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Immunotherapy can improve the survival of patients with advanced lung squamous cell carcinoma (LUSC). T cytotoxic cells are one of the main members of the immune microenvironment. Herein, we aimed to identify the roles of T-cell cytotoxic markers interleukin 18 (IL18) receptor 1 (IL18R1) in the LUSC progression using bioinformatics, clinical tissue specimen, and cell experiment. We assessed the association between the IL18R1 expression and immune infiltration and IL18R1-related competing RNA network. The IL18R1 expression was downregulated in the LUSC tissues. The IL18R1 expression downregulation was associated with diagnosis and short overall survival and disease-specific survival, and it was also an independent risk factor for dismal survival time in LUSC. IL18R1-related nomograms predicted the survival time of patients with LUSC. IL18R1 overexpression inhibited the proliferation, migration, and invasion of LUSC cells. The IL18R1 expression was significantly associated with the microenvironment (stromal, immune, and estimate scores), immune cells (such as the T cells, cytotoxic cells, CD8 T cells), and immune cell markers (such as the CD8A, PD-1, and CTLA4) in LUSC. AC091563.1 and RBPMS-AS1 downregulation was positively associated with the IL18R1 expression, negatively associated with the miR-128-3p expression, and associated with short disease-specific survival and progression in LUSC. In conclusion, IL18R1 was significantly downregulated and associated with the prognosis and immune microenvironment. IL18R1 overexpression inhibits the growth and migration of cancer cells in LUSC. Furthermore, AC091563.1 and RBPMS-AS1 might compete with IL18R1 to bind miR-128-3p for participating in LUSC progression. These results showed that IL18R1 is a biomarker for evaluating the prognosis of patients with LUSC.
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Introduction

Immunotherapy induces changes in the immune microenvironment of patients with lung squamous cell carcinoma (LUSC) during the courses of immunotherapy. The immune microenvironment is closely associated with cancer progression (1–3). Jin et al. reported that the tumor immune microenvironment heterogeneity is related to oncogenic patterns. Furthermore, PD-L1 and TIL positivity are significantly associated with KRAS mutations. PD-L1 and TIL are elevated in patients with EGFR mutations or ALK rearrangements. The EGFR L858R mutation is positively associated with inflammatory phenotype, and the anti-PD-1/PD-L1 therapy is effective (2). Tumors can affect the tumor microenvironment via cell-signaling molecules to promote tumorigenesis and development. Moreover, the immune microenvironment consists of immune cells, fibroblasts, bone marrow-derived inflammatory cells, and other cells. T cytotoxic cell is one of the main members of the immune microenvironment and plays an important role in tumor progression (4, 5).

Interleukin 18 (IL18) receptor 1 (IL18R1), also known as IL18RA, encodes a cytokine receptor. The receptor encoded by IL18R1 specifically binds to IL18, thereby exerting biological effects. T cytotoxic cells are known as CD8+ T cells. IL18R1 is the surface marker of CD8+ T cells (6). IL18R1 plays an important role in cancer progression (7–10). For example, IL18R1 is overexpressed in breast cancer (7). Furthermore, the IL18R1 expression level is positively associated with the disease-free survival (DFS) of triple-negative patients with breast cancer (8). Overexpression of the inflammatory cytokine IL18 is related to a dismal prognosis in patients with liver cancer. Moreover, IL18R1 deletion could enhance tumor growth and burden, and it increased the tumor burden in the carcinogen-induced liver cancer model. IL18 could exert an inflammation-dependent tumor suppressor effect by promoting tumor-infiltrating T-cell differentiation, activity, and survival (9). In comparison to anti-PD-1 therapy, TUSC2 and anti-PD-1 therapy can reduce tumor growth and prolong tumor survival. In subcutaneous tumors and lung metastases, a combined treatment of TUSC2 and anti-PD-1 promoted an increase in tumor-infiltrating NK and CD8 T cells, whereas the MDSC and Treg levels decreased. The IL18R1 expression level was associated with the activation of NK cells by TUSC2 (10). Targeted therapy and immunotherapy have recently become hotspots in cancer research. However, patients with LUSC lacked effective targets to improve patient prognosis. At present, the roles of the T cytotoxic cell surface marker IL18R1 in LUSC have not been reported. Therefore, we aimed to investigate the functions of IL18R1 in LUSC progression and the association between the immune microenvironment and IL18R1 expression to identify patients with cancer who would benefit from the prognosis.



