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Background: Colorectal cancer (CRC) is one of the leading causes of cancer-related mortalities across the globe.
Accumulating evidence shows that individuals having sleep disorders such as insomnia are at high risk of developing
CRC, yet the association of sleep disorders with CRC risk is still unclear. Here, we investigated the potential molecular
connections between CRC and insomnia using integrative in silico approaches.

Objective: This study aims to explore the potential molecular connections between CRC and insomnia utilizing integrative
in-silico methodologies.

Methods and Methods: Gene expression microarray datasets for CRC and insomnia samples were retrieved from the
NCBI-GEO database and analyzed using R. Functional enrichment analysis of common differentially expressed genes
(DEGs) was performed by the g: Profiler tool. Cytoscape software was used to construct a protein-protein interaction
network and hub gene identification. Expression profiles of hub genes in TCGA datasets were also determined, and
predicted miRNAs targeting hub genes were analyzed by miRNA target prediction tools.

Results: Our results revealed a total of 113 shared DEGs between the CRC and insomnia datasets. Six genes (HSP84,
GAPDH, HSP90AAIl, EEFIG, RPS6, and RPLP(), which were also differently expressed in TCGA datasets, were
prioritized as hub genes and were found to be enriched in pathways related to protein synthesis. hsa-miR-324-3p, hsa-
miR-769-3p, and hsa-miR-16-5p were identified as promising miRNA biomarkers for two diseases.

Conclusions: Our in-silico analysis provides promising evidence of the molecular link between CRC and insomnia and
highlights multiple potential molecular biomarkers and pathways. Validation of the results by wet lab work can be utilized

for novel translational and precision medicine applications to alleviate the public health burden of CRC.
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1. Background global health burden (1). Environmental factors such
Colorectal cancer (CRC) is the third most prevalent as dietary habits, sedentary lifestyles, smoking, and
type of cancer globally that causes a significant alcohol consumption are well-established risk factors
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for CRC (2). The interplay between epidemiological
and genetic risk factors shapes tumor properties
and tumor heterogeneity which causes a hurdle in
developing accurate early diagnosis and treatment
options (3-4). Thus, uncovering the contributions of
the molecular pathways and biomolecules in CRC
pathogenesis is of the utmost importance for developing
appropriate diagnostic and treatment approaches for
CRC management.

Previous studies suggested sleep disruption-induced
molecular mechanisms may interfere with carcino-
genesis and increase the risk of cancer development
(5-9). Moreover, a growing body of evidence su-
ggests sleep loss causes dysregulation of epigenetic
mechanisms that result in alteration of cancer-related
microRNA (miRNA) profiles and pathways in the
circulation (8-11). Recently, epidemiological studies
have provided intriguing evidence suggesting a link
between CRC development and sleep disorders, thus
sleep disorders are considered a risk factor for CRC (7,
12). Molecular changes resulting from sleep disruption
may also involve molecular mechanisms underlying
CRC and may promote the risk of CRC development
(7, 13, 15). Recently, circadian clock genes including
Perl, Per2, Per3, and Cry I were found to be
associated with tumorigenesis and cancer development
(16-19). Additionally, intermittent hypoxia (IH) which
leads to disturbed sleep, also contributes to the tumor
progression and was reported to upregulate oncogenic
miRNA expression in colorectal cancer cells (7).

The current knowledge highlights possible shared
etiology for CRC and sleep disorders that need to be
enlightened by further studies to advance therapeutic

approaches and personalized medicine applications for
CRC.

2. Objective

Existing literature suggests that there are shared
molecular mechanisms between CRC and insomnia.
Identifying hidden contributors to common molecular
mechanisms of two diseases may provide insight
into novel translational medicine approaches for
CRC and insomnia management. Thus, this study
aims to investigate the shared molecular pathways,
potential biomarkers, and regulators involved in the
pathogenesis of CRC and insomnia with integrated in-
silico approaches.

