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Background: KIAA1199 has been considered a key regulator of carcinogenesis. However, the relationship between KIAA1199 and immune infiltrates, as well as its prognostic value in lung adenocarcinoma (LUAD) remains unclear.
Methods: The expression of KIAA1199 and its influence on tumor prognosis were analyzed using a series of databases, comprising TIMER, GEPIA, UALCAN, LCE, Prognoscan and Kaplan-Meier Plotter. Further, immunohistochemistry (IHC), western blot (WB) and receiver operating characteristic (ROC) curve analyses were performed to verify our findings. The cBioPortal was used to investigate the genomic alterations of KIAA1199. Prediction of candidate microRNA (miRNAs) and transcription factor (TF) targeting KIAA1199, as well as GO and KEGG analyses, were performed based on LinkedOmics. TIMER and TISIDB databases were used to explore the relationship between KIAA1199 and tumor immune infiltration.
Results: High expression of KIAA1199 was identified in LUAD and Lung squamous cell carcinoma (LUSC) patients. High expression of KIAA1199 indicated a worse prognosis in LUAD patients. The results of IHC and WB analyses showed that the expression level of KIAA1199 in tumor tissues was higher than that in adjacent tissues. GO and KEGG analyses indicated KIAA1199 was mainly involved in extracellular matrix (ECM)-receptor interaction and extracellular matrix structure constituent. KIAA1199 was positively correlated with infiltrating levels of CD4+ T cells, macrophages, neutrophil cells, dendritic cells, and showed positive relationship with immune marker subsets expression of a variety of immunosuppressive cells.
Conclusion: High expression of KIAA1199 predicts a poor prognosis of LUAD patients. KIAA1199 might exert its carcinogenic role in the tumor microenvironment via participating in the extracellular matrix formation and regulating the infiltration of immune cells in LUAD. The results indicate that KIAA1199 might be a novel biomarker for evaluating prognosis and immune cell infiltration in LUAD.
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INTRODUCTION
Lung cancer is one of the most common malignant tumors, and remains the leading cause of cancer-related deaths worldwide [1, 2]. Non-small cell lung cancer (NSCLC) accounts for 85% of all lung cancer cases. LUAD and LUSC are the two major histological subtypes in NSCLC [3]. Most patients with LUAD were diagnosed at the advanced stages due to late onset of clinical symptoms and inadequate screening methods, contributing to a low 5- year survival rate [1]. Treatments for LUAD usually include surgery, chemotherapy, molecular targeted therapy, immunotherapy and radiotherapy or combination therapy [4], of which advancements in targeted therapies and immunotherapies have achieved prominent success [5–7]. However, most patients will ultimately suffer disease progression and resistance to the first-line treatment regimen [8, 9]. The pathogenesis of LUAD is extremely complex, which is related to genetic mutations of cancer cells, changes in molecular characteristics, and interactions with tumor microenvironment [9–11]. Thus, novel and sensitive biomarkers for prognosis as well as immunotherapy targets for patients with LUAD are urgently needed.
KIAA1199, also known as cell migration inducing protein (CEMIP) or hyaluronan binding protein (HYBID), was reported to cause non-syndromic hearing loss and depolymerize hyaluronic acid (HA) [12, 13]. In recent years, well-documented studies have demonstrated that KIAA1199 plays a role in promoting malignant progression and predicts poor prognosis of cancer patients, including gastric cancer [14–16], pancreatic cancer [17], colorectal cancer [18, 19], prostate cancer [20, 21] and so on. Studies have shown that KIAA1199 can promote sorafenib tolerance and the metastasis of hepatocellular carcinoma [22], facilitate extracellular matrix-detached prostate cancer cell survival by inhibiting ferroptosis [23] and accelerate metastasis in other tumors [18–20]. In particular, recent studies indicate that KIAA1199 may show immune regulatory function to support malignant progression and metastasis through upregulation of CCL/CXCL cytokines for neutrophils recruitment [24, 25]. KIAA1199 expression is increased in NSCLC and closely related to invasion and migration of NSCLC cells [26, 27]. Nevertheless, biological functions and mechanisms of KIAA1199 in LUAD need to be further explored. Moreover, the relationship between KIAA1199 and tumor immune infiltration in LUAD has yet to be investigated.