Materials and methods


Identification of IL18R1 expression levels in LUSC tissues

We identified the IL18R1 expression level using the RNA data of 49 normal lung and 502 LUSC tissues derived from the Cancer Genome Atlas (TCGA) website and 288 normal lung tissues derived from Genotype-Tissue Expression (GTEx) website (11, 12). The data included the two (TPM and FPKM) types. In the lung cancer explorer (LCE) database (13), the IL18R1 expression level in the LUSC tissues was investigated via a meta-analysis of data obtained from the TCGA and gene expression omnibus (GEO) databases. We collected cancer and normal tissue samples from patients with LUSC at Wuhan Union Hospital, China. These specimens were all approved by the ethical committee of our hospital, and all patients provided informed consent. There were 9 normal lung tissue samples and 32 LUSC tissue samples.



Immunohistochemistry

We obtained the tissue sections from the Pathology Department of our hospital and routinely dewaxed them. After washing, nonspecific background staining was reduced and antigen repair was done. After buffer washing, we incubated the tissue sections overnight with a drop of 1:200 IL18R1 antibody (Bioss, China) working solution. The next day, the tissue sections were stained, counterstained, dehydrated, transparent, and sealed. Next, we took photos. The IL18R1 expression levels in normal and LUSC tissues were analyzed using a scanner and Quant Center 2.3 software (14).



Roles of IL18R1 expression in the diagnosis of LUSC

We identified the roles of IL18R1 expression in the diagnosis of LUSC via diagnostic analysis using the RNA data derived from the TCGA and GTEx databases (15). The diagnostic data type included the TPM and FPKM types, and the area under the curve (AUC) was used as an evaluation criterion for diagnostic value.



Association of IL18R1 expression in assessing prognosis in patients

LUSC patients were divided into high- and low-IL18R1 expression groups based on the median value of IL18R1 expression. The association between IL18R1 expression level and overall survival (OS), disease-specific survival (DSS), and progress-free interval (PFI) of patients with LUSC were investigated via the Kaplan-Meier (K-M) survival analysis using the TCGA database. The grouping criterion was the median value of IL18R1 expression. In the LCE database, the association between IL18R1 level and the OS of LUSC patients was studied by meta-analysis using the data of patients with LUSC from the TCGA and GEO databases (13).



Construction of IL18R1-related prognostic nomogram

Univariate COX regression analysis revealed associations between the TNM stage, pathological stage, sex, age, smoking history, and IL18R1 expression and OS, PFI, and DSS in patients with LUSC. Multivariate COX regression analysis indicators were screened with a P < 0.05, and an IL18R1-related prognostic nomogram was constructed based on the multivariate COX regression analysis results (16).



Construction of cell model

The SK-MES-1 cells were purchased from PRICELLA, Wuhan city, and were fed with the 10% fetal bovine serum. The vector (pcDNA3.1(+)) was constructed at GENERAL BIOL (China), and the IL18R1 overexpression plasmid was synthesized. In the condition of a good growth state, DNA plasmid and transfection reagent lipofectamine2000 were diluted in the Opti-MEM (reduced-serum medium). The diluted DNA plasmid and lipofectamine2000 were mixed and incubated for 20 min at room temperature to add to the medium containing SK-MES-1 cells. The medium was changed 6 h after transfection, and the IL18R1 expression levels in SK-MES-1 cells of the two groups were detected using quantitative real-time polymerase chain reaction (PCR) and western blotting (WB).



Identification of cell model

The LUSC cells of the negative control group and IL18R1 overexpression group were collected for extracting the total RNAs and proteins. The IL18R1 mRNA and protein expression levels in the IL18R1 overexpression cell model were detected according to the standard procedures of quantitative real-time PCR and WB (14). The PCR primer sequences were as follows: IL18R1 forward: CGCCGAGTTTGAAGATCAGG, reverse: TCAGCAAAGCAGAGCAGTTG, and GAPDH forward: TCAAGAAGGTGGTGAAGC AGG, reverse: TCAAAGGTGGAGGAGTGG GT. During incubation with WB, the antibody concentrations were 1:2000 IL18R1 antibody (Bioss, China) and 1:20000 GAPDH antibody (Servicebio, China), respectively.



Cell proliferation

After digestion, centrifugation, resuspension, and counting, the model cells were incubated on 96-well plates, and the cell suspension was incubated at 100 μL/well at 37°C and 5% CO2. Next, 10 μL CCK-8 (Biosharp, China) was joined to each well at 0, 24, 48, and 72 h, and the absorbance values at 450 nm were measured using a microplate reader after co-culture for 2 h in the incubator.



TUNEL experiment

The LUSC model cells were fixed with paraformaldehyde. The slides were washed with phosphate buffer solution (PBS) and 20 μg/mL DNase I free enzyme (PK) solution was added to droppers. PK was removed by using PBS after incubating for 5 min at room temperature. Terminal deoxynucleotidyl transferase was added and incubated for 1 h in the dark. The DAPI (4′,6-diamidino-2-phenylindole) solution was added after the slides were washed using PBS, and slide fixation was performed through a mounting solution containing an anti-fluorescence quencher. Finally, the images were taken under a fluorescence confocal microscope.



Cell migration and invasion

A marker pen was used to evenly inscribe the back of the 6-well plates. Subsequently, the model cells were fed in those 6-well plates. The second day was scratched with the horizontal line marked by using the 200 μL vertical plate of the spearhead. The model cells were washed thrice with PBS to wash the exfoliated cancer cells, and serum-free medium was subsequently added to the 6-well plates. The LUSC cells were reared in an incubator at 37°Cand 5% CO2. We took photos at 0, 12, 24, 36, and 48 h for statistics. The matrigel gel was diluted, and coated with the bottom of a Transwell chamber. The starved cell suspensions were prepared, and 100 μL of the serum-free cell suspension was added to the Transwell chamber. Next, 600 μL of complete medium containing 10% fetal bovine serum was added to the lower chamber of 24-well plates. Transwell chambers were removed when the LUSC cells were reared at 37°C and 5% CO2 incubator for 24 h. Then, the chambers were fixed, stained, photographed, and counted.



Association between IL18R1 and LUSC immune microenvironment

ESTIMATE and ssGSEA algorithms were used to calculate the expression levels of immune microenvironment components in LUSC tissues (17). The association between IL18R1 expression and stromal, immune, and estimate scores and 24 immune cells was visualized by Pearson analysis and scatter plot. The association between stromal, immune, and estimate scores and 24 immune cells in IL18R1 overexpression and IL18R1 low expression groups was investigated. The RNA data of cell markers were extracted from the TCGA LUSC tissues, and the association between the IL18R1 level and the levels of cell markers was analyzed via Pearson association analysis.



Association between IL18R1 and the competitive RNA network

MicroRNAs (miRNAs) upstream of IL18R1 were predicted in the ENCORE database with cancer type greater than or equal to 1, and were identified in LUSC tissues, with elevated miRNAs expression levels and P < 0.05 as the filter criteria. Furthermore, IL18R1 negatively associated with miRNAs in the LUSC tissues was used to predict long non-coding RNAs (lncRNAs). In the ENCORI database, the lncRNAs bound upstream of miR-128-3p and miR-556-5p were predicted with cancer type greater than or equal to 6, with the filter criteria of P < 0.05 and overexpressed lncRNAs in LUSC tissues. Moreover, the negatively associated lncRNAs of miR-128-3p and miR-556-5p, the positively associated lncRNAs of IL18R1, and prognosis-related lncRNAs were used as the inclusion criteria to form a competitive RNAs (ceRNAs) network.



Statistical analysis

The Wilcoxon rank sum test was applied to detect the IL18R1 levels in normal and LUSC tissues and assess whether immune cells had statistical significance in the IL18R1 expression groups. The IL18R1 expression levels in normal and LUSC tissues and the association between IL18R1 level and survival time of patients with LUSC were revealed using the meta-analysis. The association between IL18R1 expression level and immune microenvironment was obtained using correlation analysis. The t-test was used to determine whether the role of IL18R1 in cell growth and migration was statistically significant. P < 0.05 was considered statistically significant.




Results


Downregulation of IL18R1 expression level in LUSC tissues

Differential expression analysis revealed that the IL18R1 level in LUSC tissues was significantly reduced in the data of TPM type (Figure 1A–C). In patients with paired LUSC, IL18R1 was significantly underexpressed in the LUSC tissues of the TCGA database (Figures 1D, E). In addition, a meta-analysis based on LUSC data came in LCE database found that the IL18R1 expression level was significantly reduced in the LUSC tissues (Figure S1). In the clinical LUSC samples, the changes of IL18R1 level were consistent with that in the database analysis results. Among the nine normal tissue samples, the IL18R1 expression levels significantly increased in six (66.67%) normal tissue samples. Among the 32 LUSC tissue samples, five (15.625%) cancer tissue samples showed a significant increase in the IL18R1 expression levels (Figure 2 and Table 1).




Figure 1 | IL18R1 was significantly downregulated in the LUSC tissues based on the data of TPM and FPKM types in the TCGA and GTEx databases. (A–C) Unpaired tissues in LUSC; (D, E) Paired tissues in LUSC. LUSC, lung squamous cell carcinoma; TCGA, The Cancer Genome Atlas; GTEx, Genotype-Tissue Expression; ***P < 0.001.






Figure 2 | IL18R1 was significantly downregulated in the LUSC tissues of our hospital. (A) Normal lung tissues; (B) LUSC tissues. LUSC, lung squamous cell carcinoma.




Table 1 | The IL18R1 expression levels in the tissues of patients with LUSC.





Association between decreased IL18R1 expression level and the diagnosis and dismal prognosis in LUSC

AUC was greater than 0.75 in the normal and cancer tissues using receiver operating characteristic (ROC) analysis. In detail, based on the data from the TCGA and TCGA-GTEx TPM types, the AUCs of IL18R1 in the diagnosis of LUSC were found to be 0.843 and 0.970, respectively (Figure 3A, B). Analysis of the TCGA FPKM type data revealed an AUC of 0.839 for IL18R1 in the diagnosis of LUSC (Figure 3C), suggesting that the IL18R1 expression levels helped in the diagnosis of LUSC. The K-M survival studies have found that the decreased IL18R1 level was relevant to the dismal prognosis in LUSC patients (Figure 3D, E). Specifically, the decreased IL18R1 levels were relevant to the shorter OS and DSS in LUSC patients. Meta-studies have shown that the decreased IL18R1 level was relevant to a shorter OS in patients with LUSC (Figure S2).




Figure 3 | IL18R1 plays a role in the diagnosis and prognosis of patients with LUSC based on the data of TPM and FPKM types in the TCGA and GTEx databases. (A–C) The results of ROC analysis; (D) OS; (E) DSS; (F) PFI. Note: TCGA, The Cancer Genome Atlas; GTEx, Genotype-Tissue Expression; LUSC, lung squamous cell carcinoma; TCGA, The Cancer Genome Atlas; GTEx, Genotype-Tissue Expression; OS, overall survival; DSS, disease-specific survival; PFI, progress-free interval.





IL18R1-related prognostic nomogram

Univariate COX studies revealed that T, M, and pathological stage, and IL18R1 level were the risk indicators for OS in patients with LUSC (Table 2). T, N, and pathological stage, and IL18R1 expression were the risk indicators for DSS in patients with LUSC (Table 3). T, and pathological stage, and smoking history were the risk indicators for PFI in patients with LUSC (Table 4). Multivariate COX studies revealed that the M stage and IL18R1 expression level were independent risk factors for OS in patients with LUSC (Table 2). The IL18R1 expression level was an independent risk factor for DSS in patients with LUSC (Table 3). A nomogram of IL18R1-related OS was established based on the results of COX studies (Figure 4).


Table 2 | Overall survival factors in patients with LUSC.




Table 3 | Disease-specific survival factors in patients with LUSC.




Table 4 | Progress-free interval factors in patients with LUSC.






Figure 4 | IL18R1-related prognostic nomogram.





Upregulation of IL18R1 expression inhibits the growth and metastasis of LUSC cells

Figures 5A, B showed the successful construction of the SK-MES-1 cell model with elevated IL18R1 expression. In our cell model, enhanced IL18R1 expression inhibited the SK-MES-1 cell proliferation, as shown by the CCK-8 method, with statistical significance at 48 and 72 h (Figure 5C). Increased IL18R1 expression promoted SK-MES-1 cell apoptosis with a significant difference (Figure 5D). In addition, IL18R1 overexpression significantly inhibited the SK-MES-1 cell invasion and migration by scratch and Transwell assays (Figures 5E, 6), suggesting that IL18R1 acts as a tumor suppressor in LUSC progression.




Figure 5 | IL18R1 over-expression could inhibit the cell growth and invasion in LUSC. (A, B) Validation of cell model using PCR and western blotting; (C, D) Cell growth by CCK-8 and Edu methods; (E) Cell growth by Transwell method. LUSC, lung squamous cell carcinoma; **P < 0.01; ***P < 0.001.






Figure 6 | IL18R1 over-expression could inhibit the cell migration in LUSC. LUSC, lung squamous cell carcinoma; ***P < 0.001.





IL18R1 as a potential biomarker of the LUSC immune microenvironment

The IL18R1 level was significantly relevant to the stromal score (0.398), immune score (0.509) and estimate score (0.485) in LUSC (Figure 7A–C). Stromal, immune, and estimate scores showed the significant variation between the high-IL18R1 and low-IL18R1 groups (Figure 7D–F). The IL18R1 level was associated with the levels of T cells (0.495), aDC (0.413), cytotoxic cells (0.451), CD8 T cells (0.444), iDC (0.282), pDC (0.434), TReg (0.427), TFH (0.459), Th1 cells (0.418), NK CD56dim cells (0.399), macrophages (0.397), Th2 cells (0.163), T helper cells (0.367), Tem (0.344), B cells (0.363), NK cells (0.363), DC (0.325), eosinophils (0.285), mast cells (0.269), neutrophils (0.239), Tcm (0.191), and Th17 cells (0.122) in LUSC (Figure 8 and Table 5). The T cells, NK CD56dim cells, aDC, mast cells, B cells, eosinophils, NK cells, CD8 T cells, T helper cells, cytotoxic cells, TFH, DC, Th1 cells, pDC, Tcm, neutrophils, Tem, iDC, Tgd, macrophages, and TReg showed significant differences between the high-IL18R1 and low-IL18R1 groups (Figure S3).




Figure 7 | IL18R1 was significantly associated with the levels of stromal, immune, and estimate scores in LUSC. (A–C) The relationship between IL18R1 expression and stromal, immune, and estimate scores; (D–F) The levels of stromal, immune, and estimate scores in the high and low expression groups of IL18R1. LUSC, lung squamous cell carcinoma.






Figure 8 | IL18R1 was significantly associated with the levels of immune cells in LUSC. (A) T cells; (B) TFH; (C) Cytotoxic cells; (D) pDC; (E) CD8 T cells; (F) TReg; (G) aDC; (H) Th1 cells; (I) NK CD56dim cells. LUSC, lung squamous cell carcinoma.




Table 5 | IL18R1 was significantly associated with the levels of immune cells in LUSC.





Association between IL18R1 level and LUSC immune cell markers

The IL18R1 level were significantly associated the levels of cell markers CTLA4, CD8A, PDCD1, FOXP3, CD8B, KIR2DL4, STAT3, CD2, IL13, CD79A, STAT5A, CSF1R, HAVCR2, TNF, CD68, STAT4, IRF5, CD163, ITGAX, VSIG4, GZMB, CD1C, ITGAM, KIR3DL2, HLA-DRA, KIR2DL1, IFNG, HLA-DPB1, KIR3DL1, HLA-DQB1, LAG3, KIR2DL3, KIR2DS4, HLA-DPA1, CCR7, NRP1, MS4A4A, TBX21, PTGS2, STAT1, IL10, GATA3, CCL2, STAT6, CD86, IL21, CD19, CCR8, CD3E, STAT5B, CD3D, and CEACAM8 in LUSC (Figure 9 and Figure S4).




Figure 9 | IL18R1 was significantly associated with the levels of immune cell markers in LUSC. (A) CD3E; (B) ITGAM; (C) CD2; (D) CD86; (E) CCR7;(F) CD3D; (G) CSF1R; (H) CD8A; (I) CCL2. LUSC, lung squamous cell carcinoma.





IL18R1-related ceRNA network

The miRNAs bound upstream of IL18R1 in the ENCORI database were miR-27a-3p, miR-128-3p, miR-377-3p, miR-513a-5p, miR-27b-3p, miR-556-5p, miR-668-3p, and miR-3163. The data of LUSC patients revealed that miR-128-3p and miR-556-5p were the highly expressed in LUSC tissues and were negatively associated with the IL18R1 expression levels (Figure 10 and Figure S5).




Figure 10 | The expression levels of IL18R1-related miRNAs in LUSC. (A) miR-128-3p; (B) miR-27a-3p; (C) miR-27b-3p; (D) miR-377-3p; (E) miR-556-5p; (F) miR-668-3p; (G) miR-3163; (H) miR-513a-5p. LUSC, lung squamous cell carcinoma; **P < 0.01; ***P < 0.001; ns, no statistical significance.



The lncRNAs bound upstream of miR-556-5p in the ENCORI database were the AL365361.1, MIR29B2CHG, TRG-AS1, MMP25-AS1, and AL031595.3. The data of TCGA database revealed that AL365361.1, MIR29B2CHG, TRG-AS1, MMP25-AS1, and AL031595.3 were over-expressed in the LUSC tissues (Figure 11), negatively with the miR-556-5p expression level, and positively associated with the IL18R1 expression level (Figure 12). However, there was no significant difference between the AL365361.1, MIR29B2CHG, TRG-AS1, MMP25-AS1, and AL031595.3 expression levels and the DSS, OS, and PFI of LUSC patients.




Figure 11 | miR-556-5p-related lncRNA expression levels in LUSC. (A) AL031595.3; (B) MIR29B2CH; (C) AL365361.1; (D) MMP25-AS1; (E) TRG-AS1. LUSC, lung squamous cell carcinoma; **P < 0.01; ***P < 0.001.






Figure 12 | miR-556-5p and IL18R1 expression levels were associated with the AL031595.3, MIR29B2CH, AL365361.1, MMP25-AS1, and TRG-AS1 expression levels in LUSC. (A) miR-556-5p; (B) IL18R1. LUSC, lung squamous cell carcinoma.



There were 50 lncRNAs bound of miR-128-3p in the ENCORI database (Table S1). The TCGA database revealed that MIR29B2CHG, LINC01091, LINC01554, AC010261.2, LINC01184, HLA-F-AS1, MAGI2-AS3, AC016831.1, RBPMS-AS1, AC102945.2, AC091563.1, AC040970.1, AGAP11, AP001972.5, AC125807.2, RASSF8-AS1, LINC01550, AC110048.2, MIR497HG, CCDC144NL-AS1, ARHGAP27P1-BPTFP1-KPNA2P3, AC005332.7, AC124319.2, and AL121894.2 were significantly decreased in the LUSC tissues (Figure 13). The LINC01091, LINC01554, HLA-F-AS1, MAGI2-AS3, AC016831.1, RBPMS-AS1, AC091563.1, AC040970.1, MIR29B2CHG, AP001972.5, AC110048.2, and MIR497HG expression levels were associated with the miR-128-3p expression (Figure 14). Furthermore, the MIR29B2CHG, HLA-F-AS1, MAGI2-AS3, AC016831.1, RBPMS-AS1, AC091563.1, AC040970.1, AP001972.5, AC110048.2, and MIR497HG expression levels were positively associated with the IL18R1 expression level (Figure S6). The K-M survival studies demonstrated that decreased RBPMS-AS1, and AC091563.1 expression were related to short DSS or PFI in patients with LUSC, respectively (Figure S7), suggesting that IL18R1 competes with RBPMS-AS1 and AC091563.1 to bind miR-128-3p for participating in LUSC progression.




Figure 13 | miR-128-3p-related lncRNA expression levels in LUSC. (A) MIR29B2CHG; (B) LINC01091; (C) LINC01554; (D) AC010261.2; (E) LINC01184; (F) HLA-F-AS1; (G) MAGI2-AS3; (H) AC016831.1; (I) AC102945.2; (J) RBPMS-AS1; (K) AC091563.1; (L) AC040970.1; (M) AGAP11; (N)  AP001972.5; (O) AC125807.2; (P) RASSF8-AS1. LUSC, lung squamous cell carcinoma.






Figure 14 | miR-128-3p expression level was associated with the lncRNA expression level in LUSC. (A) AC016831.1; (B) AC040970.1; (C) AC091563.1; (D) AC110048.2; (E) AP001972.5; (F) HLA-F-AS1; (G) LINC01091; (H) LINC01554; (I) MAGI2-AS3; (J) MIR29B2CHG; (K)  MIR497HG; (L) RBPMS-AS1. LUSC, lung squamous cell carcinoma.






Discussion

Chemotherapy and immunotherapy of PD-1 can currently increase the chances of surgery in some patients with advanced LUSC for improving the prognosis of patients with LUSC. Studies have confirmed that gene expression changes were involved in the development of LUSC, in turn affecting LUSC progression (18–20). For example, Chen et al. found that PTBP3 was overexpressed in the LUSC tissues. The PTBP3 elevated expression level was associated with dismal prognosis in patients with LUSC. Inhibition of the PTBP3 expression level results in a decrease in the proliferative capacity of the LUSC cells, which could prevent cell cycle progression by downregulating the CDK2/cyclin A2 complex (18). The PCDHA3 expression level was significantly decreased in the LUSC cells. PCDHA3 overexpression reduced the ability of the cell proliferation, invasion, and migration of LUSC. PCHDA3 downregulates the expression of epithelial-mesenchymal transition biomarkers N-cadherin, fibronectin, and vimentin and increases the expression of E-cadherin and α-catenin (19). IL18R1 is a T cytotoxic cell surface marker associated with cancer progression and the immune microenvironment (6–10). Currently, the roles of IL18R1 in LUSC progression and immunity have not been reported. In the present study, we found that IL18R1 was significantly underexpressed in the LUSC tissues. IL18R1 had an AUC of 0.75 in the normal and LUSC tissues, indicating that the IL18R1 expression level plays a role in the diagnosis of LUSC. Survival studies and meta-analysis displayed that decreased IL18R1 level was significantly relevant to dismal prognosis in patients with LUSC. The decreased IL18R1 expression level was an independent risk factor for the OS and DSS in patients with LUSC. Preliminary evidence suggested that IL18R1 might become a prognostic biomarker for patients with LUSC.

