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Summary

Codon 72 is a hotspot of polymorphisms in the TP53 gene, which encodes a hub protein in the protein–pro-
tein interaction network of p53. It is thus a central player in the apoptotic pathway, preventing cancer. A
large number of articles have been published exploring its association with an increased susceptibility to most
common cancers. However, these studies have produced inconclusive results, which may be due to their small
sample sizes or study designs. To comprehensively evaluate the potential correlation between the TP53
Pro72Arg polymorphism and cancer risk and to better characterize the Pro72Arg polymorphism, we per-
formed a systematic HuGE review and meta-analysis of candidate studies through online resources, according
to the proposal of MOOSE and the PRISMA statement. The identified articles were carefully examined ac-
cording to the inclusion criteria. Pooled odds ratios were calculated on the basis of different genetic models,
while heterogeneity was assessed through a chi-based Q-test and I2. After applying the inclusion filters, we
obtained a pool of 54 eligible studies, representing 18 718 cases and 21 261 controls. Overall, non-significant
cancer risk was observed in all the genetic models but their observed heterogeneity was extremely significant.
In subgroup analysis, an increased susceptibility was observed in the case of colorectal cancer, while in can-
cers of the female reproductive system, significantly increased risk was detected in all the genetic models ex-
cept the dominant model. In another subgroup analysis, significantly increased cancer risk was observed
among Asians in homozygous and recessive models, while in Americans increased cancer risk was observed
only in dominant and recessive models. No association was observed in the rest of the populations. In con-
clusion, pooled subgroup analysis on the basis of ethnicity proved that the TP53 Arg72Pro polymorphism is
associated with an increased risk of cancer in Asians and Americans only and is not associated in other popu-
lations. It can therefore be concluded that this meta-analysis of available data suggests partial confirmation of
the association between the TP53 Arg72Pro polymorphism and cancer risk susceptibility.

1. Introduction

Cancer, a major threat to humanity, is a multi-
factorial disorder caused by genetic or environmental
factors, or the interactions of these (Bredberg, 2011).
Genetic factors include point mutations or chromoso-
mal aberrations, which can result in the breakdown of
the relevant pathways and can enhance cancer suscep-
tibility (Zhang et al., 2013).

TP53 is a tumor suppressor gene, encoding a tran-
scription factor (hub protein) in the protein–protein
interaction network of p53. It is a central player in

the apoptotic pathway that detects internal and exter-
nal signals and effectors, and induces death in re-
sponse to a number of cellular stresses, thereby
preventing cancer stresses (Vogelstein et al., 2000;
Horn & Vousden, 2007). Unfortunately, >50% of
human cancers show alterations in this genome guard-
ian (Milner & Medcalf, 1991). More than 20 000 dif-
ferent types of alterations in human TP53 have been
observed (Olivier et al., 2002), with the addition of a
number of SNPs that have also been proven to differ-
entially enhance cancer susceptibility in different eth-
nic groups (Packer et al., 2006). They may affect the
function of the TP53 gene product through increased
enigmatic splicing, altering the stability of the down-
stream transcript, enhanced mutability or differential
expression (Lozano & Levine, 1991; Lozano, 1994).
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Codon 72 is a hotspot of polymorphisms in the
TP53 gene. rs1042522 is the most studied SNP at
this codon, encoding an Arg–Pro substitution
(Sprague et al., 2007). Located in the proline-rich re-
gion, it can affect the structure of the SH3-binding do-
main. The gene product with the Arg residue has been
found to be more efficient for apoptotic activity as
compared to the counterpart with the Pro residue at
codon 72. The allelic/variant frequencies of codon 72
differ among different world populations and also
are responsible for differential cancer susceptibility
in these populations (Dumont et al., 2003).

In recent years, a large number of studies have been
published exploring the association of the TP53
Pro72Arg polymorphism and increased susceptibility
to most common cancers, including prostate cancer
(PCa). The results of a single study may be underpow-
ered due to certain reasons and it is clear from the
literature that these studies have reported conflicting
results, which may be due to their small sample sizes
or study design (Yang et al., 2012).To comprehen-
sively evaluate the potential correlation between the
TP53 Pro72Arg polymorphism and cancer risk, and
to further our understanding and to allow for a
more precise characterization of the Pro72Arg poly-
morphism, we designed a systematic HuGE review
and meta-analysis of candidate studies.