3. Materials and Methods

3.1. Data retrieval and Differentially Expressed Gene
(DEG) Analysis

Gene expression array datasets (GSE208668,
GSE77953) used in this study were retrieved from the
Gene Expression Omnibus (GEO) database. GSE208668
comprises 17 insomnia individuals and 25 controls
whereas 17 individuals with CRC and 7 controls were
included in the GSE77953 (Supplementary Table 1).
Differentially expressed genes (DEGs) between cases
and controls in both data sets were analyzed by using
the ‘limma’ package in R. DEGs with a P-adj-value
of <0.05 and log2FC> 1.5 or <-1.5 were considered
statistically significant for both data sets. DEGs that
were identified for insomnia and colorectal cancer
were compared and overlapping DEGs (0DEGs) were
analyzed in further downstream analyses (Fig. 1).
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Figure 1. Methodological approach of the study. KEGG: Kyoto Encyclopedia of Genes and Genomes,

GO: Gene Ontology
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3.2. Network Analyses and Hub Gene Identification

Overlapped DEGs (oDEGs) were imported to the
STRING database (v12.0) (https://string-db.org/) to
analyze protein-protein interactions (PPI) and construct
the network of o0DEGs by selecting the combined score
>0.4 in network construction settings (20). The network
of the oDEGs was visualized and topological features
of the network were analyzed by Cytohubba plug-
in (21) in the Cytoscape software (Cytoscape v3.10)
(https://cytoscape.org/) (22). Cytohubba calculates the
interactions of the proteins and analyzed hub genes by
employing 12 topological properties [Maximal Clique
Centrality (MCC), Density of Maximum Neighbor-
hood Component (DMNC), Maximum Neighbor-
hood Component (MNC), Degree, Edge Percolated
Component (EPC), Bottleneck (BN), EcCentricity,
Closeness, Radiality, Betweenness, Stress and Clustering
coefficient]. The hub genes defined in this study were
identified by considering the top 10 0DEGs in the degree
ranking based on the topological feature of the network.

3.3. Functional Analyses of the Overlapped Differen-
tially Expressed Genes (0oDEGs)

The g: Profiler (https:/biit.cs.ut.ee/gprofiler) web tool
was utilized to analyze the functions of the 0DEGs in
molecular pathways and biological processes. The
determined oDEGs were enriched using the g: GOSt
feature inanon-ordered query. Multiple testing correction
was carried out by using the default settings of g: Profiler.
Biological pathways were determined from the Kyoto
Encyclopedia of Genes and Genomes (KEGG) and three
Gene Ontology (GO) domains (Molecular Function,
Biological Process, Cellular Component). KEGG and
GO terms were calculated by the g: SCS algorithm (23),
and P<0.05 was considered as a cut-off for statistically
significant value for functional enrichment analysis.

3.4. Prediction of Common miRNA-Target Gene In-
teractions

MicroRNAs act as a key actor in gene regulation and
common miRNAs targeting the hub genes may have
possible roles in the etiology shared among two diseases.
We used the Enrichr microRNA-target identification
tool to analyze the miRNAs targeting the hub genes.
We submitted the 10 hub genes as a group and the
database retrieved the miRNAs targeting at least 3 hub
genes by integrating the data with the miRTarBase 2017
algorithm (24). Retrieved miRNAs were ordered by
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P-adj-values using the Benjamini-Hochberg multiple
hypothesis testing correction method.

3.5. Analysis of the Hub Genes in the Public Cancer
Datasets

The Cancer Genome Atlas (TCGA) is a National Cancer
Institute (NCI), National Human Genome Research
Institute (NHGRI) supported project that collects and
leads researchers to access clinical and transcriptomic
data on many types of cancer. Gene Expression
Profiling Interactive Analysis 2 (GEPIA?2) is a publicly
available online (http://gepia2.cancer-pku.cn) resource
that incorporates omic and clinical data of samples from
the Genotype-Tissue Expression Program and TCGA
project (25). We analyzed the expression profiles of the
identified 10 hub genes in the TCGA datasets [Colon
adenocarcinoma (COAD) and rectum adenocarcinoma
(READ)] by using the Expression DIY feature in the
GEPIA2 web platform.