In this study, public databases were used to perform a series of bioinformatics analyses to determine KIAA1199 expression and correlations between its expression and clinical outcomes in LUAD and LUSC patients. Regulatory network and genomic alterations of KIAA1199 were analyzed. Function and pathway enrichment analyses were performed to explore the biological function and underlying molecular mechanisms of KIAA1199 in LUAD. Additionally, the relationship between KIAA1199 expression and local immune cells in LUAD tumors was investigated. In a nutshell, our study will help to deepen the understanding of the intrinsic relationship and molecular mechanisms of KIAA1199 in LUAD.
MATERIALS AND METHODS
KIAA1199 Gene Expression Analysis in LUAD and LUSC
The differential expression of KIAA1199 between tumor tissues of LUAD and LUSC and their corresponding adjacent normal tissues was evaluated by the “Gene_DE Module” of TIMER2.0 and GEPIA databases. TIMER2.0 is a webserver (http://timer.cistrome.org/), which contains 10,897 samples of 32 cancer types from The Cancer Genome Atlas (TCGA) [28]. GEPIA (http://gepia.cancer-pku.cn/) is a web tool for cancer and normal gene-expression profiling and interactive analyses based on TCGA and The Genotype-Tissue Expression (GTEx) data [29].
KIAA1199 expression in different pathological stages (stage I ∼ IV), nodal metastasis stage and other clinical features of LUAD and LUSC was obtained based on UALCAN database. UALCAN database (http://ualcan.path.uab.edu) [30] is an interactive web portal for analysis of TCGA RNA-seq data and clinicopathological characteristics of the patients from different cancer types.
Survival Prognosis Analysis of KIAA1199 in LUAD and LUSC
The Kaplan–Meier plotter (https://kmplot.com/analysis/), which includes data from the Gene Expression Omnibus (GEO), TCGA and European Genome-phenome Atlas (EGA), is publicly available to assess the effect of various genes on patients survival of certain cancer types, including breast, ovarian, lung and gastric cancer [31]. PrognoScan (http://dna00.bio.kyutech.ac.jp/PrognoScan/index.html) is capable of assessing the prognostic value of genes by meta analyzing a large collection of published cancer microarray data [32]. The Kaplan–Meier plotter database and PrognoScan were used to analyze the correlations between KIAA1199 expression and patient survival in LUAD and LUSC. The hazard ratio (HR) with 95% confidence interval (95% CI) and logarithmic rank p-value (p < 0.05 is considered to be significant) were calculated.
Lung Cancer Explorer (LCE) database (http://lce.biohpc.swmed.edu/lungcancer/) [33] is a lung cancer-specific database housing expression data and clinical data. Based on the meta-analysis module in LCE database, we validated the prognostic role as well as the expression level of KIAA1199 in LUAD and LUSC. The association in each dataset was evaluated by Cox hazard models. Hazard ratios (HRs) and log-rank p-values were calculated.
Genetic Alteration Analysis of KIAA1199 in LUAD
We analyzed the alteration frequency of KIAA1199 in LUAD based on data from “MSKCC 2020, MSKCC 2021, MSK 2021, Nat Genet 2020 and TCGA,” then summarized mutated site information of the KIAA1199 gene. The information based on the “Cancer Type Summary” and “Mutations” modes was obtained from the cBioPortal database (https://www.cbioportal.org), which is a comprehensive network resource that has been used to analyze the information on genetic alterations in various cancer genomic datasets [34].
Function and Pathway Enrichment Analysis of KIAA1199 in LUAD
LinkedOmics (http://linkedomics.org/login.php) [35] is a web platform which contains multiple sets of data from 32 types of cancer within the TCGA. The LinkFinder module was used to identify genes co-expressed with KIAA1199. The correlation was tested by the Pearson test. GO analyses, including CC (cellular component), BP (biological process), MF (molecular function), KEGG pathway, miRNA targets, and TFs (transcription factors), were performed through the LinkInterpreter module.
The Analysis of the Relationship Between KIAA1199 and Immunity in LUAD
TISIDB (http://cis.hku.hk/TISIDB/) [36] is a comprehensive database for conducting tumor and immune system interaction analysis that integrates multiple types of high-throughput data. The correlations among KIAA1199 expression and tumor-infiltrating lymphocytes (TILs), chemokines as well as chemokine receptors of LUAD were comprehensively investigated through TISIDB.
TIMER (https://cistrome.shinyapps.io/timer/) [28] is a comprehensive resource which allows to evaluate the abundance of the tumor infiltrates immune cells (TIICs) and to analyze the infiltration of immune cells in tumor tissues. The correlations among KIAA1199 expression and tumor purity as well as the abundance of six types of TIICs including B cells, CD4+ T cells, CD8+ T cells, neutrophils, macrophages and dendritic cells were investigated in LUAD using the gene module of TIMER. The Spearman method was used to determine the correlation coefficient.
