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Abstract
Background: The murine double minute‐2 gene (MDM2) was originally identified 
as predicting chemotherapy efficacy. However, little is known regarding the associa-
tion between single nucleotide polymorphisms (SNPs) in the p53 signaling pathway 
and prognosis/chemotherapy sensitivity in colorectal cancer.
Methods: We analyzed the association between 111 SNPs in 22 p53 signaling path-
way genes and both progression‐free survival (PFS) and disease control rate (DCR) 
using Cox regression and logistics regression analysis. The false discovery rate 
method was used for correction of multiple testing. Secondary structure was pre-
dicted by RNAfold. Expression qualitative trait locus analysis and mRNA expression 
differences were assessed using the GTEx and TCGA databases.
Results: We found that the rs747828 C allele of TP73 was significantly associated 
with reduced PFS (HR = 1.64, 95% CI = 1.27‐2.12, P = 2.00 × 10−4) in the additive 
model. In the stratified analysis, the rs747828 C allele was significantly associated 
with both reduced PFS (P = 1.40 × 10−3) and DCR (P = 1.82 × 10−2) in oxalipl-
atin‐based chemotherapy. The secondary structure of TP73 was altered in response 
to different rs747828 genotypes. Although the rs747828 C allele was not associated 
with messenger RNA (mRNA) TP73 expression, it was significantly associated with 
increased mRNA TP73‐AS1 expression levels in sigmoid tissues. TP73 mRNA was 
significantly overexpressed in tumor tissues compared to adjacent normal tissues 
(P = 2.36 × 10−19).
Conclusion: Our findings indicate that functional genetic variants of TP73 mediate 
the response to chemotherapy in colorectal cancer.
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1  |   INTRODUCTION

Colorectal cancer is the second leading cause of tumor‐re-
lated mortality in men and the third in women in the United 
States.1 First‐line treatment, including fluorouracil/leucov-
orin combined with oxaliplatin or irinotecan, in advanced 
colorectal cancer has considerably improved survival.2,3 
Oxaliplatin and irinotecan are DNA‐damaging agents and are 
usually combined with 5‐fluorouracil as first‐line chemother-
apy.4,5 Moreover, IRI/LV/5‐FU and OXA/LV/5‐FU regimens 
exhibit similarly substantial efficacy.6

In spite of these improvements in treatment modalities, 
most patients eventually relapse due to the development of che-
moresistance. Established predictive factors for chemother-
apy efficacy include plasma mesothelin and single nucleotide 
polymorphisms (SNPs) in the ERCC1 gene.7,8 Moreover, re-
cent studies have shown that distinct patterns of gene expres-
sion are associated with both patient survival and response 
to chemotherapy.9 Key genes in the p53 signaling pathway, 
including murine double minute‐2 gene (MDM2), tumor pro-
tein p53 (TP53), tumor protein p63 (TP63), and tumor pro-
tein p73 (TP73), play important roles in cancer incidence, 
prognosis, and treatment response.10-13 Moreover, MDM2 
overexpression, which results in p53 dysfunction, increases 
resistance to chemotherapy.14-17 Furthermore, in our previous 
study, we found that the MDM2 SNP309 polymorphism was 
a risk factor for colorectal cancers in Asians.18

However, few studies have reported on the predictive role 
of p53 signaling pathway SNPs in response to colorectal 
cancer chemotherapy.19 The magnitude of the association be-
tween chemotherapy sensitivity and p53 signaling pathway 
SNPs has not been thoroughly elucidated to date. To address 
this discrepancy, we performed a prospective study to inves-
tigate the role of p53 signaling pathway SNPs in colorectal 
cancer chemotherapy response.

2  |   MATERIALS AND METHODS

2.1  |  Study population
In the cohort, 344 patients with histologically diagnosed 
colorectal cancer were consecutively recruited from the First 
Affiliated Hospital of Nanjing Medical University and the 
Affiliated Nanjing First Hospital from September 2010 and 
were followed up by telephone interviews.20 After removing 
19 patients without receiving oxaliplatin‐based or irinotecan‐
based chemotherapy, a total of 325 patients were retained 
for further analysis (Table S1). Among them, 188 colorec-
tal cancer patients received oxaliplatin‐based chemotherapy 
and 137 patients received irinotecan‐based chemotherapy. 
Specifically, the clinical characteristics of 166 patients with 
oxaliplatin‐based chemotherapy have been reported in the 
previous study.21

Peripheral whole blood samples were collected in eth-
ylenediaminetetraacetic acid (EDTA) tubes. Clinical data in-
cluding age, sex, smoking status, drinking status, tumor site, 
Dukes stage, tumor grade, metastatic status, chemotherapy 
regimen, and response to chemotherapy were also collected. 
Progression‐free survival (PFS) is defined as the time elapsed 
between chemotherapy initiation and objective disease pro-
gression, death, or last follow‐up. Written informed consent 
was obtained from each patient, and this study was approved 
by the Institutional Ethics Review Board of the Nanjing 
Medical University.

