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Purpose: This study aimed to find risk factors for colon cancer progression with bioinfor-

matics methods, and validated by clinical patients.

Methods: Differentially expressed genes (DEGs) between colon cancer tissues and normal

colon tissues were extracted from The Cancer Genome Atlas (TCGA) database using

R software, amounted to 8,051. DEGs between pathologic stage I+II and stage III+IV

amounted to 373, and were compared with DEGs of cancer/normal analyzed above to get

the intersection of both. Ninety-six intersected DEGs were identified and defined as pro-

gressive DEGs of colon cancer. Then these 96 progressive DEGs were studied by Gene

ontology and KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway analysis using

the DAVID database and visualizing by R software. A protein–protein interaction (PPI)

network and functional modules were established using the STRING database. Further, an

overall survival (OS) curve was drawn via the GEPIA website based on the CGA database

and six progressive DEGs were found to be involved with OS of colon cancer patients. The

Linkedomics website was used for detailed analysis of specific subsets of TNM.

Results: Pregnancy specific glycoprotein (PSG), vitamin digestion, and absorption were

confirmed to promote the progression of colon cancer. Furthermore, NTF4 was found to be

associated with both OS and each subset of TNM; therefore, defined as a key risk factor for

colon cancer progression. Further analysis of NTF4 expression using clinical data showed it

acted as a key risk factor and diagnosis marker for colon cancer progression.

Conclusion: NTF4 is a risk factor contributing to colon cancer progression and associated

with overall survival.
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Introduction
Colon cancer is a common malignant tumor of the digestive tract. Nearly

one million people suffer every year, and the mortality rate is as high as 33%.1

The early symptoms of colon cancer are not obvious, but the progression and

distant metastasis of advanced tumors can lead to changes in patients’ stool habits,

hematochezia, emaciation, and a series of symptoms including anemia, colonic

fistula, partial or complete intestinal obstruction, and intestinal perforation. At

present, the treatment of colon cancer mainly depends on surgery, radiotherapy

and chemotherapy. However, it is difficult for advanced patients to operate, and the

side-effects of radiotherapy and chemotherapy are serious, which may cause che-

motherapy resistance.2,3 Risk factors for colon cancer include smoking, overweight,

excessive intake of red meat products, and so on.4 These risk factors may all play

a role at the genetic level. Therefore, it is urgent to find risk factors that affect the
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progression of colon cancer, as they would be effective

diagnosis markers and therapeutic targets.

As the largest database of cancer, the Cancer Genome

Atlas (TCGA), a landmark cancer genomics program,

molecularly characterized over 20,000 primary cancer

and matched normal samples spanning 33 cancer types.

Through bioinformatics methods, we can deeply mine

tumor gene data and further connect it to clinical data, so

as to obtain more accurate and meaningful results.5 In

order to identify risk factors for colon cancer progression,

our research analyzed mRNA expression data of TCGA-

Colon Adenocarcinoma (TCGA-COAD) via R software

and several online tools .

Materials and methods
TCGA data
TCGA-Colon Adenocarcinoma (https://cancergenome.nih.

gov/) contains 480 colon cancer cases and 41 normal

control cases, and includes basic information such as

age, sex, race, history, type of diagnosis, tumor grade

stage. All mRNA expression data accompanied by clinical

data was downloaded by R-software for subsequent

analysis.

DEGs analysis with R software
The original expression level of mRNA downloaded from

TCGA was normalized through the R software “Limma”

package (www.bioconductor.org/packages/release/bioc/

html/limma.html). Then Limma was further used to ana-

lyze the expression of each gene between cancer/normal or

stage I+II/stage III+IV. P<0.05 and Fold-change>1.5 or

Fold-change<-1.5 were set as filter conditions of DEGs.

Two groups of DEGs (cancer/normal and stage I+II/stage

III+IV) were compared to get intersected as progressive

DEGs.

Gene ontology, KEGG pathway, and

protein–protein interaction analysis
The DEGs were uploaded to the Database for Annotation

Visualization and Integrated Discovery (DAVID, david.

ncifcrf.gov/) online tool for Gene ontology and KEGG

pathway analysis. Concreate pathways and P-value were

obtained and visualized by R software. For Protein–protein

interaction (PPI) analysis, DEGs were uploaded to the

STRING online tool (https://string-db.org/). DEGs with

a combined score >0.4 were selected and imported into

Cytoscape software to conduct visualization.

