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Introduction

Cancer is one of the most severe human diseases 
with a high rate of morbidity results from uncontrolled, 
abnormal cellular proliferation due to genetic mutation. 
The global cancer rate is rapidly rising and in 2018, new 
cancer cases rose to 18.1 million, with 9.6 million deaths. 
Lung cancer and female breast cancer are the leading types 
of cancers worldwide in terms of the number of new cases 
and deaths. In 2018, approximately 2.1 million diagnoses 
were estimated for both types of cancers, contributing 
about 11.6% of the total cancer incidence burden (Ferlay 
et al., 2018; Meek, 2015). According to Globocan 2018, 
among the total number of cancer cases, 13.6% was breast 
cancer (ranked 1) and 8% was lung cancer (ranked 2) cases 
in the WHO Southeast Asia region (Ferlay et al., 2018).

Positive regulation of tumor suppressor genes inhibits 
the formation of a tumor by halting various mechanisms 
during the cell cycle. TP53 is one of the major tumor 
suppressor genes that provides a critical barrier to the 
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development of cancer by blocking cellular proliferation 
or eliminating cancer cells. Mutation of the TP53 gene 
interferes with its tumor suppression function and has a 
critical role in the formation of human cancer, whereas a 
mutant TP53 gene is relatively higher in cancer patients 
than in the control population (Mantovani et al., 2019; 
Sreeja et al., 2008). The majority of TP53 mutations 
are transversion missense mutations that result in the 
formation of different amino acids rather than the normal 
one due to purine and pyrimidine nucleotide substitution. 
The position of mutation lies within the part of the gene 
that encodes the site-specific DNA-binding domain that 
causes false transcription and failure in tumor suppression. 
Mutant p53 proteins are generally very stable in cancer 
cells than the normal p53 protein and can be detected 
easily by immunohistochemistry (Rivlin et al., 2011; 
Sreeja et al., 2008; Khan et al., 2015)

About 30% of TP53 missense mutations are found 
during cancer development in the highly mutable region 
of the human gene – CpG region, where the frequencies 
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of cysteine and guanine base are comparatively higher. 
The region contains essential transcription factor binding 
site that in turn controls structural and chemical contact 
with the combined effect of p53 protein and specific DNA 
sequences that develop specific p53 response elements. 
The most extensively studied SNP (rs1042522) is a 
transversion polymorphism of G nucleotide to C nucleotide 
in codon 72 in exon 4 at the second position, leading to the 
formation of proline rather than arginine (Pro72 protein 
variants). The gene product of Arg72 variant is more 
efficient in apoptotic activity than the mutant Pro72 variant 
of TP53 gene. The allelic frequencies of TP53 codon 72 
differ among different ethnic populations of the world 
that changes cancer susceptibility in these populations 
(Petitjean et al., 2007).

Numerous studies have conducted research over the 
association of TP53 codon 72 rs1042522 polymorphism 
with breast and lung cancer risk, but results have been 
contradictory and no clear evidence has been found. The 
conflicting results may arise from insufficient data, small 
sample size or different study designs. A single study is 
less potential to make a reliable outcome due to these 
limitations (Petitjean et al., 2007; Huang et al., 2003).

Moreover, several meta-analyses have been conducted 
on TP53 codon 72 polymorphism and its relation to 
breast cancer or lung cancer, mostly on the Caucasian 
and Asian population, including Japanese (Huang et al., 
2003), Chinese (Liu et al., 2013; Chua et al., 2010) and 
Taiwanese (Wang et al., 1999) regions. But no previous 
meta-analysis has been conducted on the South Asian 
population, including Bangladeshi, Indian, Pakistani 
population, although the prevalence of lung cancer and 
breast cancer is extremely high in South Asia (Ferlay et 
al., 2018). A high degree of variation in the genetic profile 
occurs due to geographic and ethnic variation that changes 
the prevalence of the disease in different regions of the 
world (Mantovani et al., 2019; Chua et al., 2010; Wang 
et al., 1999). Even in the same ethnicity, two different 
studies may show the opposite results (Sreeja et al., 2008; 
Jain et al., 2005). The ancestry of the Indian subcontinent 
population is unique and admixture of the population was 
observed from other parts of the world (Islam et al., 2013; 
Mehra et al., 2010).

For this reason, it was necessary to find out the relation 
between lung cancer and breast cancer with TP53 codon 72 
polymorphism in the South Asian population. To evaluate 
the potential correlation comprehensively between the 
TP53 Pro72Arg polymorphism with the lung and breast 
cancer risk in South Asian population, and to improve 
our understanding for a more precise characterization of 
the Pro72Arg polymorphism, we designed a systematic 
review and meta-analysis of 12 candidate studies 
conducted on the South Asian population.

