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INTRODUCTION

Cancer has become an important challenge to public 
health. According to the GLOBOCAN 2012, approximately 
14.1 million new cancer cases and 8.2 million cancer deaths 
were reported worldwide [1]. High frequency of TP53 
mutations was found in many types of human cancer [2]. 
The protein product-p53, comprised of 394 amino acid 
residues, is a versatile protein involved in genome stability, 
DNA repair, apoptosis, cell cycle arrest and senescence [3]. 
Over-expressing of p53 alone was sufficient to shrink the 
tumor volume in mice [4, 5]. 

In the past decades, many researches focused on 
the p53 coding sequence (CDS) mutations, especially Li-
Fraumeni mutations, which resulted in mutant p53 proteins 
that lacked normal functions and conferred oncogenic 
properties [6]. The function studies indicated that the p53 
protein variant (72Pro/Pro) was likely to induce apoptosis 
with decreased kinetics, when compared with wild-type P53 
(72Arg/Arg) [7]. But mouse models demonstrated that some 
genetic variations in TP53 enhancing oncogenic potential 
could not be simply attributed to defection of p53 CDS [8, 9].

Recently, numerous next-generation sequencing data 
of paired tumor-normal genomes revealed several striking 
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ABSTRACT
Polymorphisms in TP53 are involved in the progression of different types of 

cancer. A rare novel TP53 variant (rs78378222 A > C allele) was found via whole-
genome sequencing in 2011. This variant was shown to significantly increase the 
risk of glioma, colorectal adenoma and prostate cancer. Functional analysis further 
revealed that this variant hindered TP53 expression and its downstream effect on 
apoptosis. Several studies have investigated the relationship between rs78378222 
and cancer susceptibility. However, the results were not consistent. We conducted the 
first meta-analysis to give a more credible assessment on the association about this 
variant and cancer risk. Our meta-analysis included 34 studies consisting of 36599 
cases and 91272 controls. These studies were mostly on the basis of high-grade data 
from Genome-wide association studies (GWASs). The results indicated that TP53 
rs78378222 was significantly associated with an increased risk of overall cancer 
(AC vs. AA: OR = 1.511, 95% CI = 1.285–1.777). Furthermore, stratified analyses 
indicated that rs78378222 increased the risk of nervous system cancer, skin cancer 
and other cancer. To summarize, this meta-analysis suggested that rs78378222 C 
allele is a potent risk factor for overall cancer.
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rare mutations [10, 11]. It was found that rare variants 
had a more important functional effect than common 
variants [12,  13]. They might contribute to the inherited 
predisposition to cancer [14]. A GWAS reported a novel rare 
variant (rs78378222 A > C) in the polyadenylation signal 
sequence of TP53, which was associated with increased 
risk of several cancers [15]. The A-to-C transition leads 
to the change from AATAAA polyadenylation signal to 
AATACA. It causes the formation of a impaired TP53 3′-
end processing, thereby decreasing TP53 expression levels 
(P = 0.041) [15]. Moreover, this variant also hinders the p53-
induced apoptosis [3].

In the GWAS containing 16 million SNPs identified 
from whole-genome sequencing, authors found the strongest 
signal from rs78378222 (OR = 2.36, P = 5.2 × 10–17) [15]. 
This A-to-C polymorphism significantly increased the risk 
of prostate cancer, glioma and colorectal adenoma among 
Caucasians in European and the United States [15]. Since 
then, many investigations were conducted to assess the 
association between rs78378222 polymorphism and 
cancer susceptibility. But the results were inconclusive, 
especially by ethnicity and the types of cancer. Guan et al. 
conducted a mini meta-analysis on the association between 
rs78378222 and overall cancer risk, but included only 11 
studies and analyzed simply [16]. To provide a precise 
evaluation of the association of interest, we performed this 
comprehensive meta-analysis via including all the eligible 
studies.

