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Cubilin (CUBN) gene was reported to be a novel risk variant for colorectal cancer (CRC). Previous studies have
shown that germline variants in known cancer driver genes are predictive of patient outcome, but no study
has systematically analyzed CRC to identify CUBN that can predict patient outcome and function by using
bioinformatics.

The association in expression, clinicopathological parameters, and survival were analyzed by using Oncomine,
UNCLA, and GEPIA, while CUBN alterations and related functional networks were identified using cBioPortal.
The Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes pathways (KEGG) of CUBN in CRC
were explored by using LinkOmics. Gene set enrichment analysis (GSEA) examined target networks of kinas-
es, miRNAs, and transcription factors.

We found that CUBN was overexpressed in CRC. Patients who were in advanced TNM stage tended to express
higher CUBN mRNA levels, while those who received radiotherapy tended to express relatively lower CUBN
mRNA levels. Higher expression of CUBN was found to be associated with shorter overall survival (OS) and dis-
ease-free survival (DFS). Moreover, functional networks analysis suggested that CUBN can regulate mismatch
repair, terpenoid backbone biosynthesis, base excision repair, and proteasome via vitamin digestion and ab-
sorption pathway to influence CRC occurrence.

These findings suggested that CUBN could serve as a prognostic and therapeutic biomarker of CRC in the future.
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Material and Methods

Colorectal cancer is the third most common cancer and the sec-
ond leading cause of cancer-related death worldwide [1]. The
pathogenesis of CRC is a complex multistage process, involv-
ing sequential mutational events occurring along with progres-
sion of the cancer [2]. Recent studies have shown that genes
mutated in cancer-related pathways, including Wnt, Notch,
EGFR/MAPK, TGF-B, and PI3K signaling pathways, are responsi-
ble for increased proliferation, progression, invasion, and apop-
tosis in CRC cells [3,4]. Despite the limited drugs currently being
developed, certain patients with advanced CRC are responsive
to the treatments based on cancer-related genes. Some pa-
tients benefit from drugs such as Bevacizumab, Cetuximab,
and PD-1 [5-7]. Thus, identifying novel variants for CRC is es-
sential to optimizing current therapeutic strategies.

Culibin — known as intestinal intrinsic factor, intrinsic factor-
cobalamin receptor, or intrinsic factor-vitamin B12 receptor
- acts as a co-transporter in many absorptive epithelia, in-
cluding intestine, renal proximal tubules, and embryonic yolk
sac, and helps in the uptake of lipoprotein, vitamin, and iron
[8]. In addition, CUBN was reported to be linked with the de-
velopment and progression of cancers. Pontén et al. found
that CUBN expression is highly specific to renal cell carcino-
ma (RCC), and lower expression of CUBN is significantly and
independently correlated with poor prognosis [9,10]. Li et al.
identified CUBN as a vitamin B12 metabolism gene in gastric
carcinogenesis, in which CUBN haplotypes in the vitamin B12
metabolism pathway increase GC risk by regulating the bal-
ance of vitamin B12 metabolism [11]. High-throughput geno-
typing analysis revealed that by somatic mutation of CUBN,
isoleucine changed into valine in osteosarcoma, which may
stratify patients at risk of recurrence based on molecular sig-
natures [12]. Genome-wide association studies (GWAS) are
widely used to identify risk variants related to the occurrence
of cancers. Our literature search revealed that a novel signif-
icant association at 10p13 with rs10904849 intronic to cu-
bilin was correlated with the risk of CRC occurrence [13]. To
date, no studies have reported the prognostic value and func-
tion of CUBN in CRC.

Thus, we investigated the expression, clinicopathological pa-
rameters, and survival data on CUBN in CRC by using Oncomine,
UNCLA, and GEPIA, and we identified the somatic mutations of
CUBN in CRC patients with independent sequencing data from
the cBioPortal database. We also examined the pathway and
predicted the target networks of kinase, mRNA, and transfer
factor of CUBN in CRC.