2. Materials and methods

This study was undertaken according to the proposal
of MOOSE and the PRISMA statement. We per-
formed a systematic search of the relevant literature
for articles discussing the TP53 codon 72
(rs1042522) polymorphism and its association with
cancer risk. The online resources, including Google
scholar, MEDLINE, PubMed and Embase, were
used with the combination of terms ‘Arg72 or
rs1042522, polymorphism or variant or TP53 or
SNP’ and ‘cancer or carcinoma or adenocarcinoma’
(From 2000 to 2014). The identified full-length articles
were carefully and systematically examined and
retrieved by the co-authors. We only included those
studies that were in agreement with our inclusion cri-
teria in the meta-analysis, namely: (1) the publication
to be included must be a case-control study; (2) the
publication must refer to the association of the TP53
codon 72 polymorphism and cancer risk; (3) the pub-
lication must refer to both the sample sizes of cases
and controls along with distribution of alleles/geno-
types or other necessary information that can help
to infer results; (4) if multiple publications are avail-
able on the same/overlapping data, the publication
with the most recent and largest population will be in-
cluded in the study; and (5) the language of publi-
cation was confined to English only.

The data were extracted independently by all the
authors from the eligible articles, and then the results
were compared. Disagreements, if any, were resolved
by discussion and reasoning, and the following infor-
mation was collected from each study: name of first
author, year of publication, study title, total number
of samples (cases and controls), type of cancer, eth-
nicity and distribution of genotypes in case and con-
trol groups, as shown in Fig. 1 and Table 1.

We performed the meta-analysis according to the
criteria described earlier. Hardy-Weinberg equilib-
rium (HWE) was calculated using Fisher’s exact/
chi-square for each study, and P < 0·05 was considered
statistically significant. We only included those studies
that were in agreement with HWE. The strength of as-
sociation between the TP53 Pro72Arg polymorphism
and cancer risk was assessed through odds ratios
(ORs) along with their 95%CI. Pooled ORs were cal-
culated on the basis of four different genetic models,
including CC vs. GG, CC vs. CG, dominant and re-
cessive models. We further subdivided the association
by analyzing by ethnicity and cancer type. Ethnicity
was classified into Asian, European, American
(North and South), Australian and African popula-
tions. We assessed heterogeneity through chi-based
Q-tests, and P > 0·10 was considered statistically sign-
ificant. In cases lacking heterogeneity among the stu-
dies, the Mantel-Haenszel (fixed effects) model was

Fig. 1. A general flow diagram of study identification
according to MOOSE and PRISMA statement.
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Table 1. Characteristics of case-control studies included in the meta-analysis.

S.
No Authors Population Disease

Cases Controls

No GG GC CC No GG GC CC

1. Boroujeni et al. (2013) Iranian Breast cancer 135 6 102 27 140 21 93 26
2. Boroujeni et al. (2013) Iranian Colorectal cancer 145 18 78 49 140 27 85 28
3. Medrek et al. (2013) Polish Ovarian cancer 626 302 265 59 1045 537 436 72
4. Yoneda et al. (2013) Asian Endometrial cancer 125 52 55 18 200 75 102 23
5. Gallegos-Arreola et al.

(2012)
Mexican Endometrial cancer 151 66 51 34 235 145 71 19

6. Proestling et al. (2012) Caucasians Breast cancer 267 125 123 19 220 125 87 8
7. Sumbul et al. (2012) Caucasians Hepatocellular

carcinoma
119 21 52 46 119 7 63 49

8. Dastjerdi (2011) Iranian Colorectal cancer 250 52 101 97 250 61 113 76
9. Di Vuolo et al. (2011) Italian HCC 61 38 20 3 122 71 42 9
10. Jha et al. (2011) Indian (Asian) Gliomas 84 33 27 24 112 15 70 27
11. Sonoyama et al.

(2011)
Japanese Pancreatic cancer 226 33 110 83 448 46 205 197

12. Yu et al. (2011) Caucasians SCCHN 1083 593 405 85 1090 597 428 65
13. Ghasemi et al. (2010) Asian Endometrial cancer 30 13 15 2 32 7 21 4
14. Naccarati et al. (2010) Caucasians Pancreatic cancer 238 88 131 19 743 369 316 58
15. Ricks-Santi et al.

(2010)
African Prostate cancer 245 37 135 73 178 22 86 70

16. Sameer et al. (2010) Kashmiri
(Asian)

Colorectal cancer 86 10 37 39 160 65 63 32

17. Xu et al. (2010) Asian Prostate cancer 209 39 129 41 268 42 140 86
18. Almeida et al. (2009) Brazilian EABT 90 20 48 22 100 48 42 10
19. Ashton et al. (2009) Caucasians Endometrial cancer 191 101 75 15 290 166 107 17
20. Chang-Claude et al.