Materials and Methods

Methodology
Literature search for identification of relevant studies 

A systemic comprehensive search was performed in 
Pubmed, Web of Science, Scopus and Google scholar. 
Two independent researchers searched the publications 

up to September 2019 using either single or combination 
of given following keywords- “Arg72Pro polymorphism”, 
“p53 codon 72 rs1042522 polymorphism”, “p53 and lung 
cancer or breast cancer”. The summary of the process 
of selecting eligible studies was presented in Figure 1. 
The inclusion criteria of the eligible studies were: 1) 
studies must be published in English, 2) original case-
control studies correlating TP53 codon 72 Arg>Pro 
polymorphism with lung or breast cancer conducting 
on the South Asian population 3) studies providing 
information regarding genotype and allelic frequencies of 
both cases and controls, odds ratio with 95% confidence 
interval (CI) values. The exclusion criteria were: 1) studies 
published in an animal model or cell line 2) studies having 
only the data of cases 3) lacking any genotype frequency 
for TP53 codon 72 Arg>Pro polymorphism 4) studies 
conducted on the other ethnic groups except the South 
Asian population.

Data extraction
Two researchers (SF and MSI) independently collected 

the first author’s name, year of publication, sample size, 
the ethnicity of the cases and controls, genotype and allele 
frequencies for each case and control.

Statistical analysis
RevMan (Version 5.3) software (http://www.cochrane.

org/revman) was used to conduct this meta-analysis. 
All of the data in the studies are dichotomous data. The 
outcome has been expressed as odds ratios (ORs) with 
95% confidence intervals (CIs) to assess the association 
between the polymorphisms and cancer. OR>1 indicates 
increased risk and <1 indicates reduced risk.

Chi-square tests of control group data was performed 
for each study to determine the Hardy-Weinberg 
equilibrium (HWE). The HWE p values are shown in 
Table 1. Three studies related to lung cancer deviated from 
HWE as p<0.05 (Table 1). ORs and CIs were pooled to 
evaluate the association between the TP53 polymorphisms 
and the risk of breast or lung cancer. For each type of 
cancer to find the association with polymorphism, the ORs 
were calculated for co-dominant, dominant, recessive, 
overdominant, and allele genetic models. Heterogeneity 
in the forest plot also assessed using the I2 statistic and 
the Cochrane chi-square Q-test. The significance level of 
heterogeneity is p<0.10 and I2>50%. The fixed-effects 
model (the Mantel-Haenszel method) was applied for 
meta-analysis when heterogeneity was not significant. The 
random-effects model was used to estimate pooled ORs 
when heterogeneity values were significant. Z-test was 
performed to evaluate the significance of the pooled OR 
and p<0.05 was considered to be statistically significant 
(Hashemi et al., 2018). Publication bias was appraised 
using Begg’s funnel plot. The degree of asymmetry of 
Begg’s funnel plot was measured using Egger’s linear 
regression test and the level of significance of publication 
bias was p<0.05. The sensitivity analysis was done to 
examine the influence of each study on the pooled results 
by removing studies one by one. The significance level of 
publication bias was p<0.05. 
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Results

Study characteristics 
A total of 12 case-control studies were included in 

this meta-analysis to find out the association of TP53 
codon 72 Arg/Pro polymorphism with lung cancer and 
breast cancer in the South Asian population based on the 
inclusion criteria (Shabnaz et al., 2016; Hashemi et al., 
2018; Aziz et al., 2013; Suresh et al., 2011; Syeed et al., 
2010; Ihsan et al., 2011; Tilak et al., 2013; Chowdhury et 
al., 2015; Mostaid et al., 2014; Saikia et al., 2014; Sharma 
et al., 2014). Among these, six studies evaluated the 
association for breast cancer (950 cases and 882 controls) 
and the other six studies for lung cancer (975 cases and 
1,397 controls). All the studies were performed in the 
various ethnic groups of South Asia. Table 1 explains the 
characteristics, genotype frequency, allelic frequency and 
HWE p-value (for control only) of the selected studies.

 
Association of TP53 codon 72 Arg>Pro polymorphism 
with breast and lung cancer

The association between breast and lung cancer with 
72 Arg>Pro polymorphism was mentioned in Table 2. The 
Forest plots, Funnel plots and plot for sensitivity analysis 
for breast cancer were shown in Figure 2, Figure 3 and 
Figure 4 respectively, whereas these plots were shown 
in Figure S1, Figure S2 and Figure S3, respectively for 
lung cancer.