ONCOMINE database

The Oncomine database (www.oncomine.org) is an integrat-
ed data mining platform for DNA or RNA sequences analysis,
which includes 715 datasets of gene expression and data from
86,733 cancer and the normal tissues [14]. In this study, 2 da-
tasets (GSE9689 and GSE20842) from Oncomine were select-
ed to analyze the expression mRNA of CUBN in CRC tissues
compared with normal tissues. Students’ t-test was used to
compare the difference in transcriptional expression. P value
<0.05 means the data was statistically significant. * p<0.05,
** p<0.01, *** p<0.001.

GEPIA analysis

GEPIA (http://gepia.cancer-pku.cn) is a newly developed inter-
active web server for analyzing the RNA sequencing expres-
sion data of 9,736 tumors and 8,587 normal samples from the
TCGA and the GTEx projects, using a standard processing pipe-
line. GEPIA provides customizable functions such as tumor/
normal differential expression analysis, profiling according to
cancer types or pathological stages, patient survival analysis,
similar gene detection, correlation analysis, and dimensional-
ity reduction analysis. In this study, we used GEPIA to analyze
the survival data of CUBN in CRC, including OS and DFS. The
group cutoff was set by median. A statically significant differ-
ence was considered as p value <0.05.

cBioPortal analysis

cBioPortal (www.cbioportal.org), currently containing 225 can-
cer studies, is an online open-access website resource for ex-
ploring, visualizing, and analyzing multidimensional cancer ge-
nomics data [15]. In this study, we used cBioPortal to analyze
the genomic profiles of CUBN in the TCGA CRC samples, which
contained the alteration frequency of gene and the network of
CUBN neighboring genes. Then, neighboring genes were used
to explore GO and KEGG pathway enrichment analyses by
DAVID. The GO annotation contained 3 parts: cellular compo-
nent (CC), biological process (BP), and molecular function (MF).

LinkedOmics analysis

LinkedOmics is a publicly available portal that contains data
from all 32 TCGA cancer types, and has 3 analytical modules:
LinkFinder, LinkInterpreter, and LinkCompare [16]. In this study,
the LinkFinder module was used to explore the correlation be-
tween CUBN expression and clinicopathologic features, includ-
ing T stage, clinical stage, metastasis, lymph node involve-
ment, and radiotherapy. The LinkFinder can generate statistical
plots for individual genes. The results are graphically shown in
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Figure 1. Expression of CUBN mRNA in CRC (ONCOMINE). (A, B) Levels of CUBN mRNA expression in GSE9689 and GSE20842 were
both significantly higher in CRC tissues than in the normal tissues.

volcano plots and heat maps. We used LinkedOmics to explore
the functional network of differentially expressed genes. Data
from the LinkFinder results were signed and ranked, and GSEA
was also performed for the analyses of GO, KEGG pathways,
kinase, miRNA, and transcription factor-target enrichment. The
rank criterion was a P<0.05, and 500 simulations were used.

GeneMANIA analysis

GeneMANIA (http://genemania.org/) is a publicly available por-
tal that can predict the function of genes and gene sets. The
website features some bioinformatics methods such as phys-
ical interaction, gene co-expression, gene co-location, gene
enrichment analysis, and website prediction [17]. We used
GeneMANIA to reveal the gene networks and predict function
of genes that were identified by GSEA as being enriched in
CRC: kinase_PIK3CD and transcription factor FOXO4.

Results

Overexpression of CUBN mRNA in patients with CRC

To explore the role of CUBN in CRC, we used 2 datasets
(GSE9689 and GSE20842) downloaded from the Oncomine
database to analyze the mRNA expression of CUBN in CRC. As
shown in Figure 1A, 1B, the expression mRNA of CUBN was
significantly upregulated in primary CRC tissues compared to
normal tissues in the 2 datasets (* p<0.05, *** p<0.001), which
suggested that CUBN is an oncogene in CRC.

