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Abstract
Background: Colon adenocarcinoma (COAD) is the most common pathological type of colorectal cancer
(CRC) and further study of the molecular mechanism will help to improve the quality of life of patients
with COAD. Erythrocyte membrane protein band 4.1 like 1(EPB41L1), a gene encoding protein 4.1N, has
been reported to be closely associated with tumorigenesis and progression. However, the role of EPB41L1
in COAD is largely unknown and remains to be fully studied.

Methods: In this study, we analyzed the mRNA expression of EPB41L1 in COAD through the Oncomine
and GEO databases. Then, the relative expressions of EPB41L1 across the sub-groups of COAD were
performed by the UALCAN data portal. Next, we investigated the prognostic value of EPB41L1 in COAD
patients by using the UALCAN and HPA online databases. Further, the mutation of EPB41L1 in COAD was
analyzed by c-Bioportal. The co-expression genes of EPB41L1 in COAD were displayed from the
LinkedOmics database, and function enrichment analysis was analyzed by DAVID. The co-expression
gene network was constructed through the STRING database, and the MCODE plug-in of which was used
to build the gene modules, both of them were visualized by Cytoscape software. Finally, the pathway
enrichment of the top modular genes in the co-expression gene network was analyzed by DAVID.

Results: The results revealed that EPB41L1 is significantly upregulated with the development of COAD,
leading to a poor prognosis. There are mutations in the EPB41L1 gene, but it has no significant effect on
the prognosis of COAD. Moreover, the genes correlated with EPB41L1 in COAD, identified in the most
highly connected sub-network, were enriched in the cell cycle.

Conclusions: In summary, the above results suggest that EPB41L1 was significantly upregulated in the
COAD tissues and the high expression level of EPB41L1 predicts a poor prognosis of COAD patients.
Therefore, we suggest that EPB41L1 can be a potential candidate biomarker for the diagnosis and
prognosis of COAD.

Introduction
Colon adenocarcinoma (COAD) is one of the most common cancer types and also a major cause of
cancerous death throughout the world[1]. COAD is a kind of malignant epithelial neoplasm with adenoid
differentiation of colonic mucosa originating from epithelial dysplasia followed by malignant infiltration
and growth [2, 3]. Many factors such as environmental factors, poor diet, and genetic factors significantly
contribute to the onset of COAD[4, 5]. Cell cycle dysregulation and abnormal metabolism are the
important characteristics of COAD[1, 6]. Although surgical techniques and chemotherapy have made
progress in recent decades, the survival rate of COAD does not seem to be substantially improved, and
many patients die of recurrence events, leading to poor prognosis [7]. Effective and reliable diagnostic
and prognostic biomarkers can provide useful prognostic information and help to guide treatment
through identifying "high-risk" COAD patients[8, 9]. Therefore, there is an urgent need to identify reliable
prognostic biomarkers in COAD to guide effective targeted treatment for clinical benefits.



Page 3/19

Members of the protein 4.1 superfamily are cytoskeletal proteins that play a key role in maintaining
normal cell morphology and regulating cell division, cell proliferation, and intercellular signaling[10]. It
includes Protein 4.1R, Protein 4.1G, Protein 4.1N, and Protein 4.1B. There are three conserved domains in
all members of this family: an N-terminal FERM domain, a spectrin-actin-binding domain (SABD), and a
C-terminal domain (CTD)[11]. Just like other protein 4.1 family members, protein 4.1N serves as critical
components of the membrane skeleton and a bridge connecting actin-networks and the transmembrane
proteins[12]. Protein 4.1N has been reported to be associated with tumorigenesis and progression such
as breast and ovarian cancer[13, 14], and its abnormal expression affects tumor cell movement,
proliferation, and metastasis[10]. However, the biological function of 4.1N coding gene EPB41L1 in COAD
is largely unknown and remains to be fully studied. Our research aims to explore the biological roles of
EPB41L1 in COAD.