2.2  |  Chemotherapy regimen
All patients included in this study received oxaliplatin‐based 
or irinotecan‐based chemotherapy. Oxaliplatin‐based regi-
men consisted of a combination of oxaliplatin and short‐term 
infusional FU (FOLFOX) or capecitabine (XELOX). The 
irinotecan‐based regimen was a combination of irinotecan 
and short‐term infusional FU (FOLFIRI) or capecitabine 
(XELIRI). Therapy was continued until disease progression, 
unacceptable toxicity, or patient refusal.

2.3  |  Clinical evaluation
Bidimensionally measurable lesions were evaluated on CT 
scans before treatment and after a minimum of two cycles of 
chemotherapy. The primary endpoint was the tumor response 
to chemotherapy, evaluated according to the Response 
Evaluation Criteria in Solid Tumors (RECIST 1.1) as fol-
lows: (a) complete response (CR): disappearance of all target 
lesions; (b) partial response (PR): at least 30% decrease in the 
sum of the diameters of target lesions; (c) progressive disease 
(PD): at least 20% increase in the sum of the diameters of the 
target lesions; and (d) stable disease (SD): does not qualify 
for either PR or PD. All results were confirmed at 4 weeks. 
A disease control rate (DCR) was defined as the proportion 
of CR, PR, and SD.

2.4  |  Selection of p53 pathway‐associated 
genes and SNPs
Key p53 pathway‐associated genes were selected from the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) and BioCarta 
(https​://cgap.nci.nih.gov/Pathw​ays/BioCa​rta_Pathways).  
Moreover, the keyword “p53 signaling pathway” was 
searched in PubMed (https​://www.ncbi.nlm.nih.gov/pubmed)  
to identify p53 pathway‐associated genes. Genes located 
on sex chromosomes were excluded. Quality control for 
extracting SNPs met all the following criteria: (a) minor al-
lelic frequency ≥0.1; (b) call rate ≥99%. Then, a pairwise 
linkage disequilibrium (LD) r2 threshold of 0.8 was used to 
obtain tagging SNPs with HaploView 4.2 software. SNP 
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functions were predicted using web‐based tools, including 
RegulomeDB (http://regul​ome.stanf​ord.edu/index​), SNPinfo 
Web Server (http://snpin​fo.niehs.nih.gov/), and HaploReg 
(http://archi​ve.broad​insti​tute.org/mamma​ls/haplo​reg/haplo​
reg.php). We also predicted secondary structural changes 
caused by different tagSNP genotypes using RNAfold (http://
rna.tbi.univie.ac.at/).

2.5  |  SNP genotyping
Genomic DNA was extracted from EDTA‐treated blood of 
all subjects using the Qiagen Blood Kit (Qiagen). Genotyping 
was performed using Illumina Human Qmni ZhongHua Bead 
Chips in all samples that met the sequencing requirements. A 
uniform quality control protocol was used to filter samples 
and SNPs.

2.6  |  Expression analysis
Expression qualitative trait locus (eQTL) analysis was per-
formed to assess for correlations between genotypes of se-
lected SNPs and expression levels of nearby genes using 
the Genotype‐Tissue Expression (GTEx) project dataset, 
including 203 sigmoid tissues and 246 transverse tissues. 
Differential gene expression of RNA‐sequencing data in colo-
rectal cancer was analyzed from The Cancer Genome Atlas 
(TCGA) database (http://cance​rgeno​me.nih.gov/). Colorectal 
cancer tissues and normal adjacent tissues in TCGA database 
were used to calculate logarithmic fold change in expres-
sion levels of selected genes. All individuals included in the 
TCGA database were of European descent.

2.7  |  Statistical analysis
We extracted SNPs using the Han Chinese from Beijing 
(CHB) and Japanese from Tokyo (JPT) data from the 
1000 Genomes Project and HaploView 4.2 software. 
Unconditional univariate and multivariate Cox regression 
analyses were used to calculate hazard ratios (HRs) and 
their 95% confidence intervals (CIs) for evaluating the as-
sociation between PFS and genetic variants in colorectal 
cancer. To calculate the crude and adjusted odds ratios 
(ORs) and their 95% CIs for evaluating the correlation be-
tween DCR and genetic variants, we used an unconditional 
univariate and multivariate logistic regression model. The 
false discovery rate (FDR) method was applied for signif-
icance testing to restrict the probability of false‐positive 
findings in light of the large number of SNPs tested. The 
sequence kernel association test (SKAT) was performed 
to conduct gene‐based analysis. We used a two‐sided 
Student's t test to compare significant differences in gene 
expression between colorectal cancer tumor tissues and ad-
jacent normal tissues. The relationship between BMI and 

the corresponding gene expression was examined using a 
linear regression model. PLINK 1.07 was used for primary 
statistical analysis, and other statistical analyses were per-
formed using SAS (version 11.0; SAS Institute, Inc Cary, 
NC) and R software (version 3.2.3). Kaplan‐Meier curves 
were used to estimate the effects of identified genotypes 
on the cumulative probability of PFS and OS. Linkage dis-
equilibrium (LD) between SNPs in the genes of interest 
was explored using LD mapping in HaploView 4.2. P‐val-
ues < 0.05 were considered to be statistically significant.

