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Colorectal cancer (CRC) is a major cause of cancer deaths worldwide. Unfortunately,

many CRC patients are still being diagnosed at an advanced stage of the cancer, and

the 5-year survival rate is only ∼30%. Effective prognostic markers of CRC are therefore

urgently needed. To address this issue, we performed a detailed bioinformatics analysis

based on the Cancer Genome Atlas (TCGA), Genotype-Tissue Expression (GTEx),

and Gene Expression Omnibus (GEO) databases to identify prognostic biomarkers for

CRC, which in turn help in exploring potential drug-repurposing. We identified five hub

genes (PGM2, PODXL, RHNO1, SCD, and SEPHS1), which had good performance

in survival prediction and might be involved in CRC through three key pathways (“Cell

cycle,” “Purine metabolism,” and “Spliceosome” KEGG pathways) identified by a KEGG

pathway enrichment analysis. What is more, we performed a co-expression analysis

between five hub genes and transcription factors to explore the upstream regulatory

region. Furthermore, we screened the potential drug-repurposing for the five hub genes

in CRC according to the Binding DB and ZINC15 databases. Taking together, we

constructed a five-gene signature to predict overall survival of CRC and found the

potential drug-repurposing, which may improve the outcome of CRC in the future.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common types of tumors and is the third leading cause
of death among cancer patients worldwide (Siegel et al., 2020). Since the prognosis of CRC mainly
depends on the clinicopathological features or the tumor stage (Messersmith, 2019), many patients
are still diagnosed at advanced stages, and the 5-year survival rate is only ∼30% (Siegel et al.,
2020). Therefore, a better understanding of the molecular mechanism, to identify new promising
prognostic biomarkers, is essential for the development of effective treatment strategies in CRC.

Recent studies have documented some prognostic related biomarkers in CRC. For example,
upregulated CIP2A could contribute to tumor cell survival and a poor prognosis in CRC (Liu
et al., 2018). Moreover, overexpression of HOXB13 in CRC could inhibit the tumor growth and
be related to the poor outcome (Xie et al., 2019). Additionally, the expression of HOXB9 could
promote metastasis and indicate a poor prognosis in CRC (Huang et al., 2014). However, the
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FIGURE 4 | The signaling pathways of five hub genes implicated in CRC were evaluated by the KEGG pathway enrichment analysis. (A) The enriched pathways of

CRC related genes in KOBAS 3.0 (p < e−8) with the KEGG over-representation test. (B) The shared pathways of GSEA between high- and low-risk groups according

to the threshold of FDR < 25% and p < 0.05. (C) The molecular connections among five hub genes and key pathways through PPI and shortest path analysis. (D)

Five Hub genes interacted with differently expressed TFs. KEGG, Kyto Encyclopedia of Genes, and Genomes; TFs, Transcription factors; PPI, Protein-protein

interaction; GSEA, Gene Set Enrichment Analysis.

cells (Sanchez-Martinez et al., 2015). Moreover, inhibition of the
expression of SCD could induce cell death in CRC stem cells
(Potze et al., 2016). High expression of SEPHS1 is related to
the poor outcome of CRC (Choi et al., 2011). Although PGM2
and RHNO1 have not been reported in CRC, they are involved
in other tumor developments (Marshall et al., 1979; Kim et al.,

2010). Altogether, our findings are consistent with the results of
previous studies showing that the five hub genes are functionally
important for the prognosis of CRC.

It is a well-established fact that the development of a new
drug is a long, complex, and costly process. Therefore, drug-
repurposing has attracted a lot of attention, and reduces the
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FIGURE 5 | Potential drug-repurposing based on the hub genes for CRC. (A) The PPI network of five hub genes and targets of drugs from the Binding DB database.

(B) The ZINC000003939013-SEPHS1 docking complex.

need for additional toxicological experiments (Sleire et al., 2017).
Recent studies have shown that Thalidomide and Raloxifene have
already been approved for treatment of myeloma (Luo et al.,
2017) and breast cancer (Pinsky et al., 2018), respectively. So,
we wanted to take a step from the analysis of establishing gene

prognostic models in CRC. We then used two methods to screen
the potential drug-repurposing of five hub genes in CRC. In one
method, we constructed the PPI using hub genes and targets of
drugs in the Binding DB database—in an indirect manner. In the
other method we directly found the potential drug repurposing
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using structure-based virtual screening and molecular docking.
We hope to provide a faster and cheaper strategy for expanding
the arsenal of approved cancer drugs.

To provide insight into the molecular mechanism of the
five hub genes involved in CRC, we first performed the KEGG
pathway enrichment using KOBAS 3.0 and GSEA. Three shared
pathways were identified by the pathway enrichment analysis:
“Cell cycle,” “Purine metabolism,” and “Spliceosome” KEGG
pathways. Second, we further obtained the interactions among
hub genes and three-key pathways (Figure 4) through PPI and
shortest pathway analysis. Depending on the KEGG database,
“Cell cycle,” “Purine metabolism,” and “Spliceosome” KEGG
pathways were related to Cell growth and death, and Metabolism
and Transcription, respectively. We then speculated that the
three pathways might be involved in the regulation of cell
growth, cell cycle progression, and metastasis in CRC. Moreover,
recent studies have demonstrated that these pathways play
an important role in CRC (Buolamwini, 2000; Pedley and
Benkovic, 2017; Mabonga and Kappo, 2019). Altogether, we
indicated that five hub genes might be involved in CRC through
three-key pathways. Accumulating evidence suggests that Purine
metabolism and Spliceosome are fundamental and necessary for
tumor cell proliferation (Di Virgilio, 2012; Camici et al., 2019),
which have been suggested to be associated with Cell cycle. In
line with previous studies, we suggest that the three pathways
might crosstalk with each other through five hub genes in CRC.
However, large numbers of verification experiments are still
needed in the future.

Simultaneously, we explored the upstream mechanism of five
hub genes in CRC. Several TFs were co-expression with five hub
genes. Based on previous studies (Muller and Rao, 2010; Mei
et al., 2017; Lambert et al., 2018), TFs have been suggested to
be involved in various physiological pathways including “Cell
cycle,” “Purine metabolism,” and “Spliceosome” KEGG pathways
in CRC. Altogether, the results might partly explain the upstream
mechanism of five hub genes in CRC. However, further well-
designed experiments are required to prove this hypothesis.

CONCLUSION

In summary, we established that a signature of five genes
corrected with progression and prognosis in CRC, depends on
the gene expression profile datasets (TCGA, GTEx, and GEO

databases) and bioinformatics analysis. Moreover, we confirmed
the molecular details of connections among hub genes (PGM2,
PODXL, RHNO1, SCD, and SEPHS1) and three key pathways
(“Cell cycle,” “Purine metabolism,” and “Spliceosome”) and a co-
expression relationship between hub genes and TFs to obtain
a better understanding of molecular mechanisms involved in
CRC. Furthermore, we screened the potential agent-repurposing
based on the hub genes for CRC according to the Binding DB
and ZINC15 databases. Altogether, we constructed a five-gene
signature to significantly distinguish overall survival of CRC and
found the potential drug-repurposing, which may improve the
outcome of CRC in the future.
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