Patient Samples Collection and Examination
Seventy-two pairs of paraffin‐embedded tissues of LUAD and their matched tumor-adjacent tissues and 12 pairs of fresh LUAD tissues were obtained from the Affiliated Tumor Hospital of Guangxi Medical University. This study was approved by Ethic Committee of Guangxi Medical University (No.029, 2018) in accordance with the principles of the Declaration of Helsinki [37].
The expression of KIAA1199 in 12 pairs of fresh LUAD tumor tissues and their matched tumor-adjacent tissue was detected by WB. The procedure of WB assay followed the description in our previous report [38, 39]. The primary antibodies against KIAA1199 (1:800, Proteintech, China), β-Actin (1:2,000, ProteinTech, China) and secondary antibody, anti-rabbit IgG (DyLight™ 800 4X PEG Conjugate, CST, US) were used in this study. Protein bands signals were detected and visualized through infrared fluorescence imaging system Odyssey (LI-COR, United States), and analyzed by ImageJ Plus software.
The expression of KIAA1199 in seventy-two pairs of paraffin‐embedded tissues of LUAD patients and their matched tumor-adjacent tissues was detected by IHC, conducted following the procedure described below. The sections from paraffin‐embedded tissues were collected and dewaxed with xylene, hydrated with a gradient of ethyl alcohol. Antigen retrieval was performed in 0.01 M sodium citrate (pH 6) for 5 min with 115°C and high pressure (∼70 kPa). Then the sections were slowly cooled to room temperature. Samples were blocked with 3% hydrogen peroxide for 15 min and 5% BSA for 30 min at room temperature, and then probed overnight at 4°C with primary antibody: KIAA1199/CEMIP (21129-1-AP, Proteintech, 1:200), then recovered at 37°C for 1 h. After washing, the slides were incubated with the biotin-labeled goat anti-mouse/rabbit IgG and horseradish peroxidase-labeled streptomyces ovalbumin working solution (ZSGB-BIO, Beijing, China) for 15 min at room temperature, respectively. DAB Substrate Kit (ZSGB-BIO, Beijing, China) were used for staining in this study. All images were evaluated under optical microscopy at ×200 magnification. Four representative fields separated over the tumor tissue were randomly selected for quantitative analysis of histological staining using ImageJ Plus.
Statistical Analysis
Statistical analysis carried out by online tools was automatically calculated and the p-value, or log rank p-value, or nominal p-value < 0.05 was considered as statistically significant. SPSS 20.0 (Chicago, IL, United States) and GraphPad Prism 8 software (La Jolla, CA, United States) were applied to the following statistical analyses. Non-paired Student’s t test was used to analyze the expression differences between 72 pairs of paraffin-embedded LUAD tissues and matched adjacent tissues, and between groups with and without metastasis. Non-parametric test was used for 12 pairs of fresh LUAD tissues. The relationships between 72 LUAD patients’ survival time and KIAA1199 protein expression as well as patients’ clinicopathologic factors were analyzed by Non-paired Student’s t test. The prognostic value was determined by multivariate Cox regression analysis. The cutoff value of KIAA1199 expression was selected by ROC curve and Youden’s index.
RESULTS
The KIAA1199 Expression Level in LUAD and LUSC
The expression of KIAA1199 mRNA in pan-cancer was assessed by using TIMER and GEPIA databases. As shown in Figure 1A, based on TIMER database, the KIAA1199 mRNA expression was significantly up-regulated in 15 cancers compared with their matched normal tissues, such as breast invasive carcinoma (BRCA), colon adenocarcinoma (COAD), pancreatic adenocarcinoma (PAAD), stomach adenocarcinoma (STAD), and so on. The KIAA1199 mRNA expression was also significantly increased in LUAD and LUSC tissues, which was consistent with the results of GEPIA database (Figures 1B,C). Results from LCE database confirmed that KIAA1199 was overexpressed in LUAD and LUSC tissues (Figures 1D,E). Furthermore, we explored the relationships between expression of KIAA1199 and clinicopathological features of LUAD and LUSC samples based on UALCAN database. The expression level of KIAA1199 in LUAD and LUSC samples showed significant differences compared to normal tissues. However, there was no significant difference in the expression level of KIAA1199 between groups based on different stages (Figures 2A,B) and lymph node metastasis (Figures 2C,D)). The results proclaimed that KIAA1199 was overexpressed in LUAD and LUSC tissues, while the relationships between expression of KIAA1199 and clinicopathological features of LUAD and LUSC samples may need larger sample size to confirm.
