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Background

Colorectal cancer (CRC) is the second most common cause of cancer-related deaths worldwide. Tumor metastasis and CD8+ T cell infiltration play a crucial role in CRC patient survival. It is important to determine the etiology and mechanism of the malignant progression of CRC to develop more effective treatment strategies.



Methods

We conducted weighted gene co‐expression network analysis (WGCNA) to explore vital modules of tumor metastasis and CD8+ T cell infiltration, then with hub gene selection and survival analysis. Multi-omics analysis is used to explore the expression pattern, immunity, and prognostic effect of MXRA8. The molecular and immune characteristics of MXRA8 are analyzed in independent cohorts, clinical specimens, and in vitro.



Results

MXRA8 expression was strongly correlated with tumor malignancy, metastasis, recurrence, and immunosuppressive microenvironment. Furthermore, MXRA8 expression predicts poor prognosis and is an independent prognostic factor for OS in CRC.



Conclusion

MXRA8 may be a potential immunotherapeutic and prognostic biomarker for CRC.
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Introduction

Colorectal cancer (CRC) is the third most common cancer and the second most common cause of cancer-related deaths worldwide (1). Approximately 20% of CRC patients have been reported to have progressed to a metastatic state at presentation, and up to 50% of localized CRC patients eventually present with metastatic disease (2, 3). The prognosis of metastatic CRC (mCRC) patients remains poor, with a three-year survival rate of less than 30% (4). Therefore, it is important to determine the etiology and mechanism of the malignant progression of CRC to develop more effective treatment strategies.

Immunotherapy, especially immune checkpoint inhibitors (ICIs), has become one of the effective therapeutic options for mCRC (5). ICIs have shown promising success in non-small cell lung cancer, metastatic melanoma, metastatic bladder cancer and prostate cancer (6, 7). However, ICIs demonstrated very limited clinical activity in mCRC. An important molecular mechanism of ICIs resistance is insufficient CD8+ T cell infiltration or loss of CD8+ T cell function (8). Studies have shown that the extent and activity of CD8+ T cells can affect tumor prognosis and immunotherapy response rates (9, 10). Less infiltration of CD8+ T cells in the center of tumor focus, has restricted the efficiency of immunotherapy in CRC (11). Therefore, identifying biomarkers and mechanisms of reduced infiltration and dysfunction of CD8+ T cells in CRC is critical for mCRC immunotherapy.

This study explored potential prognostic biomarkers and their biological functions in CRC, identifying matrix remodeling associated protein 8 (MXRA8) as a target gene. MXRA8 is a receptor for various articular viruses (12), but its role in cancer development and progression remains unsolved. Studies have demonstrated that MXRA8 is highly expressed in most solid tumor tissues compared to adjacent normal tumors (13), and it can modulate iron death and promote glioma progression (14). High MXRA8 expression is associated with poorer overall survival in clear cell renal cell carcinoma (15), but the potential function of MXRA8 in CRC has not been elucidated. In current study, highly expressed of MXRA8 was first determined in CRC tissues, and verified to promote invasion and metastasis in CRC cell. Furthermore, the expression level of MXRA8 reflects abnormal immune status in CRC, including infiltration and dysfunction of CD8+ T cells. Therefore, MXRA8 can be used a potential immunotherapeutic and prognostic biomarker for CRC.



Materials and methods


Data preprocessing

The expression profile of CRC tissues in GSE87211, GSE39582, GSE38832, GSE16158 and GSE16537 datasets were downloaded from GEO database (http://www.ncbi.nlm.nih.gov/geo/). GSE87211 dataset was used for module and gene selection significantly associated with CRC metastasis and weighted gene co-expression networks analysis (WGCNA) establishment. GSE39582 dataset was used as the training cohort to construct the prognostic prediction model. TCGA-COAD normalized data and clinical information were downloaded from UCSC Xena website (https://xenabrowser.net). GSE38832, GSE16158 and GSE16537 dataset were used as validation cohort. All gene expression profiles were normalized by R software.



Weighted gene co-expression networks analysis

The top 25% of genes with the largest variance in GSE87211 were selected for further co-expression network construction. To ensure the reliability of the results, an outlier was removed. Module identification was accomplished with the dynamic tree cut method. This study aims to set soft-thresholding power to 4 (scale-free R2 = 0.93). Each module contains at least 30 genes, and Pearson correlation analysis was conducted to identify the module with the strongest association with metastasis CRC and examine the relationship among gene modules.



Differentially expressed genes analysis and enrichment analysis

DEGs in CRC and normal tissue in GSE87211 were screened by the “limma” package in R, with an adjusted p-value < 0.05 and |log2FC| > 1 considered statistically significant. Gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) enrichment analyses were performed on the overlapping genes of DEGs and metastasis-related modules.



Nomogram construction

Univariate Cox analysis was performed to determine the association between the expression of metastasis-related DEGs and patients’ recurrence-free survival (RFS). Lasso penalized Cox regression analysis was used to select metastasis-related genes associated with prognosis. Based on prognostic importance, MXRA8 was identified as an important prognostic molecule, so MXRA8 expression and relevant clinical parameters were used to construct a nomogram. Calibration curves and a receiver operating characteristic (ROC) curve were used to estimate the accuracy and efficiency of the nomogram in a time‐dependent manner.



Gene set variation analysis and gene set enrichment analysis

GSE39582 and TGA datasets were divided into high and low groups according to the median MXRA8 expression level. Hallmark gene sets were used as a reference gene set. The GSVA package in R was used for GSVA analysis of MXRA8 high and low groups to identify common activation/inhibition pathways. All samples in GSE39582 were divided into two groups according to their risk score. GSEA was conducted to analyze the difference between groups using an adjusted p-value < 0.05 and a false discovery rate < 0.25.



Immune cell infiltration

The enrichment levels of 64 immune signatures in tumor tissues were evaluated by xCell algorithm in GSE87211 dataset. The relative proportions of 22 immune cell types in tumor tissues were evaluated by CIBERSORT algorithm in GSE87211 dataset (16). Correlation analysis of MXRA8 expression levels and immune cells was performed using the Pearson correlation coefficient.



Plasmid and siRNA

Plasmids overexpressing MXRA8 and an empty vector were purchased from Qinda (Wuhan, China). MXRA8 siRNA and negative siRNA controls were constructed by Qinda (Wuhan, China). The target sequences for MXRA8 siRNAs were AGGACATCCAGCTAGATTA (MXRA8 si1) and CGGGAAAGTCAAAGGGGAA (MXRA8 si2). CRC cells (SW48 and LoVo, purchased from ATCC) were transfected with siRNA or plasmid using Lipofectamine 3000 reagent (Invitrogen, MA, USA) according to manufacturer’s instructions. The knockdown efficiency was validated by qRT-PCR and western blot.



Cell migration assay

Cell migration was measured using transwell chambers (Beaverbio, Jiangsu, China). Suspensions of 10 × 104 cells in 200 μL of serum-free medium were added to the upper chamber, and a medium containing 10% FBS was added to the lower chamber. After culturing for 12 h, the migrating cells were fixed with 4% paraformaldehyde and stained with crystal violet. The cells were counted in four random fields under a light microscope. The control group was used as the standard and the statistical results of the treatment group were standardized.



