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The roles and mechanisms of T-cell receptor (TCR)-associated transmembrane adaptor 1 (TRAT1) in lung adenocarcinoma (LAC) have not yet been reported in the relevant literature. Therefore, this study aimed to understand the roles and mechanisms of TRAT1 in LAC using bioinformatics and in vitro experiments. TRAT1 expression levels in LAC samples were analysed using various databases. TRAT1 co-expressed genes were acquired by the correlation analysis of LAC tissues. The functional mechanisms and protein network of TRAT1 co-expressed genes were analysed using bioinformatics analysis. The expression of TRAT1 was activated in LAC cells, and the roles of TRAT1 overexpression in the growth and migration of cancer cells was investigated using flow cytometry, Cell Counting Kit-8 (CCK-8), and migration and invasion assays. The relationship between TRAT1 overexpression, the immune microenvironment, and RNA modification was evaluated using correlation analysis. TRAT1 expression levels were significantly abnormal at multiple mutation sites and were related to the prognosis of LAC. TRAT1 co-expressed genes were involved in cell proliferation, adhesion, and differentiation, and TRAT1 overexpression significantly inhibited cell viability, migration, and invasion and promoted apoptosis of A549 and H1299 cells, which might be related to the TCR, B cell receptor (BCR), MAPK, and other pathways. TRAT1 expression levels were significantly correlated with the ESTIMATE, immune, and stromal scores in the LAC microenvironment. Additionally, TRAT1 expression levels were significantly correlated with the populations of B cells, CD8 T cells, cytotoxic cells, and other immune cells. TRAT1 overexpression was significantly correlated with the expression of immune cell markers (such as PDCD1, CD2, CD3E) and genes involved in RNA modification (such as ALKBH1, ALKBH3, ALKBH5). In conclusions, TRAT1 overexpression inhibited the growth and migration of LAC cells, thereby delaying cancer progression, and was correlated with the LAC microenvironment and RNA modifications.
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Introduction

Lung adenocarcinoma (LAC) is a common subtype of non-small cell lung cancer (NSCLC) (1–3). At present, most patients with early LAC achieve better survival after surgical treatment (4). However, the long-term prognosis of patients with advanced LAC after surgical treatment remains poor. Some genes, microRNAs (miRNAs), and long noncoding RNAs (lncRNAs) play crucial roles in the occurrence of LAC (5–9). For example, the lncRNA LINC00319 is overexpressed in LAC tissues and cells. However, the prognosis of patients with LAC showing significantly elevated expression levels of LINC00319 is dismal. Inhibition of LINC00319 expression inhibits the growth of LAC cells in vitro. LINC00319 promotes LAC progression by regulating the miR-450b-5p/EZH2 signalling pathway (6). Additionally, the lncRNA RAET1K is significantly upregulated in LAC tissues and correlates with poor prognosis in patients with LAC. RAET1K affects cell cycle, causing G1/S arrest via the miR-135a-5p/CCNE1 signalling mechanism and subsequently participates in the regulation of LAC progression (7). Similarly, RHPN2 is also overexpressed in the LAC tissues. High expression levels of RHPN2 are associated with a poor prognosis in patients with LAC and promote LAC cell growth and migration (9).

T cell receptor (TCR)-associated transmembrane adaptor 1 (TRAT1) is one of the hub regulatory genes of TCR and is associated with cancer progression (10–12). For example, IL-4 can trigger IL-17-producing CD8 T cell (Tc17) cytotoxicity and induce cell proliferation. IL-4/AKT signalling drives the upregulation of TRAT1 expression in Tc17 cells to stabilize the TCR and enhance Tc17 cytotoxicity (11). A risk model based on five immune response-related genes, TRAT1, IL2RB, CTLA4, IGHM, and IL21R, can predict the prognosis of patients with breast cancer (12). Our previous results published in the journal of Current Medical Science showed that the expression level of TRAT1 was significantly decreased in NSCLC, LAC, and lung squamous cell carcinoma (LUSC). Decreased expression levels of TRAT1 are associated with poor prognosis in patients with NSCLC, LAC, and LUSC and are associated with smoking, clinical stage, histological subtype, and lymph node metastasis in patients with LAC. Based on these findings, we aimed to explore the roles and mechanisms of TRAT1 in the progression of LAC using a comprehensive analysis in this study. Activation of TRAT1 expression in LAC cells resulted in the identification of the effects of TRAT1 overexpression on LAC cell proliferation, migration, and invasion, and the relationship between TRAT1 overexpression, LAC immune microenvironment, and RNA modifications was investigated to assess the role of TRAT1 in LAC progression.



