, M, Racetin, A, Čurčić, J, Šolić, I, et al. GREB1L, CRELD2 and ITGA10 Expression in the Human Developmental and Postnatal Kidneys: An Immunohistochemical Study. Acta Histochem (2021) 123:151679. doi: 10.1016/j.acthis.2021.151679

51. Menefee, DS, McMasters, A, Pan, J, Li, X, Xiao, D, Waigel, S, et al. Age-Related Transcriptome Changes in Melanoma Patients With Tumor-Positive Sentinel Lymph Nodes. Aging (Albany NY) (2020) 12:24914–39. doi: 10.18632/aging.202435

52. El-Hachem, N, Habel, N, Naiken, T, Bzioueche, H, Cheli, Y, Beranger, GE, et al. Uncovering and Deciphering the Pro-Invasive Role of HACE1 in Melanoma Cells. Cell Death Differ (2018) 25:2010–22. doi: 10.1038/s41418-018-0090-y

53. Zhu, J, Hao, S, Zhang, X, Qiu, J, Xuan, Q, and Ye, L. Integrated Bioinformatics Analysis Exhibits Pivotal Exercise-Induced Genes and Corresponding Pathways in Malignant Melanoma. Front Genet (2020) 11:637320. doi: 10.3389/fgene.2020.637320

54. Li, Y, Song, Y, Li, P, Li, M, Wang, H, Xu, T, et al. Downregulation of RIG-I Mediated by ITGB3/c-SRC/STAT3 Signaling Confers Resistance to Interferon-α-Induced Apoptosis in Tumor-Repopulating Cells of Melanoma. (2020) 8:e000111. doi: 10.1136/jitc-2019-000111

55. Nemlich, Y, Baruch, EN, Besser, MJ, Shoshan, E, Bar-Eli, M, Anafi, L, et al. ADAR1-Mediated Regulation of Melanoma Invasion. Nat Commun (2018) 9:2154. doi: 10.1038/s41467-018-04600-2

56. Nemlich, Y, Besser, MJ, Schachter, J, and Markel, G. ADAR1 Regulates Melanoma Cell Invasiveness by Controlling Beta3-Integrin via microRNA-30 Family Members. Am J Cancer Res (2020) 10:2677–86.

57. Leonard, MK, Novak, M, Snyder, D, Snow, G, Pamidimukkala, N, McCorkle, JR, et al. The Metastasis Suppressor NME1 Inhibits Melanoma Cell Motility via Direct Transcriptional Induction of the Integrin Beta-3 Gene. Exp Cell Res (2019) 374:85–93. doi: 10.1016/j.yexcr.2018.11.010

58. Sung, JS, Kang, CW, Kang, S, Jang, Y, Chae, YC, Kim, BG, et al. ITGB4-Mediated Metabolic Reprogramming of Cancer-Associated Fibroblasts. Oncogene (2020) 39:664–76. doi: 10.1038/s41388-019-1014-0

59. Li, M, Jiang, X, Wang, G, Zhai, C, Liu, Y, Li, H, et al. ITGB4 Is a Novel Prognostic Factor in Colon Cancer. J Cancer (2019) 10:5223–33. doi: 10.7150/jca.29269

60. Abramov, IS, Emelyanova, MA, Ryabaya, OO, Krasnov, GS, Zasedatelev, AS, and Nasedkina, TV. Somatic Mutations Associated With Metastasis in Acral Melanoma. Mol Biol (Mosk) (2019) 53:648–53. doi: 10.1134/S0026898419040025

61. Zhang, LY, Guo, Q, Guan, GF, Cheng, W, Cheng, P, and Wu, AH. Integrin Beta 5 Is a Prognostic Biomarker and Potential Therapeutic Target in Glioblastoma. Front Oncol (2019) 9:904. doi: 10.3389/fonc.2019.00904

62. Meecham, A, and Marshall, JF. The ITGB6 Gene: Its Role in Experimental and Clinical Biology. Gene (2020) 5:100023. doi: 10.1016/j.gene.2019.100023

63. Klein, A, Capitanio, JS, Maria, DA, and Ruiz, IR. Gene Expression in SK-Mel-28 Human Melanoma Cells Treated With the Snake Venom Jararhagin. Toxicon (2011) 57:1–8. doi: 10.1016/j.toxicon.2010.09.001




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.


