

[image: Multi-omics analysis of N6-methyladenosine reader IGF2BP3 as a promising biomarker in pan-cancer]
Multi-omics analysis of N6-methyladenosine reader IGF2BP3 as a promising biomarker in pan-cancer





ORIGINAL RESEARCH

published: 25 January 2023

doi: 10.3389/fimmu.2023.1071675

[image: image2]


Multi-omics analysis of N6-methyladenosine reader IGF2BP3 as a promising biomarker in pan-cancer


Pin Chen 1†, Jing Xu 2†, Zihan Cui 3,4†, Silin Wu 1, Tao Xie 1,5* and Xiaobiao Zhang 1,5,6*


1 Department of Neurosurgery, Zhongshan Hospital, Fudan University, Shanghai, China, 2 Department of Endocrinology and Metabolism, Zhongshan Hospital, Fudan University, Shanghai, China, 3 Department of Thoracic Surgery, The First Affiliated Hospital of Soochow University, Medical College of Soochow University, Suzhou, China, 4 Institute of Thoracic Surgery, The First Affiliated Hospital of Soochow University, Suzhou, China, 5 Cancer Center, Shanghai Zhongshan Hospital, Fudan University, Shanghai, China, 6 Digital Medical Research Center, Fudan University, Shanghai, China




Edited by: 

Gaurisankar Sa, Bose Institute, India

Reviewed by: 

Chih-Lung Wu, National Tsing Hua University, Taiwan

Caterina Mancarella, Istituto Ortopedico Rizzoli (IRCCS), Italy

*Correspondence: 

Tao Xie
 xietao899@163.com  

Xiaobiao Zhang
 xiaobiao_zhang@163.com


†These authors have contributed equally to this work


Specialty section: 
 This article was submitted to Cancer Immunity and Immunotherapy, a section of the journal Frontiers in Immunology


Received: 16 October 2022

Accepted: 11 January 2023

Published: 25 January 2023

Citation:
Chen P, Xu J, Cui Z, Wu S, Xie T and Zhang X (2023) Multi-omics analysis of N6-methyladenosine reader IGF2BP3 as a promising biomarker in pan-cancer. Front. Immunol. 14:1071675. doi: 10.3389/fimmu.2023.1071675




Background

Insulin-like growth factor 2 mRNA-binding protein 3 (IGF2BP3) has been reported to exhibit an oncogenic effect as an RNA-binding protein (RBP) by promoting tumor cell proliferation, migration and invasion in several tumor types. However, a pan-cancer analysis of IGF2BP3 is not currently available, and the exact roles of IGF2BP3 in prognosis and immunology in cancer patients remain enigmatic. The main aim of this study was to provide visualization of the systemic prognostic landscape of IGF2BP3 in pan-cancer and to uncover the potential relationship between IGF2BP3 expression in the tumor microenvironment and immune infiltration profile.



Methods

Raw data on IGF2BP3 expression were obtained from GTEx, CCLE, TCGA, and HPA data portals. We have investigated the expression patterns, diagnostic and prognostic significance, mutation landscapes, functional analysis, and functional states of IGF2BP3 utilizing multiple databases, including HPA, TISIDB, cBioPortal, GeneMANIA, GESA, and CancerSEA. Moreover, the relationship of IGF2BP3 expression with immune infiltrates, TMB, MSI and immune-related genes was evaluated in pan-cancer. IGF2BP3 with drug sensitivity analysis was performed from the CellMiner database. Furthermore, the expression of IGF2BP3 in different grades of glioma was detected by immunohistochemical staining and western blot.



Results

We found that IGF2BP3 was ubiquitously highly expressed in pan-cancer and significantly correlated with diagnosis, prognosis, TMB, MSI, and drug sensitivity in various types of cancer. Besides, IGF2BP3 was involved in many cancer pathways and varied in different immune and molecular subtypes of cancers. Additionally, IGF2BP3 is critically associated with genetic markers of immunomodulators in various cancers. Finally, we validated that IGF2BP3 protein expression was significantly higher in glioma than in normal tissue, especially in GBM.



Conclusions

IGF2BP3 may be a potential molecular biomarker for diagnosis and prognosis in pan-cancer, especially for glioma. It could become a novel therapeutic target for various cancers.
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Introduction

The N6 adenosine methylation (m6A) is methylated at the N6 site of adenosine and thought to be a dynamic modification of mRNA in mammalian cells (1–3). Distinct from DNA methylation and histone modification is playing a role at the transcriptional level, the m6A modification functions at a post-transcriptional level. Specifically, the m6A modifications achieve the control of the target gene expression through the coordination of 3 classes of regulators, including m6A methyltransferases (‘writers’), m6A modified binding proteins (‘readers’), and m6A demethylase (‘erasers’) (4). In mammals, the m6A ‘writer’ complex mainly contains methyltransferase-like protein 3 (METTL3), methyltransferase-like 14 (METTL14), Wilms-tumour associated protein (WTAP), which catalyzes the m6A modification of adenosine on RNA. Conversely, the m6A erasers mainly consists of fat mass, obesity-associated protein (FTO) and AlkB homolog 5 (ALKBH5) demethylases, which are responsible for removing the m6A marks selectively. Therefore, the m6A modification process is highly dynamic and reversible. The m6A ‘readers’ proteins (such as YTH, IGF2BP, and HNRNP families) are preferentially bind to the m6A-modified mRNA (also called the RNA Binding Proteins, RBPs) and regulate RNA metabolism by serving as readers. Among various readers, the Insulin-like growth factor 2 mRNA-binding proteins (IGF2BPs) including IGF2BP1/2/3 was first identified in 2018. As an essential m6A reader, the stability of target mRNA can be enhanced by modification of m6A (5, 6).

IGF2BP3, a member belonging to the conserved IGF2BP family is highly expressed during both embryogenesis and carcinogenesis and lowly expressed in tissues of healthy adults (7, 8). IGF2BP3 has demonstrated to the malignant transformation of tumor. It includes proliferation, invasion, migration, and drug resistance (9–15). Besides its role as a newly reported m6A reader, IGF2BP3 has also been well-proven to function in cancer metabolism, immunity, angiogenesis, stemness, and differentiation (16–21). Specifically, previous evidence has indicated that IGF2BP3 plays a crucial role in human cancer development, such as breast cancer (10, 22), mesothelioma (11), colon cancer (15, 19), lung cancer (18), melanoma (13), nasopharyngeal carcinoma (NPC) (14), and hepatocellular carcinoma (HCC) (20). Nevertheless, there is still a lack of comprehensive and systematic studies assessing the impact of IGF2BP3 on multiple cancer types.