RESULTS

Study characteristics

We retrieved the literatures from PubMed and 
EMBASE using the search terms described in methods 
section without language restriction. We first excluded 
189 publications not concerning the TP53 polymorphism 
and cancer after a title and abstract screening. Then the 
remaining 21 articles were carefully full-text reviewed. 
As a result, 15 publications were further removed for 
the following reasons:1 study was duplicated with study 
included in the meta-analysis; 5 were case only studies;7 
had no adequate data to calculate OR and 95% CI; 2 were 
meta-analysis. Finally, only 6 studies were included in the 
final analysis (Figure 1) [15–20]. Moreover, we retrieved 
34 separated investigations from 4 studies [15–18]. After 
all the steps of literature review, 34 studies including 36599 
cases and 91,272 controls were ultimately included in our 
meta-analysis (Table 1). Among them, there were 8 studies 
on digestive system cancer, 5 on nervous system cancer, 8 
on skin cancer, 5 on gynecologic cancer, 8 on other cancer. 
Moreover, 6 studies were considered as low quality (quality 
score < 10), and 28 studies were considered as high quality 
(quality score ≥ 10). In the included studies, all the cancer 
cases were histologically confirmed, and controls were 
matched to cases by sex, age and ethnicity in 24 studies. 

Figure 1: Flowchart of included studies for the meta-analysis of the association between TP53 rs78378222 polymorphism 
and overall cancer risk.
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Table 1: Characteristics of the 34 studies included in this meta-analysis for the association between 
rs78378222 and cancer risk