In recent years, the ceRNA network is the cancer-related mechanism (21–24). For example, the lncRNA MIR205HG expression level was upregulated in LUSC. Inhibition of MIR205HG expression reduces cancer cell growth, migration, and epithelial-mesenchymal transition processes and promotes cancer cell apoptosis. The decreased MIR205HG expression level could bind to miR-299-3p and promote the upregulation of miR-299-3p expression level, thereby inhibiting the expression of MAP3K2. MIR205HG could accelerate LUSC cell proliferation and progression through the regulation of the miR-299-3p/MAP3K2 mechanism through a ceRNA network (22). The circPVT1 expression level is significantly enhanced in the LUSC tissues. Moreover, the elevated circPVT1 expression level is significantly relevant to shorter OS in patients with LUSC. circPVT1 enhanced the cell proliferation in LUSC and could inhibit the expression of miR-30d and miR-30e through a ceRNA network for promoting CCNF protein expression (24). The expression level of miR-128-3p bound of IL18R1 was significantly increased in the LUSC tissues, and negatively associated with the IL18R1 level. The AC091563.1 and RBPMS-AS1 bound of miR-128-3p expression levels were significantly decreased in the LUSC tissues. The AC091563.1 and RBPMS-AS1 expression levels were negatively relevant to the miR-128-3p expression level, and positively associated with the IL18R1 level. Decreased AC091563.1 level was associated with short DSS in patients with LUSC. Decreased AC091563.1 and RBPMS-AS1 expression levels were associated with short prognosis in patients with LUSC. Moreover, the RBPMS-AS1 and CAMTA1 expression levels were decreased in glioma tissues and cells. RBPMS-AS1 or CAMTA1 overexpression promoted radiosensitivity and cell apoptosis and inhibited cell proliferation in glioma. Furthermore, miR-301a-3p overexpression suppressed radiosensitivity and apoptosis and induced cell proliferation. RBPMS-AS1 or CAMTA1 overexpression could reverse the effects of miR-301a-3p overexpression on glioma cells. To promote cancer progression, RBPMS-AS1 acted as a ceRNA for miR-301a-3p and enhanced the CAMTA1 expression in glioma cells by sponging miR-301a-3p (25). In the cell model, IL18R1 overexpression could inhibit the proliferation, migration, and invasion and promote cell apoptosis of the LUSC cells. It was preliminarily suggested that RBPMS-AS1 competes with IL18R1 to bind miR-128-3p for participating in LUSC progression.

Immunotherapy was considered one of the means of cancer treatment, which could improve the prognosis of patients (26–28). IL18R1 is a T cytotoxic cell surface marker and one of the important molecules in the immune microenvironment (6). In our study, the IL18R1 expression level was significantly associated with the stromal, immune, and estimate scores, and immune cell levels in LUSC. The CD8 T cells, NK CD56dim cells, cytotoxic cells, and other immune cells had significant differences in the high-IL18R1 and low-IL18R1 groups. The IL18R1 expression level was associated with the immune cell markers PDCD1, CTLA4, CD8A, and other markers. Those results indicated that the IL18R1 expression level had a strong association with the LUSC immune microenvironment.

In this study, we discovered the roles of IL18R1 expression in LUSC progression and immunity via comprehensive analysis and basic research. Our study has the advantages of large tissue specimens and reliable results. However, more squamous samples were collected to identify the clinical values of IL18R1 and the association between IL18R1 expression and immunity, and the signaling pathways of elevated IL18R1 expression in LUSC progression in model cells need to be explored in the future. Overall, the IL18R1 level was significantly downregulated in the LUSC tissues. Decreased IL18R1 expression played a role in the diagnosis of LUSC and was an independent risk factor for dismal prognosis in LUSC. The IL18R1 level was associated with the LUSC immune microenvironment. AC091563.1 and RBPMS-AS1 could resist the LUSC cell growth and metastasis via the miR-128-3p/IL18R1 signaling pathway, indicating that IL18R1 is expected to be a biomarker for evaluating the dismal prognosis of patients with LUSC.
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LUSC, lung squamous cell carcinoma.
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LUSC, lung squamous cell carcinoma.
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