Recently, pan-cancer analysis of tumorigenesis and progression has become a research focus. Therefore, it is of importance to further investigate the oncogene profile using a pan-cancer strategy. However, there are still no relevant articles on IGF2BP3 and pan-cancer. Here, we performed comprehensive research on the roles of IGF2BP3 in human pan-cancer. Our findings showed that IGF2BP3 expression was significantly higher in most tumors than in adjacent paired normal tissues. Besides, both the diagnostic utility and predictive value of IGF2BP3 in the pan-cancer TCGA cohorts were evaluated. IGF2BP3 genetic alternations were identified using the cBioPortal database. Additionally, we investigated the potential relationship between IGF2BP3 mRNA expression level and clinicopathologic characteristics, tumor mutation burden (TMB), microsatellite instability (MSI), and infiltrating immune cells in pan-cancer. Drug sensitivity analysis of IGF2BP3 was also performed via the CellMiner database.

We concluded that IGF2BP3 could serve as a candidate prognostic factor across diverse tumor types. IGF2BP3 exerted its function via the regulation of TMB, MSI, tumor immune microenvironment (TME), and drug sensitivity. This study highlights the manifold roles of IGF2BP3 in pan-cancer, which is promising as a prospective biomarker and potential target for cancer therapy.



Materials and methods


Data collection and software availability

IGF2BP3 gene expression data and clinical profiles of tumors and their corresponding normal samples were acquired from The Cancer Genome Atlas (TCGA) database (https://portal.gdc.cancer.gov/) and gene type-tissue expression (GTEx) using UCSC Xena (https://xena.ucsc.edu/) (23). Multidimensional analysis of IGF2BP3 expression in different cancer cell lines using the Cancer Cell Line Encyclopedia (CCLE) database (https://portals.broadinstitute.org/) (24). The expression level of IGF2BP3 across human cancer tissues and normal tissues (such as liver, lung, and stomach), as well as the corresponding 24 tumor cell lines (such as liver, thyroid, and lung) was systematically analyzed. The RNA-seq data in TPM format were converted into log2 format for expression comparison between samples (ns, p ≥ 0.05; *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001).



Protein level analysis

The Human Protein Atlas (HPA) (http://www.proteinatlas.org/) is a milestone protein research database that contains protein expression in both tumor and normal tissues and is used to probe the protein levels of IGF2BP3. IHC Images of IGF2BP3 protein expression in normal and tumor tissues were downloaded from HPA, including brain, lung, pancreas, colon, cervix, nasopharynx and ovary. The antibody for IHC used was HPA076951.



IGF2BP3 expression in immune and molecular subtypes of cancers

The correlations between IGF2BP3 expression and immune or molecular subtypes were explored through the TISIDB database (25), an integrated database with a diversity of data types to evaluate tumor-immune system interactions. The association between IGF2BP3 expression and immunomodulators in pan-cancer was also explored based on the TISIDB database.



Specimen collection

Twenty-two glioma samples were provided by the Department of Neurosurgery, Zhongshan Hospital of Fudan University (Shanghai, China). The three normal tissues surrounding the tumor were normal brain tissues obtained by cortical resection during resection of deep brain glioma. All patients did not receive preoperative chemotherapy or radiotherapy. Tissue samples were extracted and immediately frozen in liquid nitrogen or formalin-fixed. All human samples were used only for research purposes. This study was approved by the Ethics Committee of Zhongshan Hospital, Fudan University.



Diagnostic value analysis

The subject operating characteristic (ROC) curve was established to assess the diagnostic performance of IGF2BP3 in pan-cancer. The area under the curve was taken to be in the range of 0.5 to 1, with higher values indicating a better diagnostic effect. An AUC value of 0.5–0.7 suggests poor diagnostic efficacy, 0.7–0.9 represents moderate accuracy, and above 0.9 indicates high diagnostic accuracy.



Survival prognosis analysis

Kaplan–Meier (KM) curve analysis were applied to estimate the association between IGF2BP3 expression and inter-tumor prognosis (OS, DSS, PFI). Next, we explored the relationship between IGF2BP3 expression and prognostic values (OS, DSS and PFI) in different clinical GBMLGG subgroups. The survival package was used for statistical analysis, and the”survminer” package for data visualization.



Association of IGF2BP3 expression with different clinical features of glioma

The IGF2BP3 gene expression levels in glioma patients with different clinicopathological features are shown by box plots and tables. Gene expression (RNAseq) and corresponding clinical information were extracted from the TCGA database, transformed into transcripts per million reads (TPM) format, and analyzed by log2-transformation. The Wilcoxon rank sum test was applied to compute the data of two groups, and p < 0.05 was considered to a statistically significant difference (ns, p ≥ 0.05; ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001).



Univariate and multivariate Cox regression analyses in glioma

Survival information of overall survival (OS), disease-specific survival (DSS), and progression-free interval (PFI) was downloaded from TCGA database to display the relationship between IGF2BP3 expression and patient outcomes. The median expression of IGF2BP3 within each tumor type was used as a cut-off value to distinguish low- and high-expression subgroups. The univariate survival analysis was performed to analyze the hazard ratio (HR) and 95% confidence intervals (95% C.I.). A hazard ratio (HR) <1 suggests that IGF2BP3 is a beneficial prognostic factor, while HR >1 indicates that IGF2BP3 is a risk factor for survival. Univariate and multifactorial Cox regression analyses of IGF2BP3 and clinical features were undertaken to ascertain their prognostic value in OS, DSS and PFI in GBMLGG. A survival kit was utilized for survival analysis.



Genetic alteration analysis

The cBioCancer for Cancer Genomics (cBioPortal) (www.cbioportal.org) was utilized to investigate genomic alteration analysis of specific genes (26, 27). In this study, we applied the “Cancer Types Summary” and below “Cancer Type” button for visualizing genomic alterations of IGF2BP3 among cancers from TCGA database. The frequency of IGF2BP3 copy number alterations and mutations in all TCGA tumors was examined, and the results are shown as plotted bar plots.



Tumor mutation burden, microsatellite instability

Tumor mutational burden (TMB) and microsatellite instability (MSI) have been characterized as the key biological markers of TME (28–31). Spearman’s correlation coefficient was employed to analyze the relationship between IGF2BP3 expression and TMB and MSI.



Tumor microenvironment

Estimation of stromal and immune cell components in malignant tumor tissues by differences in expression data (ESTIMATE) is a method for calculating stromal or immune scores, represented by the abundance of the immune and stromal components, respectively (32). The higher the score, the greater the proportion of the corresponding component in the TME. The ESTIMATE score is the sum of the stroma score and the immune score, suggesting the combined proportion of both in the TME. IGF2BP3 expression levels and ImmuneScore and StromalScore were acquired for each tumor by “estimate” R package and Spearman correlation analysis. Immune cell infiltration correlation analysis was performed via the TIMER2 database (http://timer.cistrome.org) (33).