(2009)
Germany Breast cancer 127 64 49 14 276 160 96 20

21. Hirata et al. (2009) Asian Prostate cancer 140 45 75 20 167 61 80 26
22. Koshiol et al. (2009) Latin American CIN+ 458 206 191 61 376 182 144 50
23. Mabuchi et al. (2009) Japanese POAG (NTG) 213 92 95 26 189 83 83 23
24. Mabuchi et al. (2009) Japanese POAG (HTG) 212 85 102 25 189 83 83 23
25. Nunobiki et al. (2009) Asian Endometrial cancer 102 44 48 10 95 34 54 7
26. Zubor et al. (2009) Caucasians Endometrial cancer 121 69 44 8 330 200 113 17
27. Costa et al. (2008) Portuguese Sporadic BCa 175 98 61 16 212 124 70 18
28. Costa et al. (2008) Portuguese Familial BCa 73 39 25 9 434 256 142 36
29. Pinto et al. (2008) Southeast Brazil Gliomas 94 53 34 7 100 48 42 10
30. Yoon et al. (2008) Korea HCC 287 66 111 110 296 37 135 124
31. Schmidt et al. (2007) from HaBCS,

Germany
Breast cancer 1043 565 401 77 506 250 217 39

32. Schmidt et al. (2007) from ABCS
Netherlands

Breast cancer 1247 668 477 102 263 141 109 13

33. Schmidt et al. (2007) from BBC, UK Breast cancer 517 285 200 32 585 303 237 45
34. Schmidt et al. (2007) from HeBCS,

Finland
Breast cancer 580 294 235 51 365 198 141 26

35. Schmidt et al. (2007) from SEARCH,
UK

Breast cancer 4858 2687 1915 256 5130 2769 1973 388

36. Samson et al. (2007) Asian Breast cancer 250 66 125 59 500 135 224 141
37. Samson et al. (2007) Asian Breast cancer 250 66 125 59 500 135 224 141
38. Malmer et al. (2007) Nordic-UK Gliomas 636 361 241 34 1461 801 556 104
39. Zhu et al. (2007) Chinese Colorectal cancer 670 105 321 244 345 85 177 83
40. Ezzikouri et al. (2007) Caucasians HCC 96 13 31 52 222 14 79 129
41. Hirata et al. (2007) Asian Prostate cancer 167 56 89 22 167 61 80 26
42. Quinones et al. (2006) Caucasians Prostate cancer 60 22 24 14 117 59 45 13
43. Ueda et al. (2006) Asian Endometrial cancer 108 55 45 8 95 34 54 7
44. Wu et al. (2006) USA Bladder cancer 615 390 186 39 598 390 156 52
45. Leiros et al. (2005) Caucasians Prostate cancer 39 20 17 2 48 23 23 2
46. Niwa et al. (2005) Asian Endometrial cancer 156 53 37 66 442 178 210 54
47. Agorastos et al. (2004) Caucasians Endometrial cancer 56 24 28 4 30 6 19 5
48. Huang et al. (2004) Taiwanese Prostate cancer 200 66 92 42 247 84 109 54
49. Leveri et al. (2004) Caucasians HCC 86 7 33 46 254 19 113 122
50. Wang et al. (2004) Caucasians Gliomas 309 165 126 18 342 194 128 20
51. Wu et al. (2004) Asian Prostate cancer 92 11 61 20 126 43 53 30
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used to calculate the pooled ORs; otherwise, the ran-
dom effects model was used. I2 was also calculated to
quantitatively assess the percentage of variation
among the studies as a result of heterogeneity. The
values were classified into four classes to generalize
the observed heterogeneity, as follows: zero value = no
observed heterogeneity, values > 0425%= low ob-
served heterogeneity, values > 25%450% =moderate
observed heterogeneity, values > 50%475% = high
observed heterogeneity and values > 75% = very
high observed heterogeneity. We confirmed the stab-
ility of the results through the sensitivity analysis,
and we examined publication bias through funnel
plots and qualitatively by Egger’s test. All the statisti-
cal analysis was conducted by using comprehensive
Meta Analysis Software version 2.2·064.

3. Results

After a comprehensive search, we identified a total of
257 publications and reviewed them using the defined
inclusion criteria (Fig. 1). After applying the inclusion
filters we obtained a pool of 54 eligible studies, repre-
senting a total of 18 718 cases and 21 261controls for
the p53 Arg72Pro polymorphism. Some of the in-
cluded articles consist of more than one study; for
these, each study was considered as an independent
data set. The main characteristics of all the included
data sets are listed in Table 1, and Table 2 consists
of the quantitative results of this meta-analysis and
their heterogeneity. As shown in Table 2, the data
sets included different studies from different world
populations, including 24 from Asian, 17 from
European, ten from American (North and South),
one from Australia and two from African
populations.