Association of TP53 codon 72 Arg>Pro polymorphism 
with breast cancer

To measure the association of breast cancer with TP53 
codon 72 polymorphism, we pooled together six studies 
related to the breast cancer (950 cases and 882 controls). 
As shown in Table 2 and Figure 2, these analyses suggest a 
significant risk of breast cancer in various genetic models. 
A significant increased risk was found in allele (Pro vs. 
Arg; OR=1.32, 95%CI=1.16-1.52, p=5.26x10-5), dominant 
(Pro/Pro + Arg/Pro vs. Arg/Arg; OR=1.39, 95%CI=1.13-
1.71, p=1.96x10-3), and co-dominant 2 (Pro/Pro vs. Arg/
Arg; OR=1.63, 95%CI=1.24-2.15, p=4.76x10-4) genetic 
models. Though co-dominant models 1 and 3 (Arg/Pro 
vs. Arg/Arg; OR=1.13, 95%CI=0.76-1.66, p=0.553; Pro/
Pro vs. Arg/Pro; OR=1.31, 95%CI=0.81-2.15, p=0.282) 
and recessive model (Pro/Pro vs. Arg/Pro + Arg/Arg; 
OR=1.40, 95%CI=0.95-2.06, p=0.091) showed increased 
risk, these models were not statistically significant to 
develop breast cancer. Overdominant model (Arg/Pro 
vs. Arg/Arg + Pro/Pro; OR=0.98, 95%CI=0.64-1.49, 
p=0.910), on the contrary, showed decreased susceptibility 
for the breast cancer that was not statistically significant. 

Association of TP53 codon 72 Arg>Pro polymorphism 
with lung cancer

Through the meta-analysis of six studies related to 
lung cancer including 975 cases and 1397 controls, it 
was found that (Table 2 and Figure S1) Pro allele model 
(Pro vs. Arg; OR=1.57, 95%CI=1.21-2.05, p=6.91x10-4), 
co-dominant model 1 (Arg/Pro vs. Arg/Arg; OR=1.38, 
95%CI=1.14-1.68, p=9.26x10-4), co-dominant model 
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2 (Pro/Pro vs Arg/Arg; OR=2.28, 95%CI=1.47-3.55, 
p=2.50x10-4), co-dominant model 3 (Pro/Pro vs .Arg/Pro; 
OR=1.48, 95%CI=1.18-1.86, p=6.94x10-4 ), dominant 
model (Pro/Pro + Arg/Pro vs Arg/Arg; OR=1.70, 
95%CI=1.24-2.34, p=1.04x10-3) and the recessive (Pro/

Pro vs. Arg/Pro + Arg/Arg; OR=1.81, 95%CI=1.28-2.56, 
p=7.82x10-4) of TP53 codon 72 polymorphism were 
significantly associated with lung cancer development. 
No statistically significant association was found with 
overdominant model (Arg/Pro vs Arg/Arg + Pro/Pro; 
OR=1.06, 95%CI=0.90-1.26, p=0.477).

Heterogeneity and Publication bias
Heterogeneity was checked and the co-dominant 

model 1 (Arg/Pro vs. Arg/Arg) co-dominant model 3 
(Pro/Pro vs. Arg/Pro), overdominant model (Arg/Pro vs. 
Arg/Arg + Pro/Pro) and recessive model (Pro/Pro vs. Arg/
Pro + Arg/Arg) showed heterogeneity (I2> 50) in case of 
breast cancer. Whereas co-dominant model 2 (Pro/Pro vs. 
Arg/Arg), dominant model (Pro/Pro + Arg/Pro vs. Arg/
Arg), recessive model (Pro/Pro vs. Arg/Pro + Arg/Arg) 
and allele model (Pro vs. Arg), showed heterogeneity in 
case of lung cancer (Table 2).

Begg’s funnel plots were generated to evaluate the 
risk of publication bias for each genetic model as visual 
guidance (Figure 3 and Figure S2). No asymmetry was 
visualized in funnel plot analysis that indicates the absence 
of publication bias among the studies. Moreover, Egger’s 
linear regression analysis also illustrated that there is no 
publication bias exists in any genotype and allele models 
as all the p-value of bias test >0.05 (Table 2).

Sensitivity analysis
The reliability and stability of the performed meta-

analysis were ensured by performing a sensitivity test that 
identifies whether the pooled OR was influenced by each 
included study. Sensitivity analysis was performed by the 
omission of the studies one by one (Figure 4 and Figure 
S3). The results ensured that the performed meta-analysis 
was stable and reliable.