Materials and methods


cBioPortal database

The cBioPortal (http://www.cbioportal.org/index.do) database contains cancer- and immune-related data from multiple research centres. Data on LAC tissues obtained from the cBioPortal database was used to explore the relationship between TRAT1 expression, LAC mutation sites, and the clinicopathological characteristics of patients with LAC. Additionally, the relationship between TRAT1 expression and LAC immunity was explored using data from the MSK LAC cellular immunity.



Identification of TRAT1 expression at mutation sites in patients with LAC

The muTarget (https://www.mutarget.com/) database is used for cancer biomarker discovery. In the muTarget database, we used the following screening parameters: target-TRAT1, cancer type-LAC, and mutation rate >1%, to explore the expression levels of TRAT1 at the mutation sites of patients with LAC.



Biological functions, mechanisms, and protein-protein interaction (PPI) network of TRAT1 strongly co-expressed genes

TRAT1 co-expressed genes in 535 LAC tissues from The Cancer Genome Atlas (TCGA) database were identified using a correlation analysis. Genes were identified to be strongly co-expressed when the correlation coefficient r > 0.4 or < −0.4 and P < 0.001, as described in the literature (13, 14). The biological process, molecular function, and cellular composition of TRAT1 strongly co-expressed genes were explored using the gene ontology (GO) annotation and adjusted P < 0.05 as the standard of significance. The signalling mechanisms associated with the strongly co-expressed genes of TRAT1 were investigated using the Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis (14). The PPI network of TRAT1 strongly co-expressed genes was constructed using the STRING database and further visualized using Cytoscape software.



Cell culture and construction of TRAT1 overexpression cell lines

A549 and H1299 cell lines were obtained from the Shanghai Institute of Biochemistry and Cell Biology (Shanghai, China) and were cultured in Dulbecco’s modified Eagle’s medium (DMEM) (Thermo Fisher Scientific, USA) supplemented with 10% foetal bovine serum (FBS) (Thermo Fisher Scientific, USA) at 37°C in an incubator with 5% CO2. The pCDNA3.1(-) TRAT1 expression vector and pCDNA3.1(-) control vector were synthesized by Tianyi Huiyuan (China). A549 and H1299 cells were cultured in 6-well plates at a suitable density for 24 h in an incubator and then transfected with TRAT1 overexpression and control vectors using Lipofectamine 3000 (Thermo Fisher Scientific, USA) for 24 h. TRAT1 overexpression was confirmed in the established cell models of LAC by RT-PCR and western blotting.



Identification of cell models of LAC via the RT-PCR

TRIzol was used to isolate total RNA from LAC cells, and total RNA was reverse transcribed into cDNA using the Revertra Ace qPCR RT Kit (Toyobo Life Science, Japan). UltraSYBR mixture (CWBio) was used to perform the PCR cycles on ABI Stepone Plus (Thermo Fisher Scientific, USA). Changes in the relative TRAT1 mRNA expression levels were calculated by the 2^ΔΔct method. The primer sequences used for TRAT1 and β-actin were as follows: TRAT1 forward: 5′-ACAAATGAAAGCCCGACCAG-3′ and reverse: 5′-ATCAAGTGAGGCGTAGCACA-3′; β-actin forward 5’-ACTCTTCCAGCCTTCCTTCC-3’ and reverse 5’-CGTCATACTCCTGCTTGCTG-3’.



