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Background: The SET and MYND domain-containing (SMYD) gene family comprises a set of genes encoding lysine methyltransferases. This study aimed to clarify the relationship between the expression levels of SMYD family members and the prognosis and immune infiltration of malignant tumors of the digestive system.

Methods: The Oncomine, Ualcan, Kaplan–Meier Plotter, cBioPortal, Metascape, and TIMER databases and tools were used to analyze the correlation of SMYD family mRNA expression, clinical stage, TP53 mutation status, prognostic value, gene mutation, and immune infiltration in patients with esophageal carcinoma (ESCA), liver hepatocellular carcinoma (LIHC), and stomach adenocarcinoma (STAD).

Results: In ESCA, the mRNA expression of SMYD2/3/4/5 was significantly correlated with the incidence rate, that of SMYD2/3 with the clinical stage, that of SMYD2/3/4/5 with TP53 mutation status, that of SMYD2/4/5 with overall survival (OS), and that of SMYD1/2/3/4 with relapse-free survival (RFS). In LIHC, the mRNA expression of SMYD1/2/3/4/5 was significantly correlated with the incidence rate, that of SMYD2/4/5 with the clinical stage, that of SMYD3/5 with TP53 mutation status, that of SMYD2/3/4/5 with OS, and that of SMYD3/5 with RFS. In STAD, the mRNA expression of SMYD2/3/4/5 was significantly correlated with the incidence rate, that of SMYD1/4 with the clinical stage, that of SMYD1/2/3/5 with TP53 mutation status, that of SMYD1/3/4 with OS, and that of SMYD1/3 with RFS. Furthermore, the function of SMYD family mutation-related genes in ESCA, LIHC, and STAD patients was mainly related to pathways, such as mitochondrial gene expression, mitochondrial matrix, and mitochondrial translation. The expression of SMYD family genes was significantly correlated with the infiltration of six immune cell types and eight types of immune check sites.

Conclusion: SMYD family genes are differentially expressed and frequently mutated in malignant tumors of the digestive system (ESCA, LIHC, and gastric cancer). They are potential markers for prognostic prediction and have important significance in immunity and targeted therapy.
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INTRODUCTION

Esophageal carcinoma (ESCA), liver hepatocellular carcinoma (LIHC) and gastric cancer (GC) are the main malignant tumors of the digestive system, accounting, respectively, for 5.3, 8.2, and 8.2% of cancer-related deaths worldwide (Bray et al., 2018). Therefore, their prevention and treatment should attract substantial attention. Although the development of endoscopy, imaging, and other technologies has greatly increased the detection rate of high-risk malignant digestive system tumors (Banks et al., 2019; van der Pol et al., 2019), the mortality rate remains high, because of the lack of effective early diagnostic and prognostic markers. The SET and MYND domain-containing (SMYD) gene family comprises a set of genes encoding lysine methyltransferases. SMYD family proteins have structural similarities, consisting of six similar domains from the N-terminal to C-terminal, of which SET and MYND are among the most important. To date, five SMYD family members, SMYD1–5, playing important roles in embryonic development, skeletal, and cardiac muscle development, have been found in the human genome (Donlin et al., 2012; Nestorov et al., 2015; Fujii et al., 2016). Furthermore, recent studies have shown that SMYD family members play an important role in the occurrence and development of different tumors. For example, SMYD1 mutations have been implicated in splenic marginal zone lymphoma (SMZL) (Peveling-Oberhag et al., 2015). In colorectal cancer and LIHC, SMYD3 can activate multiple signal pathways by regulating transcription, and promote, among other malignant cell phenotypes, tumor cell proliferation, invasion, and epithelial to mesenchymal cell transformation (Hamamoto et al., 2004; Sarris et al., 2016; Chen et al., 2019). In breast cancer (BC) cells, SMYD3 can regulate the cell cycle and promote cancer cell migration by combining with the cyclin A1 (CCNA1) and myosin light chain 9 (MYL9) promoters (Luo et al., 2014; Mazur et al., 2014). SMYD4 may act as an inhibitor of certain transcription factors to regulate the expression of platelet-derived growth factor receptor A (PDGFR-A), thereby inhibiting the proliferation and survival of BC cells (Hu et al., 2009). Furthermore, previous studies have shown that some SMYD family members are differentially expressed in GC and related to prognosis. For example, SMYD2 is highly expressed in GC and related to poor prognosis. The related mechanism is involved in tumor cell proliferation, migration, and invasion (Komatsu et al., 2015). The tissue expression of SMYD3 was significantly positively correlated with the expression of transforming growth factor β1 (TGF-β1) in GC, whereas the prognosis of GC patients with high SMYD3 and TGF-β1 expression was poor (Liu H. et al., 2015).

An imbalance of immune effector cells in the tumor microenvironment contributes to malignant tumor cell immune escape. In recent years, tumor immunotherapy has received extensive attention in a variety of solid tumors and has been regarded as an important treatment method (Kirkwood et al., 2012). For example, the application of programmed death 1 (PD-1) inhibitors in ESCA, advanced liver cancer, and locally advanced or metastatic GC has achieved good curative effects (Högner and Thuss-Patience, 2021; Joshi and Badgwell, 2021; Kim et al., 2021). Related studies have shown that some SMYD family members are closely related to immune infiltration (Stender et al., 2012; Nagata et al., 2015; Xu et al., 2015), but the underlying immune mechanism in tumors remains unclear.

The occurrence and development of malignant digestive tract tumors is a complex process. In the past, some studies have reported the expression pattern of SMYD family members in some cancer patients and its correlation with prognosis. However, the entire SMYD family has not been so far systematically investigated in malignant digestive tract tumors. Therefore, we conducted a comprehensive analysis of the SMYD family based on public data reposited in various large databases to determine its role in malignant digestive system tumors.



MATERIALS AND METHODS


ONCOMINE

Oncomine1 is currently the world’s largest oncogene microarray database and integrated data mining platform, which integrates RNA and DNA-seq data from gene expression omnibus (GEO), The Cancer Genome Atlas (TCGA), and published literature sources. To date, ONCOMINE contains 65 gene expression datasets comprising nearly 48 million gene expression measurements form over 4700 microarray experiments. We used the cancer microarray database (without TCGA data) to analyze the mRNA expression levels of SMYD family members in ESCA, LIHC, GC, and normal esophagus, liver, and stomach tissues (Rhodes et al., 2004) and summarized the whole picture of SMYD gene family from a macro perspective. Enter SMYD1/2/3/4/5 in the “search” module in turn, and set the following thresholds: “P-value = 0.01,” “fold-change = 1.5,” “THRESHOLD (GENE RANK) = Top 10%,” “data type = mRNA,” output Disease Summary for SMYD family.



UALCAN

UALCAN2 is a comprehensive and interactive online data analysis website based on relevant data found in TCGA database, including gene expression data of 184 ESCA, 371 LIHC, and 415 GC patients. The portal’s user-friendly features allow to perform: (1) analyze relative expression of a query gene(s) across tumor and normal samples, as well as in various tumor sub-groups based on individual cancer stages, tumor grade, race, body weight, or other clinicopathologic features, (2) estimate the effect of gene expression level and clinicopathologic features on patient survival; and (3) identify the top over-and under-expressed (up and down-regulated) genes in individual cancer types. We used the UALACAN database to evaluate the expression levels of SMYD family members in ESCA, LIHC, gastric adenocarcinoma (STAD), and normal esophagus, liver, and stomach tissues, and determine the correlation between clinical stage and TP53 status (Chandrashekar et al., 2017), and to verify the data from mRNA expression levels in Oncomine. Enter SMYD1/2/3/4/5 in the “Enter gene symbol(s)” module in turn, and then select the “expression” parts of ESCA, LIHC, and STAD, respectively, and select “Sample type,” “Individual cancer stages,” and “TP53 mutation status,” respectively in the Gene expression based on module. Considering the unequal variances, the significance of differences in the transcriptional levels was evaluated using the Student’s t-test, and a P-value of <0.05 was considered statistically significant.



Kaplan–Meier Plotter

The Kaplan--Meier Plotter3 is an online database containing microarray gene expression data and survival information from public databases, such as GEO, TCGA, and the European Genome-phenome Archive (EGA), this study included 80 ESCA patients, 371 LIHC patients, and 375 GC patients, but patients miss expression values and lack complete clinical data. We divided patient samples into high- and low expression groups according to the best cut off of the expression level of SMYD family members, and used the Kaplan–Mayer Plotter to analyze the overall survival (OS) and relapse-free survival (RFS) of ESCA, LIHC, and STAD patients. Enter SMYD1/2/3/4/5 in the “Gene symbol” of the “Start KM Plotter for pan-cancer” module, select Auto select best cut off in the “Split patients by” module, select OS, RFS in the “Survival” module, and then select ESCA, LIHC, and STAD to generate survival curves, and use Kaplan–Meier method to draw survival curves. A P-value of <0.05 was considered statistically significant.



cBioPortal

The cBioPortal4 integrates data from large-scale cancer research projects, such as TCGA and the International Cancer Genome Consortium (ICGC), whose gene data types cover somatic mutations, DNA copy number changes, mRNA and microRNA expression, DNA methylation, protein and phosphorus protein abundance, and provides visual and multidimensional cancer genomic data (Cerami et al., 2012; Gao et al., 2013). This study based on TCGA database, gene expression data of 181 ESCA, 366 LIHC, and 412 GC patients were included. We obtained the relevant module information about SMYD family gene mutations from the cBioPortal. Select ESCA, LIHC, and STAD in “Query” module, apply “TCGA, PanCancer Atlas” data set, set the parameters “mRNA Expression: mRNA expression z-scores relative to diploid samples (RNA Seq V2 RSEM),” “Enter a z-score threshold ±1.8,” “Select Patient/Case Set: Samples with mRNA data (RNA Seq V2),” enter SMYD1/2/3/4/5 in “Enter Genes” to generate a mutation frequency visualization chart, and then select the top 10 ESCA, LIHC, and STAD genes significantly related to SMYD family gene mutations in “Co-expression” module for enrichment analysis after removing duplicates.