Overall survival curve and TNM subsets

analysis
Overall Survival (OS) curves and Disease Free Survival

(DFS) curves of DEGs were drawn by the GEPIA online

tool (http://gepia.cancer-pku.cn/) based on the TCGA data-

base via Kaplan–Meier analysis.6 P<0.05 was taken into

consideration for the impact of OS or RFS. Each subset of

TNM was analyzed separately by the LinkedOmics online

tool (http://www.linkedomics.org/) based on the TCGA

database via Pearson's chi-squared test.7

Patients and specimens
Seventy-four colon cancer specimens and four normal

healthy colon tissues were collected from July 2008 to

July 2010 (Table 1). Patients with the following criteria

were excluded from participation: had previously received

adjuvant chemotherapy or radiotherapy prior to surgery;

Table 1 Clinical characteristics of patients

Tumor (T) stage pT1 3

pT2 7

pT3 22

pT4 42

N stage N0 48

N1 22

N2 4

M stage M0 70

M1 4

Age ≤45 24

>45 50

Gender Male 54

Female 20

Tumor location Right colon 29

Left colon 12

Transverse colon 5

Sigmoid colon 28

Histological grade Well differentiated 70

Poorly differentiated 4

Mucinous Colloid Type No 57

Yes 17
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had additional cancers diagnoses. All patients were classi-

fied according to the 7th edition of the TNM staging

system 23. Postoperative adjuvant therapies were per-

formed, according to standard schedules and doses. All

participating patients provided written informed consent.

This study was approved by the Ethical Committee of

Shanghai Pudong Hospital.

RNA extraction and RT-qPCR
Total RNA was extracted by Trizol Regent (Invitrogen).

cDNA was obtained using PrimeScript™ RT reagent kit

(Takara Bio, Inc., Otsu, Japan). The expression of mRNA

was assessed by RT-qPCR, whichwas carried out in triplicate

by a SYBR Premix Ex Taq™ kit (Takara Bio) and ABI

7900HT Real-Time PCR system (Applied Biosystems Life

Technologies, Foster City, CA, USA). The primers of NTF4:

GTACTTCTTTGAAACCCGCTG and GCAGTGTCAATT

CGAATCCATC; Actin: GGGACCTGACTGACTACCTC

and TCATACTCCTGCTTGCTGAT. The comparative

cycle threshold values (2-ΔΔCt) were adopted to analyze

the final results.

Protein extraction and Western blot

analysis
The total proteins were extracted using RIPA lysis buffer

with 1% phenylmethanesulfonyl fluoride (PMSF). Then,

equal amounts (20 μg) of protein determined by BCA protein

assay kit (Thermo Fisher Scientific, USA) were separated

using 10% SDS-PAGE gels. The proteins were then trans-

ferred to PVDF membranes (0.45 mm, Solarbio, China). The

membranes were blocked with 5% non-fat milk for 1 hour at

room temperature and then incubated with primary antibo-

dies at 4℃ for 12 hours. NTF4 rabbit polyclonal antibodies

(1:1,000, Cat: 12297-1-AP, Proteintech, USA) and β-actin
rabbit polyclonal antibodies (1:4,000, Cat: 60008-1-Ig,

Proteintech) were used as loading controls and normaliza-

tion. The secondary antibody was anti-rabbit antibodies con-

jugated to horseradish peroxidase (HRP) (1:4,000,

Proteintech). The antibody was used at a 1:4,000 dilution

and was incubated for approximately 1 hour at room tem-

perature. The bands were visualized with ECL reagents

(Thermo Fisher Scientific) and developed by Omega Lum

G (Aplegen, USA).

Immunohistochemical (IHC) staining
IHC staining was carried out according to manufacturer’s

instruction. Briefly, formalin-fixed and paraffin-embedded

tissue sections were deparaffinized in xylene and hydrated

with decreasing concentrations of ethanol (100, 95, 80, and

75%). The slices were then soaked in 10% BSA to inhibit

endogenous peroxidase activity and incubated with NTF4

rabbit polyclonal antibody (1:100) at 4°C overnight.

A horseradish peroxidase-conjugated rabbit secondary anti-

body was added for 60 minutes at room temperature; then,

3,3’-diaminobenzidine (DAB) development (DAB Substrate

Chromogen System; Dako, Glostrup, Denmark) and hema-

toxylin staining were performed according to standard pro-

tocols. Slides were fixed and images were obtained through

an Olympus IX71 inverted microscope with a DP2-BSW

Olympus image acquisition software system. We scored the

IHC staining based on the proportion of cell staining and the

staining intensity. For each epitope, the staining score for

tumor cells and normal epithelial cells was recorded sepa-

rately. The percentage of immunostaining and the staining

intensity (0, negative; 1+, weak; 2+, moderate; and 3+,

strong) were recorded. An H-score was calculated using the

following formula: H-score=∑(PI×I)=(percentage of cells of
weak intensity×1)+(percentage of cells of moderate inten-

sity×2)+percentage of cells of strong intensity×3).8 Here

H-score was recorded as a continuous variable.