Western blotting

In well-grown transfected A549 and H1299 cells, each group of A549 and H1299 cells were lysed using a lysis buffer (Beyotime, China) and protein quantification was performed by bicinchoninic acid (BCA) method (Beyotime, China). Total protein of 30 µg was used for protein gel electrophoresis, followed by TRAT1 antibody (1:1000) (Univ, China) incubation and secondary antibody (Univ, China) (1:5000) incubation. These steps were followed by membrane washing and exposure to determine TRAT1 protein expression.



Detection of proliferation and apoptosis of LAC cells

Cells were plated in 96-well plates at a density of 5 × 103 cells/well. Following 24 h of incubation, the cells were transfected with pCDNA3.1(-) TRAT1 expression vector and pCDNA3.1(-) control vector for 24, 48, and 72 h, followed by the addition of 10 μl Cell Counting Kit-8 (CCK-8) solution to each well. Absorbance was measured at 450 nm using an EnSpire multimode plate reader, and the optical density (OD) was calculated for the cell viability assay. Cell apoptosis was analysed using the phycoerythrin (PE) Annexin V Apoptosis Detection Kit І (BD Biosciences). Cells were seeded in 6-well plates, transfected for 24 h, and stained according to the manufacturer’s instructions. Apoptotic cells were immediately detected using the FACS Caliber II Sorter and the Cell Quest FACS system (BD Biosciences, USA). Data were analysed using the FlowJo software (version 7.6.5).



Detection of migration and invasion of LAC cells

The cells were cultured in 12-well plates. A clean pipette tip was used to inflict a ‘wound’ when cells formed a confluent monolayer, and the cells cultured in DMEM were supplemented with 2% FBS. The cells were then transfected and images of the wound margins were captured using an optical light microscope (Olympus Corporation, Japan) at 0 h time point. Following incubation for 24 h, images of the same region of cells were captured for measurement. The wound healing rate was calculated using the following formula: The cells were subjected to a Transwell assay (Transwell system; Corning, USA) after transfection. The basolateral chamber was balanced with 600 ml of DMEM supplemented with 10% FBS, and 200 ml of A549 and H1299 cell suspensions were added to the apical chamber in FBS-free DMEM. After culturing the cells for 24 h at 37°C with 5% CO2, the transwell chambers were fixed with 5% paraformaldehyde for 15 min and then stained with 0.1% crystal violet for 10 min according to the manufacturer’s protocol. Transmembrane cells were observed under an inverted fluorescence microscope.



Identification of the relationship between TRAT1 expression and immune microenvironment

The ESTIMATE, immune and stromal scores, and the populations of immune-infiltrating cells in 535 LAC tissues were calculated using single sample gene set enrichment analysis (ssGSEA) and an ESTIMATE algorithm. Correlation analysis was used to explore the relationship between TRAT1 expression and the ESTIMATE, immune and stromal scores, and immune-infiltrating cells. The ESTIMATE, immune and stromal scores, and the populations of immune infiltrating cells in the high- and low-TRAT1 expression groups were identified and grouped based on the median value of TRAT1 expression. In the Kaplan–Meier (K–M) plotter (http://kmplot.com/analysis/) database, the relationship between high- and low-TRAT1 expression levels and the prognosis-related immune cells of patients with LAC was explored using the K–M survival analysis and grouped by the median value of TRAT1 expression.



Identification of the relationship between TRAT1 expression and immune cell markers and RNA modifications

The expression data of immune cell markers in the LAC tissues were extracted (15). Correlation analysis was used to explore the relationship between TRAT1 expression and the levels of immune-infiltrating cell markers in LAC tissues. The expression levels of LAC immune-infiltrating cell markers in the high- and low-TRAT1 expression groups were evaluated based on the median value of TRAT1 expression. Additionally, the relationship between TRAT1 expression levels and N6-methyladenosine (m6A)-, N1-methyladenosine (m1A)-, and 5-methylcytosine (m5C)-regulated genes was evaluated using correlation analysis.



Statistical analysis

The expression levels of TRAT1 in the LAC cell models were analysed using the t-test. The relationship between the expression levels of TRAT1 and the immune microenvironment was analysed using a correlation analysis. Statistical significance was set at P < 0.05.