Single-cell functional analysis

The functional status of IGF2BP3 in various cancers was studied using CancerSEA (http://biocc.hrbmu.edu.cn/CancerSEA/) (34), a database that can be used to assess the integrated functional status of diverse tumor cells at the single-cell level. In this study, we explored the average correlation of IGF2BP3 with functional status in 18 cancers, including angiogenesis, proliferation, apoptosis, cell cycle, DNA damage, DNA repair, inflammation, hypoxia, epithelial-mesenchymal transition (EMT), invasion, metastasis, differentiation, quiescence, and stemness. The threshold of IGF2BP3 associated with each tumor functional status was established as a threshold value of |r| >0.3 and a discrimination significance (p < 0.05).



Protein–protein interaction network and enrichment analysis

GeneMANIA (http://www.genemania.org) is an interactive and flexible online tool for building and visualizing protein-protein interaction (PPI) networks using bioinformatics methods such as physical interaction, co-expression, co-localization, gene enrichment analysis, gene interaction and site prediction, including generating reasonable hypotheses about gene function prediction and detecting Genes that share similar functions (35, 36). In this study, GeneMANIA was employed for PPI analysis of IGF2BP3. Gene set enrichment analysis (GSEA) was used to detect the IGF2BP3 affected pathway in tumors. The entire biological process is assessed on the basis of the Kyoto Encyclopedia of Genes and Genomes (KEGG) and HALLMARK pathways.



Drug sensitivity of IGF2BP3 in pan-cancer

NCI-60 compound activity data and RNA-seq expression profiles from the CellMiner™ were downloaded to analyze the drug sensitivity of IGF2BP3 in pan-cancer (https://discover.nci.nih.gov/cellminer/home.do) (37). Drugs approved by FDA or clinical trials were selected for analysis.



Immunohistochemsitry

Tissues were formalin-fixed and paraffin-embedded and sectioned to 4 mm layer thickness regularly. Tissue sections were processed and stained with the following antibodies: IGF2BP3 (1:300, 14642-1-AP, Proteintech).



Western blot analysis

Total protein was isolated from tissues and quantified with the BCA protein quantification kit (Beyotime, #P001). Equal amounts of proteins separated by 10% SDS-PAGE, transferred to polyvinylidene fluoride membranes (0.45 μM PVDF, Millipore, USA), then the membranes were blocked with skimmed milk for 1 hour and incubated with primary antibody IGF2BP3 (1:1000, 14642-1-AP, Proteintech) overnight at 4°C. The corresponding HRP-conjugated secondary antibody (#A0208,1:2000, Beyotime Biotechnology, Shanghai, China) used, and the bands visualized by ECL Western blotting substrate (Thermo Fisher Scientific, USA). The intensity of protein expression was detected via ImageJ software.




Results


Expression and mutant aspects of IGF2BP3 in pan-cancer

The study flowchart is illustrated in Supplementary Figure 1. First, we assessed IGF2BP3 mRNA levels in normal human tissues, using the GTEx dataset. As shown in Figure 1A, the IGF2BP3 level varied across multiple types of tissue was remarkably high in bone marrow (BM). BM is known to be a highly differentiating tissue, and higher expression levels are not entirely unexpected. In addition, we examined the expression levels of IGF2BP3 across various tumor types. In different cancer cell lines from the CCLE database, not only were IGF2BP3 expression levels significantly and generally elevated but smaller ranges were shown compared to the range of expression in normal human tissues (Figure 1B).




Figure 1 | IGF2BP3 mRNA expression levels in pan-cancer. (A) IGF2BP3 expression levels in normal tissues from GTEx database. (B) IGF2BP3 expression levels in tumor cell lines from CCLE database. (C) IGF2BP3 expression levels in tumor tissues from TCGA database. (D) IGF2BP3 expression difference between tumor tissues from TCGA database and normal tissues from the GTEx database; ns, no significance; *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.



Further comparison between the tumors and adjacent normal tissues displayed that the expression level of IGF2BP3 was upregulated in most types of human cancers. Directly, considering TCGA data alone, the gene expression difference achieved considerable significance in 20 of 26 TCGA cancer types, with the exception of glioma (GBMLGG), brain lower grade glioma (LGG), prostate adenocarcinoma (PRAD), rectum adenocarcinoma (READ), pancreatic adenocarcinoma (PAAD) and pheochromocytoma and paraganglioma (PCPG). Moreover, only in thyroid carcinoma (THCA) IGF2BP3 had an increased expression in corresponding normal tissues instead of tumor samples, which was the opposite of the condition in other cancer types (Figure 1C).

To further compare IGF2BP3 expression between the tumor and normal tissues, we combined data from TCGA and GTEx. Results from combined databases revealed that IGF2BP3 was over-expressed significantly in 31 out of 34 cancer types (exceptions were READ, TGCT, and PCPG). Mainly, IGF2BP3 was highly expressed in diverse tumor types, such as GBMLGG, glioblastoma multiforme (GBM), LGG, lung adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC), PAAD, head and neck squamous cell carcinoma (HNSC), uterine corpus endometrial carcinoma (UCEC), colon adenocarcinoma (COAD), and esophageal carcinoma (ESCA). However, reversed results with significance were observed in PRAD and THCA (Figure 1D).

Next, we verified the expression of IGF2BP3 between cancer tissues and adjacent normal tissues at protein level using the HPA database. Compared to weak IHC positive staining in normal brain, lung, pancreas, colon, cervix, nasopharynx, and ovary tissues, much stronger staining of IGF2BP3 was examined in GBMLGG, LUAD, LUSC, PAAD, COAD, cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC), HNSC, and ovarian serous cystadenocarcinoma (OV) tissues in terms of protein level (Figures 2A–H). The results from the two databases (TCGA and HPA) were broadly consistent.




Figure 2 | Representative immunohistochemical staining (IHC) in multiple normal (left) and tumor (right) tissues. The protein expression of IGF2BP3 in (A) glioma, GBMLGG; (B) lung adenocarcinoma, LUAD;(C) lung squamous cell carcinoma, LUSC; (D) pancreatic adenocarcinoma, PAAD; (E) colon adenocarcinoma, COAD; (F) cervical squamous cell carcinoma and endocervical adenocarcinoma, CESC; (G) head and neck squamous cell carcinoma, HNSC; (H) ovarian serous cystadenocarcinoma, OV.



Further, we assessed the associations between IGF2BP3 and different clinical characteristics in pan-cancer. For GBMLGG, IGF2BP3 expression was significantly correlated with World Health Organization (WHO) grade, histological type, IDH status, 1p/19q codeletion, primary therapy outcome, and age of GBMLGG (Supplementary Table 1). Specifically, the expression level of IGF2BP3 increased significantly with increasing WHO grade gliomas (Figure 3A). Moreover, IGF2BP3 showed higher levels in patients with GBM in comparison with other histological types of glioma (Figure 3B). Next, we subdivided the TCGA patients according to different IDH mutations and 1p/19q codeletion status and found that high IGF2BP3 expression positively correlated with IDH status (wildtype), and 1p/19q non-codeletion (Figures 3C, D). Additionally, IGF2BP3 was expressed higher in patients with age >60 (Figure 3E), and primary therapy outcome (PD) (Figure 3F), respectively.