[image: Figure 1]FIGURE 1 | The expression level of KIAA1199 in different cancers. (A) The KIAA1199 expression level in various cancer tissues and their corresponding normal tissues were analyzed using the TIMER database. (B,C) The comparisons of RNA-seq expression levels in LUAD tissue (n = 483), LUSC tissue (n = 486) and normal control tissue (n = 59 for LUAD and n = 50 for LUSC). (D,E) The meta-analysis result of KIAA1199 mRNA expression in LUAD and LUSC based on LCE database. *p < 0.05; **p < 0.01; ***p < 0.001.
[image: Figure 2]FIGURE 2 | The correlations among the expression level of KIAA1199 and cancer stages and nodal metastasis status in LUAD and LUSC in UALCAN database. Expression levels of KIAA1199 in (A) LUAD and (B) LUSC based on different cancer stages. Expression levels of KIAA1199 in (C) LUAD and (D) LUSC based on individual cancer stages nodal metastasis status. *p < 0.05; **p < 0.01; ***p < 0.001.
The Potential Effect of KIAA1199 on Survival Outcomes of LUAD and LUSC
Impact of KIAA1199 on lung cancer patient survival was investigated through the PrognoScan database. The patients were divided into two groups according to the expression level of KIAA1199: a low KIAA1199 group and a high KIAA1199 group. The results showed that high expression of KIAA1199 was correlated with relatively poor prognosis for overall survival (OS) and relapse-free survival (RFS) in LUAD (Jacob-00182-MSK: OS, HR = 1.41, p = 0.017; GSE13213: OS, HR = 1.30, p = 0.006; GSE31210: RFS, HR = 1.35, p = 0.03) (Figures 3A–C), while no significant correlation was displayed between patients’ OS, RFS and the expression level of KIAA1199 in LUSC (Figures 3D–F).
[image: Figure 3]FIGURE 3 | The prognostic role assessment of KIAA1199 for LUAD and LUSC based on Prognoscan and Kaplan-Meier plotter database. Survival curves of (A,B) OS (overall survival) in LUAD cohort (Jacob-00182-MSK, n = 104; GSE13213, n = 117). (C) RFS (relapse-free survival) in LUAD cohort (GSE31210, n = 204). (D,E) OS in LUSC cohort (GSE4573, n = 129; GSE17710, n = 56). (F) RFS in LUSC cohort (GSE17710, n = 56). (G–I) OS, FP (first progression) and PPS (post-progression survival) in LUAD patients (n = 672; n = 443; n = 115). (J–L) OS, FP and PPS in LUSC patients (n = 271; n = 271; n = 20).
Kaplan-Meier plotter database was also used to evaluate the prognostic value of KIAA1199. The Kaplan-Meier (KM) survival curves demonstrated that higher expression of KIAA1199 was greatly associated with worse OS and first progression (FP) rate of LUAD patients (Figures 3G,H). While no significant correlation was observed among the expression level of KIAA1199 and LUSC patients’ OS, FP, Post-progression survival (PPS) (Figures 3J–L) as well as LUAD patients’ PPS (Figure 3I). Based on LCE database, the results of survival meta-analyses indicated the prognostic role of KIAA1199 in LUAD rather than LUSC (Figures 4A,B). These results showed that KIAA1199 might be accurate for determining the prognosis of LUAD patients.
[image: Figure 4]FIGURE 4 | Validation for the prognostic role of KIAA1199 in LUAD and LUSC by the LCE database. The forest plot presented the results of survival meta-analyses of (A) LUAD patients. (B) LUSC patients. TE, estimate of treatment effect; seTE, standard error of treatment estimate; HR, hazard ratio; CI, confidence interval.