Statistical analysis
SPSS software (version 19.0, IBM Corp., Armonk, NY, USA)

was used for statistical analysis of all the experimental data.

GraphPad Prism (version 7, GraphPad Software, La Jolla, CA,

USA) was used to determine the statistical results. All data are

expressed as the mean±standard deviation (mean±SD). In

addition to the contents of statistical methods described in

the main body, statistical analysis of the data from two groups

was performed using aindependent-smaples t-test. The com-

parisons of multiple groups were performed by one-way

ANOVA and LSD t-test. P<0.05 was considered to be

significant.

Results
Differentially expressed genes screening
R software was used to screen DEGs extracted from

TCGA-COAD. In total, 8,051 and 373 DEGs were

infirmed in the Cancer/Normal (Figure 1A) and Stage III

+IV/I+II (Figure 1B) groups, respectively. Only 307 inter-

sected DEGs of the two groups were obtained as progres-

sive DEGs (Figure 1C). After removing non-coding genes,

finally the remaining DEGs totaled 96, only 1.19% of the

total Cancer/Normal DEGs (Table 2).
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Gene ontology, KEGG pathway, and

protein–protein interaction analysis
Ninety-six of the DEGs screened above were identified as

progressive DEGs, and further analysis was performed

with DAVID tools and R software. In Gene ontology

(GO) analysis, female pregnancy, lipoprotein metabolic

process, and cholesterol homeostasis were three of the

most enriched annotations (Figure 2A). In KEGG pathway

analysis, vitamin digestion and absorption pathway were

the most relevant pathways (Figure 2B). For PPI analysis,

we found seven modules, accompanied with 32 nodes and

37 edges via STRING databases (Figure 2C).

Overall survive time analysis of DEGs
All the progressive DEGs were connected with clinical

data of TCGA-COAD for further analysis of OS and

RFS via GEPIA tools. P<0.05 was thought to be statisti-

cally significant. We finally got six DEGs associated with

OS: ALDOB, CUBN, KRTAP3-1, NTF4, PNLDC1,

PNMA5, TCHH (Figure 3A); in which three DEGs were

further associated with RFS: CUBN, NTF4, TCHH

(Figure 3B).

TNM subsets analysis
All six progressive DEGs associated with OS were further

analyzed for expression in each TNM subset via

LinkedOmics tools. P<0.05 was thought to be statistically

significant. We found the expression of NTF4 continu-

ously stepwise increased in each subset of TNM. In

tumor stage, NTF4 had significantly increased in T4

stage; whereas no statistical differences between T1, T2,

and T3 stage (Figure 4A) were found. In Node stage,

NTF4 was significantly increased between both N1/N0

and N2/N1 (Figure 4B). In Metastasis stage, NTF4 was

significantly increased in M1 stage compared with M0

stage (Figure 4C). In Pathologic stage, NTF4 expression

of stages III and IV was both increased compared with

stages I and II; whereas there was no statistical difference

between stage III and IV, nor between stage I and II

(Figure 4D).

NTF4 expression infirmed in clinical

patients
For further confirmation of NTF4 expression in clinical

colon cancer patients, tumor tissue was collected from 74

Figure 1 DEGs analysis. (A) DEGs analysis between colon cancer and normal control. (B) DEGs analysis between Stage III+IV/I+II patients. (C) Intersection of DEGs

between cancer/normal and stage III+IV/I+II group.

Table 2 Intersection of DEGs between cancer/normal and stage

III+IV/I+II group

Upregulated MMP8 VGLL1 CALCA KRTAP3-1 UPK2 UPK1A

PNMA5 EPHA8 SOHLH1 CLDN6 HS3ST4

MAGEC1 SYNGR4 HOXC12 MAGEA10

COLEC10 HOXC13 AIRE FAR2P4 PHF2P2 LHX3

TCHH DDX53 ADAMTS20 XAGE2 PNMT

MAGEC2 CALML5 MAGEB2 MTCYBP23 IRX4

COX7B2 PAGE1 NTF4 SSX1 CLPSL1 TMEM213

PSG11 KCNE1B CSMD2-AS1 PSG6 NFYAP1

CTAG2 DCAF4L2 BAGE2 SALL3 UNCX

MTND3P12 IL36B CT45A10 REG3G OR13H1

TMCO2 PSG7 CT45A1 TGM6 PSG1 TBX5-AS1

KRTAP4-6 TUBA3C MTCO3P23 SBK2 PAGE2

PSG9 CER1 CT55 NEUROD4 ASNSP1 PSG5

GPR50 SUMO1P1 GALP COL2A1 ZFP42 KRT76

PSG4 HRH3 CXorf67

Downregulated CUBN CPO MGAM APOA1 MEP1B MS4A10

GSTA2 G6PC APOC3 APOB CYP3A4 SLC10A2

APOA4 CEACAM20 SLC13A1 SLC2A2 ALDOB

KCNJ13
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patients and four healthy samples were collected and per-