Figure 3 | Associations between IGF2BP3 expression and different clinical characteristics in GBMLGG. (A) WHO grade; (B) Histological type; (C) IDH status; (D) p/19q codeletion; (E) Age; (F) Primary therapy outcome. ns, p ≥ 0.05; *p < 0.05; ***p < 0.001.





Mutation analysis of IGF2BP3

It is well recognized that DNA methylation and genetic alterations are tightly linked to the occurrence and development of tumors. Herein, we initially analyzed the IGF2BP3 alteration status across multiple cancer types using cBioPortal database (Supplementary Figure 2). Among all cancers tested, the IGF2BP3 gene was amplified in multiple types of cancer, with the highest alteration frequency (>6%) in uterine carcinosarcoma (UCS). Notably, the type of mutation was the primary type in the UCEC, skin cutaneous melanoma (SKCM), stomach adenocarcinoma (STAD), and COAD, which show an alteration frequency of ~4% (Supplementary Figure 2A). The types, sites and case numbers of the IGF2BP3 gene mutation were further displayed above the bars (Supplementary Figure 2C). Overall, as shown in Supplementary Figure 2B, amplification was the main type of alteration, while the most frequent putative copy-number alterations of IGF2BP3 were amplification, gain function, and diploid. Finally, in the present study, the gene alteration of DNAH11, GPNMB, TP53, KLHL7, NUP42, MALSU1, ABCB5, STK31, TRA2A, and HDAC9 was more common in the altered group than in the unaltered group across the cBioPortal database (Supplementary Figure 2D). As dysregulated IGF2BP3 was implicated in the process of RNA regulation and transcription in cancer, we further investigated whether IGF2BP3 was associated with the mutation of cancer-related genes. Here, we took LGG as an example to illustrate the correlation between the IGF2BP3 expression level and mutation frequencies. As shown in Supplementary Figure 2E, in LGG, the top five frequently mutated genes remained as IDH1 (82.6%), CIC (20.6%), TTN (12.8%), MUC16 (7.4%), and EGFR (7.2%). Moreover, the previously mentioned mutated genes with significance defined by FDR < 0.05. These results indicate that the IGF2BP3 is tightly correlated with cancer-related gene mutation status.



Diagnostic value of IGF2BP3 in pan-cancer

As shown in Figures 4A–H, IGF2BP3 has an exact accuracy (AUC > 0.7) in predicting 24 cancer types, and even exceeded 0.9 in 8 cancers including LAML (AUC = 1.0), GBM (AUC = 0.998), UCS (AUC = 0.983), LUSC (AUC = 0.939), STAD (AUC = 0.936), OV (AUC = 0.927), CHOL (AUC = 0.926), and ESCA (AUC = 0.920) (Supplemental Table 2), which had high diagnostic value.




Figure 4 | Receiver operating characteristic (ROC) curve for IGF2BP3 expression in pan-cancer.(A) LAML; (B) GBM; (C) UCS; (D) LUSC; (E) STAD; (F) OV; (G) CHOL; (H) ESCA.





Prognostic value of IGF2BP3 across cancers

Further, each cancer’s survival analysis was performed to investigate the association between IGF2BP3 expression level and prognosis, concentrating on OS, DSS, and PFI. The forest plot of the univariate Cox model suggested that IGF2BP3 was a significant risk factor for OS in GBMLGG (p < 0.001), LGG (p < 0.001), KIPAN (p < 0.001), KIRP (p < 0.001), KIRC (p < 0.001), PAAD (p < 0.001), LUAD (p < 0.001), LAML (p = 0.0011), MESO (p = 0.0014), ACC (p = 0.0028), UVM (p = 0.02), STES (p = 0.03), LIHC (p = 0.03), and BLCA (p = 0.03) patients (Figure 5A). Next, the Kaplan-Meier analysis of OS indicated that patients with high expression of IGF2BP3 was significantly correlated with poor prognosis in patients with GBMLGG (p < 0.001), LGG (p < 0.001), KIRP (p < 0.001), KIRC (p < 0.001), MESO (p < 0.001), LAML (p = 0.004), LUAD (p = 0.008), SARC (p = 0.008), UVM (p = 0.008), BLCA (p = 0.015), UCEC (p = 0.018), PAAD (p = 0.024), and LIHC (p = 0.044) (Figures 5B–N).




Figure 5 | Relationship of IGF2BP3 expression with patient Overall Survival (OS). (A) Forest map shows the univariate Cox regression analysis results for IGF2BP3 in TCGA pan-cancer samples. (B–N) Kaplan–Meier analysis of the association between IGF2BP3 expression and OS.



Moreover, as presented in Supplementary Figure 3A, we performed Cox regression analysis of DSS and identified that IGF2BP3 was an independent risk factor in patients with GBMLGG (p < 0.001), LGG (p < 0.001), KIPAN (p < 0.001), KIRP (p < 0.001), KIRC (p < 0.001), PAAD (p < 0.001), MESO (p < 0.001), LUAD (p = 0.0013), ACC (p = 0.0017), UVM (p = 0.0079), STES (p = 0.0084), SKCM-P (p = 0.03), and KICH (p = 0.04). Notably, the resulting Kaplan-Meier survival analysis indicated that patients with higher IGF2BP3 expression tended to exhibit a significantly shorter DSS as compared to those with lower IGF2BP3 expression, respectively, in GBMLGG (p < 0.001), LGG (p < 0.001), KIRP (p < 0.001), KIRC (p < 0.001), MESO (P < 0.001), UVM (p = 0.008), SARC (p = 0.009), PAAD (p = 0.01), UCEC (P = 0.018), and LUAD (P = 0.023) (Supplementary Figures 3B-K).

Also, univariate Cox regression analysis of PFI analyses was performed, and the results showed that IGF2BP3 was a risk factor in patients with high-risk factor in GBMLGG (p < 0.001), LGG (p < 0.001), KIPAN (p < 0.001), KIRC (p < 0.001), KIRP (p < 0.001), PAAD (p < 0.001), UVM (p < 0.001), LUAD (p = 0.0043), LIHC (p = 0.005), ACC (p = 0.0061), SKCM-P (p = 0.0064), and MESO (p = 0.02) (Supplementary Figure 4A). Furthermore, KM plotter analysis revealed that patients with higher IGF2BP3 expression had poorer PFI than those with lower IGF2BP3 expression in GBMLGG (p < 0.001), LGG (p < 0.001), KIRP (p < 0.001), KIRC (p < 0.001), MESO (p < 0.001), UVM (p =0.005), LIHC (p =0.006), and UCEC (p =0.014), as seen in Supplementary Figures 4B–I.