In the present work, we compared the EPB41L1 expression patterns between COAD and normal colon
tissues using public databases, assessed the influences of EPB41L1 expression on COAD prognostic
values, and predicted co-expression genes of EPB41L1 in COAD. Further, we constructed the Protein–
Protein Interaction (PPI) network and performed functional enrichment of EPB41L1-related genes. The
present study was the first to report the value of EPB41L1 in predicting the survival rate of COAD patients
and its potential mechanism in regulating the malignant phenotype of tumors.

Materials And Methods
mRNA expression analysis

Oncomine (http://www.oncomine.org) is a large cancer microarray database and web-based data-mining
platform which covers thousands of samples for gene differential expression analysis[15]. The mRNA
expression of EPB41L1 was compared between colorectal cancer tissues and normal tissues by
Oncomine database, as well as the DNA copy number variations (CNVs). This analysis based on a series
of researches about COAD, including TCGA Colorectal 2, Kurashina Colon, and Ki Colon[16, 17]. We also
performed a meta-analysis on related colorectal cancer studies to further confirm EPB41L1 expression
levels. The student’s t-test was performed to assess whether EPB41L1 expressed higher in cancer tissue
than in normal tissues. The threshold of p-value was set to 1E-4 and the threshold of fold change was set
to 2 as conditions for screening analyses.

Meanwhile, two microarray datasets GSE41328 and GSE81558, which include 10 and 23 colorectal
cancer patients, respectively, were analyzed by GEO2R software for external validation[18]. The
normalized expression matrix of microarray data could be directly downloaded from the dataset. The
probes were annotated by using the corresponding annotation files from the dataset as well.

Expression of EPB41L1 in various COAD sub‑groups

UALCAN (http://ualcan.path.uab.edu) is a comprehensive and interactive web resource that performs to
in-depth analyses of TCGA gene expression data by using TCGA level 3 RNA-seq and clinical data. It
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allows users to analyze the relative expression of a certain gene across tumor and normal samples, and
in various tumor sub-groups based on individual cancer stages, tumor grade, race, body weight and other
clinicopathologic features[19].

Prognostic analysis of Differentially Expressed EPB41L1 Gene in COAD patients.

The association of differential expression status of EPB41L1 gene with patient survival was examined
using TCGA database information via The Human Protein Atlas (https://www.proteinatlas.org/)[20].
Kaplan–Meier (KM) survival plot were drawn for prognostic values of EPB41L1 gene that had significant
up-or downregulation in COAD patients at the mRNA level. Meanwhile, the prognostic analysis by
Kaplan–Meier survival curve was obtained by the UALCAN database for validation. Kaplan meier plot
showing effect of gene expression on patient survival. Significance of survival impact is measured by log
rank test.

EPB41L1 mutation in COAD

The cBioPortal for Cancer Genomics (http://cbioportal .org) is a Web resource that can be used to explore
and analyze multidimensional cancer genomics datasets[21, 22]. We used c-BioPortal to analyze
EPB41L1 mutation in the CPTAC-2 Prospective whole Exome Sequencing of 110 COAD tumor
samples[23]. And the OncoPrint is a graphical summary that can display genetic alterations across a set
of tumor samples in EPB41L1.

Co-expression gene prediction Correlated with EPB41L1 in COAD

The LinkedOmics database (http://www.linkedomics.org) is a publicly available portal that contains
multi-omics and clinical data for 32 cancer types from the TCGA project and allows users to analyze
these data comprehensively[24]. The differentially expressed genes related to EPB41L1 were screened
from the TCGA COAD cohort (n = 379) through the LinkFinder analytical module in the LinkedOmics
database. And the correlation of results was tested by the Spearman correlation coefficient.

