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Prognostic Implications of MXRAS8 Expression in Colorectal Cancer and Its role in
Tumor Progression

MXRAS ifadesinin Kolorektal Kanserdeki Prognostik Etkileri ve Tiimor
ilerlemesindeki Rolii
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ABSTRACT

atrix Remodeling Associated 8 (MXRAS8) is a type | transmembrane protein capable of modulating integrin-related
|\/| signaling and regulating cellular interactions, and also functions as a receptor for multiple arthritogenic alphaviruses.
Although limited numbers of studies have provided evidence indicating a potential role of MXRAS8 in different types of can-
cer, the potential contrubition of MXRA8 in colorectal cancer (CRC) has not yet been fully elucidated. Therefore, our aim was
to conduct a comprehensive analysis elucidating the prognostic value of MXRA8 in CRC. The results revealed that MXRA8
was highly expressed in CRC compared to normal tissue. Notably, there was a substantial correlation with the TNM stage,
and elevated MXRA8 expression was indicative of a poorer prognosis in CRC cases. Furthermore, co-expression analysis
indicated that MXRAS8 is predominantly involved in hypoxia and epithelial-mesenchymal transition pathway. In conclusion,
this study demonstrates the potential roles of MXRAS in predicting CRC prognosis and contributes to the elucidation of how
MXRA8 might be involved in the mechanisms underlying CRC carcinogenesis.
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0z

atrix Remodeling Associated 8 (MXRAS8), tip | transmembran bir proteindir ve integrin sinyallesmesini dizenleme ve

hicrelerarasi etkilesimleri yonlendirme yetenegine sahiptir; ayrica artritojenik alfa virtsler igin bir reseptor olarak is-
lev gordr. Sinirli sayida calisma, MXRAS8'in gesitli kanser tirlerinde potansiyel bir rolini gosteren kanitlar sunmustur. Bunun-
la birlikte, MXRA8'in kolorektal kanser (KRK) Gizerindeki roli henlz tam olarak aydinlatilmamistir. Bu dogrultuda, MXRA8'in
KRK'deki prognostik degerini arastiran kapsamli bir analiz yapilmasi amaglanmistir. Calismamizda, MXRAS8 ekspresyonunun,
normal dokulara kiyasla KRK'de 6nemli dlglide yiksek oldugu gosterilmistir. Ayrica, yiksek ekspresyonunun, KRK'da kotu
prognozla ve TNM evresiyle anlamli bir iligkisi oldug tespit edilmistir. Koekspresyon analizi ise MXRA8'in cogunlukla hipoksi
ve epitelyal-mezenkimal gegis yolunda yer aldigini gdstermistir. Sonug olarak bulgularimiz; MXRA8'in KRK prognozundaki po-
tansiyel rollerini ortaya koymus ve MXRA8’in KRK karsinojenez mekanizmasindaki rolintin aydinlatilmasina katki saglamistir.
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INTRODUCTION

olorectal cancer is the most common type of gast-
Crointestinal cancer worldwide, ranking third in
terms of both incidence and mortality among all can-
cer types [1]. Globally, in 2020, more than 1.9 million
new cases of CRC were diagnosed, and 935,000 deaths
were reported [2]. Although oncogene activation and
tumor-suppressor inactivation as well as methylation
and other epigenetic changes are known to be involved
in CRC development, progression and also drug resis-
tance [3,4], the exact molecular mechanism of carcino-
genesis is poorly understood. Furthermore, despite a
great progress in CRC diagnosis and therapy strategies,
the unsatisfactory prognostic outcomes, poor therapy
response and high mortality rates still exist due to the
complex pathogenesis and heterogeneity of the CRC
[5,6]. Hence, there is still a need for identifying prognos-
tic and diagnostic biomarkers, as well as exploring new
therapeutic molecules as alternatives for colon cancer.