We further examined the associations of IGF2BP3 with prognosis (OS, DSS and PFI) in different clinical glioma subgroups. The results of the subgroup analysis demonstrated that high expression of IGF2BP3 was associated with worse OS in most clinical subgroups, including a subgroup of WHO grade: G3 (Figure 6A), 1p/19q codeletion: non−codel (Figure 6B), a subgroup of IDH status: WT (Figure 6C), a subgroup of IDH status: Mut (Figure 6D), a subgroup of Primary therapy outcome: PD (Figure 6E), a subgroup of Primary therapy outcome: SD (Figure 6F), a subgroup of Gender: Female (Figure 6G), a subgroup of Gender: Male (Figure 6H), a subgroup of Race: Black or African American (Figure 6I), subgroup of Race: White (Figure 6J), a subgroup of Age: <=60 (Figure 6K), a subgroup of Age: >60 (Figure 6L), a subgroup of Histological type: Astrocytoma (Figure 6M), and Histological type: Oligoastrocytoma (Figure 6N).




Figure 6 | Associations between IGF2BP3 expression and the OS in different clinical subgroups of GBMLGG. (A) WHO grade (G3); (B) 1p/19q codeletion (non−codel); (C) IDH status (WT); (D) IDH status (Mut); (E) Primary therapy outcome (PD); (F) Primary therapy outcome (SD); (G) Gender (Female); (H) Gender (Male); (I) Race (Black or African American) (J) Race (White); (K) Age ≤ 60; (L) Age>60; (M) Histological type (Astrocytoma); (N) Histological type (Oligoastrocytoma).



For DSS, the higher expression of IGF2BP3 had a worse DSS in a subgroup of WHO grade: G3, a subgroup of IDH status: WT, a subgroup of IDH status: Mut, a subgroup of 1p/19q codeletion: non−codel, a subgroup of Primary therapy outcome: PD, a subgroup of Primary therapy outcome: SD, a subgroup of Gender: Female, a subgroup of Gender: Male, a subgroup of Race: Black or African American, a subgroup of Race: White, a subgroup of Age: <=60, a subgroup of Age: >60, a subgroup of Histological type: Astrocytoma, and Histological type: Oligoastrocytoma (Supplementary Figures 5A–M).

For PFI, the higher expression of IGF2BP3 had a worse PFI in a subgroup of WHO grade: G3, a subgroup of IDH status: WT, a subgroup of IDH status: Mut, a subgroup of 1p/19q codeletion: non−codel, a subgroup of Primary therapy outcome: PD, a subgroup of Gender: Female, a subgroup of Gender: Male, a subgroup of Race: Black or African American, a subgroup of Race: White, a subgroup of Age: <=60, a subgroup of Age: >60, and a subgroup of Histological type: Astrocytoma (Supplementary Figures 6A–L).



Univariate and multivariate Cox regression analyses in GBMLGG patients

Uni- and multivariate Cox regression analyses of IGF2BP3 and clinical characteristics, were performed in TCGA-GBMLGG cohort. In univariate and multivariate Cox regression analyses, age, WHO grade, IDH status, 1p/19q codeletion, primary therapy outcome, histological type, and IGF2BP3 were significantly associated with the OS (Table 1). In contrast, primary therapy outcome, age, and IGF2BP3 were significantly correlated with DSS (Supplementary Table 3), and primary therapy outcome, IDH status, age, and IGF2BP3 were correlated significantly with PFI (Supplementary Table 4).


Table 1 | Univariate and multivariate Cox regression analyses of clinical characteristics associated with OS of glioma.





IGF2BP3 expression in different immune and molecular subtypes of cancers

Correlation of IGF2BP3 differential expression with molecular subtypes in pan-cancer was investigated by the TISIDB database. We found that IGF2BP3 was expressed differently in different immune subtypes (C1: wound healing, C2: IFN-gamma dominant, C3: inflammatory, C4: lymphocyte depleted, C5: immunologically quiet, C6: TGF-b dominant) of 29 cancer types. These include, for example, CESC (Figure 7A), LUAD (Figure 7B), LUSC (Figure 7C), LGG (Figure 7D), COAD (Figure 7E), STAD (Figure 7F), BLCA (Figure 7G), OV (Figure 7H), and BRCA (Figure 7I). In addition, we observed that IGF2BP3 expression was strongly associated with immune stimulators and immune inhibitors (Supplementary Figure 7) among nearly all malignancies, represented by UVM, GBMLGG, LGG, LUAD, and KIRC.




Figure 7 | Correlations between IGF2BP3 expression and immune subtypes across TCGA tumors. (A) CESC; (B) LUAD; (C) LUSC; (D) LGG; (E) COAD; (F) STAD; (G) BLCA; (H) OV; (I) BRCA.



Meanwhile, we observed that IGF2BP3 expression was significantly correlated with molecular subtypes of 16 cancer types, such as LGG (Figure 8A), GBM (Figure 8B), LUSC (Figure 8C), HNSC (Figure 8D), ACC (Figure 8E), BRCA (Figure 8F), UCEC (Figure 8G), COAD (Figure 8H), and KIRP (Figure 8I). Further, for LGG and GBM, IGF2BP3 was identified to express the highest in the molecular subtype of G-CIMP-low (Figures 8A, B). For LUSC and HNSC, IGF2BP3 was identified to express the highest in the molecular subtype of classical (Figures 8C, D). For ACC, IGF2BP3 expression was identified to be the highest in CIMP-intermediate molecular subtype (Figure 8E). For COAD, IGF2BP3 was expressed the highest in the molecular subtype of HM-SNV (Figure 8H). For STAD, IGF2BP3 was the most highly expressed in the molecular subtype of CIN (Figure 8E). For BRCA, IGF2BP3 showed the highest expression in the molecular subtype of basal (Figure 8F). For UCEC, IGF2BP3 expression was identified to be the highest in the molecular subtype of CN_HIGH (Figure 8G). For KIRP, IGF2BP3 was expressed the highest in the molecular subtype of C2c-CIMP (Figure 8I).




Figure 8 | Correlations between IGF2BP3 expression and molecular subtypes across TCGA tumors. (A) LGG; (B) GBM; (C) LUSC; (D) HNSC; (E) ACC; (F) BRCA; (G) UCEC; (H) COAD; (I) KIRP.





Immune aspects of IGF2BP3 in the tumor microenvironment

We further investigated the relationship between IGF2BP3 expression and immune cell infiltration in pan-cancer levels using immune cell infiltration data extracted from various databases. First, based on the TIMER (Tumor Immune Estimation Resource) database (https://cistrome.shinyapps.io/timer/), we measured six subpopulations of immune cells in TCGA data set including B cells, CD4+ T cells, CD8+ T cells, Neutrophils, Macrophages and Dendritic cells. Generally, as shown in Figure 9A, the IGF2BP3 expression had a significantly positive relationship with the infiltration of multiple immune cells, including T cells CD4, T cells CD8, Neutrophil, Macrophages and dendritic cells (DC) in a variety of cancer types. Significantly, some particular cancer types such as LGG, PRAD, and KIRC had a high infiltration level of all three types of immune cells (Figure 9B).