Metascape

Metascape5 is a gene list analysis tool. It integrates data from over 40 types of biological information databases for gene annotation and analysis, and provides a unique protein–protein interaction (PPI) network analysis function. We used the “Multiple Gene list” module of the Metascape tool to perform gene annotation and enrichment analyses on the genes obtained from the cBioPortal that were highly related to ESCA, LIHC, STAD, and SMYD family member mutations (Zhou et al., 2019), set the parameters “Input as species and Analysis as species: H. sapients,” select “Custom Analysis,” set the threshold in “Enrichment” module: enrichment factor “Min overlap = 3,” “P-value cut-off value < 0.01,” “Min enrichment >1.5” is considered statistically significant, then select Gene Ontology (GO) enriching “Biological Processes,” “Cellular Components” and “Molecular Functions” and “KEGG pathways” classification. To further capture the relationships between the terms, a subset of enriched terms were selected and rendered as a network plot, where terms with a similarity >0.3 were connected by edges. We selected the terms with the best P-values from each of the 20 clusters, with the constraint that there were no more than 15 terms per cluster and no more than 250 terms in total. The network was visualized using Cytoscape (Shannon et al., 2003), where each node represented an enriched term and was colored first by its cluster ID, and then by its P-value. For each given gene list, PPI enrichment analysis was carried out using the following databases: STRING (Szklarczyk et al., 2019), BioGrid (Oughtred et al., 2019), OmniPath (Li et al., 2017b), and InWeb_IM (Li et al., 2017b). Only physical interactions in STRING (physical score >0.132) and BioGrid were used (details). The molecular complex detection (MCODE) algorithm (Bader and Hogue, 2003) was applied to identify densely connected network components.



TIMER

TIMER6 is a comprehensive resource based on the relevant data in TCGA database, including gene expression data of 184 ESCA, 371 LIHC, and 415 GC patients. Tumor progression and the efficacy of immunotherapy are strongly influenced by the composition and abundance of immune cells in the tumor microenvironment. Due to the limitations of direct measurement methods, computational algorithms are often used to infer immune cell composition from bulk tumor transcriptome profiles. TIMER2.0 provides more robust estimation of immune infiltration levels for TCGA or user-provided tumor profiles using six state-of-the-art algorithms. We mainly used modular input to evaluate the expression levels of SMYD family members in ESCA, LIHC, STAD, and evaluated six types of immune infiltrating cells and related immune check sites (Li et al., 2020, 2017a). Enter SMYD1/2/3/4/5 in the “Gene Symbol” of “Diff Exp” module to generate a block diagram of gene expression level distribution, and use Wilcoxon test to evaluate the significance of transcription level difference. A P-value of <0.05 is considered statistically significant. Set the parameters in the “Gene” module: “Gene Symbol: SMYD1/2/3/4/5,” “Cancer Types: ESCA, LIHC, STAD,” “Immune Infiltrates: B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, dendritic cells,” generate a scatter plot of immune cell infiltration correlation, which shows the purity-corrected partial Spearman’s rho value and statistical significance. A P-value of <0.05 is considered statistically significant. Set the parameters in the “Correlation” module: “Cancer Types enter ESCA, LIHC, STAD,” “Gene Symbols: (Y-axis) enter CD274, CTLA4, GZMB, HAVCR2, LAG3, PDCD1, TIGIT, TNF,” “Gene Symbols: (X-axis) enter SMYD1/2/3/4/5,” “Correlation Adjusted by: Tumor Purity,” generate the scatter plot of immune test site correlation, which is statistically significant using Spearman’s rho value. A P-value of <0.05 is considered statistically significant.




RESULTS


mRNA Expression Levels of SMYD Family Members in ESCA, LIHC, GC, and Normal Esophagus, Liver, and Stomach Tissues in the Different Data Sets

We measured the mRNA expression of the five SMYD family members in 20 cancer types, and compared them with those of normal tissues using the Oncomine database (Figure 1A). According to the information from ten data sets, SMYD1 was significantly downregulated in GC patients (D’Errico et al., 2009), SMYD2 was significantly upregulated in LIHC patients (Chen et al., 2002; Wurmbach et al., 2007; Mas et al., 2009; Roessler et al., 2010), and significantly upregulated in GC patients (Chen et al., 2003; D’Errico et al., 2009; Wang et al., 2012). SMYD3 was significantly overexpressed in ESCA and LIHC patients (Wurmbach et al., 2007; Hu et al., 2010; Kim et al., 2010; Roessler et al., 2010; Su et al., 2011), whereas SMYD4 and SMYD5 were significantly overexpressed in GC patients (D’Errico et al., 2009; Wang et al., 2012; Table 1).
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FIGURE 1. The mRNA expression levels of SMYD family members in 20 types of cancers (Oncomine). The graph shows the numbers of datasets with statistically significant mRNA high expression (red) or low expression (blue) of the target gene. The threshold was designed with following parameters: P-value of 0.01 and fold change of 1.5, and data type of mRNA (A). The mRNA expression levels of SMYD family members in ESCA, LIHC, STAD (red), and normal tissues of esophagus, liver and stomach (blue) (Timer) (∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001) (B). The mRNA expression levels of SMYD family members in ESCA, LIHC, STAD (red), and normal tissues of esophagus, liver, and stomach (blue) (UALCAN) (∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001) (C).





TABLE 1. Significant changes of mRNA expression levels of SMYD family members in ESCA, LIHC, STAD, and normal tissues of esophagus, liver, and stomach (Oncomine).
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The mRNA expression of SMYD family members in ESCA, LIHC, STAD and normal esophagus, liver, and stomach tissues in TCGA database was analyzed using the TIMER data mining website. The expression of SMYD1 in ESCA tissues was not significantly different from that of normal tissues (P = 0.97E-01), but the expression of SMYD2/3/4/5 was significantly higher than that of normal tissues [SMYD2 (P = 2.88E-5), SMYD3 (P = 1.04E-4), SMYD4 (P = 3.40E-03), and SMYD5 (P = 2.75E-7)]. The expression of SMYD1/2/3/4/5 in LIHC tissues was significantly higher than that of normal tissues [SMYD1 (P = 8.02E-3), SMYD2 (P = 1.74E-18), SMYD3 (P = 7.59E-26), SMYD4 (P = 3.24E-7), and SMYD5 (P = 2.12E-23)], whereas SMYD1 expression in STAD tissues was not significantly different from that of normal tissues (P = 0.143E-01). However, SMYD2/3/4/5 expression was significantly higher than that of normal tissues [SMYD2 (P = 2.08E-13), SMYD3 (P = 5.18E-11), SMYD4 (P = 6.64E-04), and SMYD5 (P = 7.54E-21)] (Figure 1B).

The mRNA expression levels of SMYD family members in ESCA, LIHC, STAD, and normal esophagus, liver, and stomach tissues in TCGA database were analyzed using the UACLAN data mining website. SMYD1 expression in ESCA tissues was not significantly different than that of normal tissues (P = 1.92E-01). However, SMYD2/3/4/5 expression was significantly higher than that of normal tissues [SMYD2 (P < 1.39E-10), SMYD3 (P = 2.14E-6), SMYD4 (P = 2.24E-02), and SMYD5 (P = 3.95E-8)]. The expression of SMYD1/2/3/4/5 in LIHC tissues was significantly higher than that in normal tissues [SMYD1 (P < 2.82E-3), SMYD2 (P < 1.00E-12), SMYD3 (P = 1.62E-12), SMYD4 (P = 1.00E-12), and SMYD5 (P = 1.62E-12)], whereas SMYD1 expression in STAD tissues was significantly lower than that in normal tissues (P = 6.60E-03). Furthermore, SMYD2/3/4/5 expression was significantly higher than that in normal tissues [SMYD2 (P < 1.00E-12), SMYD3 (P = 3.00E-15), SMYD4 (P = 2.62E-04), and SMYD5 (P = 1.62E-12)] (Figure 1C). In summary, the same results were obtained using the Oncomine, Timer, and UACLAN tools.



Correlation of the mRNA Expression Level of SMYD Family Members With the Clinical Stage and TP53 Mutation Status in Patients With ESCA, LIHC, and STAD

We determined the association between the mRNA expression levels of different SMYD family members and the clinical stage and TP53 mutation status of patients with ESCA, LIHC, and STAD using the UALCAN data mining website. Clinical stage correlation analysis showed significant expression differences in SMYD1 between stage-1 and stage-2, and stage-1 and stage-3 in STAD patients, in SMYD2 between stage-1 and stage-2, and stage-2 and stage-3 in ESCA patients, and between stage-3 and stage-4 in LIHC patients. Significant differences in SMYD3 expression were found between stage-1 and stage-2, and stage-1 and stage-3 in ESCA patients, and in SMYD4 between stage-1 and stage-3, stage-2 and stage-3 in LIHC patients, and between stage-1 and stage-3 in STAD patients. Significant differences in SMYD5 expression were found between stage-1 and stage-3, stage-1 and stage-3 in LIHC patients (Figures 2A–C). Notably, SMYD1 expression was significantly decreased only in the TP53 mutation group of STAD patients, whereas SMYD4 was significantly increased only in the TP53 mutation group of ESCA patients. SMYD2/3/5 expression was significantly increased in the TP53 mutation group of ESCA, LIHC, and STAD patients (Figures 3A–C), indicating that TP53 mutations may be involved in the regulation of mRNA expression of SMYD family members. Thus, in ESCA, SMYD2/3 expression was significantly related to the clinical stage, and SMYD2/3/4/5 expression to TP53 mutation status. In LIHC, SMYD2/4/5 expression was significantly related to the clinical stage, and SMYD3/5 expression was significantly related to TP53 mutation status. In STAD, SMYD1/4 expression was significantly related to the clinical stage, and SMYD1/2/3/5 to TP53 mutation status.
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FIGURE 2. The relationship between mRNA expression levels of SMYD family members and clinical stages in ESCA, LIHC, STAD (stage-1/2/3/4 is orange, brown, green, and red, respectively), and normal tissues of esophagus, liver, and stomach (blue) (UALCAN) (A–C) (∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001).
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FIGURE 3. The relationship between mRNA expression levels of SMYD family members and TP53 mutation in ESCA, LIHC, STAD (mutation: red, non-mutation: orange), and normal tissues of esophagus, liver, and stomach (blue) (UALCAN) (A–C) (∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001).