4. Results

4.1. DEG Analysis and Identification of Overlapped
DEGs in Two Datasets

The analyses of the microarray data of the GSE208668
and GSE77953 revealed 947 and 1776 DEGs using
logFC>1.5 logFC<-1.5 and P-adj<0.05 values for CRC
and insomnia, respectively. A total of 113 protein-
coding overlapping genes were successfully identified
to be dysregulated in both datasets (Supplementary
Table 2) (Fig. 2). Of 113 oDEGs, 3 were upregulated
in insomnia, in contrast, they were downregulated in
CRC, and 8 oDEGs were upregulated in CRC whereas
they were downregulated in insomnia (Supplementary
Table 3).

CRC Insomnia

834 113 1663

Figure 2. Venn diagram of the dysregulated genes
in the GEO datasets.
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Table 1. Topological features of the top 10 hub genes identified by Cytohubba

Gene ID MCC DMNC | MNC | EPC Degree gzztli:ness EcCentricity | Closeness | Radiality | Betweenness | Stress gl‘;sf::ii‘:i
EEF2 9.22E13 | 0.80 42.0 16.609 | 42.0 2.0 0.245 68.0 42 321.97 2920.0 0.5331
GAPDH 7.84E9 0.47 39.0 14.284 | 42.0 9.0 0.327 69.0 43 1670.77 11266.0 0.27526
HSPAS8 4.58E13 | 0.58 42.0 15.882 | 42.0 11.0 0.327 70.0 43 899.37 6848.0 0.38792
RPSA 9.22E13 | 0.88 40.0 16.713 | 41.0 3.0 0.327 68.8 43 551.44 3672.0 0.56585
RPS20 9.22E13 | 0.89 40.0 15.98 40.0 2.0 0.245 67.5 42 230.98 2786.0 0.60128
EEF1G 9.22E13 | 0.82 40.0 16.517 | 40.0 4.0 0.245 67.8 42 359.12 3316.0 0.55513
HSP90AAI | 1.83E8 0.47 39.0 13.991 | 39.0 9.0 0.327 68.3 4.3 874.18 6144.0 0.32389
RPLPO 9.22E13 | 0.97 36.0 16.066 | 36.0 3.0 0.245 64.8 4.1 131.72 1708.0 0.68095
RPS6 9.22E13 | 0.95 36.0 16.432 | 36.0 4.0 0.245 65.5 42 179.31 2096.0 0.66667
RPL13A4 9.22E13 | 1.04 34.0 15.98 34.0 1.0 0.245 63.8 4.1 65.60 1120.0 0.74153

4.2. Protein-Protein Interaction (PPI) Network

We assessed the PPI of the 113 oDEGs in the STRING
database and the network was constructed successfully
with a PPI enrichment P-value of 1E-16. The network
was imported to Cytoscape and visualization and
topological features of the network were generated by
Cytohubba. The top 10 hub genes that were suggested
to be putative key genes in the shared pathways between
CRC and insomnia were EEF2, GAPDH, HSPAS,
RPSA, RPS20, EEF1G, HSP90AA1, RPLPO, RPS6, and
RPLI134 (Table 1). Notably, all hub genes were found
to be upregulated in both datasets.

