
EXPERIMENTAL AND THERAPEUTIC MEDICINE  22:  1023,  2021

Abstract. Drug resistance severely affects the clinical efficacy 
of therapeutic agents in patients with colon cancer. The aim 
of the present study was to identify genes involved in drug 
resistance in colon cancer using bioinformatics analysis and 
to identify the underlying mechanisms in vitro. Genes asso‑
ciated with cancer recurrence and chemotherapy resistance 
were identified using data mining. Immunohistochemistry 
was performed to analyze the protein expression level of genes 
of interest in human colon cancer tissues. Reverse transcrip‑
tion‑quantitative PCR analysis was performed to analyze the 
gene expression level in patient samples and in colon cancer cell 
lines (HCT116 and LoVo). Cell viability was evaluated using 
the Cell Counting Kit‑8 assay in the colon cancer cell lines. 
Apoptosis was measured using PI staining. The results from 
the present study revealed 602 genes using both ‘cancer recur‑
rence’ and ‘chemoresistance’ terms on the GenCLiP3 website. 
Gene functional annotation was performed using the Database 
for Annotation, Visualization and Integrated Discovery then, 
the protein‑protein interaction networks of the 602 genes were 
analyzed using STRING analysis. Further, in the GEPIA data‑
base, 14 genes (ATM, CDH2, CDKN2A, EPO, LEP, TGFB1, 
TIMP1, PGR, VEGFC, POSTN, BCL6, CYP19A1, NOTCH3 
and XPA) were found to be upregulated in colon cancer tissue 
and were associated with poor prognosis in patients with colon 
cancer. Further analysis of 33 paired human colon cancer 
tissues revealed that 8 genes (ATM, CDH2, CDKN2A, LEP, 

PGR, TIMP1, POSTN and VEGFC) were significantly upregu‑
lated, which was consistent with the results obtained from the 
earlier analysis and 5 genes (CDH2, LEP, POSTN, TIMP1 and 
VEGFC) were associated with patient prognosis. Silencing 
of these 5 genes using small interfering RNAs significantly 
enhanced the sensitivity of colon cancer cells to the chemo‑
therapeutic agent, 5‑fluorouracil (5‑FU). Taken together, 
the results suggested that CDH2, LEP, POSTN, TIMP1 and 
VEGFC might play a role in chemotherapeutic resistance in 
colon cancer and represent potential targets for overcoming 
5‑FU resistance in colon cancer.

Introduction

Chemotherapy, the standard treatment for different types 
of cancer, plays an important role in improving the survival 
time of patients with cancer (1,2); however, a large number of 
patients who receive chemotherapy will develop chemotherapy 
resistance, leading to tumor recurrence and poor prognosis (3). 
The pathogenesis of chemotherapeutic resistance in cancer is 
highly complex and involves numerous biological processes 
and molecular pathways (4,5).

Chemotherapeutic resistance in tumors has been exten‑
sively investigated (6‑8). Previous studies have reported that 
the process of chemotherapeutic resistance may be triggered 
by adaptive mutations in the tumor (9) or attributed to copy 
number variation in certain genes (10). For example, the high 
expression of P‑glycoprotein protein caused increased efflux 
of chemotherapeutic drugs and decreased the sensitivity 
of tumor cells to these drugs (11). However, few alternative 
drugs or therapeutic strategies aimed at overcoming drug 
resistance are available; therefore, an understanding of the 
specific mechanisms underlying cancer drug resistance would 
be beneficial to the development of drugs for mitigating this 
chemotherapeutic resistance.

Colon cancer is the 4th leading cause of cancer‑associated 
death worldwide (12). The most commonly used clinical 
chemotherapeutic agents for the treatment of colon cancer 
contain platinum compounds and 5‑fluorouracil (5‑FU) (13). 
Patients with colon cancer typically develop chemotherapy 
resistance (14), which may be an important cause of recurrence 
and poor prognosis. A satisfactory strategy to overcome colon 
cancer‑related chemotherapeutic resistance remains unavailable 
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to date. In recent years, biomedical text mining research, a type 
of bioinformatics analysis, has been intensively used to identify 
information in a more accurate and efficient manner; thus, 
serving as an effective tool to identify differentially expressed 
genes and to analyze molecular functions (15). A previous 
study, using biomedical text mining, revealed that several 
drugs have the potential to be repurposed for colorectal cancer 
treatment (16). Furthermore, novel microRNA biomarkers for 
the early diagnosis of colorectal cancer and 5‑FU chemothera‑
peutic resistance were identified (17).