Overall, non-significantly elevated cancer risk was
found in all the genetic models (CC vs. GG, OR:
1·14, 95%CI: 0·96–1·12, I2 = 77·54, P = 0·000; CC vs.
CG, OR: 1·10, 95%CI: 0·96–1·27, I2 = 70·64,
P = 0·000; dominant, OR: 1·07, 95%CI: 0·97–1·17,
I2 = 69·97, P = 0·000; recessive, OR: 1·13, 95%CI:

0·98–1·30, I2 = 74·85, P = 0·000) but the observed het-
erogeneity was extremely significant in the models. To
further focus our analysis, we stratified the data into
subgroups on the basis of cancer types and popu-
lation/ethnicity. An increased susceptibility was
observed in the results of all genetic models in the
case of colorectal cancer (CC vs. GG, OR: 2·73,
95%CI: 1·54–4·84, I2 = 75·19, P = 0·007; CC vs. CG,
OR: 1·65, 95%CI: 1·34–2·04, I2 = 0·00, P = 0·731;
dominant, OR: 1·95, 95%CI: 1·20–3·15, I2 = 73·36,
P = 0·010; recessive, OR: 1·93, 95%CI: 1·44–2·59,
I2 = 48·02, P = 0·123), while in cancers of the female
reproductive system, significantly increased risk was
detected in all the genetic models except the dominant
model (CC vs. GG, OR: 1·61, 95%CI: 1·33–1·95,
I2 = 75·09, P = 0·000; CC vs. CG, OR: 1·65, 95%CI:
1·36–2·01, I2 = 77·99, P = 0·000; recessive: OR: 1·71,
95%CI: 1·42–2·04, I2 = 79·19, P = 0·000). In the case
of pancreatic cancer, only the dominant model (OR:
1·30, 95%CI: 1·01–1·67, I2 = 90·21, P = 0·001) was
found to be associated with increased risk, while no
association/significant association was observed for
the rest of the cancer types included in the study.

In the subgroup analysis on the basis of ethnicity,
significantly increased cancer risk was observed
among Asians in CC vs. GG (OR: 1·14, 95%CI:
1·03–1·26, I2 = 78·73, P = 0·000) and recessive models
(CC vs. GG+CG, OR: 1·17, 95%CI: 1·06–1·29,
I2 = 83·07, P = 0·000), while in Americans significantly
increased cancer risk was observed in dominant (OR:
1·33, 95%CI: 1·06–1·68, I2 = 74·82, P = 0·000) and re-
cessive models (OR: 1·22, 95%CI: 1·01–1·46,
I2 = 72·78, P = 0·000). No association was observed
in rest of the populations (Table 2).

(i) Publication bias and sensitivity analysis

Publication bias was assessed both through the visual
inspection of the funnel plots symmetry and the stat-
istical evidence of the Begg’s and Mazumdar’s rank
correlation test and Egger’s linear regression method
(CC vs. GG, Kendall’s tau = 0·015, two tailed

Table 1. (Cont.)

S.
No Authors Population Disease

Cases Controls

No GG GC CC No GG GC CC

52. Anzola et al. (2003) Caucasians HCC 97 4 47 46 111 4 42 65
53. Suzuki et al. (2003) Asian Prostate cancer 114 48 46 20 105 41 57 7
54. Henner et al. (2001) Caucasians Prostate cancer 109 66 41 2 146 93 38 15

ABCS, Amsterdam Breast Cancer Study, Netherlands; BBC, British Breast Cancer, London, UK; CIN, cervical intraepithe-
lial neoplasia; EABT, extra-axial brain tumour; Familial BCa, familial breast cancer; HaBCS, Hannover Breast Cancer
Study, Germany; HCC, hepatocellular carcinoma; HeBCS, Helsinki Breast Cancer Study, Finland; SCCHN, squamous
cell cancer of the head and neck; SEARCH, Study of Epidemiology & Risk Factors in Cancer Heredity, Cambridge, UK;
Sporadic BCa, sporadic breast cancer.
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Table 2. Pooled analysis of association of P72R (rs1042522) polymorphism and cancer risk.

Total

No. Case/control

CC vs. GG CC vs. CG Dominant Recessive

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

54 18 718/21 261
1·14 (0·96–1·12)
I2 = 77·15, P = 0·000

1·10 (0·96–1·27)
I2 = 70·64, P = 0·000

1·07 (0·97–1·17)
I2 = 69·97, P = 0·000

1·13 (0·98–1·30)
I2 = 74·85, P = 0·000

Cancer type

Cancer of the female reproductive system 11 2124/3170 1·61 (1·33–1·95)
I2 = 75·09, P = 0·000

1·65 (1·36–2·01)
I2 = 77·99, P = 0·000

1·02 (0·82–1·26)
I2 = 64·88, P = 0·000

1·71 (1·42–2·04)
I2 = 79·19, P = 0·000

Urologic cancers 11 1990/2167 0·99 (0·69–1·43)
I2 = 62·36, P = 0·003

0·79 (0·57–1·09)
I2 = 60·67, P = 0·005

1·13 (0·93–1·37)
I2 = 42·22, P = 0·068

0·87 (0·64–1·17)
I2 = 60·86, P = 0·004

Breast cancer 12 9522/9131 1·12 (0·87–1·45)
I2 = 67·87, P = 0·000

0·96 (0·79–1·197)
I2 = 48·28, P = 0·031

1·05 (0·94–1·18)
I2 = 51·26, P = 0·020

1·04 (0·84–1·28)
I2 = 59·91, P = 0·004

Brain cancer 5 1213/2115 0·99 (0·48–2·01)
I2 = 79·83, P = 0·001

1·18 (0·73–1·90)
I2 = 57·47, P = 0·052

0·92 (0·55–1·53)
I2 = 87·42, P = 0·000

1·11 (0·70–1·76)
I2 = 59·21, P = 0·044

Head and neck cancers 1 1083/1090 1·32 (0·94–1·85)
I2 = 0·000, P = 1·000

1·38 (0·97–1·96)
I2 = 0·000, P = 1·000

1·0 (0·85–1·19)
I2 = 0·000, P = 1·000

1·34 (0·96–1·88)
I2 = 0·000, P = 1·000

Pancreatic cancer 2 464/1191 0·89 (0·39–2·05)
I2 = 78·79, P = 0·030

0·79 (0·59–1·05)
I2 = 0·000, P = 0·99

1·30 (1·01–1·67)
I2 = 90·21, P = 0·001

0·81 (0·61–1·07)
I2 = 2·20, P = 0·31

Colorectal cancer 4 1151/895 2·73 (1·54–4·84)
I2 = 75·19, P = 0·007

1·65 (1·34–2·04)
I2 = 0·000, P = 0·731

1·95 (1·20–3·15)
I2 = 73·36, P = 0·010

1·93 (1·44–2·59)
I2 = 48·02, P = 0·123

Hepatocellular carcinoma 6 746/1124 0·52 (0·37–0·72)
I2 = 0·000, P = 0. 607

1·02 (0·83–1·26)
I2 = 0·000, P = 0. 534

0·55 (0·41–0·73)
I2 = 17·23, P = 0·302

0·88 (0·72–1·07)
I2 = 0·000, P = 0·628

Optic glaucoma 2 425/378 1·04 (0·66–1·63)
I2 = 0·000, P = 0·931

0·94 (0·60–1·47)
I2 = 0·000, P = 0·810

1·10 (0·83–1·45)
I2 = 0·000, P = 0·66

0·98 (0·64–1·51)
I2 = 0·000, P = 0·93

Ethnicity/populations

Asian 24 4370/5332 1·17 (0·86–1·59)
I2 = 81·85, P = 0·000

1·14 (1·03–1·26)
I2 = 78·73, P = 0·000

1·01 (0·82–1·26)
I2 = 78·24, P = 0·000

1·17 (1·06–1·29)
I2 = 83·07, P = 0·000

European 17 10 808/12 087 1·07 (0·86–1·35)
I2 = 62·24, P = 0·000

1·00 (0·83–1·20)
I2 = 48·32, P = 0·014

1·05 (0·95–1·17)
I2 = 52·93, P = 0·005

1·03 (0·85–1·26)
I2 = 58·68, P = 0·001

American (North and South) 10 3008/3152 1·36 (0·87–2·013)
I2 = 77·03, P = 0·000

1·10 (0·76–1·60)
I2 = 64·31, P = 0·003

1·33 (1·06–1·68)
I2 = 74·82, P = 0·000

1·22 (1·01–1·46)
I2 = 72·78, P = 0·000

Australian 1 191/290 1·45 (0·69–3·03)
I2 = 0·000, P = 1·000

1·26 (0·59–2·68)
I2 = 0·000, P = 1·000

1·19 (0·83–1·72)
I2 = 0·000, P = 1·000

1·37 (0·67–2·81)
I2 = 0·000, P = 1·000

African 2 341/400 0·55 (0·33–0·89)
I2 = 0·000, P = 0·497

0·80 (0·53–1·23)
I2 = 37·40, P = 0·206

0·62 (0·35–1·12)
I2 = 33·63, P = 0·220

0·73 (0·54–1·0)
I2 = 0·000, P = 0·413

CI, confidence intervals, I2, percentage of variation across studies as a result of heterogeneity; OR, odds ratio.
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P = 0·86; Egger: bias = 0·93 [95% CI: -0·28–2·14], two
tailed P = 0·05; CC vs. CG, Kendall’s tau = 0·1, two
tailed P = 0·3; Egger: bias = 1·11 [95%CI: -0·02–2·24],
two tailed P = 0·053; dominant, Kendall’s tau =-
−0·07, two tailed P = 0·42; Egger: bias = 0·36 [95%
CI: -0·52–1·26], two tailed P = 0·41; recessive,
Kendall’s tau = 0·1, two tailed P = 0·30; Egger: bias =
1·08 [95%CI: -0·14–2·31], two tailed P = 0·08).

4. Discussion

We explored the association of the TP53 P72R poly-
morphism and increased cancer susceptibility in this
study, including 54 eligible case-control studies repre-
senting 18 718 cases and 21 261 controls. We observed
that the presence of the TP53 P72R polymorphism
showed no association with increased cancer suscepti-
bility in the overall pooled analysis, while in the sub-
group analysis, the cancer risk was significantly
pronounced in colorectal cancer and cancers of the fe-
male reproductive system. However, no significant as-
sociation of the polymorphism was observed in the
rest of the cases.

TP53 is one of the most widely explored genes be-
cause of its role as a tumor suppressor, playing a
major role both in cancer development and pro-
gression. There were many epidemiological studies
available on its genetic association, expounding the
correlation of the TP53 P72R polymorphism and
increased cancer risk, but their results were contro-
versial (Anzola et al., 2003; Yoon et al., 2008; Di
Vuolo et al., 2011; Sumbul et al., 2012). The conflict-
ing results may partially be due to the small sample
sizes of the studies and sampling effects, because
each of these studies typically involved relatively few
cases and controls.

(i) Hepatocellular carcinoma

Chen et al. (2011) studied the correlation of the TP53
R72P polymorphism and hepatocellular carcinoma
(HCC) risk, including six studies. They were unable
to provide any evidence of an association in
Caucasians and Asians. Similar results were published
in another study by Xu et al. (2012) based on ten case-
control studies with a total of 2026 cases and 2733
controls. In subgroup analyses stratified on the basis
of ethnicity, they showed that the polymorphism was
associated with increased risk of HCC in Caucasians
under the allelic contrast model (C vs. G, OR: 1·20,
95%CI: 1·03–1·41), homozygous model (CC vs. GG,
OR: 1·74, 95%CI: 1·23–2·47) and recessive model
(CC vs. CG+GG, OR: 1·85, 95%CI: 1·33–2·57).
They further reported that the TP53 Arg72Pro poly-
morphism may have a race-specific effect on HCC
risk. Lv et al. (2013) performed another meta-analysis

on the same topic, including 11 case-control studies
with a total of 2718 cases and 3752 controls.
Overall, significantly increased risk of HCC was iden-
tified among carriers of the homozygous genotype CC
vs. GG (OR: 1·38, 95%CI: 1·03–1·85) and recessive
model (CC vs. CG+GG, OR: 1·28, 95%CI: 1·03–
1·59). In the subgroup analysis, on the basis of eth-
nicity, increased risk of HCC was observed in their
results in Asians and Caucasians. In Asians, associ-
ation was observed in the recessive model (CC vs.
GG+CG, OR: 1·17, 95%CI: 1·02–1·34), while in
Caucasians association was observed in the homo-
zygous model (CC vs. GG, OR: 1·65, 95%CI: 1·07–
2·56) and recessive model (CC vs. CG+GG, OR:
1·74, 95%CI: 1·14–2·66). This meta-analysis suggests
that the TP53 Arg72Pro polymorphism may play a
critical role in HCC development, and gender and
family history may not modulate the effect of this
polymorphism on HCC risk. Hu et al. (2014) also
examined the validity of the TP53 Arg72Pro poly-
morphism and its association with increased suscepti-
bility of HCC. They identified 15 eligible studies with
3704 cases and 4559 controls, but their results did not
support any association in between the Pro (C) allele
and HCC risk. However, subgroup analysis showed
significant associations between the G to C poly-
morphism and susceptibility to HCC when stratifying
by race etc. In Asians, G vs. C, OR: 0·39, 95%CI:
0·36–0·41; GG vs. CC, OR: 0·85, 95%CI: 0·74–0·98;
CG vs. CC, OR: 0·88, 95%CI: 0·78–1·00; GG+CG
vs. CC, OR: 0·87, 95%CI: 0·78–0·98; in the
Caucasian population, C vs. G, OR: 0·27, 95%CI:
0·24–0·32; GG vs. CC, OR: 0·61, 95%CI: 0·39–0·94;
CG vs. CC, OR: 0·55, 95%CI; 0·35–0·87; GG+CG
vs. CC, OR: 0·57, 95%CI; 0·38–0·88. This
meta-analysis suggests that the TP53 Arg72Pro poly-
morphism may be associated with increased risk of
HCC, especially in subgroup analysis of Asian and
Caucasian populations.

(ii) Sarcoma

Chang and Yu (2014) designed a study to examine the
association between the p53 codon 72 polymorphism
and sarcoma risk among Caucasians. Their results
did not provide any statistical evidence for significant
sarcoma risk associated with the TP53 codon 72 poly-
morphism (G vs. C, OR: 1·03, 95%CI: 0·90–1·18; GG
vs. CC, OR: 1·00, 95%CI: 0·80–1·26; GG+CG vs. CC,
OR: 0·99, 95%CI; 0·83–1·19; GG vs. CG+CC, OR:
1·09, 95%CI: 0·89–1·35; CG vs. CC, OR: 0·95, 95%
CI: 0·71–1·27). They also did not find any significant
links in the subgroup analysis on the basis of ethnicity
and sarcoma type. Their results therefore suggest that
the TP53 codon 72 polymorphism may not play a role
in sarcoma development in the Caucasian population.
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(iii) Glioma

He et al. (2013) performed a meta-analysis on the as-
sociation between the TP53 codon 72 polymorphism
and glioma risk, but no pronounced association was
observed in their overall pooled analysis (C vs. G,
OR: 1·04, 95%CI: 0·90–1·20; CC vs. GG, OR: 0·95,
95%CI: 0·80–1·14; CG vs. GG, OR: 1·01, 95%CI:
0·79–1·29; CG+CC vs. GG, OR: 1·03, 95%CI: 0·82–
1·29; CC vs. GG+CG, OR: 1·02, 95%CI: 0·86–1·22).
In subgroup analysis, the polymorphism was again
proven to have no affect on glioma risk in population-
based, hospital-based, astrocytoma and oligodendro-
glioma studies among Caucasians. Similar results
were also produced by other researchers (Zhu et al.,
2014) in their study, performed on similar disorders
(the allele contrast, OR: 1·04, 95%CI: 0·94–1·16; CC
vs. GG, OR: 1·01, 95%CI: 0·83–1·22; the dominant
model, OR: 1·02, 95%CI; 0·93–1·12; recessive model,
OR: 1·06, 95%CI: 0·88–1·28; and the heterozygote
genotypes: CG vs. GG, OR: 1·03, 95%CI: 0·90–1·17,
P = 0·082). In the subgroup analysis stratified by eth-
nicity, neither the subjects of Asian descent nor the
subjects of Caucasian descent showed any effect on
glioma risk. Another meta-analysis of the same dis-
order and same polymorphism also showed that
there is no association between the TP53 Arg72Pro
polymorphism and increased risk of glioma (C vs.
G, OR: 1·02, 95%CI: 0·85–1·22; CC vs. GG, OR:
1·06, 95%CI: 0·85–1·34; CC+CG vs. GG, OR: 1·07,
95%CI: 0·91–1·27), and the same results were again
observed in the subgroup analysis by ethnicity es-
pecially in Caucasians. However, a slight association
was recorded in the case of Asians (OR: 1·42, 95%
CI: 1·00–2·02) (Zhang et al., 2014). It can therefore
be inferred that there is limited available evidence
for an association between the TP53 codon 72 poly-
morphism and glioma risk and thus more comprehen-
sive and systematic studies are needed to provide a
more comprehensive evaluation of this polymorphism
in Asians.

(iv) Urologic cancers

Li et al. (2010) investigated bladder cancer in their
meta-analysis performed with six studies, and found
that the patients had a comparatively lower frequency
of CG genotypes (OR: 0·80, 95%CI: 0·64–0·99). In the
subgroup analysis, Caucasian patients were found to
have a higher frequency of GG (OR: 1·64, 95%CI:
1·18–2·28) than CG (OR: 0·62, 95%CI: 0·44–0·86).
In another subgroup analysis on the basis of cancer
stage, they further observed that the invasive bladder
cancers had comparatively lower frequency of GG
(OR: 0·58, 95%CI: 0·36–0·93) and higher frequency
of CG (OR: 0·62, 95%CI: 0·44–0·86) than the non-
invasive bladder cancers. On the basis of these results

they suggested that the TP53 Arg72Pro polymorphism
is significantly associated with bladder cancer and its
genotypic distribution varies with the cancer stage.
Another group of researchers determined more pre-
cisely the relationship between the p53 Arg72Pro
polymorphism and PCa risk. Their analysis was
based on 17 case-control studies involving 2371 PCa
cases and 2854 controls. In the overall pooled analy-
sis, their results showed a non-significant association
between the TP53 Arg72Pro polymorphism and PCa
risk in all genetic models. However, significant associ-
ation was observed in Caucasians in the co-dominant
(OR: 1·57, 95%CI: 1·08–2·28, P = 0·017) and recessive
model (CC vs. CG+GG, OR: 1·60, 95%CI: 1·12–2·27,
P = 0·009) when the included studies were limited only
to those conforming the Hardy-Weinberg equilibrium
(Lu et al., 2014). It was therefore concluded that the
CC genotype of the TP53 Arg72Pro polymorphism
is significantly associated with increased risk of PCa
in Caucasians.