Surname Year Country Ethnicity
Cancer 

type
Control 
source

Genotyping 
methods

Cases Controls MAF(T) Score HWE

Rao 2014 India Indian
Oral 
cancer

PB PCR-RFLP 96 504 0.000 6 /

Rao 2014 India Indian
Cervical 
cancer

PB PCR-RFLP 108 504 0.000 6 /

Rao 2014 India Indian
Breast 
cancer

PB PCR-RFLP 235 504 0.000 6 /

Diskin 2014 USA Caucasion
Neurob 
lastoma

HB microarray 2,436 4,955 0.011 7 0.42 

Diskin 2014 USA African
Neurob 
lastoma

HB microarray 365 2,491 0.002 7 0.92 

Guan 2013 USA Caucasian melanoma HB
Taqman 
assay

1,329 1,298 0.013 11 0.64 

Guan 2013 USA Caucasian SCCHN HB
Taqman 
assay

1,096 1,086 0.014 11 0.63 

Guan 2013 USA Caucasian
lung 
cancer

HB
Taqman 
assay

1,013 1,074 0.012 11 0.69 

Egan 2012 USA Caucasian glioma PB
Taqman 
assay

566 603 0.011 10 0.79 

Zhou 2012 China Asian
esophageal 
carcinoma

PB PCR-RFLP 405 810 0.010 8 0.78 

Stacey 2011 Iceland Caucasian BCC PB PCR-RFLP 2,857 43,909 0.019 12 /

Stacey 2011 Denmark Caucasian BCC PB PCR-RFLP 308 3,441 0.017 12 0.31 

Stacey 2011
Eastern 
Europe

Caucasian BCC PB PCR-RFLP 526 532 0.007 12 0.88 

Stacey 2011 Spain Caucasian BCC PB microarray 628 3,928 0.005 12 0.77 

Stacey 2011 Iceland Caucasian
Prostate 
cancer

PB microarray 3,306 43,531 0.019 12 /

Stacey 2011
Nether 
lands

Caucasian
Prostate 
cancer

PB
Taqman 
assay

1,085 1,796 0.015 12 0.53 

Stacey 2011 UK Caucasian
Prostate 
cancer

HB
Taqman 
assay

521 1,407 0.014 11 0.60 

Stacey 2011 Romania Caucasian
Prostate 
cancer

PB
Taqman 
assay

639 815 0.008 12 0.82 

Stacey 2011 USA Caucasian
Prostate 
cancer

HB
Taqman 
assay

1,454 1,293 0.007 11 0.80 

Stacey 2011 Spain Caucasian
Prostate 
cancer

PB PCR-RFLP 785 1,787 0.003 12 0.91 

Stacey 2011 Iceland Caucasian Glioma PB
Illumina snp 
chip

207 45,081 0.019 12 /

Stacey 2011 USA Caucasian Glioma HB
Illumina snp 
chip

1,188 856 0.011 11 0.74 

Stacey 2011 Iceland Caucasian
Colorectal 
adenoma

PB
Illumina snp 
chip

4,095 43,222 0.019 12 /

Stacey 2011
Nether 
lands

Caucasian
Colorectal 
cancer

PB
Illumina snp 
chip

464 1,796 0.015 12 0.53 
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Quantitative synthesis

We only performed the pooled analysis under the 
heterozygous model (AC vs. AA). Since TP53 rs78378222 
variant homozygotes (CC) were very rare in cases and 
controls, we were not able to calculate risk estimates under 
the homozygous (CC vs. AA), dominant (AC/CC vs. AA), 
and recessive (CC vs. AC/AA) models. Pooled risk estimates 
revealed a statistically significant association between TP53 
rs78378222 and overall cancer risk (AC vs. AA: OR = 1.511, 
95% CI = 1.285–1.777, P < 0.001) (Figure 2). The stratified 
analysis by cancer type revealed that TP53 rs78378222 C 
allele was significantly associated with an increased risk of 
nervous system cancer (OR = 2.567, 95% CI = 2.046-3.222, 
P < 0.001), skin cancer (OR = 1.424, 95% CI = 1.002–2.025, 
P = 0.049), and other cancer (OR = 1.422, 95% CI = 1.176–
1.721, P < 0.001) (Figure 3). Furthermore, in the stratified 
analysis by ethnicity, a statistically significant association 
was observed among Caucasians (OR = 1.438, 95% CI = 
1.223–1.690, P < 0.001). Although increased cancer risk 
was observed among Africans and Asians, both subgroups 
only included one study. Thus the significance of association 
between rs78378222 and cancer risk among Africans and 
Asians was needed further validation in large well-designed 
studies. We also conducted the stratified analysis by source 
of control. Risk estimates showed a statistically significant 
association in the PB subgroup (OR = 1.497, 95% CI = 
1.253–1.789, P < 0.001) but not in HB group (OR = 1.540, 
95% CI = 0.992–2.393, P = 0.054] (Figure 4). At last, when 
these studies were stratified by quality score, a increased 
cancer risk associated with TP53 rs78378222 polymorphism 
was observed in both high quality (OR = 1.406, 95% CI 
1.192–1.658, P < 0.001) and low quality group (OR = 2.949, 
95% CI = 1.839–4.728, P < 0.001) (Table 2).

Q test and I 2 statistic were applied to evaluate 
the between-study heterogeneity. There was significant 
heterogeneity observed in the overall analysis (P < 0.001, 
I 2 = 79.5%). Therefore, the random-effects model was 
selected since it generated wider CIs while calculating risk 
estimates. We conducted meta-regression to explore the 
source of heterogeneity by cancer type, ethnicity, source of 
control, and study quality. As shown in Table 3, the ethnicity 
significantly contributed to heterogeneity (P = 0.004), but not 
cancer type (P = 0.553) and source of controls (P = 0.639) in 
this meta-analysis.

Sensitivity analysis

To evaluate the influence of individual study on the 
pooled ORs, we excluded one study at each time, then 
recalculated ORs and 95% CIs. As a result, we found that 
none of single study substantially changed the corresponding 
pooled ORs and 95% CIs (Figure 5). The sensitivity analysis 
indicated that our analysis was statistically robust.