In the present study, data mining was used to identify 
genes, then Gene Ontology (GO) analysis was used to identify 
the potential association between gene expression and chemo‑
therapeutic resistance in colon cancer. A deeper understanding 
of the mechanisms by which these genes perform their 
biological functions would provide further insights into drug 
resistance in colon cancer.

Materials and methods

Data mining. From the web‑based service platform Human 
Gene Function and Network Analysis GenCLiP3 (http://
ci.smu.edu.cn/genclip3/analysis.php), two gene sets were 
generated using the search terms, ‘cancer recurrence’ and 
‘chemotherapy resistance’, respectively. The intersection of the 
two gene sets was selected and the data was visualized using a 
Venn diagram online (http://bioinformatics.psb.ugent.be/webt‑
ools/Venn/). The intersection of the two gene sets contained 
602 genes, which are associated with cancer recurrence and 
chemotherapy resistance.

Analysis of biological processes and pathways. GO and 
KEGG pathway enrichment analysis of the genes generated 
from the intersection of the two gene sets were performed 
using Database for Annotation, Visualization and Integrated 
Discovery v6.8 (DAVID 6.8) (https://david.ncifcrf.gov). 
Among the biological processes, whose values were above 
the cut‑off, those most associated with cancer recurrence 
and chemotherapy resistance were selected based on avail‑
able published literature. The pathways associated with other 
specific diseases were excluded.

Gene expression. The gene expression data (N=602 genes) 
was obtained from The Cancer Genome Atlas dataset 
(https://tcga‑data.nci.nih.gov/tcga/). EdgR and limma pack‑
ages were used to calculate the differentially expressed genes 
between colon cancers and normal group, with the same 
parameters (|logFC|>1, false discovery rate (FDR) <0.05).

Protein‑protein interaction (PPI) networks. PPI networks from 
the intersection of the associated genes were generated using 
the Search Tool for the Retrieval of Interacting Genes/Proteins 
(STRING) website (http://string‑db.org/), which provides an 
interactive platform for assessing the interactions between 
proteins. The following parameters were used: i) minimum 
required interaction score; ii) medium confidence (0.400); and 
iii) PPI enrichment P‑value, 1.75e‑05.

Survival analysis using Gene Expression Profiling Interactive 
Analysis (GEPIA) database. For predicting genes which play 

a role in drug resistance in colon cancer, the genes previously 
identified by STRING analysis were further analyzed using 
the GEPIA database (http://gepia.cancer‑pku.cn) to identify 
the association between gene expression and survival time 
among patients with colon cancer. Specifically, the candidate 
genes (N=310) were searched in GEPIA one by one (single 
gene analysis). Gene expression and its association with 
survival were recorded.

Clinical samples. A total of 33 patients with colon cancer, who 
received surgery at Xiang'an Hospital of Xiamen University 
(Fujian, China) from January 2015 to December 2019 were 
included in the present study. Tumor and adjacent normal 
tissues (5 cm distance from the tumor tissue) were collected 
from patients with colon cancer. All the patients had complete 
clinicopathological data, were diagnosed with colon cancer 
using histopathology and had not received any anti‑tumor 
therapy prior to surgery. Patients with other malignancies or 
comorbidities and those who were pregnant were not included 
in the study. Among the patients included in the study, there 
were 19 males and 14 females, aged from 39 to 64 years, with 
an average age of 63±8.1 years. The postoperative tumor stage 
was classified according to the American Joint Committee 
on Cancer/International Union Against Cancer TNM staging 
system, 7th edition (18), in which there were 5 patients 
with stage I, 17 patients with stage II, and 11 patients with 
stage III cancer. The present study was approved by the Ethics 
Committee of Xiang'an Hospital of Xiamen University (Fujian, 
China) and all patients provided written informed consent.