formed with IHC. The staining score was analyzed as

H-score described above. We analyzed correlative factors

that may affect the overall OS of colon cancer patients via

Cox’s proportional hazard model. In both univariate and

multivariate analysis, high H-score of NTF4 all indicated

poor OS. In univariate analysis, the P-value was 0.000, the

hazard ratio (HR) was 1.056, and the 95% confidence

interval (CI) was 1.037–1.076. In multivariate analysis,

the P-value was 0.000, the HR was 1.048, and the 95%

CI was 1.023–1.073 (Table 3, Figure 5A). The H-score of

NTF4 also showed an obvious increasing trend in all TNM

subsets as well as pathological stage (Figure 5B). Western

Blot and RT-qPCR also infirmed NTF4 upregulating in

tumor tissue compared with normal tissue at mRNA

(Figure 5C) and protein level (Figure 5D).

Discussion
In the past 10 years, despite many efforts in the research of

colon cancer, the 5-year survival rate has not improved

Figure 2 (A) Gene ontology analysis of progressive DEGs. (B) KEGG pathway analysis of progressive DEGs. (C) PPI network analysis of progressive DEGs.
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significantly. Early colon cancer has a good prognosis and

can be cured by surgical resection combined with che-

motherapy. Unfortunately, most patients with advanced

colon cancer are not suitable for surgical resection alone,

but can only undergo chemotherapy or palliative

treatment.9 Therefore, exploring more effective diagnostic

markers and therapeutic targets for advanced colon cancer

is essential for the study. For this purpose, we screened

DEGs of colon cancer by bioinformatics methods. DEGs

related to cancer progression and OS were further ana-

lyzed, and finally validated in clinical patients’ samples.

In the preliminary screening results, 8,051 DEGs were

identified as DEGs between colon cancer and normal tissue.

Further analysis only infirmed 96 progressive DEGs asso-

ciated with cancer progression, which accounted for 1.19%.

Although the amount of DEGs between tumors and normal

tissues is enormous, most of them may be of little signifi-

cance or unclear significance, and only a very small propor-

tion of them are really responsible for the progression of

tumors. Next, 96 progressive DEGs were performed with

Gene ontology and KEGG pathway analysis to learn their

cellular component, molecular function, and biological

Figure 3 (A) Overall survival analysis with progressive DEGs. (B) Disease free survival analysis of progressive DEGs.
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process. In GO analysis, female pregnancy was confirmed as

the most enriched annotation, which seemed absurd. Further

study found this annotation came from pregnancy specific

glycoprotein (PSG) 1, 4, 5, 6, 7, 9, 11. Among them, PSG9

was found to be upregulated in the early stage of colorectal

cancer (CRC), and drives the progression of CRC and tumor

angiogenesis.10,11 In pancreatic adenocarcinoma, cytoplas-

mic localized PSG1 is associated with shortened median

survival.12 We suggested other members of the PSG family

affect the progression of colon cancer as PSG9. In KEGG

Figure 4 Subset analysis of TNM (A) Tumor stage analysis of NTF4 expression. (B) Node stage analysis of NTF4 expression. (C) Metastasis stage analysis of NTF4

expression. (D) Pathologic stage analysis of NTF4 expression.

Table 3 Cox’s proportional hazard model of colon cancer patients

Factors Univariate analysis Multivariate analysis

P-value HR 95% CI P-value HR 95% CI

Age 0.967 1.014 0.518 1.985

Sex 0.038* 0.514 0.274 0.965 0.073 0.532 0.267 1.062

T 0.056 2.755 0.976 7.779 0.164 2.216 0.722 6.805

N 0.000*** 5.649 2.988 10.678 0.000*** 3.903 1.878 8.109

M 0.000*** 9.905 2.978 32.944 0.978 1.020 0.249 4.176

H-score 0.000*** 1.056 1.037 1.076 0.000*** 1.048 1.023 1.073

Notes: *P<0.05, **P<0.01, ***P<0.001.
Abbreviations: HR, hazard ratio; CI, confidence interval.
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pathway analysis, vitamin digestion and the absorption path-

way were the most relevant pathways of these DEGs. In

a randomized clinical trial with 2,259 participants, the effect

of vitamin D3 supplementation on advanced adenomas sig-

nificantly varied according to genotype at two VDR SNPs

(rs7968585 and rs731236) in linkage disequilibrium

(D’=0.98; r2=0.6). For rs7968585, among individuals with

the AA genotype (26%), vitamin D3 supplementation

reduced risk by 64% (RR=0.36; 95% CI=0.19–0.69;