(v) Cancers of the female reproductive system

Tang et al. (2012) performed a meta-analysis to esti-
mate any possible correlation between the TP53
Arg72Pro polymorphism and endometrial cancer.
Nine published studies, with a total of 829 cases and
1387 controls, were included in the study. Their over-
all pooled results suggested a non-significant associ-
ation between the TP53 Arg72Pro polymorphism
and cancer risk, especially in Caucasians and Asians
in any of the genetic models (additive model, OR:
1·027, 95%CI: 0·893–1·18, P = 0·71; recessive model,
OR: 1·099, 95%CI: 0·802–1·507, P = 0·556; dominant
model, OR: 1·013, 95%CI: 0·842–1·219, P = 0·89). A
recent study performed by Alqumber et al. (2014)
investigated the association between the TP53
Arg72Pro polymorphism and susceptibility to ovarian
cancer. The meta-analysis, which was based on 12 stu-
dies including 993 cases and 1264 controls, showed
non-significant association (C vs. G, OR: 0·980, 95%
CI: 0·677–1·419; CC vs. GG, OR: 0·731, 95%CI:
0·341–1·564; CG vs. GG, OR: 1·237, 95%CI: 0·862–
1·773; dominant model, OR: 1·089, 95%CI:
0·706–1·681; recessive model, OR: 0·754, 95%CI:
0·428–1·329). Similar results were recorded in the sub-
group analysis stratified by ethnicity in the Caucasian
population.

There are many studies available investigating the
association of the TP53 Arg72Pro polymorphism
and the risk of other cancers. Dai et al. (2009) sug-
gested in their meta-analysis performed on 32 case-
control studies that the Pro allele of the TP53
Arg72Pro polymorphism was emerging as a low-
penetrance susceptibility allele for the development
of lung cancer. Zhou et al. (2007) observed that the
TP53 Arg72Pro polymorphism was significantly

Correlation of p53 polymorphism and cancer risk 7

https://doi.org/10.1017/S0016672315000075 Published online by Cambridge University Press

https://doi.org/10.1017/S0016672315000075


associated with gastric cancer among Asians. They
also suggested that variations in genotype distribution
may be due to location, stage and histological differ-
entiation. Similar results were produced in another
study conducted on cervical cancer. The researchers
found that the TP53 GG genotype at codon 72 did
not seem to represent a risk marker for the develop-
ment of cervical lesions in the majority of the
European countries studied (Sousa et al., 2007).

We tried our best to include the most recent publi-
cations in our study. Our results are consistent with
those of Zhang et al. (2011), who also observed non-
significant association between the TP53 Pro72Arg
polymorphism and overall PCa risk (allelic contrast,
RR: 1·02, 95%CI: 0·96–1·09; homozygous model, RR:
1·12, 95%CI: 0·74–1·70; heterozygous model, RR:
1·22, 95%CI: 0·94–1·60; dominant model, RR: 1·05,
95%CI: 1·00–1·11; recessive model, RR: 0·96, 95%
CI: 0·67–1·37). They also found the same results in a
stratified analysis in all genotype models by ethnicity.
Moreover, no associations of the TP53 Arg72Pro
polymorphism with colorectal cancer (Dahabreh
et al., 2010) and breast cancer (Ma et al., 2010) risk
were observed.

The limitations of our meta-analysis include the fol-
lowing: (1) Some of the included studies have rather
small sample sizes, which were technically not satis-
factory to determine any possible association in be-
tween the TP53 Arg72Pro polymorphism and cancer
risk; (2) cancer being a multi-factorial, complex dis-
ease, different interactions such as gene–gene, gene–
environment and protein–protein interactions may
be further evaluated to better understand the complex-
ities in depth; and (3) the majority of the literature is
focused on the association between the TP53
Arg72pro polymorphism and cancer risk, which are
usually not concerned with the haplotype effects on
cancer development.

In the present meta-analysis, there were 24 studies
from Asians, 17 from Europe, ten from America
(North and South), two from Africa and one from
Australia. Pooled subgroup analysis on the basis of
ethnicity showed that the TP53Arg72Pro polymorph-
ism is associated with increased risk of cancer only in
Asians and Americans but not in other populations.
On the basis of our results, it can be inferred that
this association is still vague in different populations,
and so more studies with larger sample sizes are
needed for more systematic and comprehensive assess-
ment, especially in Asians. It can therefore be con-
cluded that, this meta-analysis of available data
suggests partial confirmation of the association be-
tween the TP53 Arg72Pro polymorphism and cancer
risk susceptibility.
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