Immunohistochemistry (IHC). Colon cancer tissues and 
adjacent normal samples were fixed in 10% neutral formalin 
for 48 h at room temperature. Dehydration was done in an 
ascending alcohol series at 30, 50, 75, 90 and 100% for 10 
min at each stage. Subsequently, the samples were embedded 
in paraffin wax according to standard laboratory procedures. 
Sections (5 µm) were prepared, mounted on glass slides and 
dried overnight. The sections were then deparaffinized with 
xylene three times for 5 min each time, rehydrated through a 
descending alcohol series at 100, 95, 80, 70 and 50% for 2 min 
at each stage, and washed with PBS (pH, 7.2‑7.4). Antigen 
retrieval was performed using citrate‑EDTA antigen retrieval 
solution (cat. no. P0086; Beyotime Institute of Biotechnology) 
in a microwave oven at 100˚C for 15 min. After washing 
three times with PBS, the sections were permeabilized for 
25 min in 0.2% Triton X‑100 at room temperature. Sections 
were washed again with PBS, and blocked with 5% BSA (cat. 
no. A8010; Beijing Solarbio Science & Technology Co., Ltd.) 
in PBS for 1 h at room temperature. Primary antibody incuba‑
tion was subsequently carried out overnight at 4˚C, followed 
by secondary antibody incubation for 1 h at room tempera‑
ture. Immunohistochemical reactions were developed using 
DAB Horseradish Peroxidase Color Development Kit (cat. 
no. P0203; Beyotime Institute of Biotechnology), and nuclei 
were counterstained with hematoxylin for 15 sec. The slides 
were dehydrated using an ascending alcohol series at 80, 95 
and 100% for 2 min at each stage, followed by xylene permea‑
bilization twice for 5 min each. Tissue sections were sealed 
with neutral resins and images were captured using an optical 
microscope (Nikon Corporation) from at least 10 fields of view 
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at x200 magnification. The immunohistochemical score was 
calculated based on the distribution and intensity of staining 
in the positive cells. The following classification was used: 
Negative expression (‑, score of 0), weakly positive expression 
(+, score of 1), moderately positive expression (++, score of 2), 
and strongly positive expression (+++, score of 3). The results 
were blindly determined by two experienced pathologists. In 
addition, the percentage of stained cells was scored semi‑quan‑
titatively as 1 (0‑25%), 2 (26‑50%), 3 (51‑75%), or 4 (76‑100%). 
Multiplication of the intensity score and percentage score 
resulted in a score ranging from 0 to 12 for each tissue.

The following antibodies were used: Anti‑CDH2 (cat. 
no. 13116; 1:200 dilution; Cell Signaling Technology, 
Inc.), anti‑LEP (cat. no. ab3583; 1:200 dilution; Abcam), 
anti‑POSTN (cat. no. ab219056; 1:500 dilution; Abcam), 
anti‑TIMP1 (cat. no. ab211926; 1:500 dilution; Abcam), 
anti‑VEGFC (cat. no. ab83905; 1:300 dilution; Abcam), 
anti‑rabbit IgG HRP‑conjugated antibody (cat. no. 7074; 1:500 
dilution; Cell Signaling Technology, Inc.), and anti‑mouse IgG 
HRP‑conjugated antibody (cat. no. 7076; 1:500 dilution; Cell 
Signaling Technology, Inc.).

Cell culture. The human HCT116 and LoVo colon cancer 
cell lines were purchased from the Cell Bank of the Chinese 
Academy of Sciences. Both the cell lines were cultured 
in DMEM, supplemented with 10% FBS, and 1% peni‑
cillin‑streptomycin (all from Gibco; Thermo Fisher Scientific, 
Inc.), at 37˚C in a humidified incubator with 5% CO2.

PI staining. To investigate the sensitivity of the colon cancer 
cells to 5‑FU, apoptosis was analyzed by staining the cells 
with PI. The colon cancer cells were treated with 1 µg/
ml 5‑FU for 24, 48 h following transfection with siRNA. 
Subsequently, PI dye (1 µg/ml) was added and the cells were 
incubated for 10 min at 37˚C in the dark. The PI fluorescence 
of the nuclei was observed under a fluorescent microscope at 
x100 magnification (Leica Microsystems GmbH). PI‑positive 
cells in five randomly selected fields of view were counted for 
each group.

Reverse transcription‑quantitative PCR (RT‑qPCR) analysis. 
Total RNA was extracted from the colon cancer cells and 
human colon cancer tissues using TRIzol® (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
instructions. The concentration and purity of the RNA was 
measured according to the optical density (OD) at 260 nm 
and the 260/280 nm ratio, respectively. Only RNA with a 
260/280 ratio between 1.8 and 2.0 was used for the experi‑
ments. cDNA was synthesized using a Reverse Transcription 
kit (Sangon Biotech Co. Ltd.) under the following condi‑
tions: 37˚C for 15 min, 85˚C for 5 sec, and 4˚C for 30 min. 
Subsequently, the following thermocycling conditions were 
used: Initial denaturation at 95˚C for 3 min; denaturation at 
95˚C for 30 sec, annealing at 60˚C for 20 sec for 40 cycles. 
RT‑qPCR was performed using a GoTaq® qPCR Master 
Mix (Promega Corporation) on an ABI 7500 qPCR system 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The 
relative mRNA expression levels of the target genes were 
calculated using the 2‑∆∆Cq method and normalized to that of 
GAPDH (19). All the primer sequences are listed in Table I.