Publication bias

The Begg’s funnel plot was performed to examine 
the publication bias in the meta-analysis (Figures 6–7). 
The shape of the funnel plots appeared to relatively 
symmetrical. However, there was evidence of significant 
publication bias as indicated by Begg’s and Egger’s linear 
regression test (P = 0.049). Interestingly, publication bias 
disappeared (P = 0.072) when we dropped the low quality 
studies. These results suggested that the publication bias 
might be, in part, caused by those studies with poor 
genotyping method or selectively reported positive 
results.

Stacey 2011 Spain Caucasian
Colorectal 
cancer

PB
Illumina snp 
chip

184 1,940 0.003 12 0.89 

Stacey 2011 Sweden Caucasian
Colorectal 
cancer

PB
Illumina snp 
chip

1,781 1,737 0.019 12 0.42 

Stacey 2011 USA Caucasian
Colon 
cancer

PB
Illumina snp 
chip

475 807 0.004 12 0.90 

Stacey 2011 USA Caucasian
Rectal 
cancer

PB
Illumina snp 
chip

942 922 0.013 12 0.69 

Stacey 2011 Iceland Caucasian
Breast 
cancer

PB
Illumina snp 
chip

3,253 39,261 0.019 12 /

Stacey 2011
Nether 
lands

Caucasian
Breast 
cancer

PB
Illumina snp 
chip

725 1,794 0.015 12 0.53 

Stacey 2011 Spain Caucasian
Breast 
cancer

PB
Illumina snp 
chip

1,007 1,940 0.003 12 0.89 

Stacey 2011 Iceland Caucasian Melanoma PB
Illumina snp 
chip

724 41,073 0.019 12 /

Stacey 2011
Nether 
lands

Caucasian Melanoma PB
Illumina snp 
chip

683 1,796 0.015 12 0.53 

Stacey 2011 Spain Caucasian melanoma PB
Illumina snp 
chip

1,113 3,775 0.005 12 0.78 
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Figure 2: Forest plot of the association between TP53 rs78378222 and cancer risk under heterozygous model (AC 
vs. AA). The estimation of OR and 95% CI of each study is plotted by a box and a horizontal line. ◊, pooled ORs and the corresponding  
95% CIs.

Figure 3: Forest plot of the association between TP53 rs78378222 and cancer risk which is straitified by the type of 
cancer. The estimation of OR and 95% CI of each study is plotted by a box and a horizontal line. ◊, pooled ORs and the corresponding 
95% CIs.
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DISCUSSION

This meta-analysis indicated that TP53 rs78378222 
polymorphism was significantly associated with overall 
cancer susceptibility. Furthermore, stratification analysis 
by ethnicity suggested that the AC genotype of rs78378222 
conferred cancer susceptibility among Caucasians, Africans, 
and Asians. Moreover, while stratified analysis were carried 
out by cancer type, source of controls, and quality score, 
significant association were identified in nervous system 
cancer and other cancer subgroup, HB subgroup, high score 
and low score subgroup. To the best of our knowledge, 

this is the first meta-analysis to evaluate the association 
between TP53 rare variant-rs78378222 and overall cancer 
susceptibility, and the sample size of the meta-analysis was 
relatively large. with a total of 127,871 subjects.

The TP53 gene is composed of 11 exons and 10 
introns, encoding tumor suppressor protein p53. While 
DNA damage occurs, p53 is involved in determining to 
repair the damaged DNA or initiate apoptosis. It inhibits cell 
proliferation via keeping cells from excessively dividing 
and growing. Numerous evidence substantiated that 
inherited variants in the TP53 gene notably increased the 
risk of developing cancer, such as Li-Fraumeni mutations 

Figure 4: Forest plot of the association between TP53 rs78378222 and cancer risk which is straitified by the source of 
controls. The estimation of OR and 95% CI of each study is plotted by a box and a horizontal line. ◊, pooled ORs and the corresponding 
95% CIs.
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[6]. It was reported that a woman with a novel 7–9 exons 
deletion on TP53 presented early-onset breast and ovarian 
cancer and subsequently developed acute myeloid leukemia 
[21]. Recently, rare variants were found presenting a more 
important functