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Abstract p53 is a tumor suppressor gene and plays an

important role in the etiology of breast cancer. However,

studies on the association between p53 polymorphisms and

breast cancer risk have yielded conflicting results. We

performed a meta-analysis to investigate the association

between breast cancer and the p53 polymorphisms codon

72 (27,046 cases and 30,998 controls), IVS3 16 bp (3,332

cases and 3,700 controls) and IVS6?62A[G (8,787 cases

and 9,869 controls) in different inheritance models. When

all the eligible studies of codon 72 polymorphism were

pooled into this meta-analysis, there was no evidence of

significant association between breast cancer risk and p53

codon 72 polymorphism in any genetic model. However, in

the stratified analysis for Indian population, significantly

association was observed in additive model (OR = 0.62,

95% CI = 0.46–0.82, P value of heterogeneity test

[Ph] = 0.153) and recessive model (OR = 0.70, 95%

CI = 0.50–0.92, Ph = 0.463). IVS3 16 bp was significantly

associated with breast cancer risk in a pooled 15 studies

dataset (dominant model: OR = 1.14, 95% CI = 1.02–1.27,

Ph = 0.30; recessive model: OR = 1.61, 95% CI =

1.21–2.25, Ph = 0.25; additive model: OR = 1.66, 95%

CI = 1.24–2.21, Ph = 0.28). No significant association was

found between IVS6?62A[G polymorphism and breast

cancer risk in a total of 14 studies. In summary, these results

indicate that IVS3 16 bp is likely an important genetic

marker contributing to susceptibility of breast cancer, and

codon 72 homozygous mutants may be associated with

decreased breast cancer risk in Indian population.
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Introduction

Breast cancer, a malignant proliferation of the epithelial

cells that line the ducts or lobules of the breast, is the most

common malignancy in women [1], accounting for

approximately one-third of all cancers in women world-

wide [2]. Although many risk factors for the development

of breast cancer have been identified, such as the inherited

genetic predisposition, the molecular mechanisms related

to breast carcinogenesis remain under investigation [3, 4].

The disease seems to be the result of cumulative alterations

of oncogenes and tumor suppressor genes that lead to

clonal outgrowth of progressively malignant cells [5, 6].

Tumor suppressor gene p53 which located on 17p13 is

one of the major markers of human tumor and one of the

most commonly mutated genes in human cancer [7]. The

p53 protein has a very important function in many physi-

ological processes, such as cell cycle arrest, DNA repair,

apoptosis, and gene transcription [8]. In addition to

acquired mutations that alter its function in p53, there are

many studies which have been identified in the p53 gene,

the p53 codon 72 (rs1042522) polymorphism of exon 4 is a

common single nucleotide polymorphism (SNP), where the

variant encodes a proline (CCC) rather than an arginine

(CGC) residue [9], it can affect p53 function. The two

polymorphic variants have been indicated that their struc-

ture and biological properties were not the same [10].

Many studies have reported the role of p53 polymorphisms

at codon 72 (rs1042522), IVS3 16 bp (rs17878362) and

IVS6?62A[G (rs1625895) with breast cancer risk [15–68],

but the results were inconclusive, some original studies

thought that these polymorphisms were association with

breast cancer risk, but others had different opinions. In addi-

tion, previous meta-analysis on p53 showed conflicting

results. Hence, the correlation of this polymorphic gene

remains unknown. In order to explore the association between

p53 codon 72 (rs1042522), IVS3 16 bp (rs17878362) and

IVS6?62A[G (rs1625895) polymorphisms with breast can-

cer risk, a Meta-analysis was conducted to summarize the

data. Meta-analysis is a powerful tool for summarizing the

different studies. It can not only overcome the problem of

small size and inadequate statistical power of genetic studies

of complex traits, but also provide more reliable results than a

single case–control study.

Materials and methods

Search strategy and selection criteria

All the case–control studies were identified by a comput-

erized literature search of the PubMed, EBSCO, and

CGEMS database (prior to September 2010) using the

following words and terms: ‘‘p53’’, ‘‘TP53’’, ‘‘polymor-

phism,’’ and ‘‘breast,’’ as well as their combinations. Only

research articles were included and the language was not

limited. The included studies have to meet the following

criteria: (1) only the case–control studies and cohort studies

were considered; (2) they were designed to evaluate the p53

codon 72, IVS3 16 bp (rs17878362) and IVS6?62A[G

(rs1625895) polymorphisms and breast cancer risk, (3) the

amount of published data was sufficient to allow estimation

of an odds ratio (OR) with 95% confidence interval (CI); and

(4) the distribution of genotypes among controls are in

Hardy–Weinberg equilibrium (P \ 0.01).

Data extraction

Information was carefully extracted from all eligible studies

independently by two authors (He and Su) according to the

inclusion criteria listed above. The following data were col-

lected from each study: first author, year of publication, ori-

ginal country and ethnicity of the sample, source of controls,

and genotype distribution. Disagreement was resolved by

discussion between the two authors. If they could not reach a

consensus, another author was consulted to resolve the dis-

pute, and a final decision was made by two of this group of

three authors. When a study reported results on different sub-

populations according to ethnicity, we considered each sub-

population as a separate study in the meta-analysis.

Statistical analysis

The strength of association between p53 polymorphisms

and breast cancer risk was assessed by Crude ORs with the

corresponding 95% CIs. The pooled ORs were performed

for an additive model (CC vs. YY), recessive model (CC

vs. CY?YY) and a dominant model (CC?CY vs. YY).

Heterogeneity among studies was checked by the Q test;

the P value of more than 0.1 for the Q test indicates a lack

of heterogeneity among studies, so the pooled OR was

calculated by the fixed-effects model [69]. Otherwise, a

random-effects model was used [70]. If heterogeneity was

present we might use meta-regression analysis in exploring

sources of heterogeneity [71]. In addition, subgroup anal-

yses were conducted by ethnicity and resource of controls.

Sensitivity analyses were performed to estimate the

robustness of the summary estimate of alteration in breast

cancer risk conferred by p53 codon 72 (rs1042522), IVS3

16 bp (rs17878362), and IVS6?62A[G (rs1625895)

polymorphisms. Begg’s funnel plots [72] and Egger’s lin-

ear regression test [73] were used to assess publication

bias. In the control group, Hardy–Weinberg equilibrium

(HWE) was tested for using a goodness-of-fit chi-square

test. All of the calculations were performed using STATA

version 10.0 (STATA Corporation, College Station, TX).
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Results

Study characteristics

Table 1 listed the main characteristics and genotype dis-

tribution of codon 72 polymorphism (rs1042522), with a

total of 56 eligible studies met the inclusion criteria,

including first author, published year, ethnicity, original

country, source of controls, and genotype distribution.

However, the study of Pharoah et al. [50] and the study of

Samson et al. [51] were excluded because subjects had

been included by Baynes et al. [38] and Rajkumar et al.

[44]. The distribution of genotypes in the controls was

consistent with Hardy–Weinberg equilibrium in all studies

except for two studies (P \ 0.01) [21, 65], these studies

were excluded in this meta-analysis. Hence, leaving 52

eligible studies (27,046 cases and 30,998 controls) that had

assessed the association between the codon 72 polymor-

phism and breast cancer risk.

Table 2 listed the main characteristics and genotype

distribution of IVS3 16 bp polymorphism (rs17878362),

with a total of 15 eligible studies (3,332 cases and 3,700

controls) for investigating IVS3 16 bp polymorphism and

breast cancer risk.

Table 3 listed the main characteristics and genotype

distribution of IVS6?62A[G polymorphism (rs1625895),

with a total of 14 eligible studies (8,787 cases and 9,869

controls) for investigating VS6?62A[G polymorphism

and breast cancer risk.

Meta-analysis results

Codon 72 polymorphism

Table 4 listed the main results of the meta-analysis of codon

72 polymorphism and breast cancer risk. When all the eli-

gible studies were pooled into this meta-analysis of codon

72, there was no evidence of significant association between

breast cancer risk and p53 codon 72 polymorphism in any

genetic model (dominant model: odds ratio [OR] = 0.97,

95% confidence interval [CI] = 0.90–1.05, P value of het-

erogeneity test [Ph] \ 0.001; recessive model: OR = 0.96,

95% CI = 0.88–1.06, Ph = 0.009; additive model:

OR = 0.95, 95% CI = 0.85–1.07, Ph \ 0.001). Significant

between-study heterogeneity was detected in any genetic

model. Hence, we performed the stratified analysis accord-

ing to ethnicity, source of controls, and sample size. In

the stratified analysis for India population, significantly

decreased risk of breast cancer was observed in additive

model (OR = 0.62, 95% CI = 0.46–0.82, P = 0.001,

Ph = 0.153, Fig. 1) and recessive model (OR = 0.70, 95%

CI = 0.50–0.92, Ph = 0.463, Fig. 2).

Previous codon 72 polymorphism

Three meta-analyses have been previously published for

codon 72 polymorphism and breast cancer risk [11–14].

Table 4 listed the main results of meta-analysis of previous

codon 72 polymorphism and breast cancer risk.

The study of Zhang et al. [11] had 39 studies, when all

the eligible studies were pooled into the meta-analysis,

significantly decreased risk of breast cancer was observed

in dominant model (OR = 0.90, 95% CI: 0.82–0.99). In

the stratified analysis by ethnicity, significantly decreased

risk was also observed in European populations (dominant

model: OR = 0.88, 95% CI: 0.80–0.98). In the stratified

analysis by source of controls, they found that the variant

genotypes were associated with a significantly decreased

breast cancer risk in dominant model and additive model

(dominant model: OR = 0.87. 95% CI: 0.78–0.97; homo-

zygote comparison: OR = 0.88, 95% CI: 0.78–1.00).

The study of Hu et al. [12] had 37 studies, significantly

decreased risk of breast cancer was found between Medi-

terranean and Northern European populations (recessive

model: OR = 0.32, 95% CI: 0.24–0.44; additive model:

OR = 0.35, 95% CI: 0.21–0.60). The data for this meta-

analysis only included 375 cases and 389 controls from 6

studies between Mediterranean and Northern European

populations.

The study of Ma et al. [13] had 21 studies, when all the

eligible studies were pooled into the meta-analysis, sig-

nificantly increased risk of breast cancer was observed in

dominant model (OR = 1.179, 95% CI = 1.020–1.362). In

the stratified analysis by source of controls, significantly

increased risk was also observed by population-based study

(dominant model: OR = 1.23, 95% CI = 1.05–1.43;

recessive model: OR = 1.16, 95% CI = 1.01–1.33; addi-

tive model: OR = 1.28, 95% CI = 1.04–1.59).

The study of Francisco et al. [14] had 42 case–control

studies reporting an association between the p53 codon 72

polymorphism and breast cancer. When all the eligible

studies were pooled into the meta-analysis, no significant

association of breast cancer risk was found in any genetic

model. In the stratified analysis by source of country, sig-

nificantly decreased risk was observed in Indian population

(dominant model: OR = 0.75, 95% CI = 0.61–0.93; Arg/

Arg vs. Pro/Pro: OR = 0.70, 95% CI = 0.53–0.91; reces-

sive model: OR = 0.77, 95% CI = 0.61–0.97) in Indian

population.

IVS3 16 bp polymorphism

Table 5 listed the main results of the meta-analysis of the

IVS3 16 bp polymorphism and breast cancer risk. When all

the eligible studies were pooled into the meta-analysis,

significantly increased risks of breast cancer were observed
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Table 1 Main characteristics and genotype distribution of codon 72 polymorphism (rs1042522)

First author Year Country Ethnicity SC Genotype distribution HWE

Case Control

CC CG GG CC CG GG

Kawajiri [15] 1993 Japan Asian PB 37 51 5 144 165 38 0.66

Sjalander [16] 1996 Sweden Caucasian PB 95 93 24 375 253 61 0.15

Weston [17]a 1997 USA Caucasian HB 32 27 6 72 42 3 0.55

Weston [17]b 1997 USA African HB 6 9 1 12 14 4 1.00

Weston [17]c 1997 USA Hispanic HB 3 8 7 10 16 12 0.63

Helland [18] 1998 USA NR NR 63 40 6 122 90 13 0.79

Gohrke [19] 1998 Germany Caucasian PB 56 46 5 167 117 21 0.99

Khaliq [20] 2000 Pakistani Asian PB 10 18 13 191 321 177 0.26

Papadakis [21] 2000 Greece Caucasian NR 34 10 12 12 41 6 0.00

Li [22] 2002 China Asian PB 11 11 6 10 26 14 0.94

Gohrke [23] 2002 German Caucasian PB 282 221 49 300 203 40 0.78

Buyru [24] 2003 Turkey Caucasian PB 64 39 12 21 43 12 0.43

Mabrouk [25] 2003 Tunisia African PB 18 9 3 19 26 4 0.49

Huang [26] 2003 Japan Asian HB 64 100 36 114 138 30 0.46

Katiyar [27] 2003 India Asian HB 20 51 6 9 24 8 0.54

Suspitsin [28] 2003 Russian Caucasian HB 284 203 42 207 159 27 0.89

Menzel [29] 2004 Czech Caucasian PB 275 170 30 158 114 30 0.29

Noma [30] 2004 Japan Asian PB 93 69 29 111 76 31 0.01

Mahasneh [31] 2004 Jordanian Asian PB 16 19 8 56 51 29 0.04

Tommiska [32] 2005 Finland Caucasian PB 825 617 109 403 278 52 0.91

Kalemi [33] 2005 UK Caucasian PB 26 13 3 10 32 9 0.19

Siddique [34] 2005 China Asian PB 36 38 20 107 120 38 0.89

Ohayon [35] 2005 Israel Caucasian HB 89 40 3 54 94 19 0.07

Damin [36] 2006 Brazil Mixed PB 64 48 6 70 111 21 0.06

Ma [37] 2006 China Asian PB 149 178 77 150 222 100 0.57

Baynes [38] 2007 UK Caucasian PB 1,107 768 148 1,177 854 166 0.81

Gochhait [39] 2007 India Asian NR 86 109 48 76 160 97 0.81

Khadang [40] 2007 Iran Asian HB 83 109 29 75 90 40 0.39

Schmidt [41] 2007 Finland Caucasian PB 4,499 3,228 618 3,661 2,677 511 0.78

Sprague [42] 2007 USA Caucasian PB 909 644 100 1,021 704 129 0.26

Zhang [43] 2007 China Asian PB 21 45 17 47 87 33 0.81

Rajkumar [44] 2007 India Asian NR 66 125 59 135 224 141 0.06

Cox [45] 2007 USA Mixed HB 804 569 104 1,255 838 131 0.85

Gaudet [46] 2007 USA Mixed PB 288 244 46 218 138 34 0.21

Closas [47] 2007 N and P Caucasian HB 1,368 1,021 196 1,774 1,249 228 0.92

Johnson [48] 2007 UK Caucasian HB 257 185 30 1,354 925 183 0.35

Franekova [49] 2007 Slovakia Caucasian HB 49 34 8 92 55 9 0.97

Akkiprik [52] 2008 Turkey Caucasian PB 25 50 20 46 49 12 0.98

Singh [53] 2008 India Asian HB 46 45 13 29 64 12 0.04

Lum [54] 2008 China Asian PB 105 200 88 29 38 13 0.99

Cavallone [55] 2008 France Caucasian PB 80 67 10 57 46 9 0.99

Costa [56] 2008 Portugal Caucasian HB 137 86 25 380 212 54 0.24

De [57] 2008 Italy Caucasian HB 185 150 15 207 131 14 0.48

Nordgard [58] 2008 Norway Caucasian PB 46 58 5 73 34 14 0.02

Henrırquez [59] 2009 Spain Caucasian PB 73 54 8 167 100 28 0.08
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in any genetic model (dominant model: OR = 1.14, 95%

CI = 1.02–1.27, P = 0.017, P value of heterogeneity test

[Ph] = 0.30, Fig. 3; recessive model: OR = 1.61, 95%

CI = 1.21–2.25, P = 0.001, Ph = 0.25, Fig. 4; additive

model: OR = 1.66, 95% CI = 1.24–2.21, P = 0.001,

Ph = 0.28, Fig. 5). Moreover, significant between-study

heterogeneity was not detected in the meta-analysis of the

IVS3 16 bp polymorphism and breast cancer under any

genetic model.

IVS6?62A[G polymorphism

Table 6 listed the main results of the meta-analysis of the

IVS6?62A[G polymorphism and breast cancer risk. When

all the eligible studies were pooled into the meta-analysis, no

significant association of breast cancer risk was found in any

genetic model (dominant model: OR = 1.03, 95% CI =

0.91–1.18, P = 0.82, P value of heterogeneity test [Ph] =

0.009; recessive model: OR = 0.93, 95% CI = 0.76–1.14,

Table 2 Main characteristics and genotype distribution of IVS3 16 bp polymorphism (rs17878362)

First author Year Country Ethnicity SC Genotype distribution HWE

Case Control

CC CG GG CC CG CC

Sjalander [16] 1996 Sweden Caucasian PB 162 46 4 529 142 18 0.09

Weston [17]a 1997 USA Caucasian HB 41 21 3 93 23 1 0.97

Weston [17]b 1997 USA African HB 4 12 0 13 15 2 0.65

Weston [17]c 1997 USA Hispanic HB 15 3 0 21 16 1 0.61

Gohrke [19] 1998 Germany Caucasian PB 370 173 20 391 145 13 0.99

Suspitsin [28] 2003 Russian Caucasian HB 408 108 13 187 56 6 0.78

Buyru [74] 2007 Turkey Caucasian PB 83 28 4 47 15 1 1.00

Gaudet [46] 2007 USA Mixed PB 404 157 17 272 108 10 0.98

Cavallone [55] 2008 France Caucasian PB 102 53 2 79 32 1 0.50

Costa [56] 2008 Portugal Caucasian HB 168 71 22 446 195 15 0.50

Akkiprik [52] 2008 Turkey Caucasian PB 59 35 3 61 43 3 0.36

De [57] 2008 Italy Caucasian HB 233 103 14 256 87 9 0.89

Hrstka [65] 2009 Czech Caucasian PB 81 32 4 81 24 3 0.79

Bisof [68] 2010 Croatia Caucasian PB 67 21 7 77 31 0 0.63

PB population-based study, HB hospital-based study, HWE Hardy–Weinberg equilibrium, CC indicates Wild-type, CY indicates heterozygote, YY
indicates variant homozygote, SC source of controls

Table 1 continued

First author Year Country Ethnicity SC Genotype distribution HWE

Case Control

CC CG GG CC CG GG

Kazemi [60] 2009 Iran Asian HB 6 30 6 12 45 0 0.02

Evgeniy [61] 2009 Russian Caucasian PB 148 124 25 147 99 29 0.15

Aoki [62] 2009 Brazil Mixed PB 40 29 3 30 53 7 0.05

Song [63] 2009 China Asian PB 339 544 221 349 508 220 0.44

Anna [64] 2009 Sweden Caucasian PB 65 45 6 79 58 5 0.35

Hrstka [65] 2009 Czech Caucasian PB 62 15 40 55 8 45 0.00

Kara [66] 2010 Turkish Caucasian PB 105 84 14 72 80 17 0.74

Ebner [67] 2010 Germany Caucasian PB 138 108 17 137 103 14 0.63

Bisof [68] 2010 Croatia Caucasian PB 61 23 11 61 42 5 0.80

PB population-based study, HB hospital-based study, NR not reported, HWE Hardy–Weinberg equilibrium, CC indicates Wild-type, CY indicates

heterozygote, YY indicates variant homozygote, SC source of controls, a–c: They were different case–control studies in one publication
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P = 0.49, Ph = 0.85; additive model: OR = 0.93, 95%

CI = 0.76–1.14, P = 0.51, Ph = 0.80). Moreover, signifi-

cant between-study heterogeneity was not detected in the

meta-analysis of the IVS6?62A[G polymorphism and

breast cancer under any genetic model, except for dominant

model (P = 0.009 for heterogeneity).

Next, we performed stratified analysis by source of

controls and ethnicity, in stratified subgroup meta-analysis,

the IVS6?62A[G polymorphism was not found to be

associated with breast cancer risk too.

Sensitive analysis

We tested the inclusion criteria of this meta-analysis by a

sensitivity analysis. Sensitivity analysis were conducted to

determine whether modification of the inclusion criteria of

this meta-analysis affected the results, A single study

involved in the meta–analysis was deleted each time to

reflect the influence of individual data set to the pooled

ORs, and the corresponding pooled ORs were not essen-

tially altered (data not shown), indicating that our results

were statistically robust.

Publication bias

Both Begg’s funnel plot and Egger’s test were performed to

access the publication bias of this meta-analysis. Begg’s

funnel plots did not reveal any evidence of obvious asym-

metry in any genetic model in the overall meta-analysis

(Figures not shown). The Egger’s test results suggested no

evidence of publication bias in the meta-analysis of codon 72

(P = 0.259 for dominant model, P = 0.514 for recessive

model, P = 0.328 for additive model); IVS3 16 bp

(P = 0.869 for dominant model, P = 0.694 for recessive

model, P = 0.744 for additive model) and IVS6?62A[G

(P = 0.663 for dominant model, P = 0.566 for recessive

model, P = 0.426 for additive model), indicating that our

results were statistically robust.

Discussion

Many studies have reported the role of p53 polymorphisms

at codon 72 (rs1042522), IVS3 16 bp (rs17878362) and

IVS6?62A[G (rs1625895) with breast cancer risk [15–

68], but the results were inconclusive, some original

studies thought that these polymorphisms were associated

with breast cancer risk, but other original studies thought

no association with breast cancer risk. In addition, previous

meta-analysis on codon 72 polymorphism showed con-

flicting results. Hence, a meta-analysis was conducted to

explore the association between p53 codon 72, IVS3 16 bp

and IVS6?62A[G polymorphisms and breast cancer risk.

Our present meta-analysis, which included 27,046 cases

and 30,998 cases from 52 studies, explored the association

between the p53 codon 72 polymorphism and breast cancer

risk. The results indicated that codon 72 polymorphism

may be not associated with breast cancer risk in Caucasian

population. In the stratified analysis for Indian population,

significantly decreased risk of breast cancer was observed

in additive model (OR = 0.62, 95% CI = 0.46–0.82,

P = 0.001, Ph = 0.153) and recessive model (OR = 0.70,

Table 3 Main characteristics and genotype distribution of IVS6?62A[G polymorphism (rs1625895)

First author Year Country Ethnicity SC Genotype distribution HWE

Case Control

CC CG GG CC CG CC

Sjalander [16] 1996 Sweden Caucasian PB 161 48 3 525 146 18 0.14

Weston [17]a 1997 USA Caucasian HB 43 20 2 95 22 0 0.80

Weston [17]b 1997 USA African HB 3 13 0 12 16 2 0.57

Weston [17]c 1997 USA Hispanic HB 16 2 0 23 13 2 1.00

Gohrke [19] 1998 Germany Caucasian PB 388 157 18 399 139 10 0.87

Suspitsin [28] 2003 Russian Caucasian HB 426 94 9 195 50 4 0.92

Buyru [74] 2007 Turkey Caucasian PB 107 7 1 56 6 1 0.25

Closas [47] 2007 N and P Caucasian HB 2,080 564 37 2,686 641 55 0.08

Sprague [42] 2007 USA Caucasian PB 1,254 359 35 1,358 438 50 0.12

Baynes [38] 2007 UK Caucasian PB 1,545 449 48 1,622 520 55 0.22

Gaudet [46] 2007 USA Mixed PB 412 152 14 282 99 9 0.99

Singh [53] 2008 India Asian HB 80 20 4 74 28 3 1.00

Akkiprik [52] 2008 Turkey Caucasian PB 51 39 9 61 38 8 0.83

Hrstka [65] 2009 Czech Caucasian PB 76 39 2 83 23 2 0.98
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95% CI = 0.50–0.92, Ph = 0.463). The result indicated

that codon 72 polymorphism may be associated with breast

cancer risk, but there are only four studies in Indian pop-

ulation, to determine whether codon 72 polymorphism be

applied to clinical genotyping for risk assessment still

require large scale breast cancer case–controls researches

in Indian population.

In this meta-analysis, significant association of the IVS3

16 bp polymorphism and breast cancer risk was found

(dominant model: OR = 1.14, 95% CI = 1.02–1.27, P =

0.017, P value of heterogeneity test [Ph] = 0.30; recessive

model: OR = 1.61, 95% CI = 1.21–2.25, P = 0.001, Ph =

0.25; additive model: OR = 1.66, 95% CI = 1.24–2.21,

P = 0.001, Ph = 0.28). The result indicated that IVS3 16 bp

Table 4 Description of current and published meta-analysis for select codon 72 polymorphism and breast cancer

Study N Case/control Recessive Dominant Additive

OR (95% CI) Ph OR (95% CI) Ph OR (95% CI) Ph

Overall

Zhang et al. [11] 39 26,041/29,679 0.95 (0.87–1.04)a 0.032 0.90 (0.82–0.99)a 0.000 0.92 (0.82–1.04)a 0.000

Hu et al. [12] 37 23,567/25,995 0.98 (0.89–1.09)a 0.01 0.96 (0.88–1.03)a 0.000 0.96 (0.85–1.08)a 0.000

Ma et al. [13] 21 22,515/22,388 1.15 (0.98–1.34)a 0.008 1.18 (1.02–1.36)a 0.000 1.25 (0.99–1.55)a 0.000

Francisco [14] 42 23,429/28,000 0.97 (0.87–1.08) NA 0.95 (0.88–1.03) NA 0.97 (0.87–1.08) NA

Present 52 27,046/30,998 0.96 (0.88–1.06)a 0.009 0.97 (0.90–1.05)a 0.000 0.95 (0.85–1.07)a 0.000

Caucasian

Zhang et al. [11] 29 NA 0.96 (0.87–1.06a 0.03 0.88 (0.80–0.98)a 0.000 0.92 (0.81–1.05)a 0.000

Hu et al. [12] 20 17,419/18,173 1.01 (0.93–1.09) 0.46 1.01 (0.97–1.06) 0.19 1.01 (0.93–1.10) 0.25

Ma et al. [13] NA NA 1.10 (0.93–1.32) 0.06 1.11 (0.92–1.34)a 0.000 1.16 (0.89–1.51)a 0.000

Francisco [14] 18 15,791/18,308 1.06 (0.98–1.16) NA 1.02 (0.98–1.07)a NA 1.07 (0.98–1.16) NA

Present 27 21,017/22,726 0.97 (0.84–1.12a 0.049 1.00 (0.90–1.10)a 0.000 0.97 (0.84–1.12)a 0.000

Asian

Zhang et al. [11] 9 NA 0.93 (0.70–1.23) 0.059 1.01 (0.82–1.25) 0.065 0.92 (0.65–1.31) 0.013

Hu et al. [12] 11 2,270/2,848 0.91 (0.71–1.19)a 0.01 0.94 (0.77–1.16)a 0.004 0.87 (0.73–1.03)a 0.000

Ma et al. [13] NA NA 1.16 (0.70–1.91)a 0.002 1.11 (0.76–1.61)a 0.007 1.21 (0.63–2.32)a 0.000

Francisco [14] 5 1,281/1,399 1.15 (0.91–1.46) NA 1.07 (0.90–1.26) NA 1.14 (0.91–1.41) NA

Present 17 3,611/5,024 0.95 (0.79–1.15)a 0.01 0.98 (0.84–1.14) 0.01 0.94 (0.74–1.20)a 0.001

India

Francisco [14] 5 715/1,668 0.70 (0.53–0.91)a NA 0.75 (0.61–0.93)a NA 0.77 (0.61–0.97)a NA

Present 4 674/979 0.70 (0.50–0.92) 0.463 0.68 (0.45–1.03)a 0.037 0.62 (0.46–0.82) 0.153

PB

Zhang et al. [11] 30 NA 0.94 (0.87–1.02)a 0.000 0.87 (0.78–0.97)a 0.000 0.88 (0.77–1.00)a 0.000

Ma et al. [13] NA NA 1.16 (1.01–1.33)a 0.082 1.23 (1.05–1.43)a 0.000 1.28 (1.04–1.59)a 0.000

Present 33 19,817/19,414 0.96 (0.90–1.03) 0.27 0.98 (0.89–1.08)a 0.000 0.94 (0.83–1.07)a 0.008

HB

Zhang et al. [11] 7 NA 1.12 (0.78–1.62) 0.058 0.97 (0.66–1.42)a 0.000 0.95 (0.66–1.37)a 0.000

Ma et al. [13] NA NA 1.15 (0.98–1.34)a 0.007 0.88 (0.57–1.35) 0.25 1.25 (0.99–1.55)a 0.004

Present 16 7,334/11,057 1.05 (0.85–1.30)a 0.003 0.99 (0.86–1.14)a 0.000 1.05 (0.83–1.34)a 0.000

[500 subject

Zhang et al. [11] 18 NA 0.97 (0.91–1.03) 0.302 1.02 (0.96–1.08)a 0.023 0.99 (0.92–1.06) 0.078

Present 21 23,652/26,485 0.98 (0.92–1.04) 0.370 1.03 (0.98–1.10a 0.016 0.99 (0.93–1.06)a 0.06

[500 subject for caucasian population

Zhang et al. [11] 17 NA 0.97 (0.91–1.04) 0.263 1.02 (0.97–1.09)a 0.033 1.00 (0.93–1.07) 0.086

Present 14 19,555/20,800 0.99 (0.92–1.07) 0.69 1.02 (0.98–1.06) 0.203 1.00 (0.93–1.09) 0.47

[500 subject for Asian population

Present 5 2,042/3,071 0.87 (0.76–1.01) 0.167 0.88 (0.67–1.14)a 0.011 0.81 (0.59–1.12)a 0.017

Ph P values for heterogeneity from Q test, NA not available, N number of study
a Random-effect model was used when Ph \ 0.05; otherwise, fixed-effects model was used
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polymorphism may increase risk of developing breast can-

cer. To determine whether this marker should be applied to

clinical genotyping for risk assessment still require large

scale breast cancer case–control researches.

Meanwhile, no significant association of the

IVS6?62A[G polymorphism and breast cancer risk was

found. Hence, IVS6?62A[G may have no strong associ-

ation with breast cancer risk, at least in our meta-analysis.

  Odds ratio
 .061241  1  16.3288

 Study
  Odds ratio
 (95% CI)  % Weight

 Sjalander [15] (1996)   1.02 ( 0.71, 1.47)   9.2 

 Weston [16]a (1997)   2.27 ( 1.16, 4.45)   1.7 

 Weston [16]b (1997)   2.29 ( 0.60, 8.78)   0.5 

 Weston [16]c (1997)   0.25 ( 0.06, 1.00)   1.5 

 Wang-Gohrke [18] (1998)   1.29 ( 1.00, 1.66)  16.8 

 Suspitsin [27] (2003)   0.89 ( 0.63, 1.27)  10.4 

 Buyru [67] (2007)   1.13 ( 0.56, 2.28)   2.4 

 Gaudet [45] (2007)   0.99 ( 0.75, 1.31)  15.7 

 Cavallone [54] (2008)   1.29 ( 0.77, 2.18)   4.0 

 Costa [55] (2008)   1.18 ( 0.87, 1.59)  12.3 

 Akkiprik [51] (2008)   0.85 ( 0.49, 1.49)   4.2 

 De Vecchi [56] (2008)   1.34 ( 0.97, 1.85)  10.2 

 Roman- HRSTKA [64] (2009)   1.33 ( 0.74, 2.40)   3.1 

 Bisof [67] (2010)   1.04 ( 0.57, 1.90)   3.3 

 Trifa [68] (2010)   1.16 ( 0.72, 1.88)   4.9 

 Overall   1.14 ( 1.02, 1.27)  100.0 

Fig. 1 Meta-analysis of OR for

TP53 codon 72 polymorphism

associated with breast cancer

risk (additive model)

  Odds ratio
 .003063  1  326.438

 Study
  Odds ratio
 (95% CI)  % Weight

 Sjalander [15] (1996)   0.72 ( 0.24, 2.14)  11.2 

 Weston [16]a (1997)   5.61 ( 0.57, 55.10)   0.9 

 Weston [16]b (1997)   0.35 ( 0.02, 7.64)   2.3 

 Weston [16]c (1997)   0.68 ( 0.03, 17.40)   1.3 

 Wang-Gohrke [18] (1998)   1.52 ( 0.75, 3.08)  17.1 

 Suspitsin [27] (2003)   1.02 ( 0.38, 2.72)  10.7 

 Buyru [67] (2007)   2.23 ( 0.24, 20.43)   1.7 

 Gaudet [45] (2007)   1.15 ( 0.52, 2.54)  15.6 

 Cavallone [54] (2008)   1.43 ( 0.13, 15.99)   1.6 

 Costa [55] (2008)   3.93 ( 2.01, 7.71)  10.5 

 Akkiprik [51] (2008)   1.11 ( 0.22, 5.62)   3.7 

 De Vecchi [56] (2008)   1.59 ( 0.68, 3.72)  11.6 

 Roman- HRSTKA [64] (2009)   1.24 ( 0.27, 5.67)   4.1 

 Bisof [67] (2010)   18.39 ( 1.04, 326.44)   0.6 

 Trifa [68] (2010)   0.82 ( 0.23, 2.91)   7.1 

 Overall   1.61 ( 1.21, 2.15)  100.0 

Fig. 2 Meta-analysis of OR for

TP53 codon 72 polymorphism

associated with breast cancer

risk (recessive model)

Table 5 Results of the meta-analysis for IVS3 16 bp and breast cancer risk

Analysis Case/control Recessive Dominant Additive

OR (95% CI) Ph OR (95% CI) Ph OR (95% CI) Ph

Overall 3,332/3,700 1.61 (1.21–2.15) 0.25 1.14 (1.02–1.27) 0.30 1.66 (1.24–2.21) 0.28

P a significant association was detected, Ph P values for heterogeneity from Q test, CC indicates Wild-type, CY indicates heterozygote, YY
indicates variant homozygote
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Previous meta-analysis on p53 codon 72 showed con-

flicting results. We have read with great interest the article

‘‘No significant association between the p53 codon 72

polymorphism and breast cancer risk: a meta-analysis of 21

studies involving 24,063 subjects’’ Published online on May

23, 2010 issue of ‘‘Breast Cancer Research and Treatment’’

[13]. The study of Ma [13] have 21 case–control studies, his

conclusion indicate that it provided strong evidence that the

P53 codon 72 polymorphism is not association with the risk

of developing breast cancer. Ma et al. [13] concluded that

no significant association was found between the P53 codon

72 polymorphism and breast cancer risk when all the eli-

gible studies were pooled into the meta-analysis, but sig-

nificant risk of breast cancer was observed in dominant

model (OR = 1.179, 95% CI = 1.020–1.362). Similarly,

Ma et al. [13] demonstrated that no significant association

was observed for any of the genetic models in the stratified

analysis by source of controls. But in the stratified analysis

by source of controls, significant increased risks were

observed by source of controls (dominant model:

OR = 1.23, 95% CI = 1.05–1.43; recessive model:

OR = 1.16, 95% CI = 1.01–1.33; additive model:

OR = 1.28, 95% CI = 1.04–1.59). Hence, the ongoing

uncertainty still existed and the conclusion by Ma et al. [13]

was not entirely credible. In addition, several sizeable eli-

gible studies have not been included in this meta-analysis,

we thought that these studies satisfied the search criteria.

Importantly, the data reported by Ma et al. [13] for the study

  Odds ratio
 .003255  1  307.184

 Study
  Odds ratio
 (95% CI)  % Weight

 Sjalander [15] (1996)   0.73 ( 0.24, 2.17)  11.3 

 Weston [16]a (1997)   6.80 ( 0.69, 67.39)   0.8 

 Weston [16]b (1997)   0.60 ( 0.02, 14.99)   1.5 

 Weston [16]c (1997)   0.46 ( 0.02, 12.12)   1.7 

 Wang-Gohrke [18] (1998)   1.63 ( 0.80, 3.32)  16.8 

 Suspitsin [27] (2003)   0.99 ( 0.37, 2.65)  11.1 

 Buyru [67] (2007)   2.27 ( 0.25, 20.86)   1.7 

 Gaudet [45] (2007)   1.14 ( 0.52, 2.54)  15.9 

 Cavallone [54] (2008)   1.55 ( 0.14, 17.39)   1.5 

 Costa [55] (2008)   3.89 ( 1.97, 7.68)  10.7 

 Akkiprik [51] (2008)   1.03 ( 0.20, 5.33)   3.9 

 De Vecchi [56] (2008)   1.71 ( 0.73, 4.02)  11.4 

 Roman- HRSTKA [64] (2009)   1.33 ( 0.29, 6.15)   4.0 

 Bisof [67] (2010)   17.22 ( 0.97, 307.18)   0.6 

 Trifa [68] (2010)   0.88 ( 0.25, 3.13)   7.0 

 Overall   1.66 ( 1.24, 2.21)  100.0 

Fig. 3 Meta-analysis of Ors for

TP53 16 bp polymorphism in

intro 3 associated with breast

cancer risk (dominant model)

  Odds ratio
 .090263  1  11.0787

 Study

  Odds ratio

 (95% CI)  % Weight

 Katiyar [26] (2003)   0.34 ( 0.09, 1.26)   6.2 

 Gochhait [38] (2007)   0.44 ( 0.28, 0.70)  45.6 

 Rajkumar [43] (2007)   0.86 ( 0.56, 1.31)  38.9 

 Singh [52] (2008)   0.68 ( 0.27, 1.70)   9.3 

 Overall   0.62 ( 0.46, 0.82)  100.0 

Fig. 4 Meta-analysis of Ors for

TP53 16 bp polymorphism in

intro 3 associated with breast

cancer risk (recessive model)
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by Schimit et al. [41] do not seem in line with the data

provided by Schimit et al. [41] in their original publication.

The numbers reported by Ma et al. [13] for Arg/Arg, Arg/

Pro, Pro/Pro, in cases and controls, are 2797-2008-386 and

2024-1523-287, respectively. Interestingly enough, after

carefully studying the data presented by Schimit et al. [41],

the frequencies that we have retrieved on the 8,345 cases

and 6,849 controls were 4499-3228-618 and 3661-2677-

511, respectively. The data reported by Ma et al. [13] for the

study by Sjalander et al. [16] do not seem in line with the

data provided by Sjalander et al. [16] in their original

publication too. The numbers reported by Ma et al. [13] for

Arg/Arg, Arg/Pro, Pro/Pro, in cases and controls, are 24-93-

95 and 61-253-375, respectively. Interestingly enough, after

carefully studying the data presented by Sjalander et al.

[16], the frequencies that we have retrieved on the 212 cases

and 689 controls were 95-93-24 and 375-253-61, respec-

tively. The data reported by Ma et al. [13] for the study by

Sprague et al. [42] do not seem in line with the data pro-

vided by Sprague et al. [42] in their original publication too.

The numbers reported by Ma et al. [13] for Arg/Arg, Arg/

Pro, Pro/Pro, in cases and controls, are 823-570-89 and

705-490-83, respectively. Interestingly enough, after care-

fully studying the data presented by Sprague et al. [42], the

frequencies that we have retrieved on the 1,653 cases and

1,854 controls were 909-644-100 and 1021-704-129,

respectively. The data reported by Ma et al. [13] for the

study by Weston et al. [17] do not seem in line with the data

provided by Weston et al. [17] in their original publication

too. The numbers reported by Ma et al. [13] for Arg/Arg,

Arg/Pro, Pro/Pro, in cases and controls, are 6-27-32 and

3-42-72, respectively, in Caucasian. Interestingly enough,

after carefully studying the data presented by Weston et al.

[17], the frequencies that we have retrieved on the 65 cases

and 117 controls were 32-27-6 and 72-42-3 in Caucasian,

respectively.

Secondly, we have also read great interest the recent

meta-analysis by Zhang et al. [11], the study of Zhang [11]

have 39 case–control studies, the results suggested that p53

codon 72 polymorphism may contribute to susceptibility to

breast cancer, especially in Europeans. Zhang et al. [11]

concluded that significant association was found between

  Odds ratio
 .111911  1  8.93565

 Study

  Odds ratio

 (95% CI)  % Weight

 Katiyar [26] (2003)   0.35 ( 0.11, 1.09)   6.1 

 Gochhait [38] (2007)   0.60 ( 0.40, 0.89)  41.7 

 Rajkumar [43] (2007)   0.79 ( 0.55, 1.12)  45.6 

 Singh [52] (2008)   1.11 ( 0.48, 2.55)   6.6 

 Overall   0.70 ( 0.55, 0.90)  100.0 

Fig. 5 Meta-analysis of OR for

TP53 16 bp polymorphism in

intro 3 associated with breast

cancer risk (additive model)

Table 6 Results of the meta-analysis for IVS6?62A[G and breast cancer risk

Analysis Case/control Recessive Dominant Additive

OR (95% CI) Ph OR (95% CI) Ph OR (95% CI) Ph

Overall ethnicity 8,787/9,869 0.93 (0.76–1.14) 0.85 1.03 (0.91–1.18)a 0.009 0.93 (0.76–1.14) 0.80

Caucasian 8,071/9,306 0.93 (0.75–1.15) 0.65 1.01 (0.94–1.08) 0.01 0.93 (0.75–1.15) 0.50

Source of controls

PB 5,374/5,948 0.94 (0.74–1.20) 0.71 0.96 (0.88–1.05) 0.117 0.94 (0.73–1.19) 0.62

HB 3,413/3,921 0.91 (0.63–1.32) 0.65 0.93 (0.65–1.35) 0.02 0.93 (0.65–1.35) 0.65

[500 subject

Overall 8,253/9,301 0.91 (0.74–1.12) 0.63 0.99 (0.93–1.07) 0.11 0.91 (0.73–1.12) 0.58

a Random-effect model was used when Ph \ 0.05; otherwise, fixed-effects model was used

526 Breast Cancer Res Treat (2011) 130:517–529

123



the TP53 codon 72 polymorphism and breast cancer risk in

the stratified analysis by ethnicity (Arg/pro vs. Arg/Arg:

OR 0.89, 95% CI 0.80–0.99; dominant model: OR 0.88,

95% CI 0.80–0.98) and source of controls (Arg/pro vs.

Arg/Arg: OR 0.88, 95% CI 0.78–0.98; dominant model:

OR 0.87, 95% CI 0.78–0.97). But P value of Q test for

heterogeneity test \0.001, when heterogeneity was very

big, the results cannot be concluded that p53 codon 72

polymorphism may contribute to susceptibility to breast

cancer, especially in Europeans. Hence, the ongoing

uncertainty still existed and the conclusion by Zhang et al.

[11] was not entirely credible. In addition, the study of by

Baynes et al. [38] and the study by Pharoah et al. [50]

essentially represent the same study, two studies by Buyru

et al. [24, 74] have been included in this meta-analysis;

however, careful inspection of both studies reveals that the

same cases hace been included in them. Hence, incorpo-

rating one of the two studies by Buyru et al. might seem

more appropriate. Importantly, several sizeable eligible

studies have not been included in Zhang et al. [11], we

thought that these studies satisfied the search criteria.

Thirdly, we have also read with great interest the recent

meta-analysis by Hu et al. [12], the study of Hu et al. [12] had

37 case–control studies, the results suggest that codon 72 had

a potential role in association with breast cancer risk within

certain populations or regions. Significantly decreased risk

was observed by source of Ethnicity (dominant model:

OR = 0.32, 95% CI = 0.24–0.44; Pro/Pro vs. Arg/Arg:

OR = 0.35, 95% CI = 0.21–0.60) in the Mediterranean

studies. In the Mediterranean was Caucasian, in addition, all

eligible study was small sample in the Mediterranean.

Hence, the ongoing uncertainty still existed and the con-

clusion by Hu et al. [12] was not entirely credible.

Last, we have also read with great interest the recent

meta-analysis by Francisco et al. [14], the study of Fran-

cisco et al. [14] had 42 case–control studies reporting an

association between the p53 codon 72 polymorphism and

breast cancer. Significantly decreased risk was observed in

Indian population (dominant model: OR = 0.75, 95%

CI = 0.61–0.93; Arg/Arg vs. Pro/Pro: OR = 0.70, 95%

CI = 0.53–0.91; recessive model: OR = 0.77, 95% CI =

0.61–0.97) in Indian population. The study of Francisco

et al. [14] had only five case–control studies in Indian

population, which include 715 cases and 1,668 controls.

However, in our present meta-analysis, which including

four case–control studies in Indian population, significantly

decreased risk was only observed in additive model and

recessive model. Sample size was not large in our present

meta-analysis and Francisco et al. [14], hence, the results

should be interpreted with caution. To determine whether

codon 72 polymorphism be applied to clinical genotyping

for risk assessment still require large scale breast cancer

case–controls researches in Indian population.

However, there are several limitations in this meta-

analysis. Our results should be interpreted with caution.

First, the controls were not uniformly defined. Although all

the controls were healthy populations, most of them were

common populations, some controls were Population-

based; other controls were hospital-based. Hence, non–

differential misclassification bias is possible. Second, in the

subgroup analysis may have had insufficient statistical

power to check an association, Third, we were also unable

to examine the interactions among gene–environment,

lacking of the original data of the included studies limited

our further evaluation of potential interactions, which may

be an important component of the association between p53

codon 72 polymorphism and environment and breast can-

cer risk. Four, it was much difficult to get the all articles

published in various language. We only included the

studies published in English and Chinese. Last, our results

were based on unadjusted published estimates. Because of

data limitations, we were unable to adjust them such as age,

smoking, alcohol consumption et al.

Overall, our results indicated that IVS3 16 bp poly-

morphism may increase risk of developing breast cancer;

and codon 72 homozygous mutants may be associated with

decreased breast cancer risk in India population.
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64. Lång A, Palmebäck Wegman P, Wingren S (2009) The signifi-

cance of MDM2 SNP309 and p53 Arg72Pro in young women

with breast cancer. Oncol Rep 22:575–579

65. Hrstka R, Beranek M, Klocova K, Nenutil R, Vojtesek B (2009)

Intronic polymorphisms in TP53 indicate lymph node metastasis

in breast cancer. Oncol Rep 22:1205–1211

66. Kara N, Karakus N, Ulusoy AN, Ozaslan C, Gungor B, Bagci H

(2010) P53 codon 72 and HER2 codon 655 polymorphisms in

Turkish breast cancer patients. DNA Cell Biol 29:7

67. Ebner F, Schremmer-Danninger E, Rehbock J (2010) The role of

TP53 and p21 gene polymorphisms in breast cancer biology in a

well specified and characterized German cohort. J Cancer Res

Clin Oncol 136:1369–1375
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