4.3. Enrichment of oDEGs in Molecular Pathways and
Biological Functions

KEGG pathway and GO enrichment analyses were
performed in the g: Profiler tool to determine the
enrichments of the common dysregulated genes
associated with CRC and insomnia in the molecular
pathways and biological processes. The hub genes
and oDEGs were analyzed separately for pathway
enrichment analysis. Enrichments of oDEGs in KEGG
terms revealed five significant pathways of which
“Ribosome” was determined to be the top significantterm
(P=2.155E-15) (Supplementary Table 4). However,
GO enrichment analysis revealed multiple significant
GO terms that common DEGs were enriched “RNA
Binding” (P-adj=6.214E-14), “structural constituent of
ribosome” (P-adj=2.477E-9), “Nucleic Acid Binding”
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(P-adj=1.807E-7), “heterocyclic compound binding”
(P-adj=6.237E-7) and “organic cyclic compound
binding” (P-adj=1.028E-6) were found to be the most
significant in molecular function (GO:MF) terms.
The most significant 5 GO terms that related to
biological processes were “Cytoplasmic Translation”
(P-adj=5.705E-21), “Translation” (P-adj=4.917E-14),
“Amide Biosynthetic Process” (P-adj=1.117E-13),
“Peptide Biosynthetic Process” (P-adj=1.314E-13) and
“Organonitrogen Compound Biosynthetic Process”
(P-adj=7.964E-13) in GO: BP Domain.

GO Cellular Component Terms with most
significant P-adj values were “Cytosolic Ribosome”
(P-adj=2.385E-22), “ribosomal subunit”
(P-adj=5.412E-17), “cytosolic  large ribosomal
subunit (P-adj=2.882E-16), “extracellular exosome”
(P-adj=5.306E-15) and “extracellular  vesicle”
(P-adj=8.123E-15) (Supplementary Table 5).

4.4. Common miRNA Regulators of the Hub Genes

We used the Enrichr miRNA target prediction tool to
identify the predicted miRNAs regulating the identified
hub genes. Our analyses revealed 29 miRNAs targeting
at least 2 hub genes with a P-adj<0.05. Seven hub
genes (EEFI1G, HSPAS, HSP90AAI, RPLPO, RPS6,
RPSA, and EEF2) were found to be the target genes
of hsa-miR-16-5p. However, five hub genes (HSPAS,
HSP90AAI, RPLP0O, EEF2, and GAPDH) were
targeted by hsa-miR-324-3p, and hsa-let-7b-5p were
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Table 2. Putative key miRNA regulators of the suggested hub genes associated with CRC and Insomnia

Odds

miRNAs P-value P_ .-Value R Combined Score Hub Genes
adj Ratio

, HSPAS, HSP90AAI RPLPO
hsa-miR-324-3p  3.146E-7 1.233E-4 59.030 883.794 EEF2, GAPDH
hsa-miR-769-3p  9.024E-7 1.769E-4 82.108 1142.793 RPLI3A, RPSA, EEF2, GAPDH

, EEF1G, HSPAS, HSPY90AA1
hsa-miR-16-5p 1.649E-6 2.155E-4 27.798 370.133 RPLPO.RPSG6.RPSA.EEF2
hsa-miR-25-3p 8.188E-5 0.008 25.311 238.184 HSPAS, HSP90AAL, RPSA, GAPDH
hsa-miR-320a 1.313E-4 0.010 22.310 199.405 HSPAS, RPL13A, EEF2, GAPDH

HSPAS8, HSP90AAI, RPSA

hsa-let-7b-5p 1.592E-4 0.010 15.534 135.850 EEF?2, GAPDH
hsa-miR-484 6.594E-4 0.032 14.375 105.283 HSPY90AAI, RPLPO, EEF2, GAPDH
hsa-miR-615-3p  6.622E-4 0.032 14.358 105.097 HSPAS, RPSA, EEF2, GAPDH
hsa-miR-149-5p 8.335E-4 0.034 21.370 151.515 HSPAS8, RPLP0, GAPDH
hsa-miR-331-3p 8.897E-4 0.035 20.883  146.693 HSPA8, RPLP0O, GAPDH

found to be a potential regulator of HSPAS, HSP90AAI,
RPSA, EEF2 and GAPDH genes. The results of miRNA
Enrichment analysis and a list of the top 10 miRNAs
targeting hub genes (hsa-miR-324-3p, hsa-miR-769-
3p, hsa-miR-16-5p, hsa-miR-25-3p, hsa-miR-320a,
hsa-let-7b-5p, hsa-miR-484 hsa-miR-615-3p, hsa-miR-
149-5p, hsa-miR-331-3p) are shown in Table 2.