Western blot analysis. The colon cancer cells were lysed on 
ice using RIPA lysis buffer with 1% phenylmethylsulfonyl 
fluoride (Nanjing KeyGen Biotech Co., Ltd.), then centrifuged 
at 12,000 x g for 15 min at 4˚C. Total protein was collected, 
then the concentration of the samples was quantified using 
a BCA assay (Nanjing KeyGen Biotech Co., Ltd.). Next, the 
proteins (30 µg) were separated using a 10% SDS‑PAGE, then 
transferred to PVDF membranes using wet transfer. After incu‑
bation with 5% skimmed milk for 2 h at room temperature, the 
membranes were incubated with the corresponding primary 
antibodies overnight at 4˚C. Subsequently, the membranes 
were washed with TBS‑Tween‑20, containing 0.1% Tween‑20, 
then incubated with the corresponding secondary horseradish 
peroxidase‑conjugated antibodies at room temperature for 
2 h. The western blots were visualized using an enhanced 
chemiluminescence kit (EMD Millipore). β‑actin was used as 
the loading control. The blots were quantified using ImageJ 
software (Version 1.8.0; National Institutes of Health).

The following antibodies were used: Anti‑CDH2 (cat. 
no. 14215; 1:1,000 dilution; Cell Signaling Technology, 
Inc.), anti‑LEP (cat. no. ab3583; 1:1,000 dilution; Abcam), 
anti‑POSTN (cat. no. ab219056; 1:1,000 dilution; Abcam), 
anti‑TIMP1 (cat. no. 8946; 1:1,000 dilution; Cell Signaling 
Technology, Inc.), anti‑VEGFC (cat. no. ab83905; 1:1,000 

Table I. Sequences of the primers and siRNAs.

A, primer sequences for RT‑qPCR

Name Sequence

GAPDH F: 5'‑GCAAAGTGGAGATTGTTGCCAT‑3'
GAPDH R: 5'‑CCTTGACTGTGCCGTTGAATTT‑3'
CDH2 F: 5'‑TGCGGTACAGTGTAACTGGG‑3'
CDH2 R: 5'‑GAAACCGGGCTATCTGCTCG‑3'
LEP F: 5'‑TGCCTTCCAGAAACGTGATCC‑3'
LEP R: 5'‑CTCTGTGGAGTAGCCTGAAGC‑3'
POSTN F: 5'‑GCTATTCTGACGCCTCAAAACT‑3'
POSTN R: 5'‑AGCCTCATTACTCGGTGCAAA‑3'
TIMP1 F: 5'‑AGAGTGTCTGCGGATACTTCC‑3'
TIMP1 R: 5'‑CCAACAGTGTAGGTCTTGGTG‑3
VEGFC F: 5'‑GGCTGGCAACATAACAGAGAA‑3'
VEGFC R: 5'‑CCCCACATCTATACACACCTCC‑3'

B, siRNA sequences used for silencing

Name Sequence

CDH2  5'‑TAAACTTCACATTGAGAAGAG‑3'
LEP  5'‑TGTGAAATGTCATTGATCCTG‑3'
POSTN  5'‑ATAATGGTTAATGAAAAGCCC‑3'
TIMP1  5'‑TCATCTTGATCTCATAACGCT‑3'
VEGFC  5'‑TAAAGAAGGTGTTTGTCGCGA‑3'
Control  5'‑TTCTCCGAACGTGTCACGTTT‑3'

F, forward; R, reverse; si, small interfering; RT‑qPCR, reverse 
transcription‑quantitative PCR.



LIU et al:  CDH2, LEP, POSTN, TIMP1 AND VEGFC EXPRESSION REGULATES 5‑FU RESISTANCE IN COLON CANCER4

dilution; Abcam), anti‑β‑actin (cat. no. sc‑47778; 1:3,000 
dilution; Santa Cruz Biotechnology, Inc.), anti‑rabbit IgG 
HRP‑linked antibody (cat. no. 7074; 1:5,000 dilution; Cell 
Signaling Technology, Inc.) and anti‑mouse IgG HRP‑linked 
antibody (cat. no. 7076; 1:5,000 dilution; Cell Signaling 
Technology, Inc.).

Small interfering (si)RNA transfection. All the siRNA 
sequences and the disordered sequence were synthesized by 
Sangon Biotech Co., Ltd. and are listed in Table I. Scrambled 
siRNA sequences were used as negative control. The colon 
cancer cells were cultured in complete DMEM until the 
cell density reached 60%, and transfected with the different 
siRNAs at a final concentration of 10 nM, and control siRNA 
at a final concentration of 10 nM using Lipofectamine® 3000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. After transfection for 48 h at 37˚C, 
transfection efficiency was evaluated by RT‑qPCR.

