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Abstract: Identification of novel molecular biomarker is urgent for the diagnosis and treatment of colorectal cancer
(CRC). The aim of our present investigation is to explore potential diagnostic and prognostic factors in CRC. Here,
we first downloaded the CRC RNA-seq data (GSE41328 and GSE47076) from the Gene Expression Omnibus (GEO)
database. Then, bioinformatics methods were used to screen differentially expressed genes (DEGs). Gene ontol-
ogy (GO) as well as Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were used
to investigate their functions. Combined with the Cancer Genome Atlas (TCGA) data of CRC, we performed survival
analysis and receiver operating characteristic (ROC) curve analysis. Finally, we found that EIF4E3 and TTYH3 could
be independent prognostic biomarkers. However, there still remains the need to further study the function and

regulatory mechanism of the two genes in CRC.
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Introduction

Colorectal cancer (CRC) is one of the most pr-
evalent malignancies in the world [1]. Althou-
gh advances in radiomics, positron emission
tomography, immunotherapy and surgery have
been widely used, the prognosis of patients
with CRC remains unsatisfactory [2, 3]. As a
result of lack of effective biomarkers and tu-
mor heterogeneity, good prognosis of CRC fa-
ces great challenges [3, 4]. So, it's urgent to
find novel and robust biomarkers for CRC diag-
nosis. Furthermore, deep understanding of the
molecular mechanism of CRC can provide novel
insights into the pathogenesis of the disease
[5].

EIFAE3 is an importnat member of the EIFAE
family, which acts as a transcription initiation
factor and recruits mRNA to the ribosome [6].
Several studies have reported the function of
EIFAE3 in cancers. For example, Osborne et al.
found that elF4E3 relies on methyl-7-guanosine
(m (7) G) cap-binding activity to act as a tumor
suppressor [7]. Moreover, EIFAE3 overexpres-
sion could marginally inhibit elFAE1-driven tr-

anslation, which was regulated by MNKs in dif-
fuse large B-cell lymphoma [8]. However, they
are still rarely reported in colorectal cancer.
Otherwise, TTYH3 encodes a member of the
tweety family of proteins, as well as functions
as a chloride anion channel and it plays a role in
Ca(2+) signal transduction [9]. Some chloride
channels have been reported to be associated
with the occurrence and development of vari-
ous tumors [10, 11]. A recent study showed th-
at TTYH3 is highly expressed in gastric cancer
(GC) and related to poor prognosis with GC
patients [9]. However, the role of TTYH3 in other
cancers including CRC remains unclear.

In this study, we first used two GEO datasets
GSE41328 and GSE47076 to screen DEGs in
CRC. Then, GO and KEGG enrichment analyses
were performed to explore the function of these
DEGs. Thirdly, we combined the GEO DEGs with
TCGA datasets of CRC to identify novel and
effective candidate markers. Finally, the GEPIA
database was used to validate the expression
of TTYH3 and EIF4E3. Kaplan-Meier (KM) sur-
vival analysis which is based on TCGA clinical
information was conducted to verify the prog-
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nostic value of the two genes. Our study identi-
fied two novel potential diagnostic and prog-
nostic biomarkers of CRC.

Materials and methods
Raw data download and DEGs screening

The transcriptome expression profiles of mMRNA
datasets for GSE41328 and GSE47076 were
downloaded from the Gene Expression Om-
nibus (GEO, https://www.ncbi.nlm.nih.gov/
geo/). The GSE41328 dataset contains 5 pa-
ired colorectal cancer and normal tissues, whi-
le GSE47076 contains 8 samples (4 colorec-
tal cancer and paired adjacent tissues). The
raw data of these datasets was preprocess-
ed using R limma package. The differentially
expressed genes were screened as P < 0.05,
[Log,FC| > 1.

Functional enrichment analysis of DEGs

Gene ontology and KEGG pathway enrichment
analyses of the DEGs were performed using the
DAVID Bioinformatics Resources 6.8 (https://
david.ncifcrf.gov/). The website provides a
comprehensive set of functional annotation
tools for investigators to understand biological
meaning of the genes, including biological pro-
cesses (BP), cellular components (CC), molecu-
lar functions (MF), functional domains, motifs
and signaling pathways [12]. Protein-protein
interactions (PPl) analysis was performed by
STRING database (https://www.string-db.org/).

Clinical data acquisition

To verify the RNA-seq results, we used multiple
databases to support our findings. The clinical
validation data information of the patients was
obtained from The Cancer Genome Atlas (TC-
GA, https://portal.gdc.cancer.gov/). In total we
obtained 593 cancer samples and 11 normal
samples from TCGA. Moreover, GEPIA (Gene
Expression Profiling Interactive Analysis, http://
gepia.cancer-pku.cn/), a useful web server for
cancer and normal gene expression profiling
analyses was used to analyze the differences
between tumor samples and normal samples
[13]. All the samples had not undergone any
treatment such as chemotherapy or radio-
therapy.

Survival analysis

To study the survival and prognosis related to
TTYH3 and EIF4E3 expression, survival pack-
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ages were analyzed by R software. Also, KM
plotter univariate and multivariate cox analyses
were used to filter gene expression data and
survival data at a significant standard of P <
0.05.

Statistical analysis

The results are displayed with HR and P-values
from a log-rank test. Unpaired t-test was used
to distinguish the differences between CRC and
adjacent tissues. P < 0.05 was considered as a
statistically significant difference with 2-tailed
tests. Receiver operating characteristic (ROC)
curve, including the area under the curve (AUC)
was used to analyze the diagnosis value of the
candidates.

Results
Screening of DEGs

With the cut off criteria of an adjusted P value <
0.05 and |log,FC| > 1, a total of 1795 DEGs
including 780 upregulated and 995 downregu-
lated genes were identified in GSE41328. In
addition, there were 1267 DEGs (777 upregu-
lated and 490 downregulated) which were iden-
tified in GSE47076. The volcano and heat map
plots shows the DEGs in the two datasets
(Figure 1).

Protein-protein interaction analysis

A total of 195 common DEGs were identified in
the two datasets, including 123 up-regulated
and 72 down-regulated DEGs (Figure 2A). Next,
we obtained a protein-protein interaction net-
work using String database. Then, the relation-
ship was visualized by the Cytoscape (https://
cytoscape.org/) bioinformatic tool. As shown in
Figure 2B, the PPI network of the DEGs includ-
ed 129 nodes and 349 interactions.

Functional enrichment analysis of DEGs

To obtain further insight into the function of
DEGs in the network, KEGG and GO enrichment
analyses were performed. The BP, CC and MF
analyses were shown in Figure 3A-C. Top 10
biological processes mainly include regulation
of cell proliferation and responses to inflamma-
tion (Figure 3A). The top 10 results in terms of
cellular components and molecular functions
are shown in Figure 3B, 3C. Moreover, the top
10 KEGG pathways were shown in Figure 3D,
mainly including the PI3K-Akt signaling path-
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Figure 1. The differentially expressed genes in CRC and adjacent paracancerous tissue. A, B: The Volcano plots
showed all the genes in GSE41328 and GSE47076 datasets. Red dots indicate significantly upregulated genes,
green dots indicate significantly downregulated genes. UP, upregulated genes; DW, downregulated genes; NoDiff,
no significantly differential expression. C, D: Heat map of differentially expressed genes in datasets GSE41328 and
GSE47076.
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Figure 2. The protein-protein interaction analysis of common DEGs in GSE41328 and GSE47076 datasets. A: The
venn map showed the common DEGs in GSE41328 and GSE47076 datasets, including 123 upregulated DEGs and
72 downregulated DEGs. B: The protein-protein interaction network of the DEGs in green module. The red circles
represent upregulated genes and blue circles indicate downregulated genes. The greater the degree of the change

in the gene, the larger the circle.

way, pathways in cancer and other important
metabolism pathways. These results indicated
variable pathway changes during the develop-
ment of colorectal cancer.

Combined with the depth analysis of TCGA
dataset

Subsequently, we compared our DEGs and
TCGA cohort (593 cancer and 11 normal) DEGs
of CRC. There are 151 common DEGs, with 99
up-regulated and 52 down-regulated genes
(Figure 4A). Next, the expression model of the
DEGs in TCGA was shown by heat map (Figure
4B). Then, a forest plot was performed to evalu-
ate the DEGs which can be used as prognostic
factors. The univariate analysis showed the P
value, hazard ratio (HR), 95% CI of 13 signifi-
cant DEGs in networks (Figure 4C). The Hazard
ratios of RNF43, MYC, EIF4E3, CXCL11 and
CXCL8 were less than 1, which means these
genes were not risk factors for carcinogenesis
in CRC. While seven genes (FXYD5, BAMB1,
TIMP1, VEGFA, TTYH3, CFCL2 and LDLRAD3)
maybe risk factors for CRC. Then, multivariate
analysis of these 13 genes was performed.
We found that TIMP1, RNF43, VEGFA, TTYHS3,
EIFAE3, CFL2, CSCL8 and ZBTB7C were signifi-
cantly correlated with survival of CRC patients.
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These eight genes could be independent prog-
nostic factors in CRC.

Clinical prognostic value analysis of TTYH3
and EIF4E3

Among the 8 potential prognostic factors, TT-
YH3 and EIF4E3 were novel genes that have
not been deeply studied. The two genes were
selected as our study subjects. The mRNA ex-
pression of the two genes was validated by
the GEPIA database. EIFAE3 was significantly
downregulated (Figure 5A) and TTYH3 (Figure
5B) was significantly upregulated in CRC (READ
and COAD). To explore the correlation between
EIFAE3, TTYH3 expression and prognosis in
CRC, we investigated the effects of the expres-
sion of the two genes on survival by TCGA data.
The overall survival was based on the expres-
sion level of the 2 genes in CRC, individually.
EIFAE3 (Figure 5C) and TTYH3 (Figure 5D) had
a significant effect on OS of CRC. To assess the
potential diagnosis value of EIFAE3 and TT-
YH3, we further performed ROC curve analysis
(Figure 5E). We found that the ROC curve of
EIF4E3 and TTYH3 showed a significant dis-
tinguishing efficiency with AUC values of 0.98
("™P < 0.001) and 0.94 (""P < 0.001), which
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Figure 3. The functional analysis of common DEGs in GSE41328 and GSE47076 datasets. A: The top 10 most significantly enriched biological processes. B: The top
10 most significantly enriched cellular component terms. C: The top 10 most significantly enriched molecular functions. D: The top 10 significant KEGG pathways.
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Figure 4. The forest plot of potential prognosis genes. A: The common 151 DEGs of the two datasets and CRC TCGA
cohort, containing 99 upregulated genes and 52 down-regulated genes in the venn map. B: Heat map of the 151
differentially expressed genes. C, D: Univariate and multivariate analysis of the 13 significant genes. The forest plot

showed the P value, hazard ratio (HR), 95% CI of the DEGs.

suggested the two genes could be indepen-
dent candidate biomarkers for CRC diagnosis,
respectively.

Discussion

So far, CRC accounts for approximately 10%
of new cancer cases annually, worldwide;
remaining the second highest rate of cancer-
related deaths [14]. Tumor metastasis is
the major cause of a poor outcome of CRC
patients. Metastasis dramatically reduces
the outcome of CRC patients. So, it is neces-
sary to find new specific diagnostic biomarkers
in early stages of CRC [5, 15]. RNA-seq
combined bioinformatics have been a robust
method to find novel biomarkers in different
kinds of diseases, such as breast cancer [16],
liver cancer [17], and colon cancer [18, 19]. In
the present study, we obtained RNA-seq data
from GEO and TCGA datasets, combined with
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bioinformatics to discover novel potential bio-
markers for CRC.

The elF4E family is comprised of three compo-
nents: elF4E1, elF4E2 and elF4E3 [20], which
are essential for the initiation of translation.
Previous studies showed EIF4E family plays
an important role in proliferation, survival [21],
MmRNA export and oncogenic transformation,
and these functions are dependent on its cap-
binding activity [22]. The family is reported to
be a oncogene elevated in an estimated 30%
of human cancer [23]. Among the family mem-
bers, the most commonly studied is elF4E1
[24]. However, several studies reported that
elFAE3 may be a tumor suppressing factor,
rather than a promoter, of both target trans-
cript expression and oncogenic transformation
[7, 25]. The high expression of elF4E3 margin-
ally suppresses elF4E1-driven translation, whi-
ch exhibits a new role for elFAE3 in translation

Int J Clin Exp Med 2021;14(8):2250-2258
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Figure 5. Expression and prognosis of patients with elFAE3 and TTYH3 expression. A, B: The mRNA expression level
of elF4E3 and TTYH3 in CRC (READ and COAD). C, D: The overall survival analysis between elF4E3 (P = 0.008),
TTYH3 (P = 0.0055) expression and survival time in TCGA (P < 0.05). E: Receiver operating characteristic curves of
elF4E3 and TTYH3 between AMI patients and healthy controls (*P < 0.001).

initiation [8]. These results were matched the
results in our CRC investigation. We demon-
strated that elFAE3 is downregulated in CRC
and high expression of elFAE3 showed a better
prognosis.

The tweety protein family also comprised of
three members (TTYH1, TTYH2 and TTYH3) in
human [9]. High TTYH2 expression has been
reported to be associated with the develop-
ment of several cancers, such as renal cell car-
cinoma [26], colon carcinoma [27] and osteo-
sarcoma [28]. Otherwise, we found high expres-
sion of TTYH3 was associated with poor prog-
nosis in GC patients [9]. The finding was con-
sistent with our results in CRC. Combined with
ROC analysis, TTYH3 could be an independent
candidate biomarker for CRC diagnosis.

In conclusion, our study confirmed that elevat-
ed expression of TTYH3 and EIF4E3 could be
an independent prognosis factor of CRC pati-
ents. However, the elevated expression of the
two genes involved in the progression of CRC is
still unknown. In the future, we will investigate
how the two genes influence the occurrence
and development of CRC both in vivo and in
vitro.
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