4.5. Expression Profiles of the Hub Genes in the Public
Cancer Datasets

The GEPIA2 web tool was used to obtain the expression
profiles of 10 top hub genes in the TCGA (COAD and
READ samples) and GTEx (healthy samples) datasets.
Six genes (HSP8A, GAPDH, HSP90AAI, EEFIG,
RPS6, and RPLP0) were found to be significantly
upregulated (P-adj<0.05) in COAD and READ datasets
compared to GTEx datasets (Fig. 3). The results did not
show a significant statistical difference (P>0.05) for
the other four hub genes (EEF2, RPSA, RPS20, and
RPLI134).

5. Discussion
Colorectal cancer remains a global public health
concern with high incidence and morbidity rates despite
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the advances in genomic medicine and emerging
knowledge related to its pathophysiology (1). Thus,
there is an urgent need to identify novel biomarkers to
utilize in its early diagnosis and develop cutting-edge
therapeutic approaches. Insomnia is a prevalent sleep
disorder that impairs the quality of life and can be seen
as a primary condition, comorbidity, or symptom in
many complex pathophysiologies, including mental
disorders, cardiovascular diseases, and cancers (26-
27). Recent studies suggest a potential link between
insomnia and colon cancer, yet a lack of evidence exists
to understand the common mechanism in both diseases
(12,28). Therefore, determining the common molecular
etiology of both two diseases could reveal promising
biomarkers that could unravel the missing knowledge
related to CRC pathogenesis.

In this study, we used GEO datasets and bioinformatics
tools to investigate the potential common molecular
mechanism underlying the pathophysiology of CRC and
insomnia. We reanalyzed the GEO datasets related to
CRC (GSE77953) and insomnia (GSE20866) and then
defined differentially expressed genes in both datasets
using R software. We identified 947 dysregulated genes
in the CRC dataset, 1776 in the insomnia dataset, and
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113 shared DEGs in both datasets. We further explored
the enrichments of the commonly dysregulated 113
genes in molecular pathways and biological processes
using in silico tools. Subsequently, we constructed the
networks of the common DEGs and prioritized 10 top
hub genes (HSPAS, EEF2, GAPDH, RPSA, RPS20,
EEF1G,HSP90AAI,RPLP0O, RPS6,and RPL13A)based
on their topological properties in the network. Of note,
the top 10 hub genes were observed to be upregulated
in both datasets. Then, we investigated the expression
levels of the hub genes in the colorectal cancer datasets
of TCGA data. It reveals that six hub genes (HSP8A,
GAPDH, HSP90AA1, EEF1G, RPS6, and RPLP() were
upregulated in COAD and READ samples compared to
GTEXx healthy samples.