Experimental Verification of the KIAA1199 Expression Level in LUAD
In order to confirm the prognostic role of KIAA1199 in LUAD, 72 pairs of LUAD tumor tissues and para-cancerous non-tumor tissues and 12 pairs of fresh LUAD tissues were used for experimental validation at the protein level by IHC and WB, respectively. The results showed that KIAA1199 protein expression was significantly elevated in LUAD tissues compared with normal lung tissues (Figures 5A,B,D,E). In order to evaluate the association between clinicopathologic factors and patients’ outcomes, we conducted Univariate Kaplan-Meier survival analysis of OS for 72 patients with LUAD. As shown in Table 1, lymph node metastasis (31.07 ± 15.021 vs. 43.16 ± 15.539, p < 0.05) and high stage (31.00 ± 18.199 vs. 41.29 ± 13.805, p < 0.05) were associated with a significant poor OS as well as patients with KIAA1199 protein overexpression (36.48 ± 15.351 vs. 45.79 ± 15.982, p < 0.05). LUAD patients with metastasis also presented higher KIAA1199 expression than those without metastasis (Figure 5C). A multivariate Cox regression model analysis showed that lymph node metastasis was an independent factor of NSCLC prognosis (Supplementary Table S1). ROC curve analysis was conducted to evaluate the diagnostic value of KIAA1199, and the area under the curve (AUC) was 0.7710, which indicated that the high expression of KIAA1199 in LUAD showed preferable ability of discriminating LUAD from non-cancer lung samples (Figure 5F).
[image: Figure 5]FIGURE 5 | Experimental verification of the KIAA1199 expression in LUAD. (A) The representative immunohistochemical (IHC) images of KIAA1199 in LUAD clinical samples and their adjacent normal lung tissue (n = 72). (B) The staining intensity of KIAA1199. (C) The staining intensity of KIAA1199 for LUAD patients with or without metastasis. (D,E) The KIAA1199 protein expression level in 12 pairs of LUAD tumor tissues and adjacent normal lung tissues (T, tumor tissues; N, adjacent normal lung tissues) was displayed by bar chart. (F) Receiver operating characteristic (ROC) curve of KIAA1199 expression in 72 pairs of LUAD tumor tissues and adjacent normal lung tissues. Magnification ×200. *p < 0.05; **p < 0.01; ***p < 0.001.
TABLE 1 | Univariate Kaplan-Meier survival analysis of overall survival in 72 patients with LUAD.
[image: Table 1]Genomic Mutation of KIAA1199 in LUAD
Genetic variations of KIAA1199 in LUAD patients were analyzed based on the cBioPortal database. The ratio of KIAA1199 mutation, amplification, and deep deletion was 1.3%. Mutation was the main genetic alteration of KIAA1199 in LUAD (Figures 6A,D). In addition, the types and sites of KIAA1199 mutation in LUAD were further explored. As shown in Figures 6B,C, missense mutation of KIAA1199 resulted in the amino acid changes, because glutamic acid (E) 848 was replaced by lysine (K), proline (P) 941 was replaced by serine (S), glycine (G) 1245 was replaced by serine (S) or glutamic acid (E) 306 was replaced by glutamine (Q). Splice was found and contributed to protein change in LUAD, which presented as X1205_splice. These results indicated that genetic alterations of KIAA1199 could be found in LUAD.
[image: Figure 6]FIGURE 6 | Mutation status view of KIAA1199 in LUAD. (A) OncoPrint of genomic alterations in KIAA1199 across a sample set. (B,C) Mutation sites of KIAA1199 in LUAD. (D) Genetic alteration frequency of KIAA1199 in LUAD studies.
MiRNA and TFs Targets Related to KIAA1199 in LUAD
To further identify the molecular targets of KIAA1199 in LUAD, miRNAs and TFs enrichment of KIAA1199 were analyzed using the LinkedOmics database (Table 2). The top 5 most correlated miRNAs were (TTTGCAC) miR-19A, miR-19B (NES: 1.8495), (TTGCACT) miR-130A, miR-301, miR-130B (NES: 1.8407), (ACCAAAG) miR-9 (NES: 1.8224), (TAATAAT) miR-126 (NES: 1.7949), (CTCCAAG) miR-432 (NES: 1.7869). The top 5 most correlated TFs included V$SRF_C (NES: 1.98), V$RP58_01 (NES: 1.9686), V$SRF_Q6 (NES: 1.9369), V$SRF_Q5_01 (NES: 1.9309), V$FREAC4_01 (NES: 1.8938). These miRNAs and TFs might be involved in the regulation of transcription and expression of KIAA199.
TABLE 2 | The miRNA- and transcription factor-target networks highly associated with KIAA1199 in LUAD.
[image: Table 2]Function and Pathway Enrichment Analysis of KIAA1199 in LUAD
In order to identify the potential biological roles and molecular mechanisms of KIAA1199 in LUAD, the gene co-expression network with KIAA1199 was investigated through the function module of LinkedOmics. Volcano plots showed that 3343 genes (dark red dots) were positively correlated with KIAA1199, while 2672 genes (dark green dots) were negatively correlated with KIAA1199 (Figure 7A). The heat map showed the top 50 significant genes that are positively and negatively related with KIAA1199 in LUAD, respectively. (Figures 7B,C).