CCK‑8 assay. The colon cancer cells in the logarithmic growth 
phase were digested with 0.25% trypsin (Gibco; Thermo Fisher 
Scientific, Inc.), resuspended, then seeded into 96‑well plates, 
at a density of 1x103 cells per well. Next, 100 µl complete 
medium was added. The cells were cultured for 12 h at 37˚C 
in a humidified incubator with 5% CO2. Then, the cells were 
treated with different concentrations of 5‑FU (0, 0.5, 1, 2 and 
4 µg/ml) for 48 h. Subsequently, 10% CCK‑8 reagent (Beijing 
Solarbio Science and Technology Co., Ltd.) was added to each 
well according to the manufacturer's instructions, followed by 
incubation for 2 h at 37˚C. The OD at 450 nm was measured 

using a microplate reader (BioTek China). Cell‑free wells with 
CCK‑8 reagent served as a negative control.

Statistical analysis. Statistical analysis was performed using 
SPSS v19.0 (IBM Corporation). The differences between the 
two independent groups were analyzed using an unpaired 
Student's t‑test, while the differences between paired samples 
was analyzed using a Wilcoxon signed‑rank test. Parametric 
data was presented as the mean ± SD, while non‑parametric 
data was presented as the median ± interquartile range. In 
addition, the mRNA expression levels of the target genes in 
33 tumor and adjacent normal tissues were analyzed using 
a paired Student's t‑test and presented as the mean ± SD. 
Kaplan‑Meier survival curves and statistics (Log‑rank) were 
used to analyze survival time in the 33 paired samples. P<0.05 
was considered to indicate statistically significant difference. 
Each experiment was repeated independently, at least three 
times.

Results

Data mining strategies. To increase the number of candidate 
genes associated with cancer recurrence that are currently 
known from previous studies, search terms were used in 
the GenCLiP3 database, to preliminary screen genes. The 
workflow used is shown in Fig. 1A. A total of 1,286 genes 
were associated with cancer recurrence and 1,570 genes were 
associated with chemoresistance, while a total of 602 genes 
were shared by both lists (Fig. 1B). The list of these genes and 
their expression levels are shown in Tables SI and SⅡ.

Figure 1. Data mining strategy used in the present study. (A) Online bioinformatics analysis software was used to select the genes of interest, in which 
GenCLiP3 was used to identify the associated genes using the search terms ‘chemotherapy resistance’ and ‘cancer recurrence’. Gene Ontology analysis was 
performed using DAVID online tool. Protein‑protein interaction was analyzed using the STRING database. The association between the expression level of 
the candidate genes and the overall survival of patients with colon cancer was analyzed using GEPIA. (B) The workflow used in the present study, where 
602 genes were generated and enriched using KEGG pathway and protein‑protein interaction analysis. Of these 602 genes, 14 prognosis‑related genes were 
chosen for further investigation. GEPIA, Gene Expression Profiling Interactive Analysis; DAVID, Database for Annotation, Visualization and Integrated 
Discovery; STRING, Search Tool for the Retrieval of Interacting Genes/Proteins; CCK‑8, Cell Counting Kit‑8; RT‑qPCR, reverse transcription‑quantitative 
PCR; IHC, immunohistochemistry; si, small interfering; WB, western blot.
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GO enrichment analysis of gene sets. The 602 genes were 
validated by performing GO analysis, including biological 
processes alone. Results demonstrated that the top ten GO 
terms were selected and are shown in Fig. 2. The top 3 
enriched biological processes were ‘cell death’ (P=2.60x10‑81), 
‘programmed cell death’ (P=6.78x10 ‑81) and ‘apoptotic 
process’ (P=2.39x10‑77), containing 202, 196 and 184 genes, 
respectively. Additional highly enriched biological processes 
included ‘regulation of programmed cell death’, ‘regulation of 
apoptotic process’ and ‘regulation of cell proliferation’.

Furthermore, these 602 genes were significantly enriched 
using pathway analysis. KEGG pathway enrichment analyses 
were performed using DAVID 6.8. Ten pathways, which were 
significantly enriched were also selected. Among these, the top 
two pathways were ‘PI3K‑Akt signaling pathway’ (P=2.50x10‑24) 
and ‘FoxO signaling pathway’ (P=5.02x10‑17), containing 76 
and 39 genes, respectively. Other pathways were the ‘Rap1 
signaling pathway’ (N=36, P=4.64x10‑8), ‘HIF‑1 signaling 
pathway’ (N=34, P=6.22x10‑18), ‘TNF signaling pathway’ 
(N=31, P=4.30x10‑13), ‘Jak‑STAT signaling pathway’ (N=30, 
P=5.95x10‑9), ‘p53 signaling pathway’ (N=30, P=1.07x10‑17), 
‘Toll‑like receptor signaling pathway’ (N=27, P=2.17x10‑10), 
‘T cell receptor signaling pathway’ (N= 26, P=1.48x10‑9), and 
‘ErbB signaling pathway’ (N=24, P=7.10x10‑10).