The correlations between CUBN expression with
clinicopathological parameters in CRC

We further analyzed the correlations between CUBN expression
with clinicopathological parameters, including T stage, metas-
tasis, lymph nodes, clinical stage, and radiotherapy, by using
the LinkedOmics database. The results showed that patients
who were in advanced T stage tended to express higher CUBN
mRNA, which suggested CUBN was positively correlated with
T stage (Figure 2A). Patients in stage IV or N2 or M1 stage ex-
pressed higher CUBN mRNA levels than those in stage I/11/11]
or NO/1 or MO (Figure 2B-2D, 2F), while patients who accept-
ed radiotherapy tended to have lower mRNA levels of CUBN
expression. However, there was no significant association be-
tween CUBN expression with MSI-H and MSS status (Figure 2E).
In short, our study demonstrated that CUBN expression was
significantly associated with clinicopathological parameters in
CRC patients, and CUBN might serve as a biomarker for poor
prognosis in CRC. * p<0.05, ** p<0.01, *** p<0.001.

Prognostic value of CUBN expression in CRC

To evaluate the prognostic value of CUBN expression in CRC,
we next used GEPIA to analyze the survival data of patients
with low CUBN expression compared to those with high CUBN
expression. We found that higher CUBN mRNA expression was
significantly associated with shorter OS (Figure 3A, HR=1.9, Log
rank p=0.011) and DFS (Figure 3B, HR=1.7, log rank p=0.048).
In conclusion, our study demonstrated that CUBN was an in-
dicator of poor prognosis in patients with CRC.
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Figure 2. Associations of CUBN mRNA expression with clinicopathological features in CRC. (A) CUBN mRNA expression was
significantly associated with T stage, and as T stage increased, the mRNA expression of CUBN tended to be higher.
(B-D) Expression of CUBN mRNA in clinical stage IV or N2 or M1 was remarkably higher than that in stage 1/11/11l or NO/1
or MO. (F) Patients who accepted radiotherapy tended to express lower CUBN than those who did not. (E) There was no
significant association between CUBN expression in MSI-H and MSS. * p<0.05, ** p<0.01, *** p<0.001.
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Figure 3. Prognostic value of CUBN mRNA expression in CRC patients. (A, B) Patients with higher CUBN expression tend to be have a
poor prognosis in OS (p=0.011) and DFS (p=0.048) at 10-year follow-up visit.

Genomic alterations of CUBN in CRC instability is a consequence of carcinogenesis. To analyze the

effect of CUBN alteration in CRC, we used cBioPortal database
Genomic instability involves a high frequency of mutations to explore the genomic instability of CUBN in a TCGA CRC da-
within the genome, including changes in chromosomal rear- tabase with 212 cases. We found that 12% (25 of 212 cas-
rangements, nucleic acid sequences, or aneuploidy. Genomic es) of CUBN alteration was observed in CRC patients, which
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Figure 4. Visual summary of CUBN alterations
and biological interaction network in
CRC. (A) OncoPrint of CUBN alterations
in CRC. The OncoPrint provided an
overview of CUBN alteration in CRC
from the TCGA CRC data. Different
colors were used to highlight the
different types of genetic alterations.
(B) Networks of the neighboring
genes of CUBN in CRC. CUBN was the
seed gene, and all other genes are
automatically identified as altered in
CRC. Darker red indicates elevated
frequency of alteration in CRC. The
blue connection indicates that the
first protein controls a reaction that
changes the state of the second
protein; the red connection suggests
that the proteins were members of the
same complex.

Table 1. Enrichment analysis of CUBN and its significant neighborhood genes altered in CRC as determined using DAVID.

Gene set

GO: 0042359

Description

Vitamin D metabolic process

Ontology Count P value

hsa04977

Vitamin digestion and absorption

GO - Gene Ontology; BP — biological process; CC — cellular component. MF; molecular function. KP — KEGG pathway.

suggested that CUBN mutation increases the malignancy of
CRC (Figure 4A). We identified 4 neighbored genes of CUBN
interacting with CUBN that were correlated with CRC occur-
rence, such as LRP2, LGMN, GC, and APOAL1 (Figure 4B). Then,
we used CUBN combined with its neighbored genes to explore
the functional networks in CRC by DAVID. As shown in Table 1,
biological processes such as GO: 0042359 (vitamin D metabolic
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process), GO: 0051180 (vitamin transport), GO: 0042157 (li-
poprotein metabolic process), GO: 0008203 (cholesterol met-
abolic process), and GO: 0006898 (receptor-mediated endo-
cytosis) were remarkably regulated by the CUBN mutation in
CRC. Cellular components, including GO: 0030139 (endocyt-
ic vesicle), GO: 0072562 (blood microparticle), GO: 0034366
(spherical high-density lipoprotein particle), and GO: 0042627
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Figure 5. Visualization of KEGG pathway of the genes altered in the CUBN neighborhood in CRC. Vitamin digestion and absorption.