3  |   RESULTS

3.1  |  Characteristics of the study population
As shown in Table S1, 205 patients were male and 120 were 
female, with a mean age of 58.62  years being observed. 
Smokers and nonsmokers comprised 213 (65.54%) and 112 
(34.46%) of patients, respectively. In total, 226 (69.54%) pa-
tients consumed alcohol and 99 (30.46%) patients had never 
consumed alcohol. Moreover, 194 (59.69%) patients suffered 
from colon cancer and 131 (40.31%) suffered from rectal 
cancer.

3.2  |  Selection of genes and SNPs from the 
p53 signaling pathway
As shown in Figure 1, 87 key p53 signaling pathway genes 
were selected from KEGG and BioCarta. To specifically 
investigate the association between SNPs in p53 signaling 
pathway genes and prognosis of patients with colorectal can-
cer, we identified 33 genes located on autosomal chromo-
somes reported by previous studies in PubMed (Table S2). 
Two hundred and eighty‐six SNPs were located in these 33 
candidate gene regions, including 2 kb upstream. After func-
tional annotation, 111 putative functional SNPs in 22 genes 
were retained in the study (Figure S1).

3.3  |  Association of SNPs with colorectal 
cancer prognosis
We conducted association analysis of selected SNPs with 
PFS of colorectal cancer. As shown in Table 1, seven SNPs 
(rs747828, rs2146658, rs9659688, rs3765695, rs72714570, 
rs3176320, and rs3176326) were significantly associated 
with colorectal cancer PFS in the additive model (P < 0.05). 
After FDR correction, only rs747828 in TP73 was nominally 
associated with reduced PFS of colorectal cancer (adjusted 
HR = 1.64, 95% CI = 1.27‐2.12, PFDR = 1.79 × 10−2). We 
further analyzed the association between selected SNPs and 
DCR of colorectal cancer (Table S3). Consistent with pre-
vious findings, rs747828 in TP73 was associated with de-
creased DCR of colorectal cancer (adjusted OR = 1.73, 95% 

http://regulome.stanford.edu/index
http://snpinfo.niehs.nih.gov/
http://archive.broadinstitute.org/mammals/haploreg/haploreg.php
http://archive.broadinstitute.org/mammals/haploreg/haploreg.php
http://rna.tbi.univie.ac.at/
http://rna.tbi.univie.ac.at/
http://cancergenome.nih.gov/
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CI = 1.04‐2.87, P = 3.35 × 10−2). Consequently, we focused 
on rs747828 in TP73 for subsequent analysis. We used four 
genetic models (additive, dominant, codominant, and reces-
sive) to analyze the associations between rs747828 in TP73 
and colorectal cancer PFS and DCR (Table 2; Table S4). The 
SNP rs747828 was significantly associated with reduced 
PFS of colorectal cancer in the codominant, additive, and 
dominant models (adjusted HR = 1.65, 95% CI = 1.23‐2.20, 
P = 8.00 × 10−4; adjusted HR = 2.60, 95% CI = 1.05‐6.41, 
P = 3.82 × 10−2; adjusted HR = 1.64, 95% CI = 1.27‐2.12, 
P = 2.00 × 10−4; adjusted HR = 1.69, 95% CI = 1.27‐2.24, 
P = 3.00 × 10−4, respectively). In addition, rs747828 in TP73 
was associated with decreased DCR of colorectal cancer in 
the additive model (adjusted OR = 1.73, 95% CI = 1.04‐2.87, 
P = 3.35 × 10−2). However, no significant differences were 
observed in the analysis of association between rs747828 and 
PFS or DCR in the recessive model (P = 8.01 × 10−2 and 
P = 0.188, respectively).

3.4  |  In silico analysis and gene‐
based analysis
To investigate the function of selected SNPs, we performed 
in silico analysis using RegulomeDB, SNPinfo Web Server, 
and HaploReg. SNPs correlated with colorectal cancer prog-
nosis were predicted to have active biological functions due 
to the integration of three online functional annotation tools 

(Table S5). We found that rs747828 in TP73 possessed en-
hancer histone marks, altered motifs and DNAse, and its 
RegPotential and RegulomeDB scores were 0.102 and 5, 
respectively.

Furthermore, we conducted gene‐based analysis using 
SKAT to confirm the most significant associations between 
genes and colorectal cancer prognosis (Table S6). However, 
no significant differences were observed in association be-
tween TP73 and prognosis in colorectal cancer patients 
(P = 0.318).