The Prognostic Value of SMYD Family Members in ESCA, LIHC, and STAD Patients

We analyzed the survival of different SMYD family members in ESCA, LIHC, and STAD patients using the Kaplan–Meier Plotter website and found that SMYD2/4/5 were significantly associated with OS in ESCA [SMYD2 hazard ratio (HR) 0.33 (1.11–0.96), P = 0.033; SMYD4 HR 2.51 (1.24–5.07), P = 0.0083; SMYD5 HR 0.4 (0.16–0.95), P = 0.032], SMYD1/2/3/4 were all significantly correlated with RFS [SMYD1 HR 0.35 (0.14–0.91), P = 0.025; SMYD2 HR 0.38 (0.14–1.01), P = 0.044; SMYD3 HR 2,419,743,487.02 (0–lnf), P = 0.018; SMYD4 HR 2,151,493,430.72 (0–lnf), P = 0.024) (Figures 4A,B). In LIHC, SMYD2/3/4/5 were significantly correlated with OS [SMYD2 HR 1.52 (1.06–2.19), P = 0.022; SMYD3 HR 1.76 (1.2–2.59), P = 0.0032; SMYD4 HR 1.45 (1.01–2.06), P = 0.04; SMYD5 HR 2.36 (1.67–3.35), P = 6.6e-07], SMYD3/5 were significantly correlated with RFS [SMYD3 HR 1.48 (1.03–2.11), P = 0.032; and SMYD5 HR 1.87 (1.33–2.64)], P = 0.00024) (Figures 4C,D). In STAD, SMYD1/3/4 were significantly correlated with OS [SMYD1 HR 1.45 (1.03–2.04), P = 0.032; SMYD3 HR 1.53 (1.1–2.11), P = 0.01; SMYD4 HR 0.66 (0.47–0.91), P = 0.011], SMYD1/3 were significantly correlated with RFS [SMYD1 HR 2.74 (1.44–5.23), P = 0.0014; and SMYD3 HR 2.78 (1.27–6.08), P = 0.0077] (Figures 4E,F). Overall, the SMYD gene family is closely related to ESCA, LIHC, and STAD patient prognosis. SMYD1 expression was positively correlated with ESCA prognosis and negatively correlated with STAD prognosis. SMYD2 expression was positively correlated with ESCA prognosis and negatively correlated with LIHC prognosis. SMYD3 expression was correlated with ESCA, LIHC, and STAD prognosis. SMYD4 expression was positively correlated with STAD prognosis and negatively correlated with ESCA and LIHC prognosis. Finally, SMYD5 expression was positively correlated with ESCA prognosis and negatively correlated with LIHC prognosis.
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FIGURE 4. The prognostic value of mRNA expression levels of SMYD family members in ESCA, LIHC, and STAD patients (Kaplan–Meier plotter). Plot the relationship between high expression (red) and low expression (black) of target gene mRNA and OS and RFS, respectively (A–F) (P < 0.05 with statistical significance).





SMYD Family Gene Mutations and Prognosis

We analyzed SMYD family gene mutations and their relationship with OS and PFS in ESCA, LIHC, and STAD patients using the cBioPortal website and observed a high mutation frequency in SMYD genes. Among 181 ESCA patients, 104 had a mutation, with a mutation rate of 57%. The mutation rates of SMYD1/2/3/4/5 were 9, 24, 23, 13, and 17%, respectively. The mutation rate of SMYD2 was the highest and that of SMYD1 was the lowest. Among 366 LIHC patients, 186 had a mutation, with a mutation rate of 51%. The mutation rates of SMYD1/2/3/4/5 were 3, 26, 23, 4, and 13%, respectively. The mutation rate of SMYD3 was the highest and that of SMYD1 was the lowest. Among 412 STAD patients, 177 had a mutation, with a mutation rate of 43%. The mutation rates of SMYD1/2/3/4/5 were 4, 10, 20, 11, and 13%, respectively. The mutation rate of SMYD3 was the highest and that of SMYD1 was the lowest (Figures 5A–C). High SMYD mRNA expression was an important factor leading to high mutation frequency in ESCA, LIHC, and STAD (Figure 5D). However, Kaplan–Meier plotter and log-rank test analysis showed that SMYD family mutations had no significant correlation with OS and PFS in ESCA, LIHC, and STAD patients (OS, P = 0.939, P = 0.133, P = 0.146; PFS, P = 0.289, P = 0.146, P = 0.369) (Figures 5E–G). Next, we used the cBioPortal to search for the top 10 ESCA, LIHC, and STAD genes that are significantly related to SMYD family gene mutations (Table 2). After deduplication, a total of 124 genes were obtained.
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FIGURE 5. Mutation of SMYD family members in ESCA, LIHC, and STAD patients (cBioPortal). A visual summary of mutation frequency of SMYD family members (A–C). Summary of mutation frequency of SMYD family members in ESCA, LIHC, and STAD patients (D). Kaplan–Meier plotter was used to compare the relationship between gene mutation (red) and gene non-mutation (blue) of SMYD family members and OS and PFS (E–G) (P < 0.05 with statistical significance).





TABLE 2. The top 10 ESCA, LIHC, and STAD genes significantly associated with SMYD family mutations (cBioPortal).
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Functional Enrichment Analysis and PPI Network of SMYD Family Genes in ESCA, LIHC, and STAD Patients

We used the 124 genes significantly related to SMYD family mutations for GO and KEGG enrichment analyses (Figures 6A–C). GO enrichment was divided into three functional groups: biological processes (11 items), molecular functions (two items), and cellular components (five items), and KEGG functional group (two items). We found that these genes were mainly involved in DNA biosynthesis, ribosome biogenesis, vesicle organization, muscle system process, meiotic cell cycle, brown fat cell differentiation, microtubule cytoskeleton organization involved in mitosis, hippocampus development, neurotransmitter secretion, carbohydrate metabolic process, ubiquitin-dependent protein catabolic process, PPAR signaling pathway, and amino acid biosynthesis. The molecular function of these genes is mediated via ribonucleoprotein complex and coenzyme binding. The cellular components involved in these genes were cell body, mitochondrial matrix, microbody part, filopodium, and centriole (Table 3). To better understand the relationship between SMYD family genes and ESCA, LIHC, and STAD, we conducted PPI network analysis. We performed enrichment analysis of pathways and processes for each MCODE component and found that the main component of the cells involved was the cell body, and the biological function was mainly related to mitochondrial gene expression, mitochondrial matrix, and mitochondrial translation (Figure 6D).
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FIGURE 6. Enrichment analysis of SMYD family members and related mutant genes in ESCA, LIHC, and STAD (Metascape). Heat maps of GO and KEGG enrichment analysis of SMYD family members and 124 adjacent genes related to their mutations were stained with P-value (A). Term-enriched network: colored by cluster ID, where nodes sharing the same cluster ID are usually close to each other (B), colored by P-value, terms containing more genes tend to have more significant P-values (C). For the MCODE components identified in the protein–protein interaction network, the three best score items divided by P-value are used as the functional description of the corresponding components, which are represented by the grid diagram (D).





TABLE 3. Function enrichment analysis list of SMYD family members and adjacent genes Go and KEGG in ESCA, LIHC, and STAD (Metascape).
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Correlation Between SMYD Family mRNA Expression in ESCA, LIHC, and STAD Patients With Immune Cell Infiltration and Immune Check Sites

The prospect of immunotherapy is broad. PD-1 inhibitors are immunotherapeutic drugs used in the treatment of ESCA, LIHC, and GC. Therefore, we used the TIMER website to verify the correlation between the expression of SMYD family genes and immune cell infiltration and immune check sites in ESCA, LIHC, and STAD patients. We found that the mRNA expression of SMYD family members in ESCA, LIHC, and STAD patients was significantly correlated with six kinds of immune cells, including B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells. Specifically, in ESCA, SMYD1 was positively correlated with macrophages, SMYD2 was negatively correlated with CD4+ T cells, and SMYD3 was positively correlated with macrophages and negatively correlated with neutrophils and dendritic cells. SMYD4 was positively correlated with macrophages, whereas SMYD5 was negatively correlated with neutrophils and dendritic cells (Figure 7 and Table 4). In LIHC, SMYD2 were positively correlated with CD4+ T and macrophages cells, SMYD3 was positively correlated with B cells, CD4+ T cells, macrophages, and dendritic cells. SMYD4/5 was positively correlated with B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells (Figure 7 and Table 4). In STAD, SMYD1 was positively correlated with CD4+ T cells, macrophages, and dendritic cells, SMYD2 was negatively correlated with CD8+ T cells and dendritic cells, SMYD3 was negatively correlated with neutrophils, SMYD4 was positively correlated with B cells, CD4+ T Cells and dendritic cells, and SMYD5 was negatively correlated with CD8+ T cells, macrophages, neutrophils, and dendritic cells (Figure 7 and Table 4). After adjusting for tumor purity, we performed a correlation analysis between SMYD family members in ESCA, LIHC, and STAD patients, and eight common immune check sites and found significant correlations. Specifically, in ESCA, SMYD1 was positively correlated with HAVCR2 and TIGIT, and negatively correlated with LAG3 and PDCD1. SMAD2 was positively correlated with HAVCR2, LAG3, PDCD1, and TNF, whereas SMAD3 was negatively correlated with LAG3. SMAD4 was positively correlated with CD274, CTLA4, and HAVCR2, and SMAD5 was positively correlated with LAG3 and TNF (Figure 8 and Table 5). In LIHC, SMYD1 was positively correlated with CD274, SMAD2 was negatively correlated with LAG3, and SMAD3 was positively correlated with CTLA4, HAVCR2, LAG3, PDCD1, TIGIT, and TNF. SMAD4 was positively correlated with CD274, CTLA4, GZMB, HAVCR2, LAG3, PDCD1, TIGIT, and TNF, whereas SMAD5 was positively correlated with CD274, CTLA4, HAVCR2, LAG3, PDCD1, TIGIT, and TNF (Figure 8 and Table 5). In STAD, SMYD1 was negatively correlated with HAVCR2 and LAG3, SMAD2 was positively correlated with CD274, CTLA4, GZMB, HAVCR2, LAG3, PDCD1, TIGIT, and TNF, and SMAD3 was negatively correlated with CTLA4, GZMB, LAG3, PDCD1, TIGIT, and TNF. SMAD4 was positively correlated with CD274, HAVCR2, TIGIT, TNF, and negatively correlated with GZMB, LAG3, whereas SMAD5 was positively correlated with CD274, CTLA4, GZMB, LAG3, PDCD1, TIGIT, and TNF (Figure 8 and Table 5). These results confirm that the SMYD family plays an important role in the immune pathways of ESCA, LIHC, and STAD.
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FIGURE 7. Correlation between SMYD members and immune cell infiltration, X-axis is SMYD members, Y-axis is immune infiltrates, P-value greater than 0 is positive correlation, P-value less than 0 is negative correlation. (Timer) (P < 0.05, with statistical significance).





TABLE 4. Correlation between SMYD members and ESCA, LIHC, and STAD immune cell infiltration (TIMER).
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FIGURE 8. Correlation between SMYD members and immune cell biomarkers, X-axis is SMYD members, Y-axis is immune cell biomarkers, P-value greater than 0 is positive correlation, P-value less than 0 is negative correlation. (Timer) (P < 0.05 is statistically significant).





TABLE 5. Correlation between SMYD members and ESCA, LIH, and STAD immune cell biomarkers (TIMER).
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DISCUSSION

It has been established that the SMYD gene family plays an important role in tumors. However, the mechanism underlying the function of different SMYD family members in malignant digestive system tumors remains largely unknown. We conducted a comprehensive analysis of mRNA expression differences, clinical stage and TP53 correlations, prognostic value, mutation, functional enrichment analysis, PPI analysis, immune cell infiltration, and correlation of immune check sites using mining and analysis of major online database websites, to explore the role of SMYD family members in malignant digestive system tumors. To the best of our knowledge, this is the first comprehensive analysis of the prognostic value of SMYD family members in malignant digestive system tumors and their relationship with immune infiltration.

Each SMYD family member has its own unique structural domain, cell functions and tissue distribution. A large number of studies have found that the SMYD family mainly regulates the transcription and translation of oncogenes or tumor suppressor genes, affecting tumor transcription regulation, chromosome remodeling, DNA damage repair, and signal transduction by: (1) promoting histone methylation, forming a transcription mplex with RNA polymerase II, specifically recognizing the promoter region of target genes, and promoting the transcriptional activation of downstream target genes, and (2) promoting non-histone protein methylation, directly binding with molecular chaperones, regulating key tumor signaling pathways and downstream target genes, and affecting the malignant characteristics of tumors (Carr et al., 2017).

SET and MYND domain-containing 1 protein, a regulator of heart and skeletal muscle, is the most unique SMYD family member. Subtypes A and B are expressed in striated muscle, while subtype C is expressed in CD8+ cells (Hwang and Gottlieb, 1997; Gottlieb et al., 2002). SMYD1 can be combined with muscle-specific transcription factor (skNAC) as a molecular chaperone to regulate histone H3K4 methylation, thereby playing a key role in ventricular cardiomyocyte expansion and regulation of skeletal muscle growth and regeneration (Park et al., 2010; Berkholz et al., 2015). The biological function of SMYD1 in tumors has not been investigated. We found that SMYD1 mRNA expression was significantly lower in GC than in normal tissues, whereas its expression in LIHC tissues was significantly higher than that in normal tissues. However, no significant expression difference was observed between ESCA and normal tissues. Clinical stage correlation analysis showed that SMYD1 mRNA expression in STAD stage-1 patients was significantly lower than that of stage-2/3. TP53 mutation correlation analysis showed that the mRNA expression of the TP53 non-mutated group was significantly increased in STAD. Survival analysis showed that SMYD1 was significantly correlated with RFS in ESCA patients, and with OS and RFS in STAD patients, suggesting that SMYD1 may be a potential tumor marker in these patients.

Increased SMYD2 expression has been significantly associated with the low survival rate of patients with esophageal squamous cell carcinoma, revealing the carcinogenic potential of SMYD2 (Komatsu et al., 2009). In BC, SMYD2, and p300/CAMP mediate estrogen receptor-α (Erα) methylation and acetylation, respectively, to form dynamic interactive regulation, affecting the transcriptional regulation of Erα (Zhang et al., 2013). In pancreatic ductal adenocarcinoma, SMYD2 promotes tumor formation by promoting the methylation of Lys355 of human mitogen-activated protein kinase activated protein kinase 3 (MAPKAPK3) (Reynoird et al., 2016). TP53, a tumor suppressor gene, is one of the few non-histone proteins regulated by lysine methylation (Levine, 1997; Vogelstein et al., 2000). Previous reports showed that SMYD2 overexpression promotes the methylation of Lys370 in p53 and inhibits p53-mediated transcriptional regulation, leading to cancer occurrence (Huang et al., 2006). We found high SMYD2 mRNA expression in LIHC in five studies in the Oncomine database, two of which showed high and one showed low SMYD2 mRNA expression in GC. TIMER and UALCAN database analyses showed significantly high SMYD2 mRNA expression in ESCA, LIHC, and STAD patients. Thus, SMYD2 mRNA expression appears to be significantly high in ESCA, LIHC, and STAD patients. Clinical stage correlation analysis showed that SMYD1 mRNA expression in stage-2 ESCA patients was significantly higher than that of stage-1/3, and that in LIHC stage-4 patients was significantly higher than that of stage-3. Correlation analysis of TP53 mutation showed that SMYD2 mRNA expression in the TP53 mutation group was significantly increased in ESCA and STAD patients, suggesting that the overexpression of SMYD2 mRNA may be related to TP53 mutation. Survival analysis showed that the OS and PFS of ESCA patients with high SMYD2 expression were significantly prolonged, unlike what previous studies have shown. This needs to be verified in a larger sample (Komatsu et al., 2009). The OS of patients with SMYD2 overexpression in LIHC was significantly shortened.

SET and MYND domain-containing 3 may play an important role in the occurrence and development of tumors. Especially in BC, high SMYD3 expression promotes tumor cell proliferation. Downregulation of SMYD3 expression induces G1 phase cell cycle arrest and subsequent apoptosis (Ren et al., 2011). Furthermore, high SMYD3 expression promotes BC occurrence by directly regulating the expression of the proto oncogene WNT10B (Hamamoto et al., 2006). Previous studies showed that SMYD3 is an ER-mediated transcriptional coactivator, which can enhance the ER receptor’s ligand response, closely related to BC (Kim et al., 2009). In colon cancer and hepatocarcinoma cell lines, SMYD3 forms transcription complexes with HSP90 and RNA polymerase II to promote H3K4 methylation and regulate the transcription of the target gene NK2homeobox8 (Nkx28), promoting tumor cell proliferation. Similar results have been obtained in cervical cancer cell line models. Downregulation of SMYD3 expression significantly reduces the ability of tumor cells to expand and migrate in vitro (Wang et al., 2008). In GC, studies have shown that high SMYD3 expression promotes GC cell proliferation, migration, and invasion through ATM signaling, and that SMYD3 may become a therapeutic target for GC patients (Wang et al., 2017). We found a significantly high SMYD3 mRNA expression in ESCA, LIHC, and GC patients. Clinical correlation analysis showed that SMYD3 mRNA expression in ESCA stage-1 patients was significantly lower than that in stage-2/3. TP53 mutation correlation analysis showed that SMYD3 mRNA expression in the TP53 mutation group was significantly increased in ESCA, LIHC, and STAD patients, suggesting that SMYD3 mRNA overexpression may also be related to TP53 mutation. Survival analysis results showed that the RFS of patients with high SMYD3 expression in ESCA was significantly shortened, and that the OS and RFS of patients with SMYD3 overexpression in LIHC and STAD were significantly shortened. Consistent with our findings, previous studies showed that SMYD3 overexpression was an independent prognostic risk factor for poor prognosis in LIHC (Fei et al., 2017), that the expression of SMYD3 was significantly positively correlated with the expression of transcription 3 (STAT3), and that the prognosis of GC patients with high SMYD3 expression was poor (Liu Y. et al., 2015).

Cancer stem cells (CSC) are responsible for tumor development, metastasis and recurrence. SMYD4 is closely related to CSCs. It has been reported that SMYD4 binds to miR-135a and activates the expression of Nanog by regulating the methylation of its promoter, contributing to the conversion between CSCs to non-CSCs. SMYD4 has not been extensively studied in cancer. Only in BC, SMYD4 exerts anti-tumor effects through local inhibition of PDGFR-A (Hu et al., 2009). We found significant SMYD3 mRNA overexpression in ESCA, LIHC, and STAD patients. Clinical correlation analysis showed that SMYD4 mRNA expression in LIHC stage-3 patients was significantly higher than that in stage-1/2 patients, and that the mRNA expression of stage-3 STAD patients was significantly higher than that of stage-1 patients. Correlation analysis of TP53 mutation showed that SMYD3 mRNA expression in the TP53 mutation group was significantly increased in ESCA, LIHC, and STAD patients. Survival analysis showed that the OS and RFS of ESCA patients with SMYD4 overexpression were significantly shortened, and that the OS of LIHC and STAD patients with SMYD4 overexpression was significantly shortened. However, the role of SMYD4 in malignant digestive system tumors requires further investigation.

SET and MYND domain-containing 5 has been identified as a key regulator of BC cell cancer metastasis. SMYD5 inhibits Toll-like receptor 4 (TLR4) expression in macrophages through H4K20me3, thereby regulating immune system balance (Stender et al., 2012). We found significantly high SMYD5 mRNA expression in ESCA, LIHC, and STAD patients. Clinical correlation analysis showed that SMYD5 mRNA expression in LIHC stage-1 patients was significantly higher than that in stage-2/3. Correlation analysis of TP53 mutation showed that SMYD3 mRNA expression in the TP53 mutation group was significantly increased in ESCA, LIHC, and STAD patients. Survival analysis showed that the OS of ESCA patients with SMYD5 overexpression was significantly prolonged. The OS and RFS of LIHC patients with SMYD5 overexpression were significantly prolonged, indicating that SMYD5 may be a potential tumor marker and therapeutic target for immune and targeted therapy in ESCA and LIHC patients.

High SMYD family mutation frequency was found in ESCA, LIHC, and STAD patients, with total mutation rates of approximately 57, 51, and 43%, respectively. Previous studies have shown that SMYD3 expression is increased in KRAS-mutated cancer, which may be due to the regulative effect of KRAS on SMYD3 gene transcription or protein stability. SMYD3 silencing may reduce the progression of advanced cancer rendering SMYD3 a potential therapeutic target for cancer patients with KRAS mutations (Mazur et al., 2014). Using GO and KEGG enrichment analyses and PPI network analysis of 124 genes significantly related to SMYD family mutations, we found that their biological functions were mainly achieved through mitochondrial gene expression, mitochondrial matrix, mitochondrial translation, and other pathways. The complex regulatory mechanisms between these molecular pathways and tumor cell proliferation, invasion, migration, and epithelial to mesenchymal transition, require further investigation.

The SMYD family is also closely related to immune infiltration. Xu et al.’s (2015) research showed that SMYD2 is a novel negative regulator of macrophage activation and M1 polarization. Its high expression inhibits the production of pro-inflammatory cytokines including IL-6 and TNF, and inhibits the expression of important cell surface molecules. Furthermore, macrophages with high SMYD2 expression inhibit Th-17 cell differentiation and promote regulatory T cell differentiation (Xu et al., 2015). Nagata et al.’s (2015) research showed that SMYD3 regulated the expression of Foxp3 through a mechanism that relied on TGFβ1/SMYD3, thereby activating the formation of Treg cells. Stender et al.’s (2012) research showed that SMYD5 methylates H4 K20 and regulates the expression of TLR4-target genes, such as CXCl10, IL1a, and CCL4. We found that SMYD family members are closely related to six types of immune cells and eight immune check sites, which may provide insight into improving ESCA, LIHC, and GC immunotherapy. Thus, we believe that the SMYD family will play a central role in immunotherapy research, leading to important future discoveries.

Our study has some limitations, such as the use of database-retrieved data, lack of real world verification using cell, animal, and tissue studies, or investigations of the relevant underlying molecular mechanism and clinical application in ESCA, LIHC, and GC treatment. In conclusion, our study identified a high frequency of SMYD family mutations and differential SMYD family gene expression in malignant digestive system tumors, indicating that the SMYD family may provide potential prognosis prediction markers, and immune or targeted therapy targets.



DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data can be found here: www.oncomine.org; http://ualcan.path.uab.edu/analysis.html; www.kmplot.com; www.cbioportal.org; http://metascape.org; https://cistrome.shinyapps.io/timer/.



ETHICS STATEMENT

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

DL and MN: conceptualization. QJ and PK: methodology. SS and CW: formal analysis. SY and ZQ: investigation. DL and SZ: writing – original draft preparation. XW: writing – review and editing. ES: supervision; LW: project administration. LL: funding acquisition. All authors have read and agreed to the published version of the manuscript.



FUNDING

This article was sponsored by Heilongjiang Province General Undergraduate Colleges and Universities Young Innovative Talents Training Plan (UNPYSCT-2018073).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fgene.2021.699910/full#supplementary-material



FOOTNOTES

1 www.oncomine.org

2 http://ualcan.path.uab.edu/analysis.html

3 www.kmplot.com

4 www.cbioportal.org

5 http://metascape.org

6 https://cistrome.shinyapps.io/timer/



REFERENCES

Bader, G., and Hogue, C. (2003). An automated method for finding molecular complexes in large protein interaction networks. BMC Bioinformatics 4:2. doi: 10.1186/1471-2105-4-2

Banks, M., Graham, D., and Jansen, M. (2019). British society of gastroenterology guidelines on the diagnosis and management of patients at risk of gastric adenocarcinoma. Gut 68, 1545–1575. doi: 10.1136/gutjnl-2018-318126

Berkholz, J., Orgeur, M., and Stricker, S. (2015). skNAC and Smyd1 in transcriptional control. Exp. Cell Res. 336, 182–191. doi: 10.1016/j.yexcr.2015.06.019

Bray, F., Ferlay, J., and Soerjomataram, I. (2018). Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 68, 394–424. doi: 10.3322/caac.21492

Carr, S., Munro, S., and Sagum, C. (2017). Tudor-domain protein PHF20L1 reads lysine methylated retinoblastoma tumour suppressor protein. Cell Death Differ. 24, 2139–2149. doi: 10.1038/cdd.2017.135

Cerami, E., Gao, J., and Dogrusoz, U. (2012). The cBio cancer genomics portal: an open platform for exploring multidimensional cancer genomics data. Cancer Discov. 2, 401–404. doi: 10.1158/2159-8290.Cd-12-0095

Chandrashekar, D., Bashel, B., and Balasubramanya, S. (2017). UALCAN: a portal for facilitating tumor subgroup gene expression and survival analyses. Neoplasia 19, 649–658. doi: 10.1016/j.neo.2017.05.002

Chen, X., Cheung, S., and So, S. (2002). Gene expression patterns in human liver cancers. Mol. Biol. Cell 13, 1929–1939. doi: 10.1091/mbc.02-02-0023

Chen, X., Leung, S., and Yuen, S. (2003). Variation in gene expression patterns in human gastric cancers. Mol. Biol. Cell 14, 3208–3215. doi: 10.1091/mbc.e02-12-0833

Chen, Z., Yu, W., and Zhou, Q. (2019). A novel lncRNA IHS promotes tumor proliferation and metastasis in HCC by regulating the ERK- and AKT/GSK-3β-signaling pathways. Mol. Ther. Nucleic Acids 16, 707–720. doi: 10.1016/j.omtn.2019.04.021

D’Errico, M., de Rinaldis, E., and Blasi, M. (2009). Genome-wide expression profile of sporadic gastric cancers with microsatellite instability. Eur. J. Cancer 45, 461–469. doi: 10.1016/j.ejca.2008.10.032

Donlin, L., Andresen, C., and Just, S. (2012). Smyd2 controls cytoplasmic lysine methylation of Hsp90 and myofilament organization. Genes Dev. 26, 114–119. doi: 10.1101/gad.177758.111

Fei, X., Ma, Y., and Liu, X. (2017). Overexpression of SMYD3 is predictive of unfavorable prognosis in hepatocellular carcinoma. Tohoku J. Exp. Med. 243, 219–226. doi: 10.1620/tjem.243.219

Fujii, T., Tsunesumi, S., and Sagara, H. (2016). Smyd5 plays pivotal roles in both primitive and definitive hematopoiesis during zebrafish embryogenesis. Sci. Rep. 6:29157. doi: 10.1038/srep29157

Gao, J., Aksoy, B., and Dogrusoz, U. (2013). Integrative analysis of complex cancer genomics and clinical profiles using the cBioPortal. Sci. Signal. 6:l1. doi: 10.1126/scisignal.2004088

Gottlieb, P., Pierce, S., and Sims, R. (2002). Bop encodes a muscle-restricted protein containing MYND and SET domains and is essential for cardiac differentiation and morphogenesis. Nat. Genet. 31, 25–32. doi: 10.1038/ng866

Hamamoto, R., Furukawa, Y., and Morita, M. (2004). SMYD3 encodes a histone methyltransferase involved in the proliferation of cancer cells. Nat. Cell Biol. 6, 731–740. doi: 10.1038/ncb1151

Hamamoto, R., Silva, F., and Tsuge, M. (2006). Enhanced SMYD3 expression is essential for the growth of breast cancer cells. Cancer Sci. 97, 113–118. doi: 10.1111/j.1349-7006.2006.00146.x

Högner, A., and Thuss-Patience, P. (2021). Immune checkpoint inhibition in oesophago-gastric carcinoma. Pharmaceuticals 14:151. doi: 10.3390/ph14020151

Hu, L., Zhu, Y., and Qi, C. (2009). Identification of Smyd4 as a potential tumor suppressor gene involved in breast cancer development. Cancer Res. 69, 4067–4072. doi: 10.1158/0008-5472.Can-08-4097

Hu, N., Clifford, R., and Yang, H. (2010). Genome wide analysis of DNA copy number neutral loss of heterozygosity (CNNLOH) and its relation to gene expression in esophageal squamous cell carcinoma. BMC Genomics 11:576. doi: 10.1186/1471-2164-11-576

Huang, J., Perez-Burgos, L., and Placek, B. (2006). Repression of p53 activity by Smyd2-mediated methylation. Nature 444, 629–632. doi: 10.1038/nature05287

Hwang, I., and Gottlieb, P. (1997). The Bop gene adjacent to the mouse CD8b gene encodes distinct zinc-finger proteins expressed in CTLs and in muscle. J. Immunol. 158, 1165–1174.

Joshi, S., and Badgwell, B. (2021). Current treatment and recent progress in gastric cancer. CA Cancer J. Clin. 71, 264–279. doi: 10.3322/caac.21657

Kim, C., Kim, C., and Yoon, S. (2021). Hyperprogressive disease during PD-1 blockade in patients with advanced hepatocellular carcinoma. J. Hepatol. 74, 350–359. doi: 10.1016/j.jhep.2020.08.010

Kim, H., Heo, K., and Kim, J. (2009). Requirement of histone methyltransferase SMYD3 for estrogen receptor-mediated transcription. J. Biol. Chem. 284, 19867–19877. doi: 10.1074/jbc.M109.021485

Kim, S., Park, Y., and Park, E. (2010). Prognostic biomarkers for esophageal adenocarcinoma identified by analysis of tumor transcriptome. PLoS One 5:e15074. doi: 10.1371/journal.pone.0015074

Kirkwood, J., Butterfield, L., and Tarhini, A. (2012). Immunotherapy of cancer in 2012. CA Cancer J. Clin. 62, 309–335. doi: 10.3322/caac.20132

Komatsu, S., Ichikawa, D., and Hirajima, S. (2015). Overexpression of SMYD2 contributes to malignant outcome in gastric cancer. Br. J. Cancer 112, 357–364. doi: 10.1038/bjc.2014.543

Komatsu, S., Imoto, I., and Tsuda, H. (2009). Overexpression of SMYD2 relates to tumor cell proliferation and malignant outcome of esophageal squamous cell carcinoma. Carcinogenesis 30, 1139–1146. doi: 10.1093/carcin/bgp116

Levine, A. (1997). p53, the cellular gatekeeper for growth and division. Cell 88, 323–331. doi: 10.1016/s0092-8674(00)81871-1

Li, T., Fan, J., and Wang, B. (2017a). TIMER: a web server for comprehensive analysis of tumor-infiltrating immune cells. Cancer Res. 77, e108–e110. doi: 10.1158/0008-5472.Can-17-0307

Li, T., Fu, J., and Zeng, Z. (2020). TIMER2.0 for analysis of tumor-infiltrating immune cells. Nucleic Acids Res. 48, W509–W514. doi: 10.1093/nar/gkaa407

Li, T., Wernersson, R., and Hansen, R. (2017b). A scored human protein-protein interaction network to catalyze genomic interpretation. Nat. Methods 14, 61–64. doi: 10.1038/nmeth.4083

Liu, H., Liu, Y., and Kong, F. (2015). Elevated levels of SET and MYND domain-containing protein 3 are correlated with overexpression of transforming growth factor-β1 in gastric cancer. J. Am. Coll. Surg. 221, 579–590. doi: 10.1016/j.jamcollsurg.2015.02.023

Liu, Y., Deng, J., and Luo, X. (2015). Overexpression of SMYD3 was associated with increased STAT3 activation in gastric cancer. Med. Oncol. 32:404. doi: 10.1007/s12032-014-0404-y

Luo, X., Zhang, C., and Zhao, W. (2014). Histone methyltransferase SMYD3 promotes MRTF-A-mediated transactivation of MYL9 and migration of MCF-7 breast cancer cells. Cancer Lett. 344, 129–137. doi: 10.1016/j.canlet.2013.10.026

Mas, V., Maluf, D., and Archer, K. (2009). Genes involved in viral carcinogenesis and tumor initiation in hepatitis C virus-induced hepatocellular carcinoma. Mol. Med. 15, 85–94. doi: 10.2119/molmed.2008.00110

Mazur, P., Reynoird, N., and Khatri, P. (2014). SMYD3 links lysine methylation of MAP3K2 to Ras-driven cancer. Nature 510, 283–287. doi: 10.1038/nature13320

Nagata, D., Ting, H., and Cavassani, K. (2015). Epigenetic control of Foxp3 by SMYD3 H3K4 histone methyltransferase controls iTreg development and regulates pathogenic T-cell responses during pulmonary viral infection. Mucosal Immunol. 8, 1131–1143. doi: 10.1038/mi.2015.4

Nestorov, P., Hotz, H., and Liu, Z. (2015). Dynamic expression of chromatin modifiers during developmental transitions in mouse preimplantation embryos. Sci. Rep. 5:14347. doi: 10.1038/srep14347