Genetic Model Test of Association Test of Heterogeneity Publication 
Bias

OR 95% Cl p Model Test of 
heterogeneity

p-value

I2

(%)
p-val 

(Egger's 
test)

Breast cancer

   Arg/Pro vs. Arg/Arg 1.13 0.76-1.66 0.553 Random 0.028 60.08 0.323

   Pro/Pro vs. Arg/Arg 1.63 1.24-2.15 4.76x10-4 Fixed 0.313 15.66 0.095

   Pro/Pro vs. Arg/Pro 1.31 0.81-2.15 0.282 Random 0.003 71.55 0.585

   Dominant model (Pro/Pro + Arg/Pro vs. Arg/Arg ) 1.39 1.13-1.71 1.96x10-3 Fixed 0.321 14.42 0.103

   Overdominant Model (Arg/Pro vs. Arg/Arg + Pro/Pro) 0.98 0.64-1.49 0.91 Random 0.0007 76.53 0.789

   Recessive model (Pro/Pro vs. Arg/Pro + Arg/Arg) 1.4 0.95-2.06 0.091 Random 0.026 60.62 0.354

   Allele contrast (Pro vs Arg) 1.32 1.16-1.52 5.26x10-5 Fixed 0.278 20.63 0.06

Lung cancer

   Arg/Pro vs. Arg/Arg 1.38 1.14-1.68 9.26x10-4 Fixed 0.168 35.86 0.165

   Pro/Pro vs. Arg/Arg 2.28 1.47-3.55 2.50 x10-4 Random 0.008 67.84 0.438

   Pro/Pro vs. Arg/Pro 1.48 1.18-1.86 6.94 x10-4 Fixed 0.246 25.1 0.718

   Dominant model (Pro/Pro + Arg/Pro vs. Arg/Arg ) 1.7 1.24-2.34 1.04x x10-3 Random 0.017 63.88 0.254

   Overdominant Model (Arg/Pro vs. Arg/Arg + Pro/Pro) 1.06 0.90-1.26 0.477 Fixed 0.844 0 0.171

   Recessive model (Pro/Pro vs. Arg/Pro + Arg/Arg) 1.81 1.28-2.56 7.82 x10-4 Random 0.028 60.12 0.427

   Allele contrast (Pro vs Arg) 1.57 1.21-2.05 6.91x10-4 Random 0.0006 77.12 0.262

Table 2. Meta-Analysis of the Association between TP53 codon 72 Arg>Pro Polymorphisms and Breast and Lung 
Cancer Risk in South Asian Population

Figure 1. Flow Chart of Literature Screening and 
Selection in the Meta-Analysis



Asian Pacific Journal of Cancer Prevention, Vol 21 1515

DOI:10.31557/APJCP.2020.21.6.1511
 TP53 Polymorphism and Breast and Lung Cancer

Figure 2. Forest Plot Showing the Association between TP53 Codon 72 Polymorphism and Breast Cancer in the Study. 
population under following models;  A) Arg/Pro vs Arg/Arg; B) Pro/Pro vs Arg/Arg; C) Pro/Pro vs Arg/Pro; D) Pro/
Pro + Arg/Pro vs Arg/Arg; E) Pro/Pro vs Arg/Pro +Arg/Arg; F) Arg/Pro vs Arg/Arg + Pro/Pro & G) Pro vs Arg.
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Discussion

The TP53 gene encodes tumor suppressor protein 
that contains several domains essential for mediating its 
various functions. Among various domains, two important 
transactivation domains are TAD1 and TAD2, both located 
at the N-terminus of the protein. Due to polymorphism 
at codon 72 of TP53, Arginine gets replaced by Proline 
and TAD2 overlaps with a Proline-rich domain that makes 
important contributions to repression, apoptosis and the 
response to γ –irradiation (Muller et al., 2014). Excess 
presence of Proline will change the overlapping tendency 
of TAD2 as well as tumor suppression activity. During 
cancer development, mutation of the TP53 gene not only 
results in the ablation of wild type p53 tumor-suppressor 

Figure 3. Funnel Plots for the Association between TP53 Codon 72 Polymorphism and Breast Cancer in the Study 
Population under Following Models; A) Arg/Pro vs Arg/Arg; B) Pro/Pro vs Arg/Arg; C) Pro/Pro vs Arg/Pro; D) Pro/
Pro + Arg/Pro vs Arg/Arg; E) Pro/Pro vs Arg/Pro + Arg/Arg; F) Arg/Pro vs Arg/Arg + Pro/Pro & G) Pro vs Arg.

activity but also gives rise to a mutant protein that 
encompasses oncogenic functions (Oren et al., 2010; Hou 
et al., 2013). TP53 Arg72Pro (rs1042522 ) polymorphism 
occurs at exon 4 among the 11 exons of codon 72 of the 
p53 tumor suppressor gene located on chromosome 17p13. 
The polymorphism causes the transition of CGC to CCC, 
leading to a differently functioning protein with a proline-
rich domain at codon 72 (Arg72Pro). Studies have reported 
that the codon 72 polymorphism is associated with a risk 
for the development of cancer (Damin et al., 2006).