[image: Figure 7]FIGURE 7 | KIAA1199 co-expression genes in LUAD were identified using LinkedOmics database. (A) The Volcano Plot showed genes highly correlated with KIAA1199 in LUAD. Heat maps showed top 50 genes (B) positively and (C) negatively associated with KIAA1199 in LUAD, respectively.
To further uncover the potential role of KIAA1199 in LUAD, GO and KEGG analyses in TCGA dataset based on genes related to KIAA1199 were performed. The GO analysis showed that KIAA1199 co-expression genes were mainly localized in extracellular matrix and involved in extracellular matrix structure constituent collagen, growth factor and cytokine binding (Figures 8A,B). KIAA1199-related biological processes included collagen metabolic process, angiogenesis, cell-substrate adhesion and so on (Figure 8C). In addition, KEGG pathway annotation revealed that ECM-receptor interaction, focal adhesion, microRNAs in cancer, proteoglycans in cancer, PI3K-AKT signaling pathway were significant enriched pathways (Figure 8D).
[image: Figure 8]FIGURE 8 | The enriched GO annotations and KEGG pathways analysis of KIAA1199 in LUAD from the LinkedOmics database. (A) GO biological process. (B) GO molecular function. (C) GO cellular components. (D) KEGG pathway. Dark blue and orange indicate FDR ≤0.05, light blue and orange indicate FDR >0.05.
Associations Between KIAA1199 Expression and Immunological Status in LUAD Based on TIMER and TISIDB Databases
The immune infiltration state in tumor microenvironment (TME) can affect patient prognosis, which is independent predictor for the outcome of immunotherapy and OS in LUAD patients. The relationship between KIAA1199 expression and the immune infiltration levels in LUAD was further evaluated using the TIMER database. The results indicated that KIAA1199 expression had a significant positive correlation with the infiltration levels of CD4+ T cells, macrophages, neutrophil cells, and dendritic cells in LUAD (Figure 9A), and the correlation with neutrophil cells was the strongest (cor = 0.212, p = 2.55e-06). KIAA1199 expression showed a significant positive relationship with CD11b (p = 4.11e-06), a gene marker of neutrophil cells (Supplementary Table S2). While the KIAA1199 level was significantly negatively correlated with tumor purity, which indicated that the tumor microenvironment may be a source of KIAA1199 expression. A comparison of the immune infiltration levels between LUAD with different somatic copy number variations (SCNVs) for KIAA1199 was performed. The SCNVs of KIAA1199 were significantly positively related to the infiltration of CD4+ T cells, B cells, neutrophils, macrophages, and dendritic cell (Figure 9B).
[image: Figure 9]FIGURE 9 | Association between KIAA1199 and the immune cells infiltration in LUAD based on the TIMER analysis. (A) The correlation between the KIAA1199 expression level and tumor purity, and the recruitments of macrophages, neutrophils, dendritic cells, CD4 + T cells, CD8 + T cells, and B cells in LUAD tissues. (B) The association of KIAA1199 copy number variation (CNV) with the B cells, CD8 + T cells, CD4 + T cells, macrophages, neutrophils, and dendritic cells in LUAD. *p < 0.05; **p < 0.01; ***p < 0.001.
Then, to validate the relationship between KIAA1199 expression and immune cell infiltration, we further investigated the correlations among KIAA1199 expression and TILs, multiple chemokines and chemokine receptors in LUAD patients using the TISIDB database. As shown in Figures 10A,B, KIAA1199 expression was positively correlated with the abundance of these types of TILs in LUAD, such as memory B cells (Mem B, rho = 0.275, p < 0.001), Central Memory CD8+ T cells (Tcm_CD8, rho = 0.225, p < 0.001), type 2 T helper cells (Th2, rho = 0.264, p < 0.001), Regulatory T cells (Treg, rho = 0.217, p < 0.001). The correlations among KIAA1199 expression and chemokines and their receptors were analyzed. A significant correlation was also observed among KIAA1199 and most of the chemokines and their receptors. The expression of KIAA1199 was positively correlated with the main chemokines such as CXCL12, CCL21, CXCL8, CXCL5 and the main chemokine receptors including CCR8, CCR4, CXCR1 and CXCR2 (Figures 10C–F). In summary, our results indicated that KIAA1199 might play a crucial role in tumor microenvironment immunoregulation in LUAD.