Heat Shock Protein Family A (Hsp70) Member 8
(HSPAS) is a member of the HSP70 gene family,
which takes a role in autophagy and misfolded protein
degradation. In a recent study, HSP8A and some other
heat shock proteins including HSP90 were upregulated
in the hippocampus of sleep-deprived mice (29-30).
Moreover, overexpression of HSPA8 was found to be
associated with different types of cancer, including
breast cancer and endometrial carcinoma (31-32).
Eukaryotic Translation Elongation Factor 1 Gamma
(EEFIG) is responsible for the delivery of aminoacyl-
tRNAs to the A site of the ribosome with other EEF1
complex subunits (33). EEFIG was found to be co-
upregulated with TNF receptor-associated protein
(TRAPI), which plays a role in mitochondrial integrity,
programmed cell death, and oxidative stress in
colorectal cancer patients (34). The potential impact of
EEF1G has not been established in sleep disorders and
further research is needed to determine its potential role
in molecular mechanisms involved in sleep disruption.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
plays a crucial role in energy metabolism, and elevated
expression of GAPDH is known to be associated with
many types of cancer (35). Previous research showed
that silencing GAPDH reduces glycolysis in colon
cancer cell lines and suppresses epithelial-mesenchymal
transition (36). Moreover, recently, a study showed that
sleep deprivation causes decreased GAPDH levels in
the prefrontal cortex of adult mice (37). Considering the
crucial role of the GAPDH gene in energy metabolism,
more clarification is needed on its relevance in the
sleep mechanism. Heat Shock Protein 90 Alpha Family
Class A Member 1 (HSP90AA1) is a molecular protein
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chaperone that is involved in multiple vital signaling
pathways and other biological processes within cells
(38-39). It has been shown that HSP90 is overexpressed
in colon cancer patients and linked to poor prognosis
(40). Trials and emerging research in preclinical models
indicate that HSP90 inhibitors increase the effectiveness
of anti-neoplastic treatments when combined with
therapeutic agents (41). However, increased levels
of HSP90 in the hippocampus of sleep-deprived rats
were reported in a previous study, which suggested its
potential effect on memory performance (30). Another
hub gene, Ribosomal Protein L13a (RPLI3A) existed
in the exosomes derived from colorectal cancer cell
lines implicating its association with metastasis (42-
43). To date, a lack of evidence exists regarding the
role of HSPY90 and RPL134 in sleep-related molecular
pathways, which needs further examination. RPS6
phosphorylation and/or overexpression were found to
be associated with many types of cancer and it was
suggested as a potential therapeutic target for treatment
interventions (44). The association between RPS6 and
sleep disorders have not yet been fully understood.
However, a study showed that the phosphorylation level
of RPS6 was decreased in the brain of sleep-deprived
mice, suggesting that RPS6 Kinase signaling activity
may beneficially affect sleep mechanisms (45).

We also investigated the interactions of miRNAs
with hub genes and found multiple miRNAs were the
regulators of the hub gene network. miR-16-5p was
found to be the common miRNA regulator of seven
hub genes. Previous studies showed that hsa-miR-
16-5p has a strong tumor suppressor effect in many
cancers, including colorectal cancer (46). Strikingly,
earlier research reported the down-regulation of hsa-
miR-16-5p in prefrontal and somatosensory cortices
of sleep-deprived rats (47). Furthermore, miR-324-
3p was reported to have an association with many
diseases and cancer types, including colorectal cancer
(48). Notably, the miR-324-3p was shown to target
multiple genes involving molecular clock mechanisms,
and its possible role in sleep disorders requires further
investigation (49). Additionally, a study reported
decreased expressions of tumor suppressor miR-769-3p
in colorectal cancer tissues and suggested miR-769-3p
as a potential prognostic biomarker and a therapeutic
target (50). However, the relevant contribution of miR-
769-3p to sleep disturbance and related pathologies is
mainly unknown.
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Our analyses shed light on the putative roles of
hub genes in protein synthesis. The excess protein
requirement caused by neoplasia causes the translational
machinery to work overtime. This may explain the
overexpression of the genes involved in the protein
synthesis and energy mechanism in CRC patients
(51). Although the relationship between colorectal
cancer and sleep disorder has not been fully defined
and needs more clarification, the association may be
direct or related to insomnia’s metabolic outcomes,
such as obesity, diabetes, and metabolic syndrome (52).
Nevertheless, the understanding ofthe causal association
between CRC and insomnia is still a challenge for
researchers that need further investigations to improve
public health strategies regarding both diseases.

This study has some limitations due to its in-silico
design and requires further evaluation in independent
data sets and wet lab work to understand better shared
mechanisms related to both diseases. However, our
findings are concordant with the current literature,
which supports the strengths of our methodology and
analyses.

Our results suggest that the pathogenesis of CRC and
insomnia may share common pathways and molecular
biomarkers that need to be considered as potential
molecules while developing diagnostic, prognostic, and
therapeutic applications for both diseases. The in-silico
findings of the current study need to be also validated
by further experimental research, which will ultimately
pave the way for precision medicine interventions for
both diseases.
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