STRING‑based analysis of PPI. PPI analysis of the 602 genes 
was performed using STRING software. The 602 genes 

were found to be significantly enriched using PPI analysis, 
whereby 4 patterns with strong interactions were gener‑
ated, with pattern 1 containing 109 genes (PPI enrichment 
P<1.0x10‑12; Fig. 3), pattern 2 producing 69 genes (PPI enrich‑
ment P<1.0x10‑8; Fig. S1), pattern 3 producing 73 genes (PPI 
enrichment P<1.0x10‑6; Fig. S2) and pattern 4 producing 
59 genes (PPI enrichment P<1.0x10‑5; Fig. S3). These data 
suggested that the genes in these patterns formed a tight inter‑
action network.

Candidate genes are associated with prognosis in patients 
with colon cancer. After STRING PPI analysis, all the afore‑
mentioned candidate genes (N=310) were searched using the 
GEPIA database to identify the genes that were significantly 
associated with survival time in patients with colon cancer. 
The results demonstrated that 14 of 310 prognosis‑related 
genes were highly expressed, and a high expression level of 
ATM, CDH2, CDKN2A, EPO, LEP, TGFB1, TIMP1, PGR, 
VEGFC, POSTN, BCL6, CYP19A1, NOTCH3 and XPA was 
significantly associated with poor prognosis in patients with 
colon cancer (Fig. 4).

Gene expression in clinical samples. To further confirm the 
biological functions of these genes (ATM, CDH2, CDKN2A, 
EPO, LEP, TGFB1, TIMP1, PGR, VEGFC, POSTN, BCL6, 
CYP19A1, NOTCH3 and XPA), experiments were performed 
to verify their expression level in colon cancer. A total of 

Figure 2. Gene Ontology enrichment analysis of the 602 genes of interest. The top 10 significantly associated genes for biological process and pathway analysis 
are shown.
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Figure 3. PPI network of the significantly enriched genes. PPI analysis of all the significantly enriched genes (PPI enrichment P‑value: <1.0x10‑12), with the 
interactions with high confidence scores presented as nodes (90% confidence intervals). The genes selected for subsequent experiments are marked in red. 
PPI, protein‑protein interaction.

Figure 4. Overall survival analysis was performed using the GEPIA database. The survival time of patients with colon cancer and high expression level of 
ATM, CDH2, CDKN2A, EPO, LEP, TGFB1, TIMP1, PGR, VEGFC, POSTN, BCL6, CYP19A1, NOTCH3 and XPA was significantly reduced using data from 
the GEPIA database. GEPIA, Gene Expression Profiling Interactive Analysis
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33 tumor and adjacent normal tissues were collected from 
patients with colon cancer and the expression levels were 
analyzed using IHC and RT‑qPCR. The results confirmed that 
the protein and mRNA expression of ATM, CDH2, CDKN2A, 
LEP, PGR, TIMP1, POSTN and VEGFC were significantly 
increased in colon cancer tissues compared with that in the 

normal adjacent tissues (Fig. 5A and B), while there were no 
significant differences in the expression level of BCL6, EPO, 
CYP19A1, TGFB1, NOTCH3 and XPA (Fig. S4). Notably, the 
high expression level of CDH2, LEP, POSTN, TIMP1 and 
VEGFC in colon cancer tissues was significantly associated 
with poor prognosis in patients with colon cancer. However, 

Figure 5. Validation of protein and gene expression level in human colon cancer clinical samples. (A) Representative images and statistical analysis of the 
expression of the target genes using IHC in 33 paired colon cancer samples. Scale bar, 200 µm. The data was analyzed using a Wilcoxon signed‑rank test and 
expressed as the median ± interquartile range. (B) The mRNA expression levels of target genes were detected using reverse transcription‑quantitative PCR in 
33 paired colon cancer tissues. The data was analyzed using a paired Student's t‑test and expressed as mean ± SD. (C) Survival analysis between the expression 
level of target genes and patient survival time in 33 paired colon cancer tissues. Each assay was performed independently from 3 repeats. *P<0.05. **P<0.01. 
***P<0.001. N, normal adjacent tissue; T, tumor tissue; IHC, immunohistochemistry.