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 © 2021 Nurzat, Su, Min, Li, Xu and Zhang. 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/fonc.2021.751875_cover.jpg
’ frontiers
in Oncology

Identification of Therapeutic Targets
and Prognostic Biomarkers Among
Integrin Subunits in the Skin
Cutaneous Melanoma
Microenvironment





OEBPS/Images/fonc-11-751875-g006.jpg
ITGAI0
e

=]






OEBPS/Images/fonc-11-751875-g001.jpg
ITGAS

ITGAI0






OEBPS/Images/fonc-11-751875-g009.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Identification of Therapeutic Targets and Prognostic Biomarkers Among Integrin Subunits in the Skin Cutaneous Melanoma Microenvironment

      

        		

          Introduction

        



        		

          Materials and Methods

        

          		

            ONCOMINE

          



          		

            UALCAN

          



          		

            GEPIA

          



          		

            STRING

          



          		

            GeneMANIA

          



          		

            CBioPortal

          



          		

            TIMER

          



          		

            Trrust

          



          		

            Webgestalt

          



        



        



        		

          Results

        

          		

            1. Aberrant Expression of Integrin Subunits in SKCM Patients

          



          		

            2. The Prognostic Value of Integrin Subunits in SKCM Patients

          



          		

            3. Relationship Between Integrin Subunit Expression and Immune Cell Infiltration

          



          		

            4. Integrin Subunit Genetic Alteration and Protein Interaction Network in 1SKCM Patients

          



          		

            5. Gene Ontology and KEGG Pathway Analysis of Integrin Subunits in SKCM Patients

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-11-751875-g005.jpg





OEBPS/Images/fonc-11-751875-g003.jpg
IIIII

IIIII

IIIII

IIIII

IIIII

IIIII

IIIII

IIIII

IIIII

IIIII

11111

IIIII

[[[[[

11111

IIIII

f!???f

-f M!?g_






OEBPS/Images/fonc-11-751875-g007.jpg





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-751875-g008.jpg





OEBPS/Images/fonc-11-751875-g002.jpg
I P=6.89X107 ‘l‘ Pp=7.54X 107 !. ‘l P=6.27X10* {: P=6.30X10* ‘l‘ -
lml_gn P LY LE
!1 p=56|><_}0‘ l ‘l P=6.40X 10" l ! p=3.24X10" l 'l =1.(

i | I I I

.T ! .- 1. ; = -

!_ p=561X10* T ‘l & !_ p=174X10° 'l -

1 7 Lh e =u!






OEBPS/Images/table1.jpg
GENE CANCER TYPE FOLD CHANGE p-value t-test Reference PMID

ITGA3 Cutaneous Melanoma vs. Normal 14.807 9.58E-05 7.105 Talantov Melanoma PMID: 162437983
TGA4 Cutaneous Melanoma vs. Normal 3.224 0.013 275 Riker Melanoma PMID: 18442402
TGAB Benign Melanocytic Skin Nevus vs. Normal 16.226 1.71E-05 5.491 Talantov Melanoma PMID: 16243793
ITGA10 Cutaneous Melanoma vs. Normal 2074 0.015 2.55 Riker Melanoma PMID: 18442402
TGB1 Cutaneous Melanoma vs. Normal 3525 0.011 2.983 Riker Melanoma PMID: 18442402
TGB2 Cutaneous Melanoma vs. Normal 3.968 3.61E-04 4.213 Riker Melanoma PMID: 18442402
ITGB3 Melanoma vs. Normal 3.147 0.006 3.681 Hagq Melanoma PMID: 15833814
TGB4 Benign Melanocytic Skin Nevus vs. Normal 10.644 2.76E-03 7.278 Talantov Melanoma PMID: 16243793
TGB7 Cutaneous Melanoma vs. Normal 2.84 0.043 221 Riker Melanoma PMID: 18442402
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