Wound-healing assay

The cells were seeded in 6-well plates and grown to 90% confluence in a complete medium. The artificial wound was made by scraping the confluent cell monolayer with a 200-µL pipette tip, then washed with PBS to remove the detached cells. The remaining cells were grown in a serum-free medium, and cell migration was observed by microscopy and analyzed objectively using Image J. Wound closure (%) was calculated using the following formula: (1−[72-hour area/0-hour area]) × 100.



Quantitative real-time PCR

Total RNA from cultured cells was extracted using a Trizol reagent kit (Takara, Dalian, China), and qRT-PCR was performed as described previously (17). GAPDH was used as an internal control. The primer sequences were as follows: 5’-GCGGAGGCTACGAATACTCG-3’ (forward), 5’-TCTAGGTCGATGTACTTGGCAG-3’ (reverse), GAPDH: 5’-GGAGCGAGATCCCTCCAAAAT-3’ (forward), 5’-GGCTGTTGTCATACTTCTCATGG-3’ (reverse).



Western blot

CRC cells transfected with siRNA were collected for protein extraction by using a RIPA buffer (Sigma-Aldrich, Darmstadt, Germany) containing proteinase and phosphatase inhibitors on ice. With the protein concentration being determined, the collected proteins were separated by SDS-PAGE and transferred onto a nitrocellulose membrane (Bio-Rad, Richmond, CA, USA). Post milk blocking, the membranes were incubated with specific primary antibodies (Abcam, ab185444), secondary antibodies and ECL detection reagents (Millipore, USA), for the visualization by chemiluminescence system (UVP, San Gabriel, CA). Image J software was used for protein band quantification.



Immunohistochemistry

Paraffin-embedded specimens were prepared from tissue samples (35 CRC tissues and 35 paired adjacent normal tissues) collected from 35 patients who had been diagnosed with CRC at the Union Hospital (Wuhan, China) according to the original histopathological reports (Supplementary Table 1). All samples were collected with the informed consent of patients. All tissue specimens were collected immediately after surgical excision and quickly fixed in 4% paraformaldehyde solution for 24h. The tissues removed from the fixative were then dehydrated, transparent, waxed, and embedded. The paraffin section was 3μm thick. IHC analysis of tissue was performed using anti-MXRA8 (Abcam, ab185444, 1: 100) and anti-CD8 (Abcam, ab209775, 1:2000 dilution) antibodies and overnight incubation at 4°C. After epitope retrieval, H2O2 treatment and non-specific antigens blocking, chips were next incubated with secondary antibody as described previously (18). The IHC results were scored by two independent observers.



Statistical analysis

All statistical analyses were performed using R software 4.0.3. The Student’s t-test was used to determine the significance of DEGs, the cell migration assay, and the wound-healing assay. The Wilcoxon test was applied to determine the significance of the difference between the risk score and clinicopathological characteristics. GraphPad Prism 8.00 software was used to calculate the area under the curve. ****p<0.0001; ***p<0.001; **p<0.01; *p<0.05; ns, not significant.




Results


The turquoise/yellow module was identified as the pivotal module associated with metastasis and CD8+ by WGCNA

Considering the significance of metastasis in determining the prognosis of CRC patients, WGCNA was used to analyze the co-expression patterns between metastasis and whole-transcriptome profiling data (Figure S1A). The optimal soft threshold was set to 4 to construct a scale-free network (Figure S1B) to identify 12 modules (Figures 1A, S1C). The turquoise and yellow module highly correlated with metastasis were chosen for further analysis (Figure 1B). Gene expression profiles from GSE87211 identified 2901 upregulated DEGs in CRC samples compared to normal control tissues (Figure 1C). In current study, 699 genes with the highest connectivity in the turquoise/yellow module were intersected with the 2901 DEGs, outputting 306 candidate genes (Figure 1D). GO functions and KEGG pathways enriched analysis indicated that the genes were related to metastasis functions (Figures 1E, F).




Figure 1 | Biological function and pathway annotation. (A) Heatmap of the correlation between modules and cancer hallmarks. (B) Correlation between turquoise/yellow module and metastasis. (C) The volcano plot of differentially expressed genes (DEGs) between colorectal carcinoma samples and normal colorectal tissue samples (logFC > 2 and adjusted p-value <0.05). The horizontal axis represents the adjusted p-value, and the vertical axis represents the fold change. Red and green circles indicate up- and down-regulated genes, respectively. (D) Venn plot of the intersection of upregulated differentially expressed genes and selected genes from WGCNA. (E) The top 15 GO functions enriched for the upregulated 306 genes. (F) The top of 21 KEGG pathways enriched for the up-related 306 genes.





MXRA8 was selected as a hub gene associated with metastasis

The metastasis-related gene signature (MGS) was constructed by using LASSO Cox regression analysis to screen the most significant prognostic markers within the module (Figures 2A-C), consisting of six genes (SIX4, PRRX2, MXRA8, SLC11A1, ADAMTS6, and FLT1). The MGS score of each patient was calculated based on the expression levels of the six genes. The median MGS score was regarded as the cutoff, with all patients being classified as MGS-high or MGS-low, and dead CRC patients having a higher risk score than live patients (Figure 2D). A shorter survival time was found in CRC patients with MGS-high by survival analysis (Figure 2E), which was consistent with the Kaplan-Meier analysis results (p<0.0001) (Figure 2F).




Figure 2 | Identifying MXRA8 as a hub gene. (A) LASSO coefficient profiles of metastasis-related prognostic differential expressed genes. (B) 10-fold cross-validation for penalty parameter λ selection in LASSO model. (C) LASSO coefficients of six metastasis-related genes. (D) Comparison of risk scores in alive and dead patients. (E) The distribution of risk score, patients’ status, and RFS time. (F) Kaplan–Meier RFS curves for patients in high- and low-risk groups. (G) Boxplot indicating MXRA8 expression in normal/tumor (left), lymph metastasis or not (middle), and different stages (right) from GSE39582 database. (H) Boxplot indicating MXR8 expression in normal/recurrence (left), normal/metastasis after resection (middle), normal/metastasis before resection (right) from TCGA database.



TNM stage and risk score were independent risk factors for RFS by Multivariate Cox regression analysis (Figures S2A, B). The expression of risk score-high group genes was related with metastasis pathways (EMT, angiogenesis, hedgehog signaling, and notch signaling pathway) (p< 0.0001) by GSEA (Figure S2C). A nomogram for forecasting the CRC patients’ survival probability was established by combining the risk score and clinicopathological characteristics (age, sex, and stage) of the patients (Figure S3A). The probabilities for 3-, 5-, and 10-year survival predicted by the nomogram highly accorded with the observed values (Figure S3B). The area under the ROC curves for 3-, 5-, and 10-year OS were 0.700, 0.692, and 0.763, respectively (Figure S3C). Moreover, the AUC values presented that the risk score combined with tumor stage showed the best ability to predict OS among the factors analyzed (Figure S3D).

MXRA8 has been scarcely any report in most cancers, but being of great importance for CRC prognostic (Figure 2C). Higher expression of MXRA8 was found in tumors (compared to normal), in CRC patients with positive lymphatic metastasis (compared to negative lymphatic metastasis), in CRC patients with more advanced stage (Figures 2G; S3E, F), and patients with recurrence and metastasis (compared to no recurrence and metastasis) (Figure 2H).



Construction of an MXRA8-based prognostic prediction model

MXRA8 expression was statistically significant by univariate Cox regression analysis (Figure 3A) and identified as an independent prognostic biomarker in the multivariate Cox proportional hazards regression model using GSE39582 data (HR = 1.25, 95% confidence interval (CI) = 1.03–1.50, p= 0.02, Figure 3B). A nomogram for forecasting the CRC patients’ survival probability was established by combining MXRA8 and clinicopathological characteristics (age, sex, and stage) (Figure 3C). The probabilities for 1-, 3-, and 5-year survival predicted by the nomogram highly accorded with the observed values (Figure 3D). The area under the ROC curves for 3-, 5-, and 10-year OS were 0.843, 0.779, and 0.754, respectively (Figure 3E). Moreover, the AUC values presented that MXRA8 combined with tumor stage showed the best ability to predict OS among the factors analyzed (Figure 3F).




Figure 3 | Constructing an MXRA8-based prognostic prediction model. (A) Univariate Cox regression analysis of MXRA8 and clinicopathological characteristics (B) Multivariate Cox regression analysis of MXRA8 and clinicopathological characteristics. (C) Nomogram developed based on MXRA8 and clinicopathological characteristics. (D) Plots depict the calibration of the model regarding the agreement between predicted and observed OS. Model performance is shown by the plot relative to the 45-degree line, representing perfect prediction. Calibration analysis of the agreement between nomogram predicted 1-, 3-, and 5-year survival and observed outcomes. (E) Time-dependent ROC curves at 1, 3, and 5 years of the nomogram. (F) AUC plotted for different durations of OS for nomogram-based signature, tumor stage, and MXRA8 in TCGA datasets.





MXRA8 is involved in cancer-related signaling pathways in CRC

KEGG pathway gene sets and GSVA analysis of hallmark in MXRA8 high and low expression samples from GSE39582 and TCGA datasets revealed that tumor metastasis-related pathways enrichment in the MXRA8 high group (Figure 4A). MXRA8 was highly negatively associated with microsatellite instability but positively associated with immune checkpoint molecule expression, chemokines, and chemokine receptor expression (Figure 4B). In IHC staining, MXRA8 protein expression increased in tumor tissue (Figures 4C, D and S4A). Furthermore, MXRA8 and CD8 negatively correlated with CRC expression (Figure 4E). MXRA8 expression is positively associated with Tumor Immune Dysfunction and Exclusion (TIDE) and negatively associated with microsatellite instability (MSI), the immunophenoscore (IPS), and checkpoint (CP) (Figures 4F, G and S4B).




Figure 4 | MXRA8 promotes CRC migration and immunosuppression. (A) GSVA analysis of hallmark and KEGG pathway gene sets in MXRA8 high and low expression samples from GSE39582 and TCGA datasets. (B) In TCGA, MXRA8 expression is negatively associated with microsatellite instability but positively associated with immune checkpoint molecule expression, chemokines, and chemokine receptors expression. (C) IHC images of MXRA8 protein expression in normal and tumor tissue. Scale bars, 50 μm. (D) Statistical analysis of MXRA8 expression in CRC and adjacent normal tissues. (E) Statistical analysis of the correlation between MXRA8 and CD8 expression in CRC tissues. (F, G) MXRA8 expression is positively linked to tumor immune dysfunction and exclusion (TIDE) and negatively associated with microsatellite instability (MSI), immunophenoscore (IPS), and checkpoint (CP).





MXRA8 promotes CRC cell invasion and migration in vitro

In vitro, the ability of invasion and migration was assessed by MXRA8 knockdown in SW48 or plasmid transfection in LoVo (Figures 5A, E). The protein expression of MXRA8 in SW48 cells was decreased followed by MXRA8 knockdown (Figure 5B). The migratory and invasive abilities were reduced with MXRA8 knockdown by transwell assays in SW48 (Figure 5C). Cell migratory ability was repressed with MXRA8 knockdown by wound-healing assays in SW48 (Figure 5D). Furthermore, transwell assays showed that the invasive and migratory abilities were enhanced with MXRA8 plasmid transfection in LoVo (Figure 5F). A wound-healing assay illustrated that the cell migratory ability was upregulated when MXRA8 was overexpressed in LoVo (Figure 5G). These results corroborated that MXRA8 played a pivotal role in CRC migration and invasion in vitro.




Figure 5 | MXRA8 promotes CRC cell invasion and migration in vitro. (A-D) Levels of MXRA8 mRNA, MXRA8 protein, images of transwell assay for migration, and wound healing assay in SW48 transfected with MXRA8 siRNA. (E-G) Levels of MXRA8 mRNA, images of transwell assay for migration, and wound healing assay in LoVo with MXRA8 plasmid transfection.  ****p<0.0001; ***p<0.001; **p<0.01; *p<0.05.





High expression of MXRA8 correlates with low CD8+ T cell infiltration

Several algorithms were used to conduct the following study in CRC, and the expression of MXRA8 was negatively correlated with CD8+ T cell levels in GSE87211 and TCGA datasets (Figures 6A, B). The protein expression of MXRA8 is negatively correlated with the stromal and immune scores but positively with tumor purity (Figure 6C). A correlation matrix between MXRA8 and immune cells/stromal cells revealed that MXRA8 is negatively correlated with CD8+ T cells but positively with multiple types of stromal cells (skeletal muscle, pericytes, mv endothelial cells, ly endothelial cells, fibroblasts, endothelial cells, chondrocytes, and adipocytes), suggesting its potential role meditated by CD8+ and the stromal cells in tumor progression (Figures 6D, E). The prognostic value of MXRA8 was validated using TCGA cohorts. In the univariate Cox regression analysis, MXRA8 expression was statistically significant (left of Figure S5A). Furthermore, multivariate Cox regression analysis indicated that MXRA8 was an independent risk factor for overall survival in CRC (HR = 1.61, 95% CI = 1.01–2.67, right of Figure S5A). Furthermore, higher expression of MXRA8 was associated with a poorer survival rate (Figures S5B-D), indicating that high MXRA8 expression is an unfavorable prognostic biomarker for CRC (Figure S5).




Figure 6 | High MXRA8 expression correlates with low CD8+ T cell infiltration level. (A) The protein expression of MXRA8 is negatively correlated with CD8+ T cell infiltration level in GSE87211 with CIBERSORT and XCELL algorism. (B) The mRNA expression of MXRA8 is negatively correlated with CD8+ T cell infiltration level in TCGA with EPIC and CIBERSORT algorism. (C) The protein expression of MXRA8 is positively correlated with a stromal score and immune score but negatively associated with tumor purity. (D) Correlation analysis between MXRA8 expression levels and immune cells (E) Correlation analysis between MXRA8 expression levels and stromal cells infiltration.






Discussion

Tumor metastasis and CD8+ T cell infiltration play a crucial role in CRC patient survival. In this study, we conducted WGCNA to explore vital modules of tumor metastasis and CD8+ T cell infiltration, then with hub gene selection and survival analysis. A CRC prognosis prediction model based on six related genes was constructed, of which one gene, MXRA8, shows potential as a biomarker for survival and CD8+ T cell infiltration in CRC.

The comprehensive evaluation of MXRA8 in four independent CRC cohorts demonstrated high expression of MXRA8 in tumors (compared to normal), in CRC patients with positive lymphatic metastasis (compared to negative lymphatic metastasis), advanced stage, recurrence, and metastasis. The nomogram, including MXRA8 and tumor stage, also showed good prognostic, predictive performance. To further clarify the role of MXRA8 in cancer, we conducted GSVA analysis of hallmark and KEGG pathways, showing that high expression of MXRA8 was positively associated with migration and immunosuppression.

MXRA8 is highly expressed in CRC and associated with CRC metastasis. MXRA8 is a transmembrane protein that can influence integrin signaling and regulate cell-cell interactions (19, 20). MXRA8 also serves as a receptor for multiple arthritogenic alphaviruses (21). The function of MXRA8 in cancer development and progression has not been addressed, but it has been reported to be highly expressed in thyroid cancer (22), kidney cancer (15), esophageal cancer (23), and pancreatic cancer (24), Therefore, this study is the first report on the high expression of MXRA8 in CRC. Additionally, MXRA8 is associated with CRC metastasis, and increased MXRA8 promotes CRC invasion and metastasis in vitro. This is similar to the results of a recent study by Roger et al., which found that MXRA8 is highly expressed in lung metastasis of breast cancer, and miR-200s can down-regulate MXRA8 expression to inhibit the growth and metastasis of breast tumor cells in vivo (25).

MXRA8 promotes CRC invasion and metastasis through multiple mechanisms and is involved in tumor invasion and metastasis. EMT-like changes in tumor cells not only loosen cell-cell adhesion complexes, enhancing cell migration and invasive properties but are also associated with enhanced stem cell properties and drug resistance (26, 27). The present study depicted that the MXRA8 high expression group revealed significant enrichment of EMT and angiogenesis. MXRA8 was confirmed to be an adhesion molecular protein expressed in epithelial and mesenchymal cells (28). These results suggest that MXRA8 may be involved in cell adhesion and migration. Hypoxia and TGF-β signaling can promote tumor EMT and angiogenesis in multiple ways and are thought to contribute to tumor invasion and metastasis (29, 30). In our study, the high MXRA8 group showed significant enrichment of hypoxia and TGF-β signaling pathways. In addition, our study revealed that MXRA8 expression correlated with the expression of multiple metastasis-associated chemokines (CXCL12, CXCL13, CCL9, CCL21, CXCR4, CXCR5, and CCR7) (31–37), suggesting that MXRA8 may be involved in tumor invasion and metastasis by regulating the secretion of chemokines. Numerous studies have reported that chemokines can regulate tumor invasiveness and metastasis and play a crucial role in establishing the composition of the “pre-metastatic niche” (38). For example, the CXCL12/CXCR4 axis is involved in tumor growth, invasion, angiogenesis, and metastasis in CRC, breast and pancreatic cancers (39–42). Nonetheless, the role of MXRA8 in tumor metastasis still requires further study.

MXRA8 levels are associated with cancer immunity, and ICI is changing the treatment paradigm for many cancers (43), with adequate infiltration of tumor-reactive CD8+ T cells a prerequisite for the ICI response (44). In colorectal cancer, IL-2 activates TPH1-5-HTP-AhR signaling in the tumor microenvironment to induce CD8+ T cell exhaustion in tumor tissues (45). In addition, significant enrichment of immunosuppressive cytokines TGFB1 and IL10 have been found in the Epithelial-mesenchymal transition-high group of almost all cancer types, forming an immunosuppressive microenvironment and leading to decreased infiltration of CD8+ T cells (46). Inefficient antigen presentation due to immune escape is also an important factor leading to poor infiltration of CD8+ T cells. T cell suppressor receptors such as CTLA-4, PD-1, and TIGIT are essential for T cell activation, antigen recognition, and recruitment, and can inhibit effective anti-tumor immune responses (47). These signaling pathways (TGF-β, EMT, Hypoxia), participating in limiting CD8+ T cell infiltration, have been preliminary demonstrated to be associated with high expression of MXRA8 in this work. Furthermore, MXRA8 was linked to the expression of several immune checkpoints in our work, including PD-1, PD-L1, PD-L2, CTLA-4, TIM-3, and LAG-3; thus, MXRA8 may be involved in tumor immune escape. While more in-depth studies between MXRA8 and CD8+ T cell infiltration are needed, we propose some ideas about it.

MXRA8 mRNA levels were inversely related to the abundance of most of the immune cell types, especially plasma cells, M2 macrophages, and CD4 memory cells. Correlation analysis showed that the expression of MXRA8 correlated with the expression of many stromal cells, including endothelial cells, fibroblasts, and adipocytes. In many previous studies, fibroblasts and endothelial cells play key roles in cancer progression by promoting extracellular matrix deposition and remodeling, EMT, invasion, metastasis, and therapy resistance (48, 49). These results demonstrate that MXRA8 may affect the development and prognosis of cancers by shaping the tumor microenvironment.

TIDE was recently evaluated as a potential biomarker to predict the response to ICI therapy in prospective clinical trials and many tumor types (50). TIDE prediction scores correlated with T cell dysfunction in Cytotoxic T Lymphocyte (CTL)-high tumors and T cell exclusion in CTL-low tumors (51). In our study, patients with high MXRA8 expression had less CTL infiltration and higher TIDE and T cell exclusion scores so that MXRA8 may be involved in tumor immune escape through T cell exclusion. The IPS function was used to measure the immune state of the samples (52), and the higher the composite score of IPS, the stronger the immunogenicity of the sample. Our study showed that patients with high MXRA8 expression had lower IPS scores and antigen immunogenicity, indicating poor responsiveness to immunotherapy, which is consistent with the TIDE predictions. Overall, these results suggest that patients with low MXRA8 expression may have a better response to immunotherapy and that MXRA8 may be a potential biomarker for predicting the efficacy of CRC immunotherapy.



Conclusion

This study first found that MXRA8 was overexpressed in CRC. Meanwhile, MXRA8 expression was strongly correlated with tumor malignancy, metastasis, recurrence, and immunosuppressive microenvironment. Furthermore, MXRA8 expression predicts poor prognosis and is an independent prognostic factor for OS in CRC. MXRA8 can also serve as a potential biomarker for immunotherapy. In the future, the role of MXRA8 in CRC prognosis and immunotherapy should be validated in prospective, multicenter, and randomized clinical trials that include follow-up data and receive immunotherapy.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary Material.



Author contributions

LT: Data curation, Formal analysis, Methodology, Software, Validation, Visualization, Writing - original draft. DF: Methodology, Investigation, Validation, Software, Formal analysis. FL: Methodology, Validation, Writing - review & editing. JL: Validation, Writing - review & editing. YZ: Funding acquisition, Writing - review & editing. JG: Methodology, Resources, Supervision. KT: Resources, Supervision. GW: Resources, Supervision. LW: Resources, Writing - review & editing, Supervision. ZW: Conceptualization, Writing - review & editing, Supervision, Funding acquisition. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Natural Science Foundation of China (81974382, 81902135).



Acknowledgments

We thank all the participants in this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2022.1094612/full#supplementary-material



References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

2. Schmoll, HJ, Van Cutsem, E, Stein, A, Valentini, V, Glimelius, B, Haustermans, K, et al. ESMO consensus guidelines for management of patients with colon and rectal cancer. a personalized approach to clinical decision making. Ann Oncol (2012) 23(10):2479–516. doi: 10.1093/annonc/mds236

3. Bockelman, C, Engelmann, BE, Kaprio, T, Hansen, TF, and Glimelius, B. Risk of recurrence in patients with colon cancer stage II and III: A systematic review and meta-analysis of recent literature. Acta Oncol (2015) 54(1):5–16. doi: 10.3109/0284186x.2014.975839

4. Rahbari, NN, Carr, PR, Jansen, L, Chang-Claude, J, Weitz, J, Hoffmeister, M, et al. Time of metastasis and outcome in colorectal cancer. Ann Surg (2019) 269(3):494–502. doi: 10.1097/sla.0000000000002564

5. Kishore, C, and Bhadra, P. Current advancements and future perspectives of immunotherapy in colorectal cancer research. Eur J Pharmacol (2021) 893:173819. doi: 10.1016/j.ejphar.2020.173819

6. Chen, X, Xu, R, He, D, Zhang, Y, Chen, H, Zhu, Y, et al. CD8+ T effector and immune checkpoint signatures predict prognosis and responsiveness to immunotherapy in bladder cancer. Oncogene (2021) 40(43):6223–34. doi: 10.1038/s41388-021-02019-6

7. Bagchi, S, Yuan, R, and Engleman, EG. Immune checkpoint inhibitors for the treatment of cancer: Clinical impact and mechanisms of response and resistance. Annu Rev Pathol (2021) 16:223–49. doi: 10.1146/annurev-pathol-042020-042741

8. Eugene, J, Jouand, N, Ducoin, K, Dansette, D, Oger, R, Deleine, C, et al. The inhibitory receptor CD94/NKG2A on CD8+ tumor-infiltrating lymphocytes in colorectal cancer: a promising new druggable immune checkpoint in the context of HLAE/beta 2m overexpression. Mod Pathol (2020) 33(3):468–82. doi: 10.1038/s41379-019-0322-9

9. Cabrita, R, Lauss, M, Sanna, A, Donia, M, Skaarup Larsen, M, Mitra, S, et al. Tertiary lymphoid structures improve immunotherapy and survival in melanoma. Nature (2020) 577(7791):561–5. doi: 10.1038/s41586-019-1914-8

10. Jin, Y, Tan, A, Feng, J, Xu, Z, Wang, P, Ruan, P, et al. Prognostic impact of memory CD8+ T cells on immunotherapy in human cancers: A systematic review and meta-analysis. Front Oncol (2021) 11:698076. doi: 10.3389/fonc.2021.698076

11. Zhang, S, Zhong, M, Wang, C, Xu, Y, Gao, W-Q, and Zhang, Y. CCL5-deficiency enhances intratumoral infiltration of CD8+ T cells in colorectal cancer. Cell Death Dis (2018) 9:766. doi: 10.1038/s41419-018-0796-2

12. Zhang, R, Kim, AS, Fox, JM, Nair, S, Basore, K, Klimstra, WB, et al. Mxra8 is a receptor for multiple arthritogenic alphaviruses. Nature (2018) 557(7706):570–4. doi: 10.1038/s41586-018-0121-3

13. Song, D, Jia, X, Liu, X, Hu, L, Lin, K, Xiao, T, et al. Identification of the receptor of oncolytic virus M1 as a therapeutic predictor for multiple solid tumors. Signal Transd Target Ther (2022) 7(1):100. doi: 10.1038/s41392-022-00921-3

14. Xu, Z, Chen, X, Song, L, Yuan, F, and Yan, Y. Matrix remodeling-associated protein 8 as a novel indicator contributing to glioma immune response by regulating ferroptosis. Front Immunol (2022) 13:834595. doi: 10.3389/fimmu.2022.834595

15. Li, S, and Xu, W. Mining TCGA database for screening and identification of hub genes in kidney renal clear cell carcinoma microenvironment. J Cell Biochem (2020) 121(8-9):3952–60. doi: 10.1002/jcb.29511

16. Chen, B, Khodadoust, MS, Liu, CL, Newman, AM, and Alizadeh, AA. Profiling tumor infiltrating immune cells with CIBERSORT. Methods Mol Biol (2018) 1711:243–59. doi: 10.1007/978-1-4939-7493-1_12

17. Yuan, J, Tan, L, Yin, Z, Zhu, W, Tao, K, Wang, G, et al. MIR17HG-miR-18a/19a axis, regulated by interferon regulatory factor-1, promotes gastric cancer metastasis via wnt/beta-catenin signalling. Cell Death Dis (2019) 10:454. doi: 10.1038/s41419-019-1685-z

18. Tan, L, Yuan, J, Zhu, W, Tao, K, Wang, G, and Gao, J. Interferon regulatory factor-1 suppresses DNA damage response and reverses chemotherapy resistance by downregulating the expression of RAD51 in gastric cancer. Am J Cancer Res (2020) 10(4):1255–70.

19. Han, S-W, Jung, Y-K, Lee, E-J, Park, H-R, Kim, G-W, Jeong, J-H, et al. DICAM inhibits angiogenesis via suppression of AKT and p38 MAP kinase signalling. Cardiovasc Res (2013) 98(1):73–82. doi: 10.1093/cvr/cvt019

20. Jung, Y-K, Han, S-W, Kim, G-W, Jeong, J-H, Kim, H-J, and Choi, J-Y. DICAM inhibits osteoclast differentiation through attenuation of the integrin alpha V beta 3 pathway. J Bone Miner Res (2012) 27(9):2024–34. doi: 10.1002/jbmr.1632

21. Zhang, R, Earnest, JT, Kim, AS, Winkler, ES, Desai, P, Adams, LJ, et al. Expression of the Mxra8 receptor promotes alphavirus infection and pathogenesis in mice and drosophila. Cell Rep (2019) 28(10):2647–58. doi: 10.1016/j.celrep.2019.07.105

22. Wu, L, Zhou, Y, Guan, Y, Xiao, R, Cai, J, Chen, W, et al. Seven genes associated with lymphatic metastasis in thyroid cancer that is linked to tumor immune cell infiltration. Front Oncol (2022) 11:756246. doi: 10.3389/fonc.2021.756246

23. Zhang, D, Qian, C, Wei, H, and Qian, X. Identification of the prognostic value of tumor microenvironment-related genes in esophageal squamous cell carcinoma. Front Mol Biosci (2020) 7:599475. doi: 10.3389/fmolb.2020.599475

24. Ichihara, R, Shiraki, Y, Mizutani, Y, Iida, T, Miyai, Y, Esaki, N, et al. Matrix remodeling-associated protein 8 is a marker of a subset of cancer-associated fibroblasts in pancreatic cancer. Pathol Int (2022) 72(3):161–75. doi: 10.1111/pin.13198

25. Simpson, KE, Watson, KL, and Moorehead, RA. Elevated expression of miR-200c/141 in MDA-MB-231 cells suppresses MXRA8 levels and impairs breast cancer growth and metastasis in vivo. Genes (2022) 13(4):691. doi: 10.3390/genes13040691

26. Aiello, NM, and Kang, Y. Context-dependent EMT programs in cancer metastasis. J Exp Med (2019) 216(5):1016–26. doi: 10.1084/jem.20181827

27. Wu, HT, Zhong, HT, Li, GW, Shen, JX, Ye, QQ, Zhang, ML, et al. Oncogenic functions of the EMT-related transcription factor ZEB1 in breast cancer. J Transl Med (2020) 18(1):51. doi: 10.1186/s12967-020-02240-z

28. Song, H, Zhao, Z, Chai, Y, Jin, X, Li, C, Yuan, F, et al. Molecular basis of arthritogenic alphavirus receptor MXRA8 binding to chikungunya virus envelope protein. Cell (2019) 177(7):1714–1724.e12. doi: 10.1016/j.cell.2019.04.008

29. Lin, Y-T, and Wu, K-J. Epigenetic regulation of epithelial-mesenchymal transition: focusing on hypoxia and TGF-beta signaling. J BioMed Sci (2020) 27(1):39. doi: 10.1186/s12929-020-00632-3

30. Li, L, Yu, R, Cai, T, Chen, Z, Lan, M, Zou, T, et al. Effects of immune cells and cytokines on inflammation and immunosuppression in the tumor microenvironment. Int Immunophar (2020) 88:106939. doi: 10.1016/j.intimp.2020.106939

31. Shi, Y, Riese DJ, II, and Shen, J. The role of the CXCL12/CXCR4/CXCR7 chemokine axis in cancer. Front Pharmacol (2020) 11:574667. doi: 10.3389/fphar.2020.574667

32. Benedicto, A, Hernandez-Unzueta, I, Sanz, E, and Márquez, J. Ocoxin increases the antitumor effect of BRAF inhibition and reduces cancer associated fibroblast-mediated chemoresistance and protumoral activity in metastatic melanoma. Nutrients (2021) 13(2):686. doi: 10.3390/nu13020686

33. Korbecki, J, Grochans, S, Gutowska, I, Barczak, K, and Baranowska-Bosiacka, I. CC chemokines in a tumor: A review of pro-cancer and anti-cancer properties of receptors CCR5, CCR6, CCR7, CCR8, CCR9, and CCR10 ligands. Int J Mol Sci (2020) 21(20):7619. doi: 10.3390/ijms21207619

34. Chao, C-C, Lee, W-F, Wang, S-W, Chen, P-C, Yamamoto, A, Chang, T-M, et al. CXC chemokine ligand-13 promotes metastasis via CXCR5-dependent signaling pathway in non-small cell lung cancer. J Cell Mol Med (2021) 25(19):9128–40. doi: 10.1111/jcmm.16743

35. Gao, L, Xu, J, He, G, Huang, J, Xu, W, Qin, J, et al. CCR7 high expression leads to cetuximab resistance by cross-talking with EGFR pathway in PI3K/AKT signals in colorectal cancer. Am J Cancer Res (2019) 9(11):2531–43.

36. Fu, Q, Tan, X, Tang, H, and Liu, J. CCL21 activation of the MALAT1/SRSF1/mTOR axis underpins the development of gastric carcinoma. J Transl Med (2021) 19(1):210. doi: 10.1186/s12967-021-02806-5

37. Tian, C, Li, C, Zeng, Y, Liang, J, Yang, Q, Gu, F, et al. Identification of CXCL13/CXCR5 axis’s crucial and complex effect in human lung adenocarcinoma. Int Immunophar (2021) 94:107416. doi: 10.1016/j.intimp.2021.107416

38. Vilgelm, AE, and Richmond, A. Chemokines modulate immune surveillance in tumorigenesis, metastasis, and response to immunotherapy. Front Immunol (2019) 10:333. doi: 10.3389/fimmu.2019.00333

39. Wang, D, Wang, X, Si, M, Yang, J, Sun, S, Wu, H, et al. Exosome-encapsulated miRNAs contribute to CXCL12/CXCR4-induced liver metastasis of colorectal cancer by enhancing M2 polarization of macrophages. Cancer Lett (2020) 474:36–52. doi: 10.1016/j.canlet.2020.01.005

40. Santagata, S, Ieranò, C, Trotta, AM, Capiluongo, A, Auletta, F, Guardascione, G, et al. CXCR4 and CXCR7 signaling pathways: A focus on the cross-talk between cancer cells and tumor microenvironment. Front Oncol (2021) 11:591386. doi: 10.3389/fonc.2021.591386

41. Daniel, SK, Seo, YD, and Pillarisetty, VG. The CXCL12-CXCR4/CXCR7 axis as a mechanism of immune resistance in gastrointestinal malignancies. Semin Cancer Biol (2020) 65:176–88. doi: 10.1016/j.semcancer.2019.12.007

42. Zielińska, KA, and Katanaev, VL. The signaling duo CXCL12 and CXCR4: Chemokine fuel for breast cancer tumorigenesis. Cancers (Basel) (2020) 12(10):3071. doi: 10.3390/cancers12103071

43. Topalian, SL, Drake, CG, and Pardoll, DM. Immune checkpoint blockade: A common denominator approach to cancer therapy. Cancer Cell (2015) 27(4):450–61. doi: 10.1016/j.ccell.2015.03.001

44. Farhood, B, Najafi, M, and Mortezaee, K. CD8+ cytotoxic T lymphocytes in cancer immunotherapy: A review. J Cell Physiol (2019) 234(6):8509–21. doi: 10.1002/jcp.27782

45. Liu, Y, Zhou, N, Zhou, L, Wang, J, Zhou, Y, Zhang, T, et al. IL-2 regulates tumor-reactive CD8+ T cell exhaustion by activating the aryl hydrocarbon receptor. Nat Immunol (2021) 22(3):358–69. doi: 10.1038/s41590-020-00850-9

46. Tiwari, JK, Negi, S, Kashyap, M, Nizamuddin, S, Singh, A, and Khattri, A. Pan-cancer analysis shows enrichment of macrophages, overexpression of checkpoint molecules, inhibitory cytokines, and immune exhaustion signatures in EMT-high tumors. Front Oncol (2022) 11:793881. doi: 10.3389/fonc.2021.793881

47. Banta, KL, Xu, X, Chitre, AS, Au-Yeung, A, Takahashi, C, O’Gorman, WE, et al. Mechanistic convergence of the TIGIT and PD-1 inhibitory pathways necessitates co-blockade to optimize anti-tumor CD8+ T cell responses. Immunity (2022) 55(3):512–526.e9. doi: 10.1016/j.immuni.2022.02.005

48. Asif, PJ, Longobardi, C, Hahne, M, and Medema, JP. The role of cancer-associated fibroblasts in cancer invasion and metastasis. Cancers (2021) 13(18):4720. doi: 10.3390/cancers13184720

49. Chen, W-Z, Jiang, J-X, Yu, X-Y, Xia, W-J, Yu, P-X, Wang, K, et al. Endothelial cells in colorectal cancer. World J Gastroint Oncol (2019) 11(11):946–56. doi: 10.4251/wjgo.v11.i11.946

50. Chen, Y, Li, Z-Y, Zhou, G-Q, and Sun, Y. An immune-related gene prognostic index for head and neck squamous cell carcinoma. Clin Cancer Res (2021) 27(1):330–41. doi: 10.1158/1078-0432.Ccr-20-2166

51. Jiang, P, Gu, S, Pan, D, Fu, J, Sahu, A, Hu, X, et al. Signatures of T cell dysfunction and exclusion predict cancer immunotherapy response. Nat Med (2018) 24(10):1550–8. doi: 10.1038/s41591-018-0136-1

52. Garcia-Mulero, S, Alonso, MH, Pardo, J, Santos, C, Sanjuan, X, Salazar, R, et al. Lung metastases share common immune features regardless of primary tumor origin. J Immunother Cancer (2020) 8(1):e000491. doi: 10.1136/jitc-2019-000491


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Tan, Fu, Liu, Liu, Zhang, Li, Gao, Tao, Wang, Wang and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-12-1094612-g001.jpg
B
Module membership vs. gene significance

Module-trait relationships
P g cor=0.72, p<1e-500
3
& - =
Zd I B ,
B 2 » “Eigs
MEpink wow EE W oW e ow ow @ 58 gy
S Uhis
MEblack = - - ~El - ;- :
= ©
(=]
MEbrown Al A B &
e ~ £ 5
MEblue A A O S Y g °
MEgreen o @n  ea e @m  wy  ee  on 2
1 o
MEred %5 ©e  @n @ ©4  on  on e e § 00 02 04 0B 08
. o = o o i = o o o Module Membership in turquoise module
MEturquoise [ [ ©2) oo @m0y = = o
B T T £ cor=0.61, p<1.5e-57
MEyellow LX) [0) 003 021 1) 003 0.002) 002) 2 5
=1 v
MEmagenta Sum By @h | ges  ee  es me  on e 2
3
MEpurple oW o o oW owow oW ow| 8
egey [N | (R @ W W oW W wow | §
R T o o o 8
o o P e ve\o‘e‘ a0 8
RSSCS W e w® ge® <@ £
& 2 2 &% 5 5
o @ 2
W W g 02 04 06 08
8 Module Membership in yellow module
c Volcano D
8
- DEG
O
w
=3
o
]
turquoise&yellow
-Log10(adj.P.Val)
E F
ial dictond transcriptional misregulation in cancer { @
signal transduction - @ TNF signaling pathway °
serine-type endopeptidase activity - . staphylococcus aureus infection .
salmonella infection { .
e cceebbuind 7 ° nsumatod rtis ®
renin secretion 4 .
metalloendopeptidase activity < . proteoglycans in cancer 1 °
inflamatory response - ° protein gig}e\sRﬂop snlq abso;‘pt‘cn [ ]
| signaling pathway | .
a8 o o
-Akt signaling pathway +
extracellular matrix structural constituent - . phagosome [ ]
extracellular matrix organization ° osteoclast d'ﬂe’e"t‘?:"‘f“ Al ° .
malaria {
exlracellula.r exos?n.'\e 10 leishmaniasis 4 °
cytokine activity . Jas-STAT signaling pathway | ®
collagen catabolic process < [ ] hematopoietic cell lineage { . [}
@ focal adhesion {
cell adhesion -+
Icium ion bi df 1 » ECM-receptor interaction 1 [ ]
caleumlonbinding 1@ I I I Cytokine-cytokine receptor interaction { [ ]
amoebiasis [ ]
v v v
2550 75 10 20 30 51652025 3579
*00
Gene number  -log10 (p.value) 000 B
Gene number -log10 (p.value)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        MXRA8 is an immune-relative prognostic biomarker associated with metastasis and CD8+ T cell infiltration in colorectal cancer

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Data preprocessing

          



          		

            Weighted gene co-expression networks analysis

          



          		

            Differentially expressed genes analysis and enrichment analysis

          



          		

            Nomogram construction

          



          		

            Gene set variation analysis and gene set enrichment analysis

          



          		

            Immune cell infiltration

          



          		

            Plasmid and siRNA

          



          		

            Cell migration assay

          



          		

            Wound-healing assay

          



          		

            Quantitative real-time PCR

          



          		

            Western blot

          



          		

            Immunohistochemistry

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            The turquoise/yellow module was identified as the pivotal module associated with metastasis and CD8+ by WGCNA

          



          		

            MXRA8 was selected as a hub gene associated with metastasis

          



          		

            Construction of an MXRA8-based prognostic prediction model

          



          		

            MXRA8 is involved in cancer-related signaling pathways in CRC

          



          		

            MXRA8 promotes CRC cell invasion and migration in vitro

          



          		

            High expression of MXRA8 correlates with low CD8+ T cell infiltration

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-12-1094612-g003.jpg
o

Observed survival

00 02 04 06 08

1.0

0.0

A Univariate Cox B Multivariate Cox
Characteristics HR(95%C1) P value Characteristics N HR(85%C1) P value
Age Age
>80 303 143101203 0043 f—— 60 303 152(1.07:2.16) 002 >
<=60 157 <=60 157
Gender ‘Gender
Male 246 141(104190) 0048 —— Male 245 141(1041.90) 003 O ol
Female 304 Female 304
stage Stage
384 250 184(137.248) 776E05 ——A 384 250 184(137:248) S570E05 i
182 21 182 0
Location Location
Drstal 334 091(068-124) 058 o Distal 334 091(067-123) 054
Proximal 216 Proxmal 216
MXRA8 1.20(1.03-1.56) MXRAS 1.25(1.03-1.50) 002
r T J
0 1 25
0 10 20 30 40 50 60 70 80 % 100
Points
MXRAB —_——————
5 6 7 8 10
Malo
sex —
Female
age .
20 30 40 50 60 70 80 100
i 3
pathologic_t i
0 2 4
;
pathologic_m
o
1 3
pathologic_n —_—
0 2
Total Points
0 2 60 80 100 120 140 160 180 200 220 240
1-year Survival Probability
085 08 085 0.80.750.7.69.6.56.645
3-year Survival Probability
09 08 07 06 05 04 03 02 0.
5-year Survival Probability
09 08 07 06 05 04 03 02 01
8 o
- - — nomogran
@ @ — stage
>5 ® — MXRA8
= (O3] \
- 2.
0w o ]
§ :
©
(20 =
& AUC at 1 year = 0.843 -
° AUC at 3 years = 0.779 =
o AUC at 5 years = 0.754 - -
0.2 04 06 08 1.0 e - - - 12 24 36 48 60