3.5  |  Stratification analysis of rs747828 in 
TP73 with colorectal cancer prognosis
We further analyzed the association between rs747828 in 
TP73 and colorectal cancer prognosis stratified by age, sex, 
smoking status, drinking status, tumor site, tumor differentia-
tion, Dukes stage, number of metastases, and treatment in the 
dominant model (Table 3). We observed that the rs747828 
C allele was significantly associated with reduced PFS of 
colorectal cancer patients with respect to drinking (adjusted 
HR = 2.01, 95% CI = 1.42‐2.84, P  < 1.00 × 10−4), mod-
erate and well‐differentiated tumor differentiation (adjusted 
HR  =  1.73, 95% CI  =  1.26‐2.39, P  =  8.06  ×  10−4), and 
Dukes stage D (adjusted HR = 1.73, 95% CI = 1.29‐2.31, 
P = 2.00 × 10−4). Interestingly, there was also a significant 
association between rs747828 C allele and PFS in patients 

F I G U R E  1   Schematic flow for selecting SNPs in the p53 signaling pathway genes. Abbreviations: HWE, Hardy‐Weinberg Equilibrium; 
MAF, minor allele frequency; PFDR, P after false discovery rate correction
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who had undergone oxaliplatin‐based chemotherapy (ad-
justed HR = 1.85, 95% CI = 1.27‐2.70, P = 1.40 × 10−3). 
Furthermore, we found that the rs747828 C allele was sig-
nificantly associated with decreased DCR of colorectal can-
cer patients with respect to age over 60 (adjusted OR = 2.61, 
95% CI = 1.09‐6.26, P = 3.20 × 10−2), drinking (adjusted 
OR = 2.03, 95% CI = 1.01‐4.08, P = 4.85 × 10−2), rectal cancer 
(adjusted OR = 3.66, 95% CI = 1.35‐9.89, P = 1.05 × 10−2), 
Dukes stage D (adjusted OR = 1.95, 95% CI = 1.08‐3.53, 
P = 2.80 × 10−2), organ number of metastases over two (ad-
justed OR = 8.00, 95% CI = 1.43‐44.70, P = 1.79 × 10−2), 
and treated with oxaliplatin‐based chemotherapy (adjusted 
OR = 2.73, 95% CI = 1.19‐6.30, P = 1.82 × 10−2). No sig-
nificant heterogeneity was observed (P > 0.05).

It is worth noting that the chemotherapy regimen was an 
effect modifier between TP73 rs747828 and colorectal cancer 
prognosis. We analyzed the relationship of TP73 rs747828 
with PFS and DCR stratified by treatments (Table S7). In the 
oxaliplatin‐based chemotherapy subgroup, results of the ad-
ditive and dominant models indicated that the rs747828 C al-
lele is associated with reduced PFS and decreased DCR. The 
effect of the TC genotype was significantly associated with 
reduced PFS and decreased DCR in the codominant model 
(adjusted HR = 1.86, 95% CI = 1.27‐2.71, P = 1.30 × 10−3; 
adjusted HR = 2.80, 95% CI = 1.21‐6.44, P = 1.59 × 10−2, 
respectively). Due to the limited sample size, results could 
not be calculated in the codominant (CC genotype) or reces-
sive models.

In the irinotecan‐based chemotherapy subgroup, results of 
the additive model indicated that the rs747828 C allele was 
associated with reduced PFS and decreased DCR (adjusted 
HR = 1.46, 95% CI = 1.02‐2.10, P = 1.03 × 10−2; adjusted 
HR = 2.49, 95% CI = 1.12‐5.55, P = 2.55 × 10−2, respec-
tively). However, the rs747828 C allele was neither associ-
ated with reduced PFS nor decreased DCR in the dominant 
model after adjusting for age, sex, smoking, and drinking 
status. We also examined Kaplan‐Meier curves of PFS for 
rs747828 in patients suffering from colorectal cancer in 
the dominant model (Figure 2A). Patients with the TC/CC 
rs747828 genotypes exhibited reduced PFS compared to pa-
tients with the TT genotype.

3.6  |  Prediction of rs747828 TP73 folding 
structures and eQTL analysis
We conducted in silico analysis using RNAfold to predict 
the TP73 secondary structure of rs747828. Results showed 
that the secondary structure was dramatically altered in 
rs747828 T/C alleles (Figure S2), with the minimum free en-
ergy decreasing from −13.90 kcal/mol to −16.00 kcal/mol. 
We further conducted eQTL analysis to evaluate the effect of 
rs747828 in TP73. No significant association was observed 
between rs747828 and TP73 in the GTEx or TCGA databases T
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Models