Results


Clinical values of TRAT1 expression level in LAC

We previously found that TRAT1 expression was significantly decreased, which was associated with dismal prognosis in NSCLC. In this study, the TRAT1 expression was related to overall survival (OS), progression-free survival (PFS), smoking history, forced expiratory volume in 1 s (FEV1), and other clinical characteristics of patients with LAC in the cBioPortal database (Figure S1). The relationship between TRAT1 expression levels and PD-L1 expression, tumour mutational burden (TMB), response efficacy, and other immune characteristics in LAC cells was also obtained from the cBioPortal database (Figure 1). In the muTarget database, TRAT1 expression levels were significantly elevated at NUDCD1, SETX, CUL4A, and other gene mutation sites, and were significantly decreased at TIAM1, GALNT15, MAP2K7, and other gene mutation sites (Table 1 and Figure 2), which preliminarily suggested that TRAT1 has an important prognostic role and might be a prognostic biomarker in patients with LAC.




Figure 1 | The relationship between TRAT1 expression levels and immune characteristics of LAC cells. LAC, lung adenocarcinoma.




Table 1 | Expression of TRAT1 in LAC mutation sites.






Figure 2 | The expression of TRAT1 in LAC mutation sites. (A) AGAP1; (B) SETX; (C) ZNF90; (D) DLD; (E) FAM65C; (F) VN1R4; (G) TIAM1; (H) MAP2K7; (I) KEAP1; (J) GALNT15; (K) NUDCD1; (L) SHCBP1. LAC, lung adenocarcinoma.





Roles, mechanisms, and PPI network involved in the strongly co-expressed genes of TRAT1

There were 806 strongly co-expressed genes of TRAT1 (Table S1 and Figure 3). TRAT1 co-expressed genes were found to be involved in T cell activation, lymphocyte differentiation, T cell differentiation, lymphocyte proliferation, mononuclear cell proliferation, and others (Figures 4A-C and Table S2). In addition, TRAT1 co-expressed genes were involved in Th1, Th2, and Th17 cell differentiation; PD-L1 expression and PD-1 checkpoint pathway in cancer; TCR, B cell receptor (BCR), NF-kappa B, JAK-STAT, PI3K-AKT, VEGF, and other signalling pathways as per KEGG analysis (Figure 4D and Table 2). Figure 5 shows the PPI network between the strongly co-expressed genes of TRAT1. Abnormal expression of TRAT1 is associated with cancer mechanisms and immunity, indicating that TRAT1 has an important role in LAC progression.




Figure 3 | Top 9 TRAT1 co-expressed genes. (A) SH2D1A; (B) THEMIS; (C) ITK; (D) PYHIN1; (E) GPR174; (F) P2RY10; (G) BTLA; (H) CD3G; (I) CXCR6.






Figure 4 | Functions and mechanisms of TRAT1 co-expressed genes. (A) BP; (B) CC; (C) MF; (D) Signalling pathways. BP, biological process; MF, molecular function; CC, cell component.




Table 2 | Signalling pathways associated with strongly co-expressed genes of TRAT1.






Figure 5 | PPI network of TRAT1 co-expressed genes. (A) PPI network; (B) Hub genes in network. PPI, protein-protein interaction.





Elevated TRAT1 expression inhibited LAC cell growth and metastasis

Cell models of TRAT1 overexpression were successfully established using the A549 and H1299 cells and confirmed by PCR and western-blotting (Figures 6A, B). The CCK-8 assay results showed that compared with the control group, the viability of A549 and H1299 cells in the TRAT1 overexpression group significantly decreased, and the cell viability of the two groups at 48 and 72 h was statistically significant (Figures 6C, D). TRAT1 overexpression significantly promoted apoptosis in the A549 and H1299 cells (Figures 6E, F). The results of the invasion experiment showed that increased expression of TRAT1 significantly inhibited the invasion of A549 and H1299 cells (Figures 6G, H). Additionally, the results of the scratch assay showed that elevated TRAT1 expression significantly inhibited the migration of A549 and H1299 cells with significant differences between the two groups (Figures 7A, B). This suggests that TRAT1 functions as a tumour suppressor in LAC progression to inhibit cancer growth and migration.




Figure 6 | TRAT1 overexpression inhibited the cell growth and immune invasion in LAC cell models. (A, B) Construction of A549 and H1299 cell models of TRAT1 overexpression using the PCR and Western Blotting; (C-F) Decreased cell viability and increased apoptosis in TRAT1 overexpression group determined using the CCK-8 assay and flow cytometry; (G, H) Decreased cell invasive ability in TRAT1 overexpression group determined using the transwell experiment. LAC, lung adenocarcinoma; CCK-8, Cell Counting Kit-8; *P < 0.05; **P < 0.01; ***P < 0.001.






Figure 7 | Elevated TRAT1 expression inhibited cell migration in LAC A549 and H1299 cells. (A) A549 cells; (B) H1299 cells. LAC, lung adenocarcinoma; *P < 0.05.





TRAT1 was significantly associated with the LAC immune microenvironment

TRAT1 expression level was significantly correlated with the stromal (r = 0.487), immune (r = 0.732), and ESTIMATE scores (r = 0.668) (Figures 8A-C). TRAT1 expression was also significantly correlated with the populations of activated dendritic cells (aDCs) (r = 0.462), B cells (r = 0.585), CD8 T cells (r = 0.25), cytotoxic cells (r = 0.633), DCs (r = 0.294), eosinophils (r = 0.128), immature dendritic cells (iDCs) (r = 0.25), macrophages (r = 0.37), mast cells (r = 0.149), neutrophils (r = 0.117), natural killer (NK) CD56bright cells (r = -0.120), NK CD56dim cells (r = 0.229), NK cells (r = -0.186), plasmacytoid dendritic cells (pDCs) (r = 0.229), T cells (r = 0.822), T helper cells (r = 0.657), central memory T (TCM) cells (r = 0.416), effector memory T (TEM) cells (r = 0.282), T follicular helper (TFH) cells (r = 0.369), gamma delta T (Tγδ) cells (r = 0.115), Th1 cells (r = 0.588), Th17 cells (r = 0.104), regulatory T (Treg) cells (r = 0.335), and Th2 cells (r = 0.075), as determined using the Pearson correlation analysis (Figures 9, S2). Grouping by the median value of TRAT1 expression showed that the stromal, immune, and ESTIMATE scores were significantly different (Figures 8D-F), and the levels of B, CD8 T, cytotoxic, and other cells were significantly different between the high- and low-TRAT1 expression groups (Figure S3).




Figure 8 | TRAT1 expression was significantly correlated with the levels of stromal, immune, and ESTIMATE scores in LAC tissues. (A) Stromal score; (B) Immune score; (C) ESTIMATE score; (D–F) The levels of stromal, immune, and ESTIMATE scores in high- and low-TRAT1 expression groups. LAC, lung adenocarcinoma.






Figure 9 | TRAT1 expression was significantly correlated with the populations of immune cells in LAC tissues. (A) T cells; (B) T helper cells; (C) Cytotoxic cells; (D) Th1 cells; (E) B cells; (F) aDC; (G) TCM; (H) TFH; (I) macrophages; (J) Treg; (K) DC; (L) TEM. LAC, lung adenocarcinoma; aDC, activated dendritic cells; TCM, central memory T cells; TFH, follicular helper T cells; Treg, regulatory T cells; TEM, effector memory T cells.



The expression data of immune cell markers in LAC tissues were obtained from TCGA database, and using correlation analysis, we found that the expression levels of TRAT1 correlated with the expression levels of CD8A, CD8B, CD3D, and others (Figure 10 and Table 3). Grouping by the median value of TRAT1 expression showed that the levels of PDCD1, CD79A, CD19, and other immune cell markers were significantly different (Figure S4). In the K–M plotter database, K–M survival analysis revealed that the decreased expression of TRAT1 was significantly associated with poor prognosis in patients with LAC under the following conditions: basophils (decreased), natural killer T-cells (decreased), and type 2 T-helper cells (enriched) (Figure 11). Further, TRAT1 plays an important role in the progression of LAC and is a potential immune marker.