Figure 9 | Relationship of IGF2BP3 expression with Immune cell infiltration analysis. (A) The relationship between IGF2BP3 expression levels and the levels of infiltration of six immune-related cells based on TIMER database. (B) Analysis of immune-associated cells infiltration with IGF2BP3 expression in pan-cancer. p ≥ 0.05; *p < 0.05; **p < 0.01; ***p < 0.001.



Moreover, a co-expression analysis was performed among 33 tumors to investigate the relationships between IGF2BP3 expression and immune-related genes. In accordance with the results (Figures 10A–E), there was a strong correlation between IGF2BP3 and most immune-related genes in specific cancer types such as GBMLGG, LGG, LUAD, PAAD, BRCA, and PRAD. Specifically, chemokines such as CXCL9, CXCL10, and CXCL11 and chemokine receptors such as CXCR5, CCR4, CCR8, and CCR1 were positively correlated with IGF2BP3 expression in various cancer types. MHC genes co-expressed with IGF2BP3 in almost all tumor types, particularly in UVM, PAAD, GBMLGG, LGG, KIRC, KIPAN, KIRP, COAD, BLCA, BRCA, PRAD, and LIHC. Moreover, immunostimulatory factors and immunosuppressive factors were also tightly correlated with IGF2BP3 expression in TCGA pan-cancer. Overall, these results show that the expression of IGF2BP3 is closely linked to the biological function of various cytokines and immune-relevant genes.




Figure 10 | Co-expression of IGF2BP3 and immune-related genes in pan-cancer. Heatmaps indicating the co-expression of IGF2BP3 with immune-relevant genes in pan-cancer, including chemokine genes (A), chemokine-receptor genes (B), MHC molecules (C), immunoinhibitors (D), and immunostimulators (E). *p-value < 0.05, **p-value < 0.01, ***p-value < 0.001, and ****p-value < 0.0001.



As it is well known, TMB and MSI in the tumor microenvironment are the most important biomarkers for predicting the therapeutic efficacy of tumor immunotherapy in various tumor types. Outcomes from several studies indicated that tumors with high TMB/MSI status considered to manifest better responses to immunotherapy than those with low TMB/MSI. Thus, we evaluated the correlation between the IGF2BP3 gene expression and TMB and MSI in pan-cancer. As can be seen in Supplementary Figure 8A, a significant correlation (P<0.05) existed between IGF2BP3 expression and TMB in 14 categories of cancer. Specifically, IGF2BP3 expression was positively correlated with TMB in LGG, LUAD, LUSC, PRAD, BLCA, PAAD, SARC, BRCA, COAD, SKCM, KIRC, HNSC, and ACC while negatively correlated with TMB only in THCA. Further, we found that the expression of IGF2BP3 was positively related to the MSI in 6 cancers, including LUSC, BLCA, TGCT, ESCA, SARC, and COAD, but had a negative correlation with MSI in SKCM, THCA, HNSC, and DLBC (Supplementary Figure 8B).



Functional states of IGF2BP3 in scRNA-Seq datasets

To evaluate the functional state of IGF2BP3 in various cancer types at the single-cell level, we analyzed the correlation of IGF2BP3 with multiple functional states of cancer cells via the CancerSEA. This cancer’s single-cell state atlas revealed a positive correlation of IGF2BP3 with angiogenesis, differentiation, inflammation, metastasis, and quiescence. Negative correlations were observed between IGF2BP3 expression and apoptosis, cell cycle, DNA damage, and DNA repair (Supplementary Figure 9A). We then explored the correlation between IGF2BP3 and the functional state in specific cancers. The results found that IGF2BP3 positively correlated with cell cycle and DNA damage in GBM; with metastasis in Astrocytoma; with metastasis, angiogenesis, quiescence, and differentiation in LUAD; with stemness and DNA damage in NSCLC; with angiogenesis, differentiation, and inflammation in RB; with invasion in AML. Conversely, the IGF2BP3 was negatively correlated with cell cycle and DNA damage in Glioma, apoptosis in NSCLC, DNA repair, cell cycle, and DNA damage in RB, angiogenesis in AML, DNA repair, DNA damage, apoptosis, and differentiation in UM (Supplementary Figures 9B–I).



PPI network of IGF2BP3 in cancers and enrichment analysis

Next, functional network was constructed through GeneMANIA database to explore the potential interactome with IGF2BP3 protein as hub, and the result is shown in Figure 11. As evident in the figure, IGF2BP3 had strong physical interactions with IGF2BP1, which are both conserved IGF2BPs predominantly expressed during embryonic development but comparatively lower or silenced in adulthood (5). Moreover, high expression level of IGF2BP1 and IGF2BP3 has been detected in many human cancers, including glioma and lung adenocarcinoma. They have been correlated with invasiveness, aggressiveness and a poorer prognosis (38, 39). This analysis demonstrates good agreement with the predictions from the co-expression.




Figure 11 | PPI network for IGF2BP3 was constructed via GeneMANIA. Different colors of the network edge indicate the bioinformatics methods applied: physical interaction, coexpression, predicted, colocalization, pathway, genetic interaction, and shared protein domains. PPI, protein–protein interaction.



Furthermore, there was a significantly predictable link between IGF2BP3, LAPTM4A, and DHX57. GSEA was then conducted to determine the functional enrichment of high and low IGF2BP3 expression. The KEGG and HALLMARK analyses showed that IGF2BP3 was significantly linked to many immune-related signaling pathways (Figure 12).




Figure 12 | GSEA for samples with high IGF2BP3 expression and low expression. (A) The enriched gene sets in KEGG collection by the high IGF2BP3 expression sample. (B) The enriched gene sets in KEGG by samples with low IGF2BP3 expression. (C) Enriched gene sets in HALLMARK collection, the immunologic gene sets, by samples of high IGF2BP3 expression. (D) Enriched gene sets in HALLMARK by the low IGF2BP3 expression. Each line represented one particular gene set with unique color, and up-regulated genes located in the left approaching the origin of the coordinates, by contrast the down-regulated lay on the right of x-axis. Only gene sets with NOM p < 0.05 and FDR q < 0.25 were considered statistically significant. And only the leading-edge genes were displayed.