P=0.002; absolute risk decreased from 14.4% to 5.1%).

Among individuals with one or two G alleles (74%), vitamin

D3 supplementation increased risk by 41% (RR=1.41; 95%

CI=0.99–2.00; P=0.05; absolute risk increased from 7.7% to

11.1%; P<0.001 for interaction).13 In similar research, High

vitamin D receptor expression in tumor stromal fibroblasts

was associated with better OS and RFS in colorectal cancer,

independently of its expression in carcinoma cells.14 PPI is

the contact of high specificity established between two or

more protein molecules as a result of biochemical events.

Many molecular processes within a cell are carried out by

molecular machines that are built from a large number of

protein components organized by their PPI. PPI is the basis

of multiple aggregation-related diseases, especially of

cancer.15 In our PPI analysis, most proteins in the nodes

were closely associated with various tumors, including breast

cancer, synovial sarcoma, and lung cancer.16–18We can’t rule

out possible effects of these interacting proteins on the pro-

gression of colon cancer, whereas rare research was found

in it.

We further analyzed all 96 progressive DEGs associa-

tion with OS and RFS. Among them, six DEGs were

associated with OS: ALDOB, CUBN, KRTAP3-1, NTF4,

PNLDC1, PNMA5, TCHH; in which three DEGs were

further associated with RFS: CUBN, NTF4, TCHH.

Some of them had been studied in tumors. For example,

high ALDOB expression was associated with poor OS and

RFS in both univariate and multivariate regression ana-

lyses, and promotes colorectal cancer metastasis by facil-

itating epithelial-mesenchymal transition in vitro.19 In

addition, targeting ALDOB or reducing dietary fructose

significantly reduces liver metastatic growth, but has little

effect on the primary tumor.20 Next, these six progressive

Figure 5 (A) IHC of colon cancer tissue at different stages. (B) TNM subset analysis of H-score. (C) mRNA expression of NTF4 detected by RT-qPCR. (D) Protein

expression of NTF4 detected by Western Blotting. (*P<0.05, **P<0.01, ***P<0.001).
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DEGs associated with OS were further analyzed expres-

sion in each TNM subset. In which, expression of NTF4

showed a continuous stepwise increase in each subset of

TNM. NTF4 gene encodes protein Neurotrophin-4 (NT-4),

also known as neurotrophin-5 (NT-5). It is a neurotrophic

factor that signals predominantly through the TrkB recep-

tor tyrosine kinase. Its research focuses on neurology and

ophthalmology, though rare in cancer. Except in breast

cancer, NT-4/5 contribute to cancer cell survival and can

serve as prospective targets in attempts to inhibit tumor

growth.21 We finally confirmed its expression in clinical

colon cancer patients. We found significant overexpression

of NTF4 in colon cancer tissue compared with normal

tissue. In Cox’s proportional hazard model, the high

H-score of NTF4 indicated poor OS. In TNM subset

analysis, the H-score of NTF4 also showed an obvious

association with tumor progression.

In another bioinformatics research focused on metastasis-

related genes in colon cancer, N0 and M0 patients were

defined as the non-metastasis group, while all others were

defined as a metastasis group, DEGs was extracted between

them. REG1B, TGM6, NTF4, PNMA5, and HOXC13 were

finally confirmed as significant prognostic genes for colon

cancer. In contrast, there are some differences in our research

results, which are mainly due to the design of the scheme.We

also have some similar results, which prove the feasibility of

our scheme.22 In addition, gene expression-based subtyping

is widely accepted as a relevant source of cancer stratifica-

tion. For example, CRC can be divided into four consensus

molecular subtypes (CMS) with distinguishing features. Our

analysis of risk factors for progression of colon cancer may

also provide evidence for its subtype classification.23

In conclusion, we successfully confirmed several sig-

nificant targets for diagnosis and treatment of advanced

colon cancer. Among them, NTF4 is the most significant

one and had been clinically verified.
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