Figure 10 | TRAT1 expression was significantly correlated with the levels of immune cell markers in LAC tissues. (A) CD2; (B) CCR7; (C) CD8A; (D) CTLA4; (E) CD3E; (F) IFNG; (G) CD8B; (H) STAT4; (I) CD3D; (J) CCR8; (K) PDCD1; (L) CD19; (M) CD86; (N) IL21; (O) HAVCR2; (P) IL10. LAC, lung adenocarcinoma.




Table 3 | Correlation between TRAT1 expression and expression levels of immune cell markers in LAC.






Figure 11 | Decreased expression of TRAT1 was significantly associated with prognosis-related immune cells in patients with LAC. (A) Basophils (decreased); (B) Natural killer T-cells (decreased); (C) Type 2 T-helper cells (enriched). LAC, lung adenocarcinoma.





TRAT1 was associated with RNA modification regulator genes

Correlation analysis revealed that the expression levels of TRAT1 were associated with the expression levels of genes associated with RNA modifications, including ALKBH1, ALKBH3, DNMT3A, ALYREF, BMT2, DNMT3A, FMR1, FTO, IGF2BP1, METTL14, NOP2, NSUN2, NSUN3, NSUN5, RBM15, RBM15B, RBMX, RRP8, TET2, TRDMT1, WTAP, YBX1, YTHDC1, YTHDC2, YTHDF1, YTHDF2, YTHDF3, and TRMT61A (Figures 12, S5). Grouping by the median value of TRAT1 expression showed that the levels of BMT2, ALYREF, ALKBH5, ALKBH3, ALKBH1, TET2, RRP8, RBMX, RBM15B, and RBM15 were significantly different between the high- and low-TRAT1 expression groups (Figure S6).




Figure 12 | TRAT1 was associated with the RNA modification regulator genes. (A) ALKBH1; (B) ALKBH3; (C) DNMT3A; (D) ALYREF; (E) METTL14; (F) BMT2; (G) FMR1; (H) IGF2BP1; (I) FTO; (J) VIRMA; (K) ALKBH5; (L) NOP2.






Discussion

Studies have shown that oncogenes or tumour suppressor genes can promote or inhibit LAC progression (14, 16–18). The mRNA and protein expression levels of SPTBN2 in LAC tissues were significantly higher than those in normal tissues. Elevated SPTBN2 expression was associated with poor prognosis in patients with LAC. Interference with SPTBN2 inhibited the proliferation of A549 and H1299 cells. Interference with SPTBN2 expression resulted in decreased cell migration and invasion abilities compared to the control cell group (16). FYN is downregulated in LAC tissues and cells, and decreased FYN expression levels are associated with poor prognosis in patients with LAC. FYN overexpression significantly inhibited A549 cell viability, invasion, migration, and angiogenesis, accelerated cell apoptosis, and inhibited E-cadherin, vimentin, Snail, and PI3K/AKT protein expression in cancer cells (17). Our previous study found that the expression levels of TRAT1 in NSCLC, LAC, and LUSC tissues were significantly decreased, and the decreased expression level of TRAT1 was associated with poor prognosis in patients with cancer. In our study, we found that TRAT1 was associated with OS, PFS, smoking history, FEV1, PD-L1 expression, TMB, and response effects in patients with LAC. Additionally, TRAT1 co-expressed genes were found to be involved in cell differentiation, cell activation, cell-cell adhesion, and cell proliferation. In our cell model, elevated TRAT1 expression inhibited cell viability, migration, and invasion, and promoted apoptosis in A549 and H1299 cells. This suggests that TRAT1 may be involved in cell growth and migration as a tumour suppressor gene in LAC.