(chylomicron) were significantly correlated with the CUBN al-
terations. Also, CUBN mutation prominently affected the mo-
lecular functions, such as GO: 0070653 (high-density lipopro-
tein particle receptor binding), GO: 0008035 (high-density
lipoprotein particle binding), GO: 0060228 (phosphatidylcho-
line-sterol O-acyltransferase activator activity), GO: 0017127
(cholesterol transporter activity), and GO: 0031210 (phospha-
tidylcholine binding). In KEGG analysis, hsa04977 (vitamin di-
gestion and absorption) (Figure 5) was found to be associat-
ed with CUBN mutation in CRC, which suggested that CUBN
was involved in metabolism activity.

Enrichment analysis of CUBN functional networks in CRC

To further study the function of CUBN in CRC, we used
LinkedOmics to analyze mRNA sequencing data in a 379-case
TCGA CRC dataset. As shown in the volcano plot (Figure 6A),
2,681 genes (dark green dots) was significant negatively as-
sociated with CUBN, while 3,891 genes (dark red dots) were
significant positively associated with CUBN. The heat map
presents the 50 most significant positively or negatively co-
expression genes of CUBN (Figure 6B, 6C). Significant GO term
analysis by GSEA found that genes differentially expressed in
relation to CUBN were located in extracellular matrix, platelet
alpha granule, and protein complex involved in cell adhesion
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and collage trimer (Figure 7A), where they participated in tri-
carboxylic acid metabolic process, cytochrome complex assem-
bly, base excision repair, and mitochondrial RNA metabolic pro-
cess (Figure 7B). They served as extracellular matrix structural
constituents, cytokine binding, collagen binding, and immuno-
globulin binding (Figure 7C). KEGG pathway analysis showed
the enrichment in mismatch repair, DNA replication, pyruvate
metabolism, and proteasome (Figure 7D).

CUBN networks of kinase, miRNA, or transcription factor
targets in CRC

To further predict the targets of CUBN in CRC, we analyzed
the kinase, miRNA, and transcription factor (TF) targets gen-
erated by Gene Set Enrichment Analysis (GSEA). As shown in
Table 2, the top 5 significant target networks were kinase-
target network, mainly related to PIK3CD, PRKG1, BLK, TEC,
and CSNK1G3. The top 5 significant target networks were the
mRNA-target network related to MIR-517B (ATGCACG), MIR-
208 (CGTCTTA), MIR-452 (TGCAAAC), MIR-19A (TTTGCAC), and
MIR-493 (ATGTACA). The top 5 significant target networks were
TF-target network mainly related to FOXO4_01, MEF2_Q6_01,
FOXJ2_01, MEF2_01, and PBX1_02. The protein-protein inter-
action networks generated by GeneMANIA predicted the as-
sociation among genes for the kinases PIK3CD and TF_FOXO4.
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Figure 6. Differentially-expressed genes associated with CUBN in CRC. (A) Volcano plot graphically presents the associations between
CUBN and genes differentially expressed in CRC. (B, C) Genes positively and negatively correlated with CUBN in CRC, shown
by heat maps (Top 50). Red suggests positively correlated genes and green suggests negatively correlated genes.

GO: Cellular component
Extracellular matrix s ——————
Platelet alpha granule s
Protein complex involved in cell adhesion mmm
Collagen trimer m—
NADH dehydrogeoase complex
Nucleoid mm
Smali nucleolar ribonucleoprotein complex m
Cytochrome complex mm
Exoribonuclease complex mm
Endonuclease complex mm
0 50 100 150

200 250

GO: Molecular function
Cytokine binding e m——— —
Collagen binding mm—
DNA secondary structure binding s
Pattern recognition receptor activity mmm
Immunoglobulin binding s
Proteoglycan binding s
Coreceptor activity mm—
Fibronectin binding
Extracellular matrix structurat constituent
SnoRNA binding s
0 10 20 30 40 50 60 70 80 90 100

GO: Biological process
Tricarboxylic acid metaboliec process n————————

Oligosaccharide-lipid intermediate biosyntbetic process mm—

Cytochrome complex assembly n————
Base-excision repair n————
Mitochondrial RNA metabolic process n—
NADH dehydrogenase complex assembly me—
Mitochondria1 respiratory chain complex assembly n— ————————————
CENP-A containing chromatin organization n
DNA strand elongation n—
0 5 10 15 20 25 30 35 40 45 50

KEGG pathway
Mismatch repair p—
DNA repIi(ation R
Pyruvate metabolism p————
Citrate cycle (TCA cycle) m—————
Aminoacyl-tRNA biosynthesis n——————
Terpenoid backbone biosynthesis n—
Glyoxylate and dicarboxyla te metabolism n——
Pentose phosphate pathway ———
Base excision repair n————
Proteasome

Figure 7. Significantly enriched GO annotations and KEGG pathways of CUBN in CRC. GSEA was used to analyze the significantly
enriched GO annotations and KEGG pathways of CUBN co-expression genes in CRC. The top 10 significant networks were
chosen. (A) CC; (B) BP; (C) MF; (D) KEGG pathway analysis.

As the results show in Figure 8A, the gene set enriched for ki-
nase_PIK3CD was involved in phosphatidylinositol 3-kinase
activity, phosphatidylinositol metabolic process, and T cell re-
ceptor signaling pathway. The gene set enriched for FOX04_01
included response to insulin, cellular response to insulin stim-
ulus, DNA binding, and negative regulation of phosphoryla-
tion (Figure 8B).
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Discussion

The heterogeneity of CRC makes it difficult to determine which
patients need further therapy beyond surgical resection and
which patients have a poor prognosis [18]. Although the ma-
jority of CRC patients initially are response to chemotherapy,
some patients eventually experience drug resistance, which re-
sults in recurrence and metastasis [19,20]. A better prognostic
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Table 2. The kinase, miRNA, and transcription factor-target networks of CUBN in CRC (LinkedOmics).

Enriched category Geneset

Kinase_PIK3CD

Kinases target

miRNAs target

VSPBX1_02

LeadingEdgeNum P value

LeadingEdgeNum — the number of leadingedge genes; P value — false discovery rate from Benjamini and Hochberg from gene set
enrichment analysis (GSEA). V$ — the annotation found in Molecular Signatures Database (MSigDB) for transcription factors (TF).

biomarker for outcome prediction and therapy assignment is
urgently needed.

In this study, we first used bioinformatics methods to dem-
onstrate that CUBN was upregulated in CRC and its overex-
pression was associated with advanced TNM stage. We also
validated the prediction power of CUBN expression in progno-
sis and revealed that higher CUBN expression was correlated
with shorter OS and DFS. Furthermore, we found somatic mu-
tation of CUBN occurred in CRC patients and CUBN can par-
ticipate in metabolism activities to regulate the development
and progression of CRC.

Studies on CUBN have widely reported that CUBN is correlated
with the occurrence of cancers such as RCC, GC, and osteosar-
coma [9,11,12]. GWAS has identified CUBN as a novel risk vari-
ant for CRC [13,21], but no experimental data have ever veri-
fied the prognostic value and function of CUBN in CRC. Thus,
to study the role of CUBN in CRC might produce a novel prog-
nostic biomarker. In our study, we demonstrated that the ex-
pression of CUBN mRNA was higher in cancer tissues than in
normal tissues, which suggested that CUBN may be an onco-
gene of CRC. Our analysis of correlations between CUBN with
clinicopathological features showed that patients with more
advanced clinical stages and T/N/M stage tended to express
higher CUBN levels, which predicted CUBN to be an oncogene
unfavorable to patient prognosis. We also found that patients
who accepted radiation therapy tended to express lower CUBN

levels, and our data suggest that CUBN could be used to pre-
dict therapeutic efficacy of radiotherapy. In addition, patients
with higher CUBN expression had a shorter OS and DFS than
those with lower CUBN expression. Previous studies demon-
strated that CUBN overexpression was significantly associated
with poor prognosis in RCC and osteosarcoma, which is con-
sistent with our results [9,12]. Thus, it is plausible that CUBN
is an oncogene in human CRC progression and represents a
promising clinical prognostic biomarker and therapeutic tar-
get for this disease.