Many previous studies suggested that there may 
be a significant risk association of TP53 codon 72 
polymorphism with lung and breast cancer, yet the 
outcome was conflicting. A number of studies have 
reported that there is a significant association between 
TP53 codon 72 polymorphism and breast cancer risk 
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(Sjalander et al., 1996; Kalemi et al., 2005; Akkiprik 
et al., 2009; Buyru et al., 2003; Goncalves et al., 2014; 
Henriquez-Hernandez et al., 2009; Katiyar et al., 2003; 
Li et al.’ 2002; Baynes et al., 2007) and other studies 
showed that there is no significant association (Mabrouk 
et al., 2003; Khadang et al., 2007; Schmidt et al., 2007; 
Tommiska et al., 2005; Murata et al., 1996). To overcome 
this conflicting situation, we performed a meta-analysis 
to evaluate the association between TP53 Arg72Pro 
polymorphism and breast cancer risk in the South Asian 
population by analyzing six studies with a total of 950 
cases and 882 controls. The polymorphism showed 
significant risk association in terms of three genetic models 

(allele model, dominant model and co-dominant model 
2). The other three genetic models (co-dominant model 1, 
co-dominant model 3 and recessive model) also showed a 
higher risk, but the result was not statistically significant.  
According to the result, TP53 codon 72 polymorphism 
is a substantial risk factor for the development of breast 
cancer in the South Asian population.

Similarly, TP53 codon 72 polymorphism is susceptible 
to cause lung cancer, according to many previous studies 
(Hossain et al., 2017; Pierce et al., 2000; Hiraki et al., 2003; 
Sakiyama et al., 2005; Zhang et al., 2006; Jung et al., 2008; 
Piao et al., 2011). The polymorphism of p53 codon 72 
Arg/Pro also has been demonstrated to modify the risk for 

Figure 4. Sensitivity Analysis for the Studies on TP53 Codon 72 Polymorphism and Breast Cancer Using Different 
Genetic Models; A) Arg/Pro vs Arg/Arg; B) Pro/Pro vs Arg/Arg; C) Pro/Pro vs Arg/Pro; D) Pro/Pro + Arg/Pro vs Arg/
Arg; E) Pro/Pro vs Arg/Pro + Arg/Arg; F) Arg/Pro vs Arg/Arg + Pro/Pro & G) Pro vs Arg.
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lung cancer among South Asians in many previous case-
control studies. Several previous studies demonstrated 
that the p53 codon 72 Arg/Pro polymorphism was not 
significantly associated with lung cancer susceptibility 
(Pierce et al., 2000; Piao et al., 2011). On the contrary, 
the p53 codon 72 polymorphism was confirmed to be 
related to an elevated risk of lung cancer in other studies 
Chua et al., 2010; Hossain et al., 2017; Hiraki et al., 2003; 
Sakiyama et al., 2005; Zhang et al., 2006; Jung et al., 
2008). Different conflicting results may be results from 
the insufficient sample size, variable genotyping method 
or different study design. To evaluate the actual association 
between TP53 codon 72 polymorphism and lung cancer 
in the South Asian population, we performed a meta-
analysis based on 6 articles with a total of 975 cases and 
1397 controls. The polymorphism showed a significantly 
increased risk of lung cancer in various genetic models. 
Allele, co-dominant genetic models 1-3, dominant model 
and recessive showed a significantly increased risk for the 
development of lung cancer (p<0.05). The overdominant 
model showed no risk for the development of lung cancer 
in the South Asian population. 

Our study findings have some limitations, although 
we systemically searched for eligible publications. 
Firstly, only six studies of breast cancer and six studies 
of lung cancer were included as no other relevant studies 
were found. Secondly, only the South Asian cases and 
controls were included in the study. Therefore, our pooled 
results may not be extrapolated to other ethnic groups. 
Despite these limitations, this is the first meta-analysis 
of the South Asian population to evaluate the association 
of p53Arg72Pro polymorphism with breast and lung 
cancer. We performed the heterogeneity, sensitivity and 
publication bias analyses that are strengths of this meta-
analysis.

In conclusion, this combined meta-analysis indicates 
that the TP53 codon 72 polymorphism increases the risk 
of both breast cancer and lung cancer in the South Asian 
population. 
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