TRAT1 is a TCR regulator. We found that TRAT1 strongly co-expressed genes were involved in Th1, Th2, and Th17 cell differentiation and the TCR signalling pathway via KEGG analyses, which confirmed that TRAT1 was significantly associated with TCR. In addition, elevated TRAT1 expression might be involved in LAC progression through the Toll-like receptor and VEGF, MAPK, and MTOR signalling pathways, which are related to the progression of LAC (2, 19–23). For example, STAMBP expression is significantly increased in LAC cells and is closely related to tumour size, lymph node invasion, and tumour stage. STAMBP overexpression predicted shorter OS and disease-free survival in patients with LAC and promoted cell migration, invasion, and EGFR stabilization, whereas decreased STAMBP expression induces EGFR degradation. Small molecule inhibitors of EGFR and MAPK can block STAMBP-induced cell migration and invasion (21). DLC1 is significantly downregulated in LAC tissues and cells. DLC1 overexpression inhibits cell proliferation, migration, and invasion, whereas DLC1 downregulation promotes cell proliferation, migration, and invasion. DLC1 inhibits the proliferation and invasion of LAC cells by inhibiting the MAPK/ERK signalling pathway (22). However, the roles of TRAT1 overexpression and the Toll-like receptor, VEGF, MAPK, and other cancer signalling pathways need to be further confirmed in our models via western blotting. In addition, TRAT1 is associated with immunity (24, 25), and the immune microenvironment was significantly associated with LAC progression (26–28). For example, a meta-analysis by Brody et al. showed that high PD-L1 expression was associated with shorter survival. Anti-PD-1/PD-L1 drugs could improve the survival time of patients with cancer (28). In our research, we also found that the expression level of TRAT1 was significantly correlated with the levels of stromal, immune, and ESTIMATE scores, and was significantly correlated with the immune infiltration of CD8 T, cytotoxic, T, Th1, Th17, Treg, and other immune cell populations. TRAT1 expression was significantly correlated with the levels of CD8A, CD8B, CD3D, and other immune cell markers. The decreased expression of TRAT1 was associated with the prognosis of patients with LAC with basophils (decreased), natural killer T-cells (decreased), and type 2 T-helper cells (enriched). Preliminary evidence suggests that TRAT1 is an immune-related prognostic biomarker. However, the relationship between the expression level of TRAT1 in LAC and immune cells needs further study for verification.

Currently, RNA modification is one of the main mechanisms underlying cancer progression (29–34). For example, the m6A regulator gene METTL3 is overexpressed in lung cancer and associated with OS in patients with cancer. METTL3 overexpression can activate the PI3K/AKT/mTOR signalling pathway and mTOR-mediated protein synthesis in cancer cells to promote lung cancer progression (33). The m6A reader YTHDC2 is suppressed in LAC tissues. Decreased YTHDC2 expression levels are associated with poor clinical outcomes in patients with LAC. YTHDC2 reduces tumorigenesis in a mouse model and inhibits LAC cell progression. YTHDC2 inhibits cystine uptake through m6A recognition of the YTH domain, thus blocking the downstream antioxidation program. YTHDC2 destabilizes SLC7A11 mRNA in an m6A-dependent manner (34). Therefore, we explored the relationship between TRAT1 expression and RNA modification regulatory genes. We found that TRAT1 expression levels correlated with m6A, m1A, and m5C modification regulator genes (ALKBH1, ALKBH3, DNMT3A, and others).

The shortcomings of our study were the lack of LAC tissue specimens, which resulted in us not able to confirm the expression of TRAT1 in LAC tissues and the relationship between the expression levels of TRAT1 and prognosis of patients with cancer, which needs to be verified in the future. In addition, the elevated expression of TRAT1 is associated with cancer signalling pathways such as Toll-like receptor, VEGF, and MAPK pathways, which should be further confirmed by western blotting in the future. In conclusion, we found that TRAT1 could inhibit the progression of LAC, which was related to the prognosis of patients with LAC based on the results of a comprehensive analysis. Furthermore, TRAT1 expression levels were significantly correlated with immune cell infiltration and immune cell marker levels in LAC, which is worthy of further exploration. Our findings will provide a basis for the further investigation of the interaction between TRAT1 and the immune microenvironment for regulating LAC progression.
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