Genetic factors play a significant role in the etiology of both
familial and sporadic CRC. As reported, altered related-gene ex-
pression and its dysfunction in CRC may result from alterations
in chromosomal structure [22]. The next step in our study was
to explore the alteration frequency of CUBN in CRC. Based on
cBioPortal database analysis, we learned that the copy num-
ber of CUBN was increased in CRC, and mutation was the ma-
jor type of CUBN alteration. We speculated that CUBN muta-
tion can interact with its neighbored genes to promote CRC
formation by regulating related pathways. Indeed, neighbored
gene networks close to CUBN also showed different degrees
of alterations in CRC. Related functional networks of these al-
tered genes were involved in vitamin digestion and absorption.
Consistent with these results, Arem et al. reported that CUBN
participates in the vitamin D metabolic pathway to increase
pancreatic cancer risk [23]. Another study also had identified
CUBN as a significant variant for gastric cancer by regulating
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vitamin B12 metabolism [11]. Thus, we speculated that CUBN
alterations may be involved in the core node of metabolic ac-
tivity to increase cancer risk, including CRC.

Enrichment analysis of target gene sets using GSEA can help
explore significant networks of target kinases, miRNA, and
transcription factors [24]. Our data showed that the func-
tional networks of CUBN in CRC are involved in mismatch re-
pair, DNA replication, pyruvate metabolism, and proteasome.
Thus, we concluded that alteration of CUBN induced abnor-
mal transcription to cause major dysfunction and even cause
cancers such as CRC. Genomic instability and mutagenesis
are the fundamental features of cancer cells, and kinases and
their related signaling pathways help stabilize and repair ge-
nomic DNA [25,26]. Therefore, we further analyzed the as-
sociation between CUBN and the network targets of kinas-
es, miRNAs, and transcription factors. Our data showed that
the most significant targets, including kinase, miRNA and TF,
were PIK3CD, miRNA-517B, and FOXO4. In fact, PIK3CD plays
an important role in mediating immune responses, activating

DATABASE ANALYSIS

signaling cascades involved in cell growth, survival, prolifera-
tion, motility, and morphology [27,28]. In CRC, CUBN regulates
metabolic activities via PIK3CD pathways.

Our study also identified several transcription factors that are
correlated with CUBN. The particular TFs in our study are in-
volved in regulation of the insulin signaling pathway and cell
cycle. In fact, studies have shown that overexpression of FOX04
is correlated with poor prognosis in CRC patients, and suggests
FOX04 as a diagnostic and prognostic marker of CRC [29,30].
Therefore, our findings suggest that FOXO4 is a vital target of
CUBN, and that CUBN acts through this factor to regulate the
cell cycle and proliferation capacity of CRC. Further studies are
needed test this hypothesis.

Conclusions

This study provides multi-level evidence to assess the clinical
value and the function network of CUBN in CRC. Our results
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Figure 8. Protein-protein interaction networks of kinase PIK3CD and transcription factor FOXD4_01 (GeneMANIA). (A, B) PPI network
and functional analysis suggested the gene set enriched in the target networks of kinase_PIK3CD and TF_ FOXD4.

suggest that CUBN overexpression in CRC has far-reaching  Conflict of interest
effects on poor prognosis and at multiple steps of gene ex-

pression (e.g., mismatch repair, DNA replication, pyruvate me- None.

tabolism, and proteasome) and of the cell cycle. CUBN is sig-

nificantly associated with several tumor-related kinases (e.g.,

PIK3CD), miRNAs (e.g., miRNA-517B), and transcription fac-

tors (e.g., FOXD4).
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