MXRAS8, Matrix Remodeling Associated 8, also known as
limitrin, is transmembrane protein that can modulate
the various signaling activites through binding integ-
rin B3, thereby regulating interactions between cells.
Additionally, MXRAS is also known as the receptor for
arthritogenic alpha viruses providing entry into the cells
[7]. High MXRA8 expression has been reported in mul-
tiple malignancies when compared to normal tissues,
and this elevated expression is associated with poorer
survival. Xu et al. showed that the high expression of
MXRA8 was associated with unfavorable survivals and
promotes progression of glioma. They suggested that
the MXRAS8 is a potential candidate as a novel prog-
nostic biomarker and therapeutic target for glioma [8].
MXRAS8 was one of the hub genes which is upregulated
in thyroid cancer with lymphatic metastasis and signi-
ficantly associated with tumor immune cell infiltrati-
on [9]. Cancer-associated fibroblasts (CAFs) are one of
the most prevalent and prominent component of the
tumor microenvironment (TME), playing a crucial role
in mediating an immunosuppressive TME and promo-
ting the cancer progression [10]. MXRAS8 has been re-
ported as a marker for cancer-associated fibroblasts
in pancreatic ductal adenocarcinoma (PDAC) recently
[11]. Furthermore, MXRAS8 has also been shown to be
involved in esophageal and gingivobuccal cancer [12,13]
however, the current available information on MXRAS8'’s
involvement in colorectal cancer is limited and insuf-
ficient. Further investigation is necessary to elucidate

the specific role of MXRA8 in colorectal cancer and to
determine its potential applications as a diagnostic bi-
omarker, prognostic indicator, or therapeutic target in
this disease.

In the current study, we conducted a comprehensive bi-
oinformatic analysis to characterize the potential role of
MXRAS8 expression in colorectal cancer (CRC). Elevated le-
vels of MXRA8 gene expression were identified in tumor
tissues compared to normal tissues, utilizing data from
The Cancer Genome Atlas (TCGA), NCBI's Gene Expressi-
on Omnibus Database (GEO), CRC datasets, and several
online databases. Importantly, overexpression of MXRA8
was linked to a poorer prognosis in colorectal cancer. Co-
expression and enrichment analyses were also performed
to shed light on the potential underlying mechanisms of
the MXRAS8 gene in colorectal cancer. Our findings reveal a
positive correlation between high MXRAS8 expression and
the process of epithelial-mesenchymal transition (EMT) in
CRC. Taken together, these results indicate the MXRAS8’s
involvement in CRC carcinogenesis and its potential for the
therapeutic applications in patients with CRC.

MATERIALS and METHODS

MXRAS8 expression analysis

GEPIA2 (Gene Expression Profiling Interactive Analysis,
version 2) online tool [14] was first utilized to compare
the expression of MXRAS8 in colorectal cancer tissues
based on TCGA COAD-READ datasets with their cor-
responding normal tissues. The parameters we emplo-
yed for this analysis were as follows: p value cutoff of
0.05, log2FC (fold change) cutoff of 1, and the option
to “Match TCGA normal data”. To confirm the observed
expression change of MXRAS8 in CRC, we assessed three
different CRC datasets (GSE9348 (12 normal tissue and
70 CRC samples; Platform: GPL570), GSE44076 (148 nor-
mal tissue and 98 CRC samples; Platform: GPL13667)
and GSE106582 (117 normal tissue and 77 CRC samples;
Platform: GPL10558)) obtained from the Gene Expres-
sion Omnibus (GEO) database (https://www.ncbi.nlm.
nih.gov/geo/). In addition, the expression level of the
MXRAS8 gene in various types of human cancers (TCGA
project) was assessed and visualized using the Tumor
Immune Estimation Resource, version 2 (TIMER2.0)
(http://timer.cistrome.org/) [15].

Survival Analysis and prognostic significance of
MXRAS8 gene
The association between high gene expression of



MXRA8 and advanced tumor progression (TCGA CO-
AD-READ, GSE25701, GSE17536, GSE40967) as well as
recurrence (GSE17536, GSE5206) was assessed using
the GEO CRC datasets. p<0.05 was considered as statis-
tically significant.

The GEPIA?2 tool was utilized to analyze the prognostic
significance of MXRAS8 in TCGA CRC samples by asses-
sing overall survival (OS) and disease-free survival (DFS).
Median expression of the MXRA8 gene was used as the
cutoff value for stratifying the patients. Independent
CRC cohorts (GSE17536 and GSE40967) were obtained
from the GEO database to further confirm the poten-
tial prognostic role of MXRA8. P values were obtained
using the Log-rank test in GraphPad Prism 6.6, and a
log-rank p-value less than 0.05 was considered statisti-
cally significant.

Co-expressed Genes, Gene Set Enrichment Analysis
(GSEA) and Functional insights of MXRA8

Gene Set Enrichment Analysis (GSEA) from the Broad Ins-
titute
ads.jsp) was employed to investigate the impact of gene

(http://software.broadinstitute.org/gsea/downlo-

expression on tumors. To achieve this, samples in the
GSE17536 CRC dataset were classified into two groups ba-
sed on their MXRAS8 expression levels (high and low), and
the enrichment of HALLMARK pathways was assessed in
these two groups. For the GSEA analysis, we employed
the Molecular Signatures Database (MsigDB) containing
the Hallmark gene set (http://software.broadinstitute.org/
gsea/msigdb). Significant Hallmark gene sets enrichments
were identified based on the following criteria: Normali-
zed Enrichment Score [NES| > 1, and False Discovery Rate
(FDR) - g-value < 0.05, adhering to the GSEA threshold for
significance. The analysis results revealed that patients
with high-MXRA8 colorectal cancer (CRC) showed signi-
ficant enrichment of biological processes related to epit-
helial-mesenchymal transition and hypoxia. To assess
co-expression between MXRA8-HIF1 and MXRAS-EMT
markers in the GSE17536 CRC dataset, Pearson correlation
coefficient evaluation was employed.

To further investigate the molecular mechanisms asso-
ciated with MXRAS8, the LinkedOmics analysis (http://
linkedomics.org/login.php) [12] was employed to deter-
mine positively and negatively co-expressed genes with
MXRA8 in RNA-seq data for CRC patients in the TCGA
cohort. by Pearson correlation analysis. The LinkedO-
mics database is a web-based platform that contains
32 different multi-omics datasets associated with TCGA
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cancer studies. LinkFinder module was performed to
determine gene co-expressions related with MXRAS,
and the results were displayed by volcano plot and heat
map. Subsequently, we subjected these genes to GSEA
enrichment analysis for KEGG pathway, and Hallmark
gene sets analyses using the Linkinterpreter module of
LinkedOmics tool.

Establishment of PPl network

GeneMANIA and STRING servers were utilized for the
interaction analysis. GeneMANIA, accessible at https://
genemania.org/, is an online tool that offers compre-
hensive insights into co-expression, protein interac-
tion pathways, localization, and homology for protein
domains of the genes provided as input. In this study,
we employed GeneMANIA to construct a gene network
comprising the genes interacting with MXRAS, and to
investigate genes with functions similar to MXRA8. The
gene interactions were visually depicted as a network,
with nodes representing genes and links denoting the-
ir associations. Furthermore, we leveraged the STRING
database, which encompasses predictions of both di-
rect (physical) and indirect (functional) protein-prote-
in interactions. This database was used to identify the
functional protein partners of MXRAS8. The selected
interactions were restricted to the species “Homo sa-
piens,” and only those with a combined score greater
than 0.4 were considered for analysis.

Genetic alterations analysis

The interactive open-source platform cBioPortal, acces-
sible at https://www.cbioportal.org/, offers extensive
cancer genomics datasets for the exploration, visualiza-
tion, and analysis of multidimensional cancer genomics
data on a large scale. Here, cBioPortal database was uti-
lized to conduct a comprehensive investigation of the
genetic alterations (mutation, deep deletion, amplifica-
tion etc.) of MXRAS8 in the TCGA CRC datasets contai-
ning 594 samples. The “cancer types summary” tab was
also utilized for detection of the mutation frequency
and mutation types associated with the MXRAS8 gene.

Statistical analysis

The nonparametric Mann—Whitney test was applied for
the statistical analysis of the differences between two
independent groups, such as tumor and normal. To as-
sess overall survival and generate survival curves, we
employed Kaplan-Meier survival analysis along with a
log-rank test. Additionally, Pearson’s correlation analy-
sis was carried out to evaluate the correlation and in-
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teraction, and logarithmic regression was employed
to calculate R2 and derive the slope equation. Corre-
lation strength was categorized based on the following
criterias: r: 0.00-0.19=very weak, r: 0.20—0.39=weak,
r: 0.40-0.59= moderate, r: 0.60-0.79=strong, and r:
0.80—1.0=very strong. Graphs were drawn with Graph-
Pad Prism v6.01 (GraphPad Software Inc., La Jolla, CA).
p<0.05 was considered to indicate statistical significan-
ce.

RESULTS

MXRAS8 is up-regulated in colorectal cancer

To explore the potential involvement of MXRAS in colo-
rectal cancer pathology, we first conducted a compa-
rative assessment of MXRAS8 gene expression changes
between CRC tissues and normal tissues. This analysis
was performed in the TCGA CRC dataset through the
GEPIA2 platform, revealing higher mRNA expression
levels of MXRA8 in TCGA-COAD tissues compared to
normal tissues (Fig 1A). Upregulation of MXRAS8 in colo-

rectal cancer was also confirmed in three independent
GEO CRC data sets (GSE9348, GSE44076, GSE106582).
As shown in Figure 1 (B, C and D), MXRA8 expression
in colorectal cancer was markedly elevated compared
to normal tissues. In conclusion, these findings serve
as evidence for the potential upregulation of MXRAS8 in
CRC.

In addition, MXRA8 expression was analyzed in the TI-
MER2.0 platform and found that MXRA8 was expressed
differently in different tumors. MXRA8 was highly exp-
ressed, except COAD (colon adenocarcinoma) in CHOL
(Cholangiocarcinoma), ESCA (esophageal carcinoma),
HNSC (head and neck squamous cell carcinoma), KIRC
(Kidney renal clear cell carcinoma), LUAD (lung adeno-
carcinoma), THCA (thyroid carcinoma), STAD (stomach
adenocarcinoma) and in contrast, MXRA8 expression
in KICH (Kidney chromophobe), BRCA (Breast invasive
carcinoma), BLCA (bladder urothelial carcinoma), LUSC
(lung squamous cell carcinoma), and UCEC (uterine
corpus endometrial carcinoma) was significantly lower

Figure 1. MXRAS8 expression levels in colorectal cancer and human malignancies. MXRA8 mRNA expression profile in different human
malignancies with normal control samples was analyzed (A) TCGA COAD-READ, (B) GSE9348, (C) GSE44076 (D) GSE106582. (E) Expres-
sion changes of MXRAS8 in different cancer types (Pan-Cancer). *p<0.05, ** p<0.01, ***p<0.001. Abbreviations: BLCA, bladder uro-
thelial carcinoma; BRCA, breast invasive carcinoma; COAD, colon adenocarcinoma; ESCA, esophageal carcinoma; FPKM, fragments per
kilobase per million; KIRP, kidney renal papillary cell carcinoma; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma;
LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; ns, not significant; READ,
rectum adenocarcinoma; TCGA, The Cancer Genome Atlas; THCA, thyroid carcinoma; PRAD, prostate adenocarcinoma; UCEC, uterine

corpus endometrial carcinoma.



than that of normal tissues (Figure 1E). However, in the
other TCGA cancer types such as adrenocortical carci-
noma (ACC), pheochromocytoma and paraganglioma
(PCPG), Cervical squamous cell carcinoma and endocer-
vical adenocarcinoma (CESC), sarcoma (SARC), uterine
carcinosarcoma (UCS), glioblastoma multiforme (GBM),
and pancreatic adenocarcinoma (PAAD), MXRA8 exp-
ression remained relatively unchanged or did not exhi-
bit statistically significant differences.

Colorectal Cancer patients with overexpressed
MXRAS8 correlates with poor prognosis

To examine the prognostic value of MXRAS8, the cor-
relations between the expression of MXRA8 and the
pathological stage of colorectal cancer patients were
assessed. The expression of MXRA8 showed an upward
trend with the clinical stage in TCGA COAD+READ pati-
ents (Figure 2A). The correlation between tumor stage
and MXRAS8 expression was further confirmed in three
independent CRC datasets, GSE17536, GSE25701 and
GSE40967, respectively (Figure 2B-D). Of note, the exp-
ression of MXRA8 was significantly positively correlated
with the advanced stage of CRC (p < 0.05). In addition,
colorectal cancer patients with recurrence showed
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higher MXRA8 expression, compared to patients with
no recurrence (Figure 2D-E). Collectively, these data
suggested that MXRA8 might have a pivotal role in the
progression of CRC.

The prognostic significance of elevated MXRA8 expres-
sion was further investigated in TCGA CRC dataset thro-
ugh GEPIA 2.0 platform. Kaplan-Meier survival analysis
demonstrated that high MXRA8 expression was linked
with the worst OS in TCGA COAD-READ (p=0.0017) (Fi-
gure 3A). Furthermore, TCGA COAD-READ patients with
high transcriptional levels of MXRAS8 were significantly
associated with a short disease-free survival (p = 0.032)
(Figure 3B). GSE17536 and GSE40967 CRC datasets, as
validation cohorts, were obtained from the GEO plat-
form to demonstrate the reproducibility of the prognos-
tic importance of MXRAS8. The results demonstrated a
significant correlation between elevated MXRA8 mRNA
expression and adverse outcomes in the patient group,
including poor overall survival (OS) (p=0.0041), disea-
se-specific survival (DSS) (p=0.0008), disease-free sur-
vival (DFS) (p=0.0055) in GSE17536, and DFS (p=0.019)
in GSE40967, in contrast to patients having low MXRA8
expression (Figure 3C-F). Taken together, high expres-

Figure 2. The prognostic value of MXRA8 in CRC patients. Correlations between the expression of MXRA8 and tumor stage (A-D) and
recurrence (E-F) in colorectal cancer patients. *p<0.05, ** p<0.01, ***p<0.001.
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Figure 3. Survival analysis of the MXRA8 gene in patients with colorectal cancer. The overall survival (OS) (A) Disease free survival
(DFS) (B) curve of MXRA8 in COAD+READ. GSE17536 (F). disease spesific survival (DSS) in GSE17536 (G) and relapse free survival (RFS)
(H-J) in colorectal cancer patients based on the expression of MXRA8 in COAD+READ, GSE17536 and GSE40967, respectively. *P<0.05,

** P<0.01, ***P<0.001.

sion of MXRAS8 is prognostically relevant in CRC, and
might be promising biomarkers for predicting survival.

MXRAS8 Enrichment Analyses and Co-expression
Networks

To identify the potential function of MXRA8 in CRC,
GSEA analysis was carried out in the high- and low-
MXRAS8 groups from the GSE17536 CRC cohort, divided
according to the median expression value. A total of 10
cancer hallmark gene sets were identified in the high-
risk group (Figure 4A-J, supplementary table 1). The
most enriched pathways in patients with high MXRA8
expression are “HYPOXIA”, “EPITHELIAL_MESENCHI-
MAL_TRANSMISION” and “ANGIOGENESIS” which are
closely associated with the progression of CRC.

It has been known that epithelial-mesenchymal tran-
sition involved in driving human malignancies and
sustaining tumor growth. Malignant tumors with agg-
ressive subtypes, such as triple-negative breast cancer,
which are associated with increased metastasis rates,
frequently display elevated levels of EMT. Furthermo-
re, during EMT, cancer cells evade apoptosis, leading

to the promotion of cancer stem cells and stimulating
angiogenesis while enhancing immunosuppression
within the tumor microenvironment [16, 17]. Hypoxia
can trigger the induction of EMT, leading to tumor in-
vasion and metastasis and most studies indicate that
the hypoxia-inducible factor 1 subunit alpha (HIF1A)
is primarily responsible for initiating the EMT process
in this context [18]. Based on our GSEA analysis results
in CRC patients with high MXRA8 expression, EMT and
hypoxia were the most enriched gene sets, we evalu-
ated the correlation of MXRA8 expression with HIFla
and EMT-related genes. As represented by Figure 5A-F,
the expression of MXRA8 was positively correlated with
HIF-1a (r=0.372, p<0.0001) and EMT-related genes such
as ZEB1 (r=0.84, p<0.0001), ZEB2 (r=0.75, p<0.0001) vi-
mentin (r=0.81, p<0.0001), MMP9 (r=0.41, p<0.0001)
and SNAI1 (r=0.35, p<0.0001), suggesting that MXRAS8
plays a prominent role in progression of colorectal can-
cer by inducing EMT.
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Figure 4. Gene set enrichment analysis (GSEA) in patient groups with high- and low-MXRAS8 expression for the GSE17536 CRC dataset.
Ten cancer hallmark pathways exhibit significant enrichment in patients with CRC having elevated MXRAS levels (FDR < 0.05, |NES| >
1). (A) Hypoxia (B) Epithelial-mesenchymal transition (C) Angiogenesis (D) IL2-STATS signaling (E) KRAS signaling up (F) Hedgehog sig-
naling (G)Notch signaling (H) Apoptosis (I) TNFa signaling via NFkB (J) TGFb signaling.

Figure 5. Correlation analysis of MXRA8 mRNA expression and EMT-related genes. Pearson’s correlations for MXRAS8 expression and
HIF1 (A) ZEB1 (B) ZEB2 (C), VIM (D) MMP9 (E) SNAI1 (F) in GSE17536 CRC dataset. Pearson's r correlation coefficient was obtained for
each data set.



124

N. Belder / Hacettepe J. Biol. & Chem., 2024, 52 (2), 117-128

For a more comprehensive understanding of the func-
tional relevance of MXRAS8 in CRC, we conducted a co-
expression analysis of MXRA8 in the TCGA-CRC cohort
by the LinkedOmics database. In the volcano plot rep-
resentation, it’s evident that out of 2804 genes linked
to MXRA8 expression, 2672 genes (indicated by dark
red dots in the right panel) exhibit a positive correlation
with MXRAS8, while 132 genes (represented by dark gre-
en dots in the left panel) display a negative correlation
with MXRAS8 (r>4, FDR <0.01; Figure 6A). The heatmaps
in Figure 6 B&C depict the top 50 statistically significant
genes exhibiting either positive or negative correlations
with MXRAS8 (Figure 6B-C). Within the genes showing
a positive correlation with MXRA8 expression, the top
three genes are EFEMP2 (Pearson’s correlation = 0.96,
adjusted p-value < 0.0001), SCARF2 (r = 0.96, adjusted
p-value < 0.0001), and CCDC8 (Pearson’s correlation =
0.95, adjusted p-value < 0.0001). (Supplementary table
2). GSEA Enrichment analysis revealed a primary associ-
ation of these genes with hallmarks including epitheli-
al-mesenchymal transition, myogenesis, TNFa via NFkB,
and Apical junction (Figure 6D & Supplementary table
2). Additionally, Figure 6E shows KEGG results of the
positively co-expressed genes with MXRAS8. Notably,
ECM-receptor interaction, Focal adhesion, and the cell
adhesion molecules pathways were the most enriched
pathways in TCGA COAD-READ datasets.

Prediction of Interaction networks for MXRAS8 gene
For subsequent investigations, we conducted an exp-
loration of the gene-gene and protein-protein inte-
ractions (PPI) involving MXRAS8 using GeneMANIA and
STRING online analytical tools. These platforms compile
comprehensive data on various aspects, including co-
expression, genetic interactions, co-localization, predic-
tions of physical interactions, pathways involved, and
shared protein domains.

The construction of gene-gene interaction networks of
MXRAS8 and related neighboring genes was performed
using GeneMANIA. The findings showed that the 20 ge-
nes most frequently linked to MXRAS8 alterations comp-
rised TIMP3, ISLR, AEBP1, VIM, COL1A2, FBLN1, BGN,
COL6A2, and etc. (Figure 7A). Most of the interacted
genes were extracellular matrix components or associ-
ated with ECM-receptor interaction pathway. Further-
more, STRING analysis was performed to identify pre-
dicted protein partners of MXRAS8 at the protein level.
The network of MXRA8 and its interacting proteins con-
sisted of 21 nodes and 36 edges. The PPl enrichment

p-value was 0.00647, and the average local clustering
coefficient was 0.845 (Figure 7B). Among the key nodes
identified within this network were FAM20C, COL6A2,
and ADRB2, which represent potential interacting pro-
tein partners of MXRAS8. Consequently, these predicted
interactions are likely to play a crucial role in regulating
MXRA8-mediated cancer progression and prognosis.

Genomic alterations of MXRAS8 in CRC

Genomic alterations of the MXRA8 were analyzed in
TCGA colorectal cancer patients using the cBioPortal
online data analysis tool. The results indicated that the
MXRA8 gene was altered in 56 (11%) of colorectal can-
cer patients, including high mRNA expression, missense
mutations, truncating mutations, inframe mutation and
deep deletion. Among the alterations, the most com-
mon type was “high mRNA expression” (Figure 8A). The
mucinous colorectal cancer showed the highest mRNA
expression frequency (Figure 8B). Both truncating and
missense mutations were the main types of genetic al-
terations associated with the MXRA8 gene. They were
located in different protein domains with no apparent
hotspot (Figure 8C).

Discussion

Colorectal cancer remains one of the most common
cancers in both genders worldwide [19]. Based on the
2020 Global Cancer Statistics, approximately 1.9 milli-
on new CRC cases were reported, resulting in 935,000
CRC-related deaths. These figures represent 10% of
global cancer incidents and 9.4% of cancer-linked de-
aths on a global scale [2]. Thus, there is a crucial need
to explore more effective biomarkers and strategies for
diagnosing, prognosing, and treating CRC [20].

MXRAS8 is alternatively known as limitrin, encodes for
a type | transmembrane protein and MXRAS8 serves as
the receptor for arthritogenic alphaviruses [7]. Additio-
nally, the expression of MXRAS is detected in adhesion
molecules found in epithelial cells, bone marrow cells,
and mesenchymal cells [21] and has been known mo-
dulating integrin signaling and cell—cell interactions [22].
Although the role of MXRAS8 in cancer development, di-
agnosis, progression, and treatment has not been fully
explored, a limited number of studies have shown that
MXRAS8 expression is elevated in certain cancer types,
such as thyroid cancer [9] and kidney renal clear cell
carcinoma [23]. However, the expression profile, po-
tential functions, prognostic significance, and the role
of MXRAS8 in the mechanisms governing colorectal can-
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Figure 6. Enrichment analysis of MXRAS8 functional networks in TCGA COAD-READ dataset (LinkedOmics). (A) The genes strongly
correlated with MXRAS8 as identified by Pearson test in colorectal cancer. (B & C) Heatmaps illustrating the top 50 genes that exhibit
positive and negative correlations with MXRAS8 in TCGA colorectal cancer dataset. (D—E) Significantly enriched GSEA hallmarks and
KEGG pathways of genes associated with MXRA8 in TCGA CRC cohort. .

Figure 7. Gene-gene interaction network, as determined by GeneMANIA, and protein-protein interaction network, as derived from
STRING. PPI network in the GeneMANIA (A) PPl network in the STRING tools with network clustering (B).
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Figure 8. cBioportal analysis of TCGA colorectal cancer dataset for MXRA8 expression. Distribution of MXRA8 gene alterations across
the CRC patient samples (%) (A) The alteration frequency based on CRC types (B) Mutation frequency of MXRA8 gene and mutation

sites (C).

cer development and progression still lack substanti-
al clarity. Hence, in our present study, we thoroughly
evaluated the expression and prognostic significance
of MXRAS8 in CRC utilizing publicly accessible datasets.
Furthermore, we explored the clinical implications and
functional involvement of MXRA8 in CRC pathology
through bioinformatic analysis.

In our study, the mRNA level of MXRAS8 was first asses-
sed in TCGA COAD-READ patients compared to normal
tissues. Analysis of expression data for COAD-READ
from the TCGA database revealed that MXRAS8 expressi-
on was significantly higher in colorectal cancer patients
than in normal samples. To determine the potential of
MXRA8 as a biomarker, validation of its upregulation
in different and independent tumor samples would be
crucial. We observed a similarly significant upregulati-
on of the MXRAS8 gene in CRC patients compared to he-
althy controls, highlighting the potential role of MXRAS8
in the growth and progression of colorectal cancer.
Moreover, analysis of the TIMER 2.0 database revealed
that MXRAS8 displayed significant differential expressi-
on in various cancers. We observed an upregulation of
MXRAS8 expression in human COAD, CHOL, ESCA, HNSC,
KIRC, LUAD, THCA, and STAD compared to their respec-
tive normal tissues. In contrast, MXRAS8 expression was
downregulated in BRCA, BLCA, LUSC, UCEC, and KICH.
These variations in MXRA8 expression across different

cancer types suggest potentially divergent biological
functions for MXRAS8 in distinct types of cancer. This
study also explored the expression of MXRAS8 in pati-
ents with various clinical characteristics. High MXRAS8
expression in CRC patients was found to be associated
with a poor overall survival rate, suggesting its potenti-
al value as a diagnostic and prognostic marker. Additio-
nally, the expression of MXRA8 in the late stages and in
patients with recurrence was significantly higher than
in the early stages of colorectal cancer and in patients
without recurrence. Collectively, the elevated MXRA8
expression was associated with a poor prognosis for pa-
tients with CRC, indicating that MXRA8 has the poten-
tial to serve as a predictive indicator for CRC prognosis.
Research on MXRA8’s role in cancer is currently limited;
however, substantial evidence points to its significant
potential within the realm of cancer. Wu et al. showed
that the expression of MXRA8 was upregulated in the
group with lymphatic metastasis in thyroid carcinoma
(THCA) and associated with tumor immune cell infiltra-
tion [9]. Additionally, Ichihara et al. identified MXRAS8 as
a new marker of cancer-associated fibroblasts (CAFs)
in both human and mouse pancreatic ductal adeno-
carcinoma (PDAC) [11]. MXRAS8 expression was notably
elevated in glioma in comparison to normal brain tissue,
and it was associated with poorer survival outcomes.
Furthermore, the study emphasized the significant in-
volvement of MXRAS8 both ferroptosis and the immune



microenvironment within glioma [8]. MXRA8 expressi-
on has also been shown to be increased in mammary
tumors characterized by a high metastatic potential. In
this study, Simpson et al. additionally proposed an asso-
ciation between MXRAS8 and breast cancer metastasis,
given the pronounced elevation of MXRAS8 levels in lung
metastases. Furthermore, high MXRAS8 expression cor-
related with unfavorable distant metastasis-free survi-
val (DMFS) outcomes among patients diagnosed with
breast cancer [24].

To gain a deeper understanding of MXRA8’s underlying
biological role in CRC development, we conducted an in-
vestigation into its functional states using GSEA. Our re-
sults demonstrated a correlation between MXRA8 and
EMT as well as hypoxia in CRC. Additionally, we analyzed
co-expression genes associated with MXRAS8 in CRC thro-
ugh the LinkedOmics database. GSEA and KEGG analyses
revealed that these co-expression genes were implicated
in EMT, hypoxia, ECM-receptor interaction, and Focal ad-
hesion pathways. The interactions between MXRA8 and
its co-expression proteins were investigated using the Ge-
neMania and STRING Databases. As a result, most of the
interacted genes were extracellular matrix components
or associated with the ECM-receptor interaction pathway.
Enrichment and protein network analysis all indicated
these MXRA8-related genes were closely connected with
extracellular matrix, epithelial-mesenchymal transmission
and hypoxia. Given the profound significance of MXRA8
in colorectal cancer (CRC) development and progression
through these interconnected pathways, it is essential
to explore their implications. Within the tumor microen-
vironment (TME), a critical component, the dysregulati-
on of the extracellular matrix (ECM), stands as a pivotal
hallmark of cancer. Malignant cells contribute to the inc-
reasing of ECM stiffness, and in turn, the stiffened ECM
modifies the structure of cancer cells during cancer deve-
lopment. Cancer is a complex and heterogeneous disease
involving interactions between cancer cells, the ECM, and
other cell types present in the TME. Consequently, ECM
dysregulation assumes a crucial role in the cancer prog-
ression process, rendering it a promising target for cancer
management [25,26]. A direct association exists between
hypoxia and ECM composition and organization. Hypoxia
influences the deposition, remodeling, and degradation of
the extracellular matrix (ECM), potentially enhancing the
metastatic potential of cancer [27]. In addition, hypoxia
has been known as an important driver of EMT in cancer.
Epithelial-mesenchymal transition is one of the important
cellular biological process in which tumor epithelial cells
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undergo a loss of cell polarity and cell-cell adhesion while
concurrently acquiring migratory and invasive properties,
thus transforming into mesenchymal cells and undergoing
metastasis [28]. Several components within the ECM, such
as collagen, fibronectin, and MMPs, influence epithelial-
mesenchymal transition. Likewise, hypoxia and HIF signa-
ling have been shown to contribute to ECM remodeling
through diverse mechanisms [29]. The analysis conducted
in our present study revealed a comprehensive role for
elevated MXRAS8 expression, dependent on its association
with ECM-receptor interactions, hypoxia, and EMT path-
ways in CRC, enhancing our current understanding of its
function during CRC development and progression.

In conclusion, the current study revealed that MXRAS8 is
overexpressed and is associated with worse survival rati-
os in colorectal cancer patients. MXRAS8 has an important
potential as both a promising prognostic indicator and the-
rapeutic target for CRC. Furthermore, the high expression
level of MXRA8 may contribute the tumor development
and progression through mechanisms such as EMT and
hypoxia. However, to confirm its prognostic significance
in colorectal cancer, additional in-depth experiments and
further mechanistic studies are required.
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