[image: Figure 10]FIGURE 10 | The correlations among KIAA1199 and tumor-infiltrating lymphocytes (TILs), chemokines and chemokine receptors in TISIDB database. Correlation of KIAA1199 expression with (A,B) 28 types of TILs; (C,D) chemokines; (E,F) chemokine receptors in LUAD.
Correlation Analysis Between Expression Level of KIAA1199 and Immune Cell Markers
Moreover, the correlation between KIAA1199 expression and the status of different immunosuppressive cells based on gene expression levels of immune cell markers was explored via the TIMER in LUAD. These immune marker genes included those for Th2, Treg, Tumor-associated macrophages (TAM), M2 macrophage, Myeloid-derived suppressor cell (MDSC), cancer-associated fibroblast (CAF), and T-cell exhaustion. The correlation adjustment in respect to purity or none was done in TIMER. Interestingly, KIAA1199 expression showed a positive correlation with expression of most markers of immunosuppressive cells, including TAM (CCL2, CD68 and IL10), M2 macrophage (CD163, VSIG4, and MS4A4A), Th2 (GATA3 and STAT5A), Treg (FOXP3, CCR8, STAT5B and TGFβ), T-cell exhaustion (CTLA-4 and TIM-3), MDSC (CD11b, CD39, CD31 and CD34), CAF (α-SMA, FAP, CD90 and MFAP5) (Table 3). In summary, the KIAA1199 expression was positively correlated with particular immunosuppressive cells. These results further indicated that KIAA1199 might participate in the recruitment of immunosuppressive cells to LUAD, leading to tumor progression and dismal patient prognosis.
TABLE 3 | Correlation analysis between KIAA1199 and related genes of immunosuppressive cells markers in TIMER.
[image: Table 3]DISCUSSION
Although some progresses have been made in exploring molecular targeted therapy and immunotherapy in lung cancer in recent years, the total survival time of patients is still less than 5 years due to high heterogeneity and lethality of lung cancer [5, 40]. KIAA1199 was initially identified as one of human novel large (>4 Kb) cDNAs in the Human Unidentified Gene-Encoded (HUGE) protein database [41]. Recently, several studies have indicated that KIAA1199 contributes to proliferation, adhesion, invasiveness and migration, drug resistance and poor prognosis of various carcinomas, including NSCLC [42–45]. However, a systematic analysis of KIAA1199 expression and its potential influence on clinical efficacy, biological significance and tumor immune microenvironment changes in NSCLC has not been performed yet. In this study, we performed an integrated analysis of KIAA1199 in NSCLC by using bioinformatics approaches and a variety of online analysis tools. Our results showed that KIAA1199 expression was significant higher in both LUAD and LUSC than that in normal lung tissues. Moreover, KIAA1199 may act as a promising biomarker for predicting prognosis in LUAD patients.
In our study, KIAA1199 gene alterations were found in LUAD, such as copy number amplification and missense mutation. Differentially mutated genes are considered as candidate cancer “driver” genes, and certain somatically mutated genes took part in tumor initiation and progression [46]. For example, EGFR activating mutations as in frame deletions in exon 19 or the Leu858Arg (L858R) point mutation in exon 21 are related with the therapeutic effect of first generation quinazoline reversible EGFR tyrosine kinase inhibitors (TKIs) in NSCLC patients. KIAA1199 mutation in the GG domain was reported to cause hearing loss due to the folding change of protein structure [13], meanwhile its carcinogenic effect was thought to be related to the overexpression of KIAA1199 [17, 20], suggesting that KIAA1199 gene copy number amplification is responsible for the malignant progression of LUAD. However, whether other gene alteration types, such as missense mutations, are involved in the malignant progression of LUAD is still unknown and needs to be further investigated.