PFS

HR 95% CI P HRa 95% CI Pa

TT 1.00     1.00    

TC 1.66 1.24‐2.21 6.00 × 10−4 1.65 1.23‐2.20 8.00 × 10−4

CC 2.74 1.11‐6.74 2.82 × 10−2 2.60 1.05‐6.41 3.82 × 10−2

Additive model 1.66 1.28‐2.14 1.00 × 10−4 1.64 1.27‐2.12 2.00 × 10−4

Dominant model 1.70 1.28‐2.25 2.00 × 10−4 1.69 1.27‐2.24 3.00 × 10−4

Recessive model 2.36 0.96‐5.76 6.06 × 10‐2 2.23 0.91‐5.46 8.01 × 10‐2

P < 0.05, the values of which were presented in bold, was defined as statistically significant.
Abbreviations: CI, confidence interval; HR, hazard ratio; PFS, progression‐free survival. 
aAdjusted for age, sex, smoking and drinking status in Cox regression model. 

T A B L E  2   Association analysis 
between rs747828 in TP73 and colorectal 
cancer survival

T A B L E  3   TP73 rs747828 associated with PFS and DCR in stratified analysis

Variables Progress/Totala

PFS  
PD/
Patientsa

DCR

HRb (95%CI) Pb   ORc (95%CI) Pc

Age

≤60 120/165 1.65 (1.10‐2.48) 1.54 × 10−2   33/163 1.44 (0.64‐3.26) 0.383

>60 108/142 1.70 (1.12‐2.58) 1.24 × 10−2   33/139 2.61 (1.09‐6.26) 3.20 × 10−2

Sex

Male 153/193 1.47 (1.02‐2.10) 3.68 × 10−2   43/189 1.93 (0.93‐4.00) 7.77 × 10−2

Female 75/114 2.14 (1.31‐3.50) 2.40 × 10−3   23/113 1.44 (0.53‐3.93) 0.477

Smoking status

Positive 147/204 1.63 (1.14‐2.34) 7.30 × 10−3   39/201 1.65 (0.78‐3.49) 0.190

Negative 81/103 1.81 (1.11‐2.96) 1.69 × 10−2   27/101 2.07 (0.79‐5.46) 0.141

Drinking status

Positive 155/217 2.01 (1.42‐2.84) <1.00 × 10−4   44/214 2.03 (1.01‐4.08) 4.85 × 10−2

Negative 73/90 1.17 (0.71‐1.93) 0.546   22/88 1.34 (0.46‐3.87) 0.594

Tumor site

Colon 133/185 1.80 (1.22‐2.64) 2.85 × 10−3   41/182 1.23 (0.56‐2.67) 0.607

Rectum 95/122 1.65 (1.06‐2.57) 2.62 × 10−2   25/120 3.66 (1.35‐9.89) 1.05 × 10−2

Tumor differentiation

Moderate 
and well

178/240 1.73 (1.26‐2.39) 8.06 × 10−4   50/235 1.83 (0.93‐3.59) 7.86 × 10−2

Poor 50/67 1.45 (0.76‐2.77) 0.265   16/67 1.81 (0.52‐6.35) 0.353

Dukes stage

C 13/23 3.30 (0.37‐ 29.35) 0.284   4/21 0.15 (NA) 0.993

D 215/284 1.73 (1.29‐2.31) 2.00 × 10−4   62/281 1.95 (1.08‐3.53) 2.80 × 10−2

Metastasis

≤2 175/224 1.50 (1.08‐2.07) 1.52 × 10‐2   50/224 1.29 (0.65‐2.55) 0.463

>2 36/47 3.40 (1.40‐8.26) 7.00 × 10−3   12/47 8.00 (1.43‐44.70) 1.79 × 10−2

Treatment

Oxaliplatin 124/177 1.85 (1.27‐2.70) 1.40 × 10−3   30/173 2.73 (1.19‐6.30) 1.82 × 10−2

Irinotecan 104/130 1.49 (0.96‐2.32) 7.69 × 10−2   36/129 1.25 (0.53‐2.96) 0.612

P < 0.05, the values of which were presented in bold, was defined as statistically significant.
Abbreviations: CI, confidence interval; DCR, disease control rate; HR, hazard ratio; OR, odds ratio; PD, progressive disease; PFS, progression‐free survival. 
aSome cases were not included due to missing clinical data or genotyping. 
bAdjusted for age, sex, smoking and drinking status in Cox regression model. 
cAdjusted for age, sex, smoking and drinking status in logistic regression model. 
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(Figure S3A‐B). Moreover, no significant difference was 
found in 246 colon‐transverse samples (NES  =  0.020, 
P = 0.786), but rs7474828 was significantly correlated with 
the expression of TP73‐AS1 in 203 colon‐sigmoid samples 
(NES = 0.369, P = 1.35 × 10−3) (Figure S3C).