Oughtred, R., Stark, C., and Breitkreutz, B. (2019). The BioGRID interaction database: 2019 update. Nucleic Acids Res. 47, D529–D541. doi: 10.1093/nar/gky1079

Park, C., Pierce, S., and von Drehle, M. (2010). skNAC, a Smyd1-interacting transcription factor, is involved in cardiac development and skeletal muscle growth and regeneration. Proc. Natl. Acad. Sci. U.S.A. 107, 20750–20755. doi: 10.1073/pnas.1013493107

Peveling-Oberhag, J., Wolters, F., and Döring, C. (2015). Whole exome sequencing of microdissected splenic marginal zone lymphoma: a study to discover novel tumor-specific mutations. BMC Cancer 15:773. doi: 10.1186/s12885-015-1766-z

Ren, T., Wang, J., and He, Y. (2011). Effects of SMYD3 over-expression on cell cycle acceleration and cell proliferation in MDA-MB-231 human breast cancer cells. Med. Oncol. 28, (Suppl. 1), S91–S98. doi: 10.1007/s12032-010-9718-6

Reynoird, N., Mazur, P., and Stellfeld, T. (2016). Coordination of stress signals by the lysine methyltransferase SMYD2 promotes pancreatic cancer. Genes Dev. 30, 772–785. doi: 10.1101/gad.275529.115

Rhodes, D., Yu, J., and Shanker, K. (2004). ONCOMINE: a cancer microarray database and integrated data-mining platform. Neoplasia 6, 1–6. doi: 10.1016/s1476-5586(04)80047-2

Roessler, S., Jia, H., and Budhu, A. (2010). A unique metastasis gene signature enables prediction of tumor relapse in early-stage hepatocellular carcinoma patients. Cancer Res. 70, 10202–10212. doi: 10.1158/0008-5472.Can-10-2607

Sarris, M., Moulos, P., and Haroniti, A. (2016). Smyd3 is a transcriptional potentiator of multiple cancer-promoting genes and required for liver and colon cancer development. Cancer Cell 29, 354–366. doi: 10.1016/j.ccell.2016.01.013

Shannon, P., Markiel, A., and Ozier, O. (2003). Cytoscape: a software environment for integrated models of biomolecular interaction networks. Genome Res. 13, 2498–2504. doi: 10.1101/gr.1239303

Stender, J., Pascual, G., and Liu, W. (2012). Control of proinflammatory gene programs by regulated trimethylation and demethylation of histone H4K20. Mol. Cell 48, 28–38. doi: 10.1016/j.molcel.2012.07.020

Su, H., Hu, N., and Yang, H. (2011). Global gene expression profiling and validation in esophageal squamous cell carcinoma and its association with clinical phenotypes. Clin. Cancer Res. 17, 2955–2966. doi: 10.1158/1078-0432.Ccr-10-2724

Szklarczyk, D., Gable, A., and Lyon, D. (2019). STRING v11: protein-protein association networks with increased coverage, supporting functional discovery in genome-wide experimental datasets. Nucleic Acids Res. 47, D607–D613. doi: 10.1093/nar/gky1131

van der Pol, C., Lim, C., and Sirlin, C. (2019). Accuracy of the liver imaging reporting and data system in computed tomography and magnetic resonance image analysis of hepatocellular carcinoma or overall malignancy-A systematic review. Gastroenterology 156, 976–986. doi: 10.1053/j.gastro.2018.11.020

Vogelstein, B., Lane, D., and Levine, A. (2000). Surfing the p53 network. Nature 408, 307–310. doi: 10.1038/35042675

Wang, L., Wang, Q., and Liu, Y. (2017). ATM signaling pathway is implicated in the SMYD3-mediated proliferation and migration of gastric cancer cells. J. Gastric Cancer 17, 295–305. doi: 10.5230/jgc.2017.17.e33

Wang, Q., Wen, Y., and Li, D. (2012). Upregulated INHBA expression is associated with poor survival in gastric cancer. Med. Oncol. 29, 77–83. doi: 10.1007/s12032-010-9766-y

Wang, S., Luo, X., and Shen, J. (2008). Knockdown of SMYD3 by RNA interference inhibits cervical carcinoma cell growth and invasion in vitro. BMB Rep. 41, 294–299. doi: 10.5483/bmbrep.2008.41.4.294

Wurmbach, E., Chen, Y., and Khitrov, G. (2007). Genome-wide molecular profiles of HCV-induced dysplasia and hepatocellular carcinoma. Hepatology 45, 938–947. doi: 10.1002/hep.21622

Xu, G., Liu, G., and Xiong, S. (2015). The histone methyltransferase Smyd2 is a negative regulator of macrophage activation by suppressing interleukin 6 (IL-6) and tumor necrosis factor α (TNF-α) production. J. Biol. Chem. 290, 5414–5423. doi: 10.1074/jbc.M114.610345

Zhang, X., Tanaka, K., and Yan, J. (2013). Regulation of estrogen receptor α by histone methyltransferase SMYD2-mediated protein methylation. Proc. Natl. Acad. Sci. U.S.A. 110, 17284–17289. doi: 10.1073/pnas.1307959110

Zhou, Y., Zhou, B., and Pache, L. (2019). Metascape provides a biologist-oriented resource for the analysis of systems-level datasets. Nat. Commun. 10:1523. doi: 10.1038/s41467-019-09234-6


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.

Copyright © 2021 Liu, Wang, Shi, Wang, Nie, Li, Jiang, Kong, Shi, Wang, Yan, Qin and Zhao. 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.


OPS/images/fgene-12-699910-t003.jpg
GO

GO0:0071897
G0:0043021
GO:0050662
G0:0042254
GO0:0044297
G0:0005759
GO:0016050
G0:0003012
GO:0051321
GO0:0044438
G0:0050873
G0:0030175
G0:0005814
ko03320
GO0:1902850
GO:0021766
hsa01230
GO:0007269
GO:0005975
GO:0006511

GO biol

Category

ogical

processes

GO molecular functions
GO molecular functions

GO biol
GO cel
GO cel
GO biol
GO biol
GO biol
GO cel
GO biol
GO cel
GO cel

ogical
Ul

u

ogical
ogical
ogical
Ul

logical

processes

lar components
lar components

processes
processes
processes

ar components

processes

ular components
ular components

KEGG pathway

GO biol
GO biol

ogical
ogical

processes
processes

KEGG pathway

GO biol
GO biol
GO biol

ogical
ogical
ogical

processes
processes
processes

Description

DNA biosynthetic process
Ribonucleoprotein complex binding
Coenzyme binding
Ribosome biogenesis
Cell body
Mitochondrial matrix
Vesicle organization
Muscle system process
Meiotic cell cycle
Microbody part
Brown fat cell differentiation
Filopodium
Centriole
PPAR signaling pathway

Microtubule cytoskeleton organization involved in mitosis

Hippocampus development
Biosynthesis of amino acids
Neurotransmitter secretion
Carbohydrate metabolic process

Ubiquitin-dependent protein catabolic process

Count

© 0 O

m»wmbm»bwbmmwoa

[es)

%

6.50
4.88
6.50
6.50
8.18
7.32
5.69
6.50
4.88
3.25
2.44
3.25
3.25
2.44
3.25
2.44
2.44
3.25
6.50
6.50

Log10(P)

—5.57
—4.55
—4.32
—4.19
-3.85
—3.60
-3.13
-3.10
-3.07
—2.99
—-2.97
—2.96
—2.46
—2.41
—2.41
—2.39
—2.36
—2.31
-2.15
—2.14

Log10(q)

-1.21
-0.89
-0.74
-0.74
-0.72
—0.54
-0.20
-0.19
-0.17
-0.12
-0.12
-0.12
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

It includes the first 16 clusters and their representative enrichment terms (one for each cluster). “Count” is the number of genes in the provided list that have membership
in the given ontology term. “%” is the percentage of all genes provided found in a given ontology term (only input genes with at least one ontology term annotation are
included in the calculation). “Log10(P)” is the P-value based on Log10. “Log10(q)” is a multi-test adjusted P-value based on Log10.





OPS/xhtml/nav.xhtml




Contents





		Cover



		Comprehensive Analysis of the Value of SMYD Family Members in the Prognosis and Immune Infiltration of Malignant Digestive System Tumors



		INTRODUCTION



		MATERIALS AND METHODS



		ONCOMINE



		UALCAN



		Kaplan–Meier Plotter



		cBioPortal



		Metascape



		TIMER









		RESULTS



		mRNA Expression Levels of SMYD Family Members in ESCA, LIHC, GC, and Normal Esophagus, Liver, and Stomach Tissues in the Different Data Sets



		Correlation of the mRNA Expression Level of SMYD Family Members With the Clinical Stage and TP53 Mutation Status in Patients With ESCA, LIHC, and STAD



		The Prognostic Value of SMYD Family Members in ESCA, LIHC, and STAD Patients



		SMYD Family Gene Mutations and Prognosis



		Functional Enrichment Analysis and PPI Network of SMYD Family Genes in ESCA, LIHC, and STAD Patients



		Correlation Between SMYD Family mRNA Expression in ESCA, LIHC, and STAD Patients With Immune Cell Infiltration and Immune Check Sites









		DISCUSSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		SUPPLEMENTARY MATERIAL



		FOOTNOTES



		REFERENCES

















OPS/images/fgene-12-699910-t004.jpg
Description SMYD1 SMYD2 SMYD3 SMYD4 SMYD5
Correlation P Correlation P Correlation P Correlation P Correlation P
B cell (ESCA) 0.061 4.20e-0 -0.012 8.77e-01 0.079 2.92e-01 0.118 1.16e-01 0.168 X
CD8+ T cell (ESCA) 0.088 2.41e-0 —0.014 8.49e-01 —0.109 1.46e-01 —0.134 7.28e-02 —0.029 7.00e-01
CD4+ T cell (ESCA) 0.097 1.95e-0 -0.195 e 0.016 8.30e-01 0.037 6.18e-01 —0.054 4.75e-01
Macrophage (ESCA) 0.247 b 0.049 5.16e-01 0.264 Hhx 0.263 b 0.096 1.98e-01
Neutrophil (ESCA) 0.113 1.32e-0 —0.034 6.46e-01 -0.183 * —0.126 9.25e-02 -0.19 =
Dendritic cell (ESCA) —0.021 7.83e-0 —0.071 3.42e-01 -0.17 * —0.138 6.38e-02 -0.292 o
B cell (LIHC) —0.036 5.07e-0 0.052 3.33e-01 0.23 wax 0.297 rx 0.351 i
CD8+ T cell (LIHC) 0.06 2.65e-0 —0.04 4.568e-01 0.071 1.89e-01 0.243 Rl 0.254 A
CD4+ T cell (LIHC) 0.063 2.45e-0 0.144 A 0.24 *EN 0.423 ek 0.318 il
Macrophage (LIHC) 0.038 4.89-0 0.136 i 0.234 Ll 0.444 R 0.448 H
Neutrophil (LIHC) 0.043 4.27e-0 0.068 2.07e-01 0.092 8.80e-02 0.438 nhk 0.324 i
Dendritic cell (LIHC) 0.068 2.09e-0 0.019 7.33e-01 0.15 b 0.362 *EE 0.35 -
B cell (STAD) 0.045 3.8%-0 -0.125 1.62e-02 —0.002 9.74e-01 0.139 > -0.113 3.02e-02
CD8+ T cell (STAD) 0.08 1.26e-0 -0.144 * -0.128 1.41e-02 0.024 6.46e-01 -0.248 o
CDA4+ T cell (STAD) 0.34 e -0.11 3.67e-02 —0.035 5.02e-01 0.363 e —0.087 9.53e-02
Macrophage (STAD) 0.344 . -0.111 3.23e-02 0.016 7.64e-01 0.126 1.56e-02 -0.256 e
Neutrophil (STAD) 0.039 4.53e-0 —0.085 1.02e-01 -0.144 L 0.069 1.84e-01 -0.286 o
Dendritic cell (STAD) 0.19 e -0.109 i -0.129 1.30e-02 0.143 . -0.272 o

Bold values indicated that the results were statistically significant (*P < 0.05, *P < 0.01, **P < 0.001).





