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Background: Colorectal cancer (CRC) is the second most common cause of

cancer-related deaths worldwide. Tumormetastasis 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
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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.
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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 s i 1 ) 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 mL 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.
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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 ’ ( f o rwa rd ) , 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
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dehydrated, transparent, waxed, and embedded. The paraffin

section was 3mm 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).
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,
Frontiers in Oncology 04
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 resul ts

(p<0.0001) (Figure 2F).

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).
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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
Frontiers in Oncology 05
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
B

C D

E F

A

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.
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(MSI), the immunophenoscore (IPS), and checkpoint (CP)

(Figures 4F, G and S4B).
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
Frontiers in Oncology 06
(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
B C

D E F

A

G

H

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 l 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.
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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.
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
Frontiers in Oncology 07
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
B

C

D E F

A

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.
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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).
Frontiers in Oncology 08
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
B

C D E

F G

A

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 mm. (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).
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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
Frontiers in Oncology 09
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
B

C

D

E F

G

A

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.
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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,
Frontiers in Oncology 10
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
B
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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.
frontiersin.org

https://doi.org/10.3389/fonc.2022.1094612
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Tan et al. 10.3389/fonc.2022.1094612
MXRA8 may be involved in cell adhesion and migration.

Hypoxia and TGF-b 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-b 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-b, 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).
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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.
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42. Zielińska KA, 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, 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, NajafiM, 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, 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’GormanWE, 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, 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, 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
frontiersin.org

https://doi.org/10.1016/j.cell.2019.04.008
https://doi.org/10.1016/j.cell.2019.04.008
https://doi.org/10.1186/s12929-020-00632-3
https://doi.org/10.1016/j.intimp.2020.106939
https://doi.org/10.1016/j.intimp.2020.106939
https://doi.org/10.3389/fphar.2020.574667
https://doi.org/10.3389/fphar.2020.574667
https://doi.org/10.3390/nu13020686
https://doi.org/10.3390/ijms21207619
https://doi.org/10.1111/jcmm.16743
https://doi.org/10.1186/s12967-021-02806-5
https://doi.org/10.1016/j.intimp.2021.107416
https://doi.org/10.3389/fimmu.2019.00333
https://doi.org/10.1016/j.canlet.2020.01.005
https://doi.org/10.3389/fonc.2021.591386
https://doi.org/10.1016/j.semcancer.2019.12.007
https://doi.org/10.3390/cancers12103071
https://doi.org/10.1016/j.ccell.2015.03.001
https://doi.org/10.1002/jcp.27782
https://doi.org/10.1002/jcp.27782
https://doi.org/10.1038/s41590-020-00850-9
https://doi.org/10.3389/fonc.2021.793881
https://doi.org/10.1016/j.immuni.2022.02.005
https://doi.org/10.3390/cancers13184720
https://doi.org/10.4251/wjgo.v11.i11.946
https://doi.org/10.1158/1078-0432.Ccr-20-2166
https://doi.org/10.1038/s41591-018-0136-1
https://doi.org/10.1136/jitc-2019-000491
https://doi.org/10.3389/fonc.2022.1094612
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