LIU et al:  CDH2, LEP, POSTN, TIMP1 AND VEGFC EXPRESSION REGULATES 5‑FU RESISTANCE IN COLON CANCER8

no association was found between ATM, PGR or CDKN2A and 
patient survival (Fig. 5C).

Expression levels of CDH2, LEP, POSTN, TIMP1 and 
VEGFC genes were significantly decreased in colon cancer 
cells following transfection with siRNA. In the present study, 
siRNA sequences were designed to target CDH2, LEP, POSTN, 
TIMP1 and VEGFC mRNAs. Subsequently, the cell lines, 
HCT116 and LoVo were transfected with the different siRNAs 
and the expression levels were evaluated using RT‑qPCR and 
western blot analysis. The results revealed that the expression 
levels of these genes were significantly decreased following 

transfection with the different siRNAs compared with that in 
the cells transfected with siNC (Fig. 6).

Expression levels of CDH2, LEP, POSTN, TIMP1 and VEGFC 
are associated with the sensitivity of colon cancer cells to 5‑FU 
resistance. Following silencing of CDH2, LEP, POSTN, TIMP1 
and VEGFC, the sensitivity of the colon cancer cells to 5‑FU 
was determined using a CCK‑8 assay. The results revealed that 
CDH2, LEP, POSTN, TIMP1 and VEGFC knockdown in colon 
cancer cells significantly enhanced their sensitivity to 5‑FU. 
Furthermore, following treatment with different concentrations 
of 5‑FU, cell viability and the IC50 values were significantly 

Figure 6. Protein and mRNA expression levels of CDH2, LEP, POSTN, TIMP1 and VEGFC in colon cancer cells following transfection with target siRNAs. 
After silencing of (A) CDH2, (B) LEP, (C) POSTN, (D) TIMP1 and (E) VEGFC in the colon cancer cells using siRNAs, the mRNA and protein expression 
levels were detected using reverse transcription‑quantitative PCR and western blot analysis. The data was analyzed using an unpaired Student's t‑test and 
expressed as the mean ± SD. Each assay was performed in independently 3 times. **P<0.01. ***P<0.001. si, small interfering.
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decreased in gene‑silenced colon cancer cells compared with 
that in the cells transfected with siNC (Fig. 7).

In addition, following silencing of CDH2, LEP, POSTN, 
TIMP1 and VEGFC using siRNA in the HCT116 or LoVo cells 

and treatment with 5‑FU (1 µg/ml) for 24 h, there was a signifi‑
cant increase in the number of PI‑positive cells compared with 
that in cells transfected with siNC (Fig. 8). Taken together, 
these results indicated that siRNA‑mediated silencing of 

Figure 7. Silencing of CDH2, LEP, POSTN, TIMP1 and VEGFC enhanced the chemosensitivity of the colon cancer cells. After different concentrations (0.5, 1, 
2 and 4 µg/ml) of 5‑FU treatment, cell viability and the IC50 values of 5‑FU were monitored using a Cell Counting Kit‑8 assay in the HCT116 and LoVo cells 
following silencing of (A) CDH2, (B) LEP, (C) POSTN, (D) TIMP1 and (E) VEGFC. The data was analyzed using an unpaired Student's t‑test and expressed as 
the mean ± SD. Each assay was performed independently 3 times. *P<0.05; **P<0.01; ***P<0.001. OD, optical density; si, small interfering; 5‑FU, 5‑fluorouracil.
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CDH2, LEP, POSTN, TIMP1 and VEGFC enhanced the sensi‑
tivity of the colon cancer cell lines to 5‑FU.

Discussion

In present study, an online public database was searched, using 
the terms ‘cancer recurrence’ and ‘chemoresistance’ and two 
gene sets were obtained, which included 602 shared genes. 
Following GO analysis, the 602 genes were mainly associated 
with cell death, cell proliferation and apoptosis, which are 
believed to play important roles in the development of drug 
resistance (14). Besides, KEGG pathway enrichment analyses 
showed the top two pathways, of which ‘PI3K‑Akt signaling 
pathway’, ‘FoxO signaling pathway’, ‘HIF‑1 signaling pathway’, 
‘p53 signaling pathway’ and ‘TNF signaling pathway’ have 

been reported in previous studies to be significantly associ‑
ated with drug resistance in tumors (20‑25). STRING PPI 
analysis was subsequently performed and a total of 4 patterns 
with strong interactions were generated. Furthermore, the 
candidate genes associated with prognosis in patients with 
colon cancer were analyzed using the GEPIA database and the 
highly expressed genes, ATM, CDH2, CDKN2A, EPO, LEP, 
TGFB1, TIMP1, PGR, VEGFC, POSTN, BCL6, CYP19A1, 
NOTCH3 and XPA were associated with poor prognosis in 
patients with colon cancer. To confirm that the genes identified 
were associated with chemotherapeutic resistance in colon 
cancer cell lines, siRNAs were transfected into the cells, and 
cell viability and apoptosis was analyzed following treatment 
with 5‑FU. The results showed that CDH2, LEP, POSTN, 
TIMP1 and VEGFC were significantly increased in the human 