OPS/images/fgene-12-699910-t005.jpg
Description SMYD1 SMYD2 SMYD3 SMYD4 SMYD5
Correlation P Correlation P Correlation P Correlation P Correlation P
CD274 (ESCA) 0.007 9.22e-01 0.205 d —0.001 9.91e-01 0.157 * 0.104 1.63e-01
CTLA4 (ESCA) 0.151 4.30e-02 0.1568 3.38e-02 0.031 6.81e-01 0.199 x> 0.077 3.04e-01
GZMB (ESCA) 0.096 2.02e-01 0.096 2.02e-01 0.04 5.84e-01 0.071 3.42e-01 0.087 2.45e-01
HAVCR2 (ESCA) 0.173 * 0.172 * 0.133 7.53e-02 0.231 ** 0.044 5.60e-01
LAGS (ESCA) -0.294 bl 0.154 * -0.148 * —0.02 7.88e-01 0.181 -
PDCD1 (ESCA) -0.319 b 0.148 4 0.006 9.41e-01 0.059 4.32e-01 0.042 5.77e-01
TIGIT (ESCA) 0.201 *x 0.1 1.80e-01 0.05 5.03e-01 0.251 5.03e-01 0.055 4.63e-01
TNF (ESCA) 0.039 6.07e-01 0.189 ¥ —0.076 3.13e-01 0.135 7.04e-02 0.166 =
CD274 (LIHC) 0.166 N 0.101 6.04e-02 —0.022 6.83e-01 0.412 b 0.123 *
CTLA4 (LIHC) —0.047 3.88e-01 —0.035 5.16e-01 0.318 okx 0.184 ok 0.362 e
GZMB (LIHC) 0.04 4.59e-01 —0.033 5.43e-01 0.075 1.63e-01 0.116 * 0.066 2.21e-01
HAVCR2 (LIHC) 0.056 2.87e-01 0.042 4.37e-01 0.16 e 0.338 ok 0.388 L
LAGS (LIHC) 0.046 3.91e-01 -0.143 L 0.146 A 0.173 * 0213 ek
PDCD1 (LIHC) —0.063 2.40e-01 0.04 4.54e-01 0.271 e 0.252 il 0.34 il
TIGIT (LIHC) 0.056 2.96e-01 —0.039 4.67e-01 0.219 i 0.297 o 0.29 il
TNF (LIHC) -0.016 7.64e-01 0.096 7.42e-02 0.161 ** 0.287 s 0.323 Hxk
CD274 (STAD) —0.027 3.98e-01 0.207 b —0.008 7.98e-01 0.309 o 0.079 "
CTLA4 (STAD) —0.046 1.47e-01 0.182 bl -0.129 b 0.008 8.08e-01 0.099 i
GZMB (STAD) 0 9.97e-01 0.174 Gl -0.187 = -0.09 = 0.087 =
HAVCR2 (STAD) -0.171 G 0.098 = 0.052 9.96e-02 0.111 A —0.059 6.10e-02
LAGS (STAD) -0.121 ek 0.142 ek -0.168 e -0.101 e 0.112 R
PDCD1 (STAD) —0.023 4.73e-01 0.091 * -0.165 i 0.029 3.67e-01 0.13 ek
TIGIT (STAD) —0.056 1.16e-01 0.165 ekt -0.133 i 0.072 * 0.073 #*
TNF (STAD) 0.027 3.96e-01 0.178 il -0.063 * 0.133 ok 0.109 ek

Correlation adjusted by purity. Bold values indicated that the results were statistically significant (‘P < 0.05, **P < 0.01, ***P < 0.001).





OPS/images/fgene-12-699910-g008.jpg
ESCA

STAD






OPS/images/cover.jpg
frontiers
in Genetics

Comprehensive Analysisof the
Value of SMYD Family Members
in the Prognosis and Immune
Infiltration of Malignant Digestive
System Tumors





OPS/images/fgene-12-699910-g006.jpg
60 0071897 DXA syt process
G0 0043021 boonceopria comple binding

mashody
50 05087 bt e itiesiicn 10
600030175 sipain o
60 005814 commole

120330 FPAR sgasa sy 10
(50150285 micombui yoseisaopizinaoleda i )
60 002176 procpendeveopment 1
10123 By o s s 00
50 005575 oty oo pscess 100
[ ———————

R
M;’;Mw o M::;Mb/ -
D
G
b
Color MCODE GO Description  Logl10(P)
o I MCODE 1 GO:0044297 cell body 42
mitochondrial
I MCODE 3 GO0140053 89
= gene expression
mitochondrial
WMCODE1 MCODE 3 GO:0005759 EA
. MMCODEL | : matrix
HNCODE3 i ;
BNGODEA - mitochondrial

by MCODE 3 GO:0070126 translational -6.9
Mhnpvm-«mw termination






OPS/images/fgene-12-699910-g007.jpg
ESCA

LIHC

STAD









OPS/images/fgene-12-699910-t001.jpg
Types of cancer VS. normal

SMYD1

Gastric mixed adenocarcinoma
SMYD2

Hepatocellular carcinoma
Hepatocellular carcinoma
Hepatocellular carcinoma
Hepatocellular carcinoma
Hepatocellular carcinoma
Gastric mixed adenocarcinoma
Gastric mixed adenocarcinoma
Gastric mixed adenocarcinoma
SMYD3

Esophageal squamous cell carcinoma
Esophageal squamous cell carcinoma

Barrett’s esophagus
Hepatocellular carcinoma
Hepatocellular carcinoma
Hepatocellular carcinoma
SMYD4

Gastric mixed adenocarcinoma
SMYD5

Gastric mixed adenocarcinoma
Gastric mixed adenocarcinoma
Gastric cancer

Fold change

—2.320

2137
3.767
1.637
1.791
1.113
1.658
2.364
—1.625

3.232
1.667
1.553
3.580
3.237
2.444

1.668
3.901

4.106
2.154

P-value

0.003

1.54E-6
1.50E-5
1.87E-6
2.68E-35
0.155
9.16E-5
1.03E-4
0.004

3.72E-10
1.77E-11
1.63E-4
1.50E-11
8.97E-56
2.57E-7

2.43E-4

1.63E-9

1.08E-10
6.18E-4

t-test

3.705

5.864
5.409
5.162
13.690
1.018
4.699
4.868
—2.841

11.098
7.451
1.567
8.860

19.479
6.794

3.872

8.553

7.776
3.660

Ref

DErrico gastric

Roessler liver
Wurmbach liver
Mas liver
Roessler liver 2
Chen liver
Chen gastric
DErrico gastric
Wang gastric

Hu esophagus
Su esophagus 2
Kim esophagus
Wurmbach liver
Roessler liver 2

Roessler liver

DErrico gastric
DErrico gastric

DErrico gastric
Wang gastric

PMID

19081245

21159642
17393520
19098997
21159642
12058060
12925757
19081245
21132402

20955586
21385931
21152079
17393520
21159642
21159642

19081245

19081245

19081245
21132402





OPS/images/fgene-12-699910-t002.jpg
SMYD1

SMYD2

SMYD3

SMYD4

SMYD5

ESCA

HAND2-AS1, ADAMTS19, SLC2A4,
SCRG1, TCEAL2, SORBS1, ACTG2,
FNDC5, HSPB7, SYNPO2

DTL, NVL, INTS7, ENAH, KIF14,
SNAP47, TBCE, PPFIA4, FA2H,
NUCKSH
ACBD®G, VPS37D, PYCR2, DUSP12,
TSEN15, TFB2M, ZNF496, NRSN2,

TMEM9, SV2A
RPA1, CNTROB, METTL16, WDR81,
TOPSA, DVL2, KIAAO753, NEURL4,
PRPF8, FXR2

SECISBP2L, CCT7, TTC27, DHODH,
TEDC2, TIMMS0, SSC4D, FUS,
PPM1G, C10RF35

LIHC

FRMD7, CYP2A13, TGIF2LX,
DDX53, TGIF2LY, MAGEBS,
NUDT16P1, SIKET,
LOC391343, MNS1
RHBG, GLUL, GNPAT, LGRS,
CDK®, ZNRF3, HPGD,
C1QTNF3, MAP3KS, INSIG2

CNIH4, RBM34, SNRPE, NVL,
ABHD2, ACBD6, C10RF35,
VPS72, SSR2, PYCR2

RPA1, NCBP3, KIAAO753,
SMG6, PRPF8, ZZEF1,
RABEP1, VPS53, ANKFY1,
PAFAH1B1
TPD52L2, G6PD, TAT, SCP2,
MPV17, ATIC, HSD17B6,
ALDH2, ALDHBA1, GYS2

STAD

ASB5, CHRM2, HAND2-AS1,
DES, ACTG2, HAND2, PLIN4,
CHRNABZ, CNN1, LMO1

TBCE, NEK2, WDR12, UCHLS5,
NUF2, ILF2, CCT3, PACCH,
EXO1, LIN9
ACBDS, VPS72, MRPLY,
COMMD?7, PIGC, UBE2Q1,
PYCR2, SSR2, MRPS14, TBCE
METTL16, NEURL4, NCBP3,
KIAAQ753, PRPF8, RPA1,
SMG6, RABEP1, WDR81,
VPS53
RTKN, ERAL1, DDX56,
WDR74, ADRM1, PCGF1,
LYST, PPM1G, DTYMK, AUP1