Nomogram predicted OS (%)

075 1.00

0.50

1-Specificity

Time (months)






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-12-1094612-g005.jpg
>

Relative mRNA expression

- -
=] o

2
o

72h

Relative mRNA expression

Oh

72h

NC

Vector MXRAS

1.0 0.6 06
GAPDH 37kDa
B EX
&
& \r*gﬁ
swi4s

LoVo

MXRA8 Si1 MXRABS Si2

Swag
MXRAB8 Si1 MXRA8 Si2

Percent wound closure

LoVo

Cells/ field

Percent wound closure
o
-

Vector MXRA8

Cells/ field

054

0.0-

Vector MXRAS





OEBPS/Images/fonc-12-1094612-g002.jpg
Risk Score

>
w
(¢}

3 8 5
g ° SIX4
2 3 3 3 PRRX2 -
c (=] £
S o« B MXRAS -
= =]
§ 23 SLC11AT-
o " 5
[ST= 2w ADAMTS6 -
=1 =
3 = s 3 FLT1-
: =
0 1 2 3 g 00 01 02 03
L1 Norm LASSO coefficients

log(Lambda)

o
m
|

o HghRisk = LowRisk
Wilcoxon, p=1.1e-05 Q@ - 100
: 8= ®
Lo 275
™~ —_
2 O N
[ S
@
28 25| p=0.00011
.g ~ Status
e o O
o ,8_ ] Oead 0 50 100 150 200
é Time(months)
° = High
s 100 200 300 400 500 Lg Z:: 1;: i‘: 2 (1)
Patient number ranked by the increasing risk score o

G GSE39582
Wilcoxon, p=9.8e-05 Wilcoxon, p=0.03 Kruskal-Wallis, p=0.025
10 10 .
9 9
8 . 8
7 7
6 6
Normal Stage 182 3 4
H GSE87211
Wilcoxon, p=0.024 Wilcoxon, p=0.00049 Wilcoxon, p=0.0027
12 . 12 . 12 .
10 10 i 10
IEEI
8 8 - 8
6 6 6

Metastasis after ret Control Metastasis before ret





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-12-1094612-g004.jpg
CRC

Normal

GSE39582

HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION
HALLWARK_ANGIOGENESIS
HALLWMARK_APICAL_SURFACE
HALLWMARK_COAGULATION
HALLMARK_MYOGENESIS
HALLMARK_APICAL_JUNCTION
HALLMARK_HEDGEHOG_SIGNALING
| HALLMARK_NOTCH_SIGNALING
HALLMARK_UV_RESPONSE_DN
HALLMARK_TGF_BETA_SIGNALING
HALLMARK_HYPOXIA
HALLWARK_IL2_STATS_SIGNALING
HALLMARK_COMPLEMENT
HALLMARK_KRAS_SIGNALING_UP
HALLMARK_APOPTOSIS

HALLMARK_NOTCH_SIGNALING

|| HALLMARK_APICAL_SURFACE
HALLMARK_MYOGENESIS
HALLMARK_APICAL_JUNCTION
HALLMARK_HEDGEHDG_SIGNALING
HALLMARK_UV_RESPONSE_DN
HALLMARK_TGF_BETA_SIGNALING
HALLMARK_EPITHELIAL MESENCHYMAL TRANSITION
HALLMARK_ANGIOGENESIS
HALLMARK_HYPOXIA

| HALLMARK_COAGULATION
HALLMARK_APOPTOSIS

[ gi—

Normal CRC

R=066, p<2.2e-16 R=-0.5, p<26e-14

MSI
000 025 050 075 1.00
IPS

D
W CDS high Il CD8 low
p <0.001 p=003
5 1009
[
5 06 .
& . g
2 04 e
5 8 s0-
) &
E 0.2
3
o 0

MXRA8 Low High

R=-0.26, p < 2e-04






OEBPS/Images/fonc.2022.1094612_cover.jpg
, frontiers ‘ Frontiers in Oncology

MXRAB8 is an immune-relative
prognostic biomarker
associated with metastasis
and CD8" T cell infiltration
in colorectal cancer





OEBPS/Images/fonc-12-1094612-g006.jpg
A Gses7211

o
o
=3

T.cells.CD8

B
TCGA
z
z
£
S
g
3
g
&
2
4
5
P}
®
g
x -
= 000
(]
o g
58
g¢e
2}
T o
£
=}
E

D

MXRAS --044-0.270,31-0.26-0.14-0.140.16 037-0.15-0.190.19  Cor
Mast cells activated --0.45-0.370.18-0.29-0.18-0.04 0.04 -0.19-0.52-0.42

CIBERSORT

0.02

R=081.p<22e-16

R=-427,p=000011

0.04

0. 216
CD8 Tcell Infiltration Level

ImmuneScore

o XCELL

S| R 0zz0-o0e
88
O (=
i
)
o
=

6 8 10 12
MXRA8

= CIBERSORT
3 B
2
g
5
]
8
3
&
g
% g . " g .
= 00 01 02 03 04

CD8 Tcell Infiltration Level
8- 5
8 R=031,p=92e-06
8.
&
°
8.

Re-08.p<220-18 5
6 8 10 12
MXRA8

Mast cells resting - 933 0.26-0.190.23-0.020.16 ~0.1-0.260.37

Macrophages M2 - 042 0.38-0.310.27-0.030.02-0.15-0.28

Macrophages MO --0.33-0.360.26-0.15-0.24-0.1 0.28

NK cells resting --0.12-0.090.16 -0.07-0,04-0.07

MXRA8 . 064 0.53 049 0.71 0.56 0.55 0.4 0.45 020 0.5
10

l Adipocytes ). 0.54 035 0.56 0.46 0.45
05

5 Chondrocytes () D@ o« 0ss 05 05 o om
-05 Endothelial cells . . . 0.66 0.96 0.42 095 046
-0 Fibroblasts ) ) D Q@ o7 05 - 0ss oss
ly Endotreliaicells () D D@ D@ oss o os
Mesangial cells :, . ' .\ . ’ 051

T cells follicular helper - 0.05 0.02 ~0.2-0.050,03 msc QRF 7 RBdT@
T cells CD4 - 0.16 0.29-0.25-0.34 mv Endathatial Calls . Q “‘,. Q . e,
memory activated Ostecblast @ 1 d ddadlQa .
memory resting - 0.23 -0.1 0.02
St percres D O DDA DD 2D @
T cells CD4 naive --049-051 i v D ]
Skeletalmuscle > B P P DDV B DA T e
Tcells CD8 - @6 smoothmuscle @ 4 94 g g 4 q¢ bdga
© 9 00w 0 2 5 2 o
e A §8832833838¢8¢%
£ P SN X8fs2:ss-s38¢¢
o F & k3 = 8 = S 8 o £
& AT LTRERS, E S &P S 2% 509 2 T 2 S 3
F LT F S o EEEELELEE £6°7 3
& T T W 2 23 g 8 3 k]
& D & 68 €& ¥ 2
£ w § = w @«
2 z

-0

&

Smooth muscle .

4