GO and KEGG Pathway Enrichment Analysis

The differentially expressed genes related to EPB41L1 from the LinkedOmics database were annotated
by the Database for Annotation, Visualization and Integrated Discovery (DAVID) version 6.8
(https://david.ncifcrf.gov/), an bioinformatics resource provides a functional annotation tools for
investigators to understand biological meaning from large genes lists[25, 26]. Gene Ontology (GO)
[containing cellular component (CC), biological process (BP), and molecular function (MF)] and the Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of co-expression genes and
the genes in the most highly connected module from MCODE plugin in were also performed by the DAVID
tool. The results were evaluated significantly at P < 0.05 statistical level verified by Fisher’s exact test.

Establishment of interactive network and modules
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The interaction between proteins could be sought through the STRING database that is available online
at https://string-db.org/, we screened out co-expressed genes with interaction scores greater than 0.4 to
establish a protein–protein interactive (PPI) network[27]. Then the PPI network was visualized by
Cytoscape analysis software with version 3.7.2[28], in which we could find the densely interconnected
protein-interactive regions, and cluster them into hub gene modules with the degree cut-off, haircut on, k-
core, node score cut-off, and max depth set as 2, 0.1, 2, 0.2, and 100 through the Molecular Complex
Detection (MCODE) version 1.6.1 plugin in Cytoscape to prepare for the next analysis[29].

Statistical analysis

T test was used for differential expression analysis, Log-rank test was used to indicate statistical
significance of survival correlation between groups, the differences were considered significant when P ˂
0.05.

Results

Expression of EPB41L1 in Human COAD
We analyzed the transcription level of EPB41L1 in COAD tissues from a series of studies linked to the
Oncomine database and found that the mRNA expression of EPB41L1 in COAD tissues was obviously
higher compared to normal tissues (P ˂ 0.0001), as well as CNVs. As shown in Figures.1a–c, both CNVs
and the mRNA expression of EPB41L1 was among the top 5%, although the differences were not more
than twofold between COAD tissues and normal tissues. Furthermore, we conducted a pooled meta-
analysis including all the 2093 samples of 34 researches from 12 different datasets in Oncomine. The
pooled meta-analysis demonstrates that EPB41L1 significantly up-regulates in colorectal cancer (p = 
0.009) (Figure. 1e). GEO datasets GSE41328 as test dataset confirmed it (Figs. 1d). Thus, we found a
difference in the expression of EPB41L1 between COAD and normal tissues by analyzing data from the
Oncomine and GEO databases.

EPB41L1 expression in sub-groups of human COAD
To further prove the specificity of EPB41L1 in COAD, we integrated various clinic COAD patient data by
using the TCGA database, for example, pathological stages, lymph nodal metastasis status, patient
gender, body weight, patient age or COAD subtype, and to compare the transcription levels of EPB41L1 in
each group. The result showed that the pathological tumor stages 3 and 4 COAD patients, compared with
normal subjects, maintained higher transcription levels of EPB41L1 (Fig. 2a). Figure 2b showed that
EPB41L1 transcriptional expression is increased in COAD patients accompanied by more axillary lymph
node metastasis. There were significant differences between male/female COAD patients and normal
subjects, and the transcription level of EPB41L1 was higher in male COAD patients (Fig. 2c). The results
showed that the expression level of EPB41L1 increased with the increase of COAD patients body weight
(Fig. 2d). Figure 2e showed that EPB41L1 transcriptional expression of COAD patients aged 40 to 80 was
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higher than that of the normal group. The expression of EPB41L1 in adenocarcinoma subtype was
significantly higher than normal group (Fig. 2f).

High expression of EPB41L1 predicts poor prognosis of
COAD Patients
We then studied the prognostic value of EPB41L1 in COAD patients by UALCAN and HPA databases. As
shown in the KM curve, there was a close relationship between the expression of EPB41L1 and the
survival of COAD patients that the high expression of EPB41L1 with a significantly worse prognosis (P < 
0.05; Figs. 3a-b). These results suggested that EPB41L1 gene may be considered as prognostic
biomarker for patients with COAD.

The mutation of EPB41L1 in COAD and its prognosis
The occurrence and prognosis of some tumors are related to gene alterations. Here, we evaluated the
frequency of EPB41L1 mutations in 110 sequencing data of COAD patients in the CPTAC-2 Prospective
database of cBioPortal. The OncoPrint showed that EPB41L1 is altered in 5 of queried samples, mainly
accounted by amplification in 1 case and missense mutation in 4 cases (Fig. 4a). Figure 4b showed that
the percentage of samples with a somatic mutation in EPB41L1 is 3.8% and the mutation type all is
missense. The mutation sites occurred in FERM_C (D297N), FA(R419C), SAB(S523I) and upstream of
FERM_N fragment(G6S). The overall patient survival status and overall disease free status curves
analysis of the prognostic value between the EPB41L1 altered group and the unaltered group showed no
significance (P = 0.173 and P = 0.573) (Fig. 4c-d). This result suggested that the poor prognosis of COAD
patients is not caused by EPB41L1 mutation.

Coexpression genes correlated with EPB41L1 in COAD
We speculated that the role of EPB41L1 in COAD might be closely related to the function of its neighbor
genes in COAD. We used the LinkedOmics database to analyze the co-expressed genes of EPB41L1 in
379 COAD cases. As shown in Fig. 5a, there were 2674 genes represented by dark red dots, having an
obviously positive connection with EPB41L1. Conversely, there were 1882 genes, represented by dark
green dots, having a notably negative correlation with EPB41L1 (false discovery rate [FDR] < 0.001). Fifty
significant gene sets that they were positively and negatively correlated with EPB41L1 were shown in the
heat map (Fig. 5b, c).

GO and KEGG analysis of EPB41L1‑related co‑expressed
genes in COAD
The outcomes of GO analysis carried out by DAVID indicated that differentially expressed genes
correlated with EPB41L1 in COAD were mainly located in nucleus, spindle microtubule and cytoplasm,
where they primarily participated in cell division, mitotic nuclear division, sister chromatid cohesion,
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protein ubiquitination involved in ubiquitin-dependent protein catabolic process, cellular response to DNA
damage stimulus, DNA replication, chromosome segregation and mitotic spindle organization. They
acted as structural constituents in protein binding, ubiquitin protein ligase activity, ligase activity,
microtubule binding and proton-transporting ATPase activity, rotational mechanism (Fig. 6a-c). The
functions of these EPB41L1‑related genes were principally enriched in ubiquitin mediated proteolysis, cell
cycle, amino sugar and nucleotide sugar metabolism and fructose and mannose metabolism through the
KEGG pathway analysis (Fig. 6d).

Construction of coexpression gene protein–protein
interaction (PPI) network
The co-expressed genes were built into a PPI network by using the STRING database (Fig. 7a). Biological
network consists of several functional modules in which these sub-units of a molecular complex
generally function towards the same biological goal. We performed the module analysis of the PPI
network using MCODE version 1.6.1 plugin in Cytoscape. The most highly connected sub-network (cluster
rank 1; Score 58.299) highlighted in yellow was obtained from the complex (Fig. 7b), consisting of 68
nodes and 1953 interactions. The KEGG pathway analysis of 68 proteins was further performed by the
DAVID database. As the result indicated in Fig. 7c, for the genes identified in the most highly connected
sub-network, a total of 6 KEGG pathways were enriched. The top pathway was Cell cycle in which CCNA2
(degree, 106), CDC20 (degree, 113), CCNB2 (degree, 91), CDC45 (degree, 80), PTTG1 (degree, 70), ORC1
(degree, 60), BUB1B (degree, 99), CDC7 (degree, 53), MCM5 (degree, 70), MCM6 (degree, 68), BUB1
(degree, 91), MAD2L1 (degree, 93) were enriched.

Discussion
COAD is the most common diagnosed malignancy among many cancers[1]. And the clinical diagnosis of
COAD at an early stage is a severe challenge. While improvements in early detection through screening
methods with endoscopy and guaiac fecal occult blood test have decreased the incidence of death from
COAD, patients continue to present with advanced stage disease and the accuracy is highly variable[30].
Therefore, it is very urgent to find an effective and reliable biomarker to improve the accuracy of the
clinical diagnosis of COAD. With the development of genomics and proteomics, high-throughput
technology has been applied to explore biomarker related to the diagnosis and prognosis of cancer
patients. An increasing number of prognostic biomarkers have been found in colon cancer, and these
biomarkers are helpful to determine the prognosis and provide a theoretical basis for individualized
treatment[9].

Protein 4.1N is a member of the 4.1 protein family that is involved in cellular processes such as cell
proliferation and migration[31]. Increasing studies have shown that 4.1N coding gene EPB41L1 plays an
important role in a variety of cancers. Protein 4.1N was reported to a negative regulator of cell metastasis
in breast cancer and involved in the process of cell adhesion, migration and invasion of breast cancer
cells[13]. Recent study found that 4.1N protein expression level was significantly decreased during
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malignant transformation of epithelial ovarian tumors and 4.1N might be a potential marker for target
therapy in epithelial ovarian cancer[14]. 4.1N has been reported to suppress cell proliferation and
migration in non-small cell lung cancer cell lines[31]. EPB41L1 has been reported to be down-expressed in
KIRC tissues, resulting a poor prognosis and it can be an effective biomarker for the diagnosis of
KIRC[32]. Therefore, EPB41L1 is a potential biomarker for the diagnosis and prognosis of various cancer
types. However, studies of the the biological roles of EPB41L1 in COAD have not been reported, and its
relationship with the prognosis of COAD patients and the potential mechanism that EPB41L1 affects the
prognosis of COAD patients remain unknown. Our work aims to explore the biological roles of EPB41L1
in COAD.

The present study first analyzed the expression level and prognostic value of EPB41L1 in COAD with the
databases. Here, we screened out available data related to COAD from the public databases to study the
function of EPB41L1 on the oncoming, progression, and prognosis of COAD. The result revealed that
EPB41L1 is significantly upregulated with the emergence and development of COAD compared with
normal tissues from the Oncomine and GEO databases. Furthermore, COAD patients with a high
EPB41L1 level in their tumor tissues usually had a poor prognosis compared with that of patients with
medium/low levels. This suggested that EPB41L1 could be identified as a potential biomarker of COAD
diagnosis. We also queried the mutation of EPB41L1 in COAD through the cBioportal database. Only 5
cases were found in the cBioportal database, indicated that the mutation frequency of EPB41L1 in COAD
was very low. Comparing EPB41L1 altered group with the unaltered group, it was found that there was no
significant difference in the prognosis between them, which suggested that the poor prognosis caused by
EPB41L1 high expression was not due to its mutation. However, this result may be due to the small
sample size from database. If there are more mutation samples in the future, more interesting results can
be obtained.

The co-expression genes related to EPB41L1 in COAD were analyzed through the Linkedomics database.
The GO and KEGG analyses further indicated that EPB41L1 co-expression genes are mainly involved in
regulating ubiquitin mediated proteolysis, cell cycle, amino sugar and nucleotide sugar metabolism, and
fructose and mannose metabolism, which may be one of the reasons for affecting the prognosis of
COAD patients. Cell cycle dysregulation is one of the characteristics of COAD. Abnormal cell cycle
regulation has been a critical inducement of the imbalance between cell multiplication and apoptosis,
also preventing cell damage[1]. At the same time, abnormal metabolism is another important
characteristic of cancer. Cancer cells exhibit distinct metabolic phenotypes, which are essential for
supporting high proliferative rates[6]. As we all know that high energetic requirements of tumors are
mainly satisfied by enhanced glycolytic rate, whereas biosynthetic need to support the high proliferation
rate is provided by enhanced lipogenesis and nucleotide synthesis[33]. The key metabolic pathways
along with distinguishing metabolites have been the focus of many cancer studies[6]. Next, we performed
the KEGG pathway analyses of the most highly connected sub-network indicated that the genes were
enriched in cell cycle, which may be the major reason for its influence on the prognosis of COAD patients.
However, the present study provides little direct empirical evidence and is limited.
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Conclusion
This study integrated public data and found that EPB41L1 was significantly upregulated in COAD tissues,
and a high expression level of EPB41L1was predictive of a poor prognosis. In addition, the KEGG
pathway revealed that EPB41L1 co-expression genes are mainly involved in regulating cell cycle and
metabolism. To the best of our knowledge, the present study was the first to report on the role of
EPB41L1 in the prognosis of COAD and provided novel insight EPB41L1 affects the diagnosis and
prognosis of COAD patients. But whether EPB41L1 becomes a potential candidate biomarker for early
diagnosis still needs to be verified with a lot of research.
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Figure 1

The expression of EPB41L1 in human COAD. Box plot showing EPB41L1 copy number in the TCGA
Colorectal 2 and Kurashina Colon based on Oncomine analysis(a-b). Box plot showing associated p
value of EPB41L1 mRNA level in the Ki Colon(c). EPB41L1 expression was analyzed in GEO datasets:
GSE41328 (d). Meta-analysis of related studies in colorectal cancer demonstrated EPB41L1 were
significantly upregulated in COAD tissues compared to normal tissues using the Oncomine (e).
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Figure 2

EPB41L1 expression in sub-groups of human COAD. EPB41L1 transcription in sub-groups of patients
with COAD stratified based on gender, age, and other criteria (UALCAN). Expression of EPB41L1 (a) in
normal individuals or COAD patients in stage 1, 2, 3 or 4; (b) in normal individuals or COAD patients with
any lymph node metastasis status N0, N1 or N2; (c) in normal individuals of either gender or male or
female COAD patients; (d) in normal individual of any weight or in COAD patients with normal weight,
extreme weight, obese, or extreme obese; (e) in normal individuals of any age or COAD patients of age 21
to 40, 41 to 60, 61 to 80, or 81 to 100 years; and (f) in normal individual or adenocarcinoma subtype or
mucinous adenocarcinoma subtype in COAD patients.
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Figure 3

Prognostic analysis of EPB41L1 in COAD patients. Kaplan–Meier (KM) survival curves for survival in
COAD patients from the UALCAN (a) and HPA(b) databases. P value is marked to assess the impact of
EPB41L1 on the prognosis of COAD.
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Figure 4

Gene alteration of EPB41L1 in COAD and its prognosis. (a) The OncoPrint schematic showed that gene
alteration of EPB41L1 occurred in 5 (5%) of all 110 sequenced cases, including amplification in 1 case
(0.90%), and missense mutation in 4 cases (3.63%); (b) the percentage of samples with a somatic
mutation in EPB41L1 and the mutation sites; The overall patient survival status(c) and overall disease-
free status(d) survival curves between EPB41L1 altered group and unaltered group by c-Bioportal.
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Figure 5

Co-expression genes of EPB41L1 in COAD (LinkedOmics). A Spearman test was used to analyze
correlations between EPB41L1 and genes differentially expressed in COAD, red indicates positively
correlated genes and green indicates negatively correlated genes (a). Heat maps show the top 50
significant genes positively and negatively correlated with EPB41L1 in COAD (b, c).
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Figure 6

Significantly enriched Gene Ontology (GO) annotations and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways of EPB41L1 in COAD. The significantly enriched GO annotations and KEGG pathways
of EPB41L1 co-expression genes in COAD were analyzed using DAVID. (a) Cellular components. (b)
Biological processes. (c) Molecular functions. (d) KEGG pathway analysis. The x-axis represents the
logarithmized p-value, and the y-axis represents the term of GO and KEGG.
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Figure 7

PPI network of co-expression genes and the top hub gene module in PPI network. (a) PPI network; (b) The
most highly connected module (score = 58.299). (c) KEGG analysis of 68 nodal genes by DAVID.