3.7  |  Gene expression analysis in colorectal 
tumors and adjacent normal tissues
We used TCGA database to analyze differential expres-
sion of TP73 between adjacent normal and tumor tissues. In 
Figure 3, we observed that TP73 expression was significantly 
increased in TCGA database (P  =  2.36  ×  10−19). Among 
these tissues, TP73 expression was significantly different 
(P = 1.31 × 10−14) in paired tumor tissues and adjacent nor-
mal tissues. Furthermore, we analyzed differential expres-
sion of TP73 in colorectal cancer tissues based on age, sex, 
site, and KRAS mutation status (Figure S4).

We also examined differential expression of TP73 in 
colorectal cancer tissues based on major cancer stages, 
metastasis, and BMI (Figure S5). Each stage and metas-
tasis were significantly different (all P  <  1.00  ×  10−4). 
Moreover, TP73 expression was decreased in BMI over 27 
(P  =  3.25  ×  10−2), and TP73 expression decreased with 
increasing BMI (P  =  4.00  ×  10−3, r2  =  0.027) by linear 

regression analysis. Finally, we observed that no significant 
association existed between TP73 expression levels and 
overall survival in patients suffering from colorectal cancer 
(Figure 2B).

4  |   DISCUSSION

Predictive markers for chemotherapy resistance are highly 
useful to prospectively identify patients who will benefit from 
the treatment. Previous studies have suggested that genetic 
variants are associated with prognosis for patients suffering 
from metastatic colorectal cancer who are treated with ox-
aliplatin‐based chemotherapy.22 Several reports indicate that 
SNPs related to chemotherapy resistance exist in p53 signal-
ing pathway genes.23-25 Most studies have shown that SNPs 
affect cancer prognosis by altering messenger RNA (mRNA) 
expression or by combining with microRNA.26 However, the 
mechanisms whereby SNPs reportedly affect mRNA are in-
consistent. Several studies failed to find mutations in the TP73 
gene, suggesting that its mutation plays little role in tumor pro-
gression.27 In this study, we evaluated the relationship between 
SNPs in p53 signaling pathway genes and colorectal cancer 
prognosis in a Chinese population. We observed that the TP73 
rs747828 C allele might predict reduced PFS and decreased 

F I G U R E  2   Kaplan‐Meier curves in 
patients with colorectal cancer. A, Kaplan‐
Meier curves of progression‐free survival 
(PFS) for rs747828 using Cox regression in 
colorectal cancer patients. The starting point 
of PFS was the first date of chemotherapy 
instead of the date of diagnosis. B, Kaplan‐
Meier curves of OS for TP73 expression 
level using Cox regression in colorectal 
cancer patients

F I G U R E  3   The expression of TP73 
in colorectal cancer tissues and normal 
adjacent tissues in TCGA database. A, no 
pairing. B, Pairing using student's t test
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DCR. In addition, rs747828 altered TP73‐AS1 expression 
and affects the secondary structure of TP73. Collectively, our 
study provides evidence of the relationship between TP73 ge-
netic variants and prognosis in colorectal cancer.

Although rs747828 does not affect mRNA TP73 expres-
sion, it was significantly associated with mRNA TP73‐AS1 
expression levels in sigmoid tissues. In particular, TP73‐AS1 
is the antisense of the coding gene TP73, which encodes a 
protein sharing notable similarities to TP53 in structure and 
function.28 Previous studies reported that global genomic 
analysis indicates the transformation of the antisense RNA 
can affect expression of the sense gene, and SNPs may func-
tionally regulate mRNA expression.29 Given that TP73‐AS1 
mantles substantial portions of TP73, TP73‐AS1 may function 
through posttranscriptional regulation of TP73.30 Therefore, 
rs747828 may affect TP73 by altering TP73‐AS1 expression. 
Of note, the mutation frequency of rs747828 was only 0.01 
in both American and European samples, while it was 0.16 in 
Asian samples. However, research employing the TCGA da-
tabase helps to elucidate the state of American and European 
populations. Furthermore, functional biological experiments 
are necessary to validate our findings in the future.

Several studies have reported that alcohol consumption is a 
negative prognostic factor in colorectal cancer, but the results 
have been inconsistent.31-33 In the present study, rs747828 
was robustly associated with PFS and DCR in the drinking 
subgroup. These differences might be caused by popula-
tion heterogeneity to some extent. Furthermore, a previous 
study reported that irinotecan and oxaliplatin regimens have 
similar chemotherapy efficacy.6 However, oxaliplatin‐based 
chemotherapy resulted in superior DCR and overall survival 
compared with irinotecan‐based chemotherapy in a meta‐
analysis.34 Obviously, these studies did not take different gen-
otypes into account in their analysis. In our study, rs747828 
was significantly associated with reduced PFS and decreased 
DCR in oxaliplatin regimens but not in irinotecan regimens 
by stratified analysis. Hence, we provided evidence that gen-
otype influences treatment effect, and different chemotherapy 
drugs possess diverse therapeutic targets and mechanisms.