Drug sensitivity analysis of IGF2BP3

Enhancing drug sensitivity is crucial for preventing the drug resistance of cancer cells. We further investigated the potential correlation analysis between drug sensitivity and IGF2BP3 expression level accessed from the CellMiner database. Specifically, our results exhibited that IGF2BP3 had a significant and positive correlation with the clinical drug sensitivity of ARRY-704, RO-4987655, Trametinib, TAK-733, Mirdametinib, Cobimetinib, RO-5126766, Ulixertinib, ARRY-162, Selumetinib, etc(p < 0.01) (Figures 13A–J), while significant but negative associations with GDC-0810, AZD-9496, BAY-876, VT-464, and Acetalax sensitivity (p < 0.05) (Figures 13K–O). The data indicated that IGF2BP3 might be associated with chemoresistance of specific chemotherapeutic agents, such as Trametinib, Cobimetinib, ARRY-162 and Selumetinib, which were commonly used MEK inhibitors approved by the FDA for cancer therapy. These results established that IGF2BP3 was tightly linked to diverse drug sensitivity in different cancer cell lines and might serve as a promising therapeutic target for cancer immunotherapies.




Figure 13 | Drug sensitivity analysis of IGF2BP3. The expression of IGF2BP3 was associated with the sensitivity of ARRY-704 (A), RO-4987655 (B), Trametinib (C), TAK-733 (D), PD-0325901 (E), Cobimetinib (isomer1) (F), RO-5126766 (G), Ulixertinib (H), ARRY-162 (I), Selumetinib (J), GDC-0810 (K), AZD-9496 (L), BAY-876 (M), VT-464 (N), and Acetalax sensitivity (O).





Validation of IGF2BP3 expression in glioma

To further verify the pathophysiological roles of IGF2BP3, we applied experimental validation to determine its clinicopathological characteristics. We first evaluated the protein levels of IGF2BP3 in a series of clinical specimens, including nine glioma tissues (three specimens each from WHO grade 2,3,4 groups) and three peritumoral normal tissue using immunohistochemistry. The results showed that IGF2BP3 protein expression was significantly higher in glioma compared to normal tissue, especially in GBM (Figure 14A). Western blot analysis further verified the expression of IGF2BP3 protein in glioma. We confirmed a similar expression trend at the protein level (Figure 14B), suggesting that IGF2BP3 may be a potential molecular biomarker for the diagnosis and prognosis of glioma, especially GBM, which is expected to be a new therapeutic target for glioma.




Figure 14 | Validation of IGF2BP3 Expression in Glioma. (A) Representative immunohistochemical staining of IGF2BP3 expression in clinical glioma tissue and normal peritumor tissues. Scale bar=50 μm. (B) Western blot analysis of IGF2BP3 protein level in human glioma patient samples (grade 2 (n = 3), grade 3 (n = 6), grade GBM (n = 13)) and normal peritumor brain tissues (n = 3). β-actin was used as a loading control. All data are shown as the mean ± SD (at least three independent experiments). ns, no significance, *P <0.05, ***P < 0.001.






Discussion

IGF2BP3, also known as IMP3, a newly identified “reader” of m6A belonging to a highly conserved IGF2BP family (IGF2BP1/2/3) has been recognized to play an irreplaceable role in m6A modifications, mRNA stabilization, cell proliferation, and migration during the early stages of embryogenesis (40). Structurally, IGF2BP3 contains two N-terminal RNA recognition motifs (RRMs) and four C-terminal KH domains, which are critical for RNA-binding (5). As a m6A reader, IGF2BP3 was first reported in 1997 due to its high expression in pancreatic carcinoma (41). Subsequently, accumulative evidence has implied that the IGF2BP3 is post-transcriptionally active and plays a tumor-promoting role in various cancer types such as lung cancer (42), hepatocellular carcinoma (43), melanoma (44), and colorectal cancer (45), mainly by promoting tumor growth, invasion, metastasis, survival, and chemo-resistance (7–9).

In recent years, evidence has also suggested that IGF2BP3 might be a predictor of metastasis and clinical prognosis in different malignancies (46–50). For instance, IGF2BP3 could be a useful marker in predicting invasion in papillary biliary tumors (47). Moreover, both mRNA and protein levels of IGF2BP3 were remarkably up-regulated in cutaneous squamous cell carcinoma and IGF2BP3 was also identified as a novel therapeutic target for squamous cell carcinoma (48). Also, significant associations were found in colorectal cancer between IGF2BP3 positivity, poorer differentiation, and increased mortality, thus serving as a promising diagnostic biomarker for colorectal cancer in which higher expression indicates poorer prognosis (49). Further, a recent study revealed that m6A methylation regulators, IGF2BP2 and IGF2BP3, in particular, play essential roles in the malignant progression of glioma (50). However, upon reviewing the literature, there is no existing study comprehensively evaluating the significance of IGF2BP3 in pan-cancer on the whole scale. Of note, the pan-cancer analysis, which is of significant importance for understanding differences and similarities among different tumor types, can provide novel insights into cancer prevention and targeted therapy across cancer types. In recent years, there is increasing recognition of the value of a comprehensive pan-cancer analysis, which could potentially describe the essential roles of some driver mutations or genes in developing specific cancer types (51, 52).

In the present study, firstly, we used multiple databases to evaluate the expression level of IGF2BP3 across pan-cancer. The results showed that IGF2BP3 gene mRNA was highly expressed in most cancer types than in the normal samples, namely, GBM, GBMLGG, LGG, UCEC, CESC, LUAD, COAD, COADREAD, BRCA, ESCA, KIRP, KIPAN, STAD, HNSC, KIRC, LUSC, LIHC, SKCM, OV, PAAD, UCS, LAML, BLCA, ACC, KICH and CHOL, whereas low expression was detected in PRAD and THCA, which was consistent with previous studies in prostate and thyroid cancer (Figure 1) (53–55). IHC analysis from the HPA was in accordance with the IGF2BP3 mRNA level discrepancy and confirmed these results (Figure 2). It is also noteworthy that either prostate or thyroid cancer has been thought to be a malignant disease-carrying a relatively favorable prognosis that can be diagnosed earlier (56). Additionally, according to prior studies, the oncofetal protein IGF2BP3 has been reported as a predominant cancer-specific marker differentiating benign from malignant lesions of pancreas and uterine cervix (57, 58), highly indicating that increased IGF2BP3 expression was associated with unfavorable prognosis among tumor tissues. These results demonstrated that IGF2BP3 could indeed promote cancer development and progression.

In addition, IGF2BP3 expression levels are tightly correlated with the immune subtypes of nine cancers, including CESC, LUAD, LUSC, LGG, COAD, STAD, BLCA, OV, and BRCA. Meanwhile, IGF2BP3 was significantly associated with diverse molecular subtypes in nine cancer types. For instance, IGF2BP3 was most highly expressed in the G-CIMP-low molecular isoforms in LGG and GBM, in the molecular subtype of classical in both LUSC and HNSC, and the molecular subtype of basal in BRCA. It is important to mention that IGF2BP3 is tightly associated with both immune and molecular subtypes in four types of cancers, including LGG, LUSC, BRCA, and COAD (Figures 7, 8).