OPS/images/logo.jpg
’ frontiers
in Genetics





OPS/images/cross.jpg
3,

i





OPS/images/fgene-12-699910-g001.jpg
w

s £ S
£7s H 4 &7
Analysis Type by Cancer E g | | |
g gl B g (B
3 S : 3 .
f 2 ik c
Bladder Cancer A g | S 5 |
Brain and CNS Cancer H 3 J [ } "
Breast Cancer 2 2’ ‘%25 |
Cenvical = & 2
ervical Cancer g ] g
Colorectal Cancer H H H
e B2q % 5
Tsophageal Cancer.
oo
Gastric Cancer FTITIT ] FTETET 5EsaB2
33388 3533 753
Fiead and Neck Cancer .§5§§>§§ §§§§§§ §§>§%*§§
Kidney Cancer 339585 FEEEEE FELEEE
885258 83358 233558

Leukemia

Liver Cancer

Lung Cancer

Lymphoma
Melanoma
Myeloma

Other Cancer
Ovarian Cancer
Pancreatic Cancer

Prostate Cancer

SMYD4 Expression Level (og2 TPM)

SMYDS Expression Level (log2 TPM)

g

c ssvp1 suvp2 suvps savpa
“ o = - e » = :
i I i» i i
Bsca | T | ie 1 [ =
i E - E N i .5 . .E N
Remerl)  Pomnyumedei®h Nemie)  mamumeeisy | Nemel) Py 1o pr=rn el R —"
ok otk ook Tot s e
svpt smypz syps swvps
o T " 15 T8 il ™
fu i T 4 i $
LIHC o | i s 5. =
I [ b = ﬁ . =
| o == N “ L
Nommal(a=50) Primary tamos(a=371) Normal(a=50) Primary bamos(e=371) Nowmal(e=50) ‘Primary tumor(a=371) Primary tmor(a=371) ‘Nommak(e=50) ‘Prmary mmor(o=371).
Tcchsam Wi ot e oA
syp2 snyps
o T e an W T -
5 5 §” . -
H 1» o i i.
STAD | © i i i X
Eu ks £ E o
i Ly I I =S
e R e B T — =y e R T ———

TCGA saaples. “TCGA saples TOGAsmples TCGA samples “TCGA samples





OPS/images/fgene-12-699910-g004.jpg
A SMYD1 SMYD2 SMYD3 SMYD4

e =055 028108 o WeonEn-0m)] 2 e 10w -3 2 W~ 251124 - 507 2 WR=04016-0%)]
EETEE] B R R ] )
s §s i: 3 It
i K L L
BEES =5 =S s s
L e & o " s e
ESCA
SMYD1 SMYD2 SMYD3 SMYD4 SMYD5
B 2 EEETTE 2 -2 2 T
1 IR ] ] LLL T
s B s 3
i3 s 3 s
g -, RFS § RFS i RFS f “RFS——
3 | ISR 3 3 3
s S evemson 3] exsronsen S exsossen
s =% =% =%
SMYD1 SMYD2 SMYD3 SMYD4 SMYD5
c : B R R R
s H 2 s 3
H 3 s os 3 3
I L. I L I
3 ] 7 N— 7 F—, -~ 3
=5 =5 =S =% s
TiEE e I TR T g TEmETww
LIHC
SMYD1 SMYD2 SMYD3 SMYD4 SMYD5
D s EErrrar B T CarTrE CErrEr R
e ELE e RTIE) TR
H £ H s
5 L L. L
=% =5 =5 B
SMYD1 SMYD2 SMYD3 SMYD4 SMYD5
E 2 MA:AT::‘K: 2 M-oz&“’-.lﬂl;‘) 2 e 2 o] e m-n;’m—:m
e i: i: 3 g-:
i 3 3 i 3
3 L] P— ] Hasmes L}
3 =5 =% =8 =5
i“ : TRRISES TERLICT
STAD
SMYD4 SMYD5
F . : : R I N
H 3 H 3
53 g: 53 53
i RFS : i is RFS
L F— s 3 eomen E
=5 s == N =T
TEEm e Eww TeEeEww Tiizaee






OPS/images/fgene-12-699910-g005.jpg
A ESCA Queried genes are altered in 104 (57%) of queried patients samples D
60%
sy 9% I [ ool o,
SMYD2 24% I é\ 50% @ Mutation
40%
%3 .
SMYD3  23% I 2 a0% 309 © mRNA High
MYD4  13% ] ;
S ! ’ ” = 30% pos @ Amplification
=
SMYDS 1 g - 20 @ mRNA Low
T 20% "
3 i @  Deep Deletion
= 10%0 10% 10
SMYDI1 < @ Multiple Alterations
SMYD2
SMYD3 1 2 3
SMYD4
B s 1. Esophageal Adenocarcinoma (TCGA, PanCancer Atlas)
2. Hepatocellular Carcinoma (TCGA, PanCancer Atlas)
3. Stomach Adenocarcinoma (TCGA, PanCancer Atlas)
SMYD
SMYD2
SMYD3 E
SMYD4 o YO S in
_ P H ct
smyps 13% 110 3 " & i
£ e 2 o
= % g
. P T oaom) 2 aom]
Genetic ¥ Inframe Mutation (unknow significance) I Amplification Mutation (unknow significance) 2 o g o e
Alteration | Splice Mutation (unknow significance) e £
I Missense Mutation (unknow significance) I Deep Deletion (unknow significance) e e WE T mie TS o o e w i
B Truncating Mutation (unknow significance) ‘Overall Survival (Months) Progress Free Survival (Months)
l mRNA High I mRNA Low I Fusion I No alterations ESCA

m
@

[ LopmakTenPVabe 0133 _ 1 Loprsk Tt PVatoe 0146 100% Logaak Tes P-Valo: 0146 1005
-~ 3 olepice - it P
3 o e el 3 o eeigr 0%
e 1 o S
£ oo 2 o £ o 3 an
ER = soul Z s = s
5 £ ol g £ o
& 7 o & o o
oy 8 0 2o o
w0 £ o o £
- o o o
iR e b b i o R W W o CRR RGBT TR o o o o
Overall Survival (Months) Progress Free Survival (Months) Overall Survival (Months) Progress Free Survival (Months)

LIHC ST,

3





OPS/images/fgene-12-699910-g002.jpg
STAD

Transcript per million

SMYD1

SMYD4

s

s

¥

© > ¥ o . “
- £ e 5. o n £
foe § H = h " §
n § i q é : . N - . H
- 3 H H
" ‘ LR ligmmBEN} = ]
- . ﬂ ! : d
Sugel  Sage2 Stgel  Suged Nomal Sugel Suge2 Suged  Stged Nomml Sugel Sage2 Suaged Staged Nommal  Stagel Suges Nomal Sugel Suge S Smged
@) @) @79 @) @) @) @B @ @5 @) @) @) @) @) @) @) @13 P Sy @) @) @) @) 69
TCGA samples TCGA samples TCGA samples TCGA samples TCGA samples
SMYD1 SMYD2 SMYD3 SMYD4 SMYDS
= * & = . . )
T g~ - T T g = T : = T i
i ! + i I : |
E o« E = s i
H H
N | [l Lmelizenfnm [
L L . £,
111 1= = e 8 5 s r
Nomual Sugel Suged Suged Suged Nomml Stgel Stge2 Suged  Staged Nomal Sugel Suge Staged Nomal Sugel Stge2 Staged  Stged Nomal Sugel Stge2 Suged  Stged
@) @16 @) @) @ @50) @el6s) @y @8) @9 @S0 @16) (@8 @) @0 @S0 @168 @8y @) @0 @S0 @168 (8 @8) @0
TCGA samples TCGA samples TCGA samples
SMYD3 SMYD4 SMYDS
£ . T £ T = T T g HE -
H H T B T
L 2 i E
i) - I 5 i1
i j-a i I i
g | g E < & +
Nomal Sugel  Stge2 3 su el Sl Sug Sws Swgt  Nemsl Swgl Swg Swg  Suset Nomal Stagel Stge3  Saged " Nomal Sugel Smge2 Suged  Smged
(@=34) (n-fm (@=123) (m (n:l; @34) @18) @123) @=169) (a=41) @34) @I18) @123) @=169) (a=d1) @=34)  (@=18) (n-m) (@=169)  (a=41) @34 @18 @I123) @169) (a=d1)

TCGA samples.

TCGA samples

TCGA samples

TCGA samples

TCGA samples





OPS/images/fgene-12-699910-g003.jpg
|
2
a8

Transeript per million

1]
&
=]

Transeript per millon

“Transeript per million

i

i

3

SMYD1 SMYD2

SMYD5

H

B

« T == - —
5 5" "
2w 2 - H
H — 7o — 2w —
T E- £, B =
e = :
H g =
- i- ol H — H -
. — ol — ] -
p— . . 5
Nomsl  TSMumt  TPS3Noaoaat Nomal  TsiMutut  TPSLNoaMutant Nomal  TRS3Mutsmt  TPSNonMutaat Nomsl  TPS3Motamt  TPS3-NoMotaat Nomsl  TPSIMutmt  TPSSNooMotaat
@) @152 @=31) 1) @152) @=31) @) (e152) @s1) @it @152) @=31) 1) [SE) (@=31)
TCGA samples TCGA samples TCGA smpies TCGA samples TCGA smples
SMYD1 SMYD2 SMYD3 SMYD4
T = - D T 5 T
. k] i i
| t L. Tk H _
T E o H 1 - E
i ! — i = =
L £ e L —
£ = £ - — =l
Normal TPS3-Mutant  TPS3-NonMutant Normal TPS3-Mutant  TPS53-NonMautant ‘Normal TPS3-Mutant  TP53-NonMutant Normal TPS3-Mutant  TP53-NonMutant ‘Normal TPS3-Mutant  TPS3-NonMutant
(=50) (e105) (=255) (@s0) (@e105) @255) (@50) (@e105) @255) (@=s0) @105 @255) @=50) (ae105) (@253)
TCGA samples TCGA samples TCGA samples. TCGA samples TCGA samples
SMYD1 SMYD2 SMYD3 SMYD4 SMYDS
5 g — T ' _ -
i . 1 — HE
' SN R -
| o mom
B H
£ . HE
L) E i-
Nomsl  TPSMutsmt  TPSHNoootaat Nomal  TPSMusam  TPS3-NoaMutant Nl PSSRl TP Seiba s i, T i i i TRt
(@=34) (@=178) @235) (@=34) (@=178) @235) (@=34) (@=178) (@235) (@=34) (@=178) (@235) (@=34) (@=178) (@=235)
TCGA samples TCGA samples TCGA samples TCGA samples TCGA samples