Figure 8. siRNA‑mediated silencing of CDH2, LEP, POSTN, TIMP1 and VEGFC increased the proportion of PI‑positive colon cancer cells. After 5‑FU treatment 
(1 µg/ml) and silencing of CDH2, LEP, POSTN, TIMP1 or VEGFC, PI‑positive (A) HCT116 and (B) LoVo cells were measured. The data was analyzed using an 
unpaired Student's t‑test and expressed as the mean ± SD. Each assay was performed independent 3 times. ***P<0.001. si, small interfering; 5‑FU, 5‑fluorouracil.
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colon cancer cells and that their post‑transcriptional silencing 
enhanced the sensitivity of colon cancer cells to 5‑FU.

Cancer drug resistance severely limits the effectiveness of 
chemotherapy in patients with cancer and has been shown to 
be an important cause of treatment failure and tumor recur‑
rence in a large cohort of patients (8). Colon cancer is also 
one of the most likely tumors to develop chemotherapeutic 
resistance in clinical practice (26). There have been numerous 
studies on chemotherapeutic resistance in colon cancer. It is 
currently hypothesized that the expression of genes, such as 
ABCB1 (27,28), ATR (29) and ATM (30) promoted the devel‑
opment of cancer drug resistance in tumors by enhancing 
the efflux of chemotherapeutic drugs or increasing the level 
of DNA damage repair. No effective drug candidates, which 
overcome drug resistance in colon cancer, have been identified 
so far; however, understanding the mechanisms by which drug 
resistance occurs will benefit the development of potential 
therapeutic agents. In the present study, text mining strategies 
based on public databases provided a useful tool to further 
understand the mechanisms underlying drug resistance in 
colon cancer.

CDH2, also known as N‑cadherin (31), was increased 
in epithelial cells during carcinogenesis and is a marker of 
epidermal‑mesenchymal transformation (32). Investigation in 
colon cancer cells has suggested that CDH2 mRNA expression 
was associated with drug resistance in colon cancer (33).

VEGFC belongs to the vascular endothelial growth factor 
family, which is highly expressed in oxaliplatin‑resistant 
colorectal cancer cells compared with that in the parental 
cells (34). In addition, LEP, TIMP1 and POSTN have been 
newly discovered to be associated with drug resistance in 
the present study. LEP plays an important role in regulating 
metabolism (35). A previous study in triple‑negative breast 
cancer (TNBC) cells has shown that leptin signaling increased 
the mRNA expression of chemoresistance‑related genes, 
including ABCB1, which contributed to chemotherapy failure, 
whereas inhibition of the leptin receptor re‑sensitized the 
TNBC cells to chemotherapeutics (36).

TIMP1, also known as tissue inhibitor of metallopro‑
teinases‑1, is a multifunctional protein that promotes cell 
proliferation and exhibits anti‑apoptotic functions (37,38). 
A recent study reported that TIMP1 knockdown using short 
hairpin RNA in gemcitabine (GEM)‑resistant pancreatic ductal 
adenocarcinoma cells enhanced GEM sensitivity and reversed 
chemoresistance by inducing cell apoptosis (39). POSTN 
expresses extracellular matrix periostin, which is involved in 
the activation of the PI3K/Akt signaling pathway (40,41) and 
was found to be an independent negative prognostic factor in 
non‑small cell lung carcinoma (42). In addition, POSTN protein 
expression has been confirmed to be positively associated with 
cancer drug resistance (43). The present study has identified 
the genes associated with drug resistance in colon cancer; 
however, the specific mechanisms by which these candidate 
genes exert their biological effects on drug resistance require 
further investigation. Furthermore, a limitation of the current 
study is that the association between the candidate genes, 
chemotherapy drugs and prognosis of patients is not definite.

In summary, identification of genes associated with cancer 
drug resistance was achieved using bioinformatics tools, which 
were validated using functional experiments. The identified 

genes included CDH2, LEP, POSTN, TIMP1 and VEGFC, and 
therapeutic targeting of these genes may have considerable 
clinical benefits in overcoming chemotherapeutic resistance.
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