In conclusion, our study provides a new view of the de-
velopment of biomarkers for predicting chemotherapeutic 
efficacy in colorectal cancer. Genetic variants in TP73 may 
predict chemotherapy sensitivity of colorectal cancer patients 
treated with oxaliplatin‐based chemotherapy. Moreover, in-
creased TP73 mRNA expression was observed in colorectal 
tumor tissues compared to corresponding normal tissues.

ACKNOWLEDGMENTS

We would like to thank Meilin Wang and Zhengdong Zhang 
(Nanjing Medical University) for sharing colorectal cancer 
data and laboratory assistance; Shuwei Li (Nanjing Medical 
University) for data analysis.

CONFLICT OF INTEREST

The authors indicated no potential conflict of interest.

ORCID

Lingxiang Liu   https://orcid.org/0000-0001-8689-1788 

REFERENCES

	 1.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA: 
Cancer J Clin. 2017;67(1):7‐30.

	 2.	 de Gramont A, Figer A, Seymour M, et al. Leucovorin and fluo-
rouracil with or without oxaliplatin as first‐line treatment in ad-
vanced colorectal cancer. J Clin Onco. 2000;18(16):2938‐2947.

	 3.	 Douillard JY, Cunningham D, Roth AD, et al. Irinotecan com-
bined with fluorouracil compared with fluorouracil alone as 
first‐line treatment for metastatic colorectal cancer: a multicentre 
randomised trial. Lancet. 2000;355(9209):1041‐1047.

	 4.	 Raymond E, Chaney SG, Taamma A, Cvitkovic E. Oxaliplatin: 
a review of preclinical and clinical studies. Ann oncol. 
1998;9(10):1053‐1071.

	 5.	 Kawato Y, Aonuma M, Hirota Y, Kuga H, Sato K. Intracellular 
roles of SN‐38, a metabolite of the camptothecin deriva-
tive CPT‐11, in the antitumor effect of CPT‐11. Can Res. 
1991;51(16):4187‐4191.

	 6.	 Kalofonos HP, Aravantinos G, Kosmidis P, et al. Irinotecan or ox-
aliplatin combined with leucovorin and 5‐fluorouracil as first‐line 
treatment in advanced colorectal cancer: a multicenter, random-
ized, phase II study. Ann oncol. 2005;16(6):869‐877.

	 7.	 Kang S, Ju W, Kim JW, et al. Association between excision repair 
cross‐complementation group 1 polymorphism and clinical out-
come of platinum‐based chemotherapy in patients with epithelial 
ovarian cancer. Exp Mol Med. 2006;38(3):320‐324.

	 8.	 Li S, Xie L, He L, et al. Plasma mesothelin as a novel diagnos-
tic and prognostic biomarker in colorectal cancer. J Cancer. 
2017;8(8):1355‐1361.

	 9.	 Tan IB, Ivanova T, Lim KH, et al. Intrinsic subtypes of gas-
tric cancer, based on gene expression pattern, predict survival 
and respond differently to chemotherapy. Gastroenterology. 
2011;141(2):476‐485, 485.e1‐11.

	10.	 El‐Deiry WS. Insights into cancer therapeutic design based 
on p53 and TRAIL receptor signaling. Cell Death Differ. 
2001;8(11):1066‐1075.

	11.	 Weller M. Predicting response to cancer chemotherapy: the role of 
p53. Cell Tissue Res. 1998;292(3):435‐445.

	12.	 Bond GL, Hu W, Bond EE, et al. A single nucleotide polymor-
phism in the MDM2 promoter attenuates the p53 tumor suppres-
sor pathway and accelerates tumor formation in humans. Cell. 
2004;119(5):591‐602.

	13.	 Candi E, Agostini M, Melino G, Bernassola F. How the TP53 fam-
ily proteins TP63 and TP73 contribute to tumorigenesis: regulators 
and effectors. Hum Mutat. 2014;35(6):702‐714.

	14.	 Oliner JD, Pietenpol JA, Thiagalingam S, Gyuris J, Kinzler KW, 
Vogelstein B. Oncoprotein MDM2 conceals the activation domain 
of tumour suppressor p53. Nature. 1993;362(6423):857‐860.

	15.	 Oliner JD, Kinzler KW, Meltzer PS, George DL, Vogelstein B. 
Amplification of a gene encoding a p53‐associated protein in 
human sarcomas. Nature. 1992;358(6381):80‐83.

https://orcid.org/0000-0001-8689-1788
https://orcid.org/0000-0001-8689-1788


3436  |      ZHANG et al.

	16.	 Bond GL, Hu W, Levine AJ. MDM2 is a central node in the p53 
pathway: 12 years and counting. Curr Cancer Drug Targets. 
2005;5(1):3‐8.

	17.	 Wang H, Oliver P, Zhang Z, Agrawal S, Zhang R. Chemosensitization 
and radiosensitization of human cancer by antisense anti‐MDM2 
oligonucleotides: in vitro and in vivo activities and mechanisms. 
Ann N Y Acad Sci. 2003;1002:217‐235.