Furthermore, we wondered whether IGF2BP3 played a critical role in cancer diagnosis and prognosis. ROC curve and Survival curve in pan-cancer plotted by Kaplan-Meier estimate revealed that IGF2BP3 had a certain accuracy (AUC>0.7) in predicting 24 cancer types, especially had a strong predictive power (AUC>0.9) in predicting LAML, GBM, UCS, LUSC, STAD, OV, CHOL, and ESCA. Moreover, IGF2BP3 was closely related to the OS, DSS, and PFI in GBMLGG, LGG, KIRP, KIRC, MESO, UVM, UCEC, and PAAD. Thus, IGF2BP3 might represent significant value as diagnostic and prognostic biomarkers in the individualized precision cancer therapy (Figure 4).

Considering the important role of IGF2BP3 in gliomas, we further analyzed the role of IGF2BP3 in GBMLGG and identified significant correlations between IGF2BP3 expression levels and age, histological type and histological grade. Subsequently, we discovered that high expression of IGF2BP3 could cause a poorer OS, DSS, or PFI among a variety of clinical subgroups of GBMLGG. Since then, we confirmed WHO grade, age, IDH status, primary therapy outcome, gender, race, and IGF2BP3 expression level as independent indicators for the risk of OS, DSS, and PFI of GBMLGG through both univariate and multivariate Cox regression analyses (Figure 6; Supplementary Figures 5, 6).

IGF2BP3 may also have the potential as a therapeutic target for cancer treatment. Unlike chemotherapy, Immune checkpoint inhibitors help restore anti-tumor immune response, which has been shown to have a durable anti-tumor benefit in multiple cancers such as renal, melanoma, and lung cancers (59–61). Recently, increasing studies have reported that both TMB and MSI could be predictive biomarkers for identifying patients benefiting from immune checkpoint blockade therapies among multiple cancers (62–64), suggesting their potential response to immunotherapy. Moreover, the existing theory proved that an elevated TMB represented genomic instability associated with enhanced response to tumor immunotherapy (65, 66). In the present study, aberrant IGF2BP3 expression was found to be correlated with TMB in 14 cancer types, and MSI in 10 cancer types. The above correlation proved that IGF2BP3 was closely associated with the TME and might function as a promising biomarker for cancer immunotherapy in specific types of cancer. However, further experimental research is to prove its function (Supplementary Figure 8).

Another principal finding of this study was the primary role of IGF2BP3 in cancer immunity. Recently, it has been well documented that the immune status of the tumor is closely associated with both critical components and tumor-infiltrating immune cell concentrations in TME (32, 67). ESTIMATE algorithm has been shown to be a favorable predictor of the levels of both tumor purity and immune infiltration in a variety of malignancies (32), including pancreatic cancer (68), colon cancer (69), and lung adenocarcinoma (70). Herein, using the TCGA database, we discovered that IGF2BP3 was significantly positively associated with the immune component of TME in 11 cancers, including BLCA, BRCA, COAD, KIRC, KIRP, LAML, LGG, PCPG, PRAD, READ, and UVM, negatively associated with the stromal component of TME in 4 cancers, including ACC, GBM, LUSC and UCEC (Figure 9).

Following that, we found that IGF2BP3 expression was significantly positively correlated with the degree of B cell, neutrophil, CD8+, DC, and macrophage infiltration in LGG, PRAD, KIRC, THCA, BRCA, and GBMLGG. These cells are known to widely involved in both innate and adaptive immune responses (71, 72). Then, a close positive association between IGF2BP3 expression and several immune scores was detected in pan-cancer analysis. Thus, IGF2BP3 may represent a promising biomarker related to tumor immune cell infiltration, and it provides a possible regimen of immune-related therapies for many cancers.

Finally, in our current study of IGF2BP3 biological function, it was shown that IGF2BP3 presented significant participation in biological processes related to immune response and facilitated tumor development in various cancers (Figure 12). A recent study uncovered better responses in patients with higher IGF2BP3 expression in anti-PD-1/PD-L1 therapy (22). Also, in the current study, IGF2BP3 was found to significantly correlate with classic immune checkpoint in human cancers, which remained one of the most successful immunotherapy strategies for multiple cancers. The results above implied the role of IGF2BP3 as a target in immunotherapy.

CellMiner is a website that provides genomics and pharmacology tools to identify drug patterns and transcripts in the NCI-60 cell line. Specifically, the CellMiner database contains 360 microRNAs, 22,379 genes, and 20,503 compounds incorporating 102 FDA-approved drugs (37). In our study, by searching the CellMiner database, we first explored the correlation between IGF2BP3 expression and anticancer drug sensitivity in detail. Results revealed that IGF2BP3 had a significantly positive association with most anticancer drugs, such as ARRY-704, RO-4987655, Trametinib, TAK-733, Cobimetinib, Mirdametinib, RO-5126766, AZD-0364, Ulixertinib, and Selumetinib (Figure 13). Remarkably, the drugs mentioned here were all confirmed to be within the spectrum of inhibitors against the components (mainly MEK and ERK) of MAPK signaling pathway, which remains a key driver of tumor growth in human cancers (73). This finding also partly agreed with the previous work by Ramaswamy Suvasini et al. (74), while the latter established IGF2BP3 as a pivotal oncogenic factor expressed solely in the GBMs. Therefore, we deduced that IGF2BP3 might promote tumorigenesis by inhibiting positive regulators of the Raf/MEK/ERK pathway.

Although we have explored the pan-cancer role of IGF2BP3 from the perspective of bioinformatics in depth, we must acknowledge some limitations in the present study. To begin with, despite the conclusion that aberrant IGF2BP3 expression was associated with immune cell infiltration and prognosis of human cancers, we cannot definitively ascertain whether IGF2BP3 may exert functional effects on patient survival via an immune response. Therefore, the involvement of IGF2BP3 during immune regulation is still unclear and needs further investigation. Second, there is no clinical trial to evaluate the use of IGF2BP3-related therapeutic drugs in patients with pan-cancer. However, we have noted that a prognostic model containing eight genes, including IGF2BP3, for pediatric brain tumors has already been developed recently in a randomized controlled trial, which dramatically enhances the identification of those patients with a poorer prognosis by such gene signature (75). In the future, it is necessary to prospectively study the expression of IGF2BP3 and its significance in cancer immune infiltration, and to develop new drugs with higher anti-tumor activity targeting IGF2BP3.



Conclusion

In conclusion, as far as we know, this is the first systematic study to elucidate the role of IGF2BP3 in pan-cancer from various angles, including its expression pattern, diagnosis, survival prognosis, genetic mutation, TMB, MSI, tumor immune microenvironment, relevant signaling pathways, and drug sensitivity. Based on our findings, IGF2BP3 may serve as a biomarker for the clinical detection of cancer. Our findings on the role of IGF2BP3 are prerequisites for clinical research and the practical application of IGF2BP3-based therapies.
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