MiRNAs are known to play important roles in many cellular biology activities such as cell death, regeneration, differentiation and gene expression. MiRNAs can act as tumor suppressor miRNAs to silence gene expression through binding to complementary sequences in the 3′ untranslated region (UTR) of their target mRNAs [47, 48], or act as oncomiRs to stimulate gene expression by specifically binding to 5 ′ -UTR of mRNA [49] in cancers. In most of the studies, miRNA usually functions as a tumor suppressor by reducing the protein expression of KIAA1199 to inhibit tumor progression [14, 50]. For example, miR-4677-3p directly bound to the 3′UTR region of KIAA1199 and inhibited its expression [14]. In our study, miR-19A, miR-19B, miR-130 family (miR-130b, miR-301a, and miR-301b) and miR-432 were positively correlated with the KIAA1199 expression level, which might be involved in oncogenic role of KIAA1199 in LUAD as oncomiRs to contribute to cancer progression [51–54]. Based on the LinkedOmics database analysis for KIAA1199-related TFs targets, strong association between the expression level of serum response factor (SRF) and KIAA1199 was found in LUAD. SRF has been shown to play a critical role in the promotion of oncogenesis and metastasis in various cancers [55–57], which indicate that SRF may participate in oncogenic role of KIAA1199 in the malignant progression of LUAD.
Cancer cells have a close interaction with the TME, which consists of ECM (comprising collagen, integrins, fibronectin and so on), stromal cells (such as CAFs), various infiltrating immune cells (comprising T and B lymphocytes, NK cells, and TAM and so on) and blood vessels [58]. Cancer cells can functionally shape their microenvironment through the secretion of various cytokines, chemokines, and other factors, leading to a reprogramming of the surrounding cells for example stromal cells or immune cells, enabling them to play a determinative role in tumor survival and progression [59]. In our study, the results of GO and KEGG pathway analyses showed that KIAA1199-related genes were predominantly enriched in the ECM-receptor interaction, and mostly involved in extracellular matrix structure constituent, collagen binding and metabolic process, growth factor and cytokine binding and so on. Consistently, KIAA1199 is a protein with hyaluronidase activity and is highly essential in the depolymerisation of hyaluronic acid (HA) to low-molecular-weight HA (LMW-HA) [12, 60]. As a primary component in ECM, HA or LMW-HA can be recognized by various types of cells including cancer cells through HA receptors (such as CD44, RHAMM, etc), thereby playing pivotal roles in many biological processes such as tumor invasion, proliferation, and inflammation [61]. Moreover, it has been reported that the expression of KIAA1199 was correlated with the production of type I collagen [62]. Type I collagen is frequently upregulated during tumorigenesis. By binding to its receptors on tumor cells, Type I collagen can promote tumor cell proliferation, epithelial-mesenchymal transition and metastasis, as well as regulate the efficacy of chemotherapy, radiotherapy and immunotherapy [63]. Therefore, consistent with these reports, our findings suggest that KIAA1199 may be involved in shaping a tumor-friendly TME, thereby accelerating cancer progression and deteriorating prognosis in LUAD patients.
In the present study, positive correlations among KIAA1199 expression and immune cell infiltration (particularly Mem B, Tcm_CD8, Th2, and Treg), immunosuppressive cell infiltration (TAMs, M2 macrophage, Th2, Treg, T-cell exhaustion, MDSCs and CAFs) were observed. Accumulation of evidence has documented that infiltration of these immunosuppressive cells in TME is associated with LUAD patients’ outcome. For instance, the infiltration of CAFs and M2 macrophages induces cancer progression [54, 64, 65]. Thus, our data suggest that as major producers of ECM and paracrine signals, CAFs are involved in the function of KIAA1199 in promoting cancer progression. However, whether CAFs-facilitated oncogenic role of KIAA1199 is related to ECM-receptor interaction or collagen binding and metabolic process still needs further exploration. It’s known that different immune cell subsets can be recruited into TME via interactions between chemokines and chemokine receptors, and affect tumor progression and therapeutic outcome [66]. Chemokines (CXCL12 [67], CXCL8 [68], CXCL5 [69]) and chemokine receptors (CXCR1/2 [70], CCR4 [71, 72], CCR8 [73]) are well-known to deeply participate in the tumor development and progression in various cancers, including LUAD [74]. In the present study, we found that the expression of KIAA1199 was correlated with the levels of many chemokines (CXCL12, CXCL8, CXCL5) and chemokine receptors (CXCR1/2, CXCR4, CCR8) in LUAD. Our results indicate that KIAA1199 may serve as a potential biomarker for evaluating the status of tumor immunity in LUAD.
CONCLUSION
In conclusion, KIAA1199 has prognostic value in predicting unfavorable prognosis in LUAD. KIAA1199 has a close relationship with TME and might exert its oncogenic roles mainly through participating in the ECM formation, inducing immunosuppressive cell infiltration, as well as increasing chemokines and chemokine receptors levels. Thus, KIAA1199 may serve as a potential prognostic marker and a pivotal oncogene to promote tumor progression in LUAD.
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