	18.	 Wang W, Du M, Gu D, et al. MDM2 SNP309 polymorphism is 
associated with colorectal cancer risk. Sci Rep. 2014;4:4851.

	19.	 Chaar I, Arfaoui TA, Amine EL, et al. Impact of MDM2 poly-
morphism: increased risk of developing colorectal cancer and a 
poor prognosis in the Tunisian population. Eur J Gastro Hepatol. 
2012;24(3):320‐327.

	20.	 Gu D, Li S, Ben S, et al. Circadian clock pathway genes asso-
ciated with colorectal cancer risk and prognosis. Arch Toxicol. 
2018;92(8):2681‐2689.

	21.	 Li S, Xu K, Gu D, et al. Genetic variants in RPA1 associated 
with the response to oxaliplatin‐based chemotherapy in colorectal 
cancer. J Gastroenterol. 2019. [Epub ahead of print]. https​://doi.
org/10.1007/s00535-019-01571-z

	22.	 Park JH, Kim NS, Park JY, et al. MGMT ‐535G>T polymorphism 
is associated with prognosis for patients with metastatic colorectal 
cancer treated with oxaliplatin‐based chemotherapy. J Cancer Res 
Clin Oncol. 2010;136(8):1135‐1142.

	23.	 Tominaga T, Iwahashi M, Takifuji K, et al. Combination of p53 
codon 72 polymorphism and inactive p53 mutation predicts che-
mosensitivity to 5‐fluorouracil in colorectal cancer. Int J Cancer. 
2010;126(7):1691‐1701.

	24.	 Ohnstad HO, Castro R, Sun J, et al. Correlation of TP53 and 
MDM2 genotypes with response to therapy in sarcoma. Cancer. 
2013;119(5):1013‐1022.

	25.	 Munch‐Petersen HD, Asmar F, Dimopoulos K, et al. TP53 hotspot 
mutations are predictive of survival in primary central nervous sys-
tem lymphoma patients treated with combination chemotherapy. 
Acta Neuropathol Commun. 2016;4:40.

	26.	 Wynendaele J, Bohnke A, Leucci E, et al. An illegitimate 
microRNA target site within the 3' UTR of MDM4 affects 
ovarian cancer progression and chemosensitivity. Can Res. 
2010;70(23):9641‐9649.

	27.	 Stiewe T, Putzer BM. Role of p73 in malignancy: tumor suppressor 
or oncogene? Cell Death Differ. 2002;9(3):237‐245.

	28.	 Lin ZY, Chuang WL. Genes responsible for the characteristics 
of primary cultured invasive phenotype hepatocellular carcinoma 
cells. Biomed Pharmacother. 2012;66(6):454‐458.

	29.	 Cheng L, Qiu L, Wang M, et al. Functional genetic variants of 
XRCC4 and ERCC1 predict survival of gastric cancer patients 
treated with chemotherapy by regulating the gene expression. Mol 
Carcinog. 2017;56(12):2706‐2717.

	30.	 Huang D, Yu B, Deng Y, et al. SFRP4 was overexpressed in col-
orectal carcinoma. J Cancer Res Clin Oncol. 2010;136(3):395‐401.

	31.	 Phipps AI, Robinson JR, Campbell PT, et al. Prediagnostic alco-
hol consumption and colorectal cancer survival: The Colon Cancer 
Family Registry. Cancer. 2017;123(6):1035‐1043.

	32.	 Phipps AI, Shi Q, Limburg PJ, et al. Alcohol consumption 
and colon cancer prognosis among participants in north cen-
tral cancer treatment group phase III trial N0147. Int J Cancer. 
2016;139(5):986‐995.

	33.	 Walter V, Jansen L, Ulrich A, et al. Alcohol consumption and sur-
vival of colorectal cancer patients: a population‐based study from 
Germany. Am J Clin Nutr. 2016;103(6):1497‐1506.

	34.	 Liang XB, Hou SH, Li YP, Wang LC, Zhang X, Yang J. Irinotecan 
or oxaliplatin combined with 5‐fluorouracil and leucovorin as first‐
line therapy for advanced colorectal cancer: a meta‐analysis. Chin 
Med J. 2010;123(22):3314‐3318.

SUPPORTING INFORMATION

Additional supporting information may be found online in 
the Supporting Information section at the end of the article. 

How to cite this article: Zhang K, Meng Y, Cao X, et 
al. Genetic variants in p53 signaling pathway genes 
predict chemotherapy efficacy in colorectal cancer. 
Cancer Med. 2019;8:3428–3436. https​://doi.
org/10.1002/cam4.2215

https://doi.org/10.1007/s00535-019-01571-z
https://doi.org/10.1007/s00535-019-01571-z
https://doi.org/10.1002/cam4.2215
https://doi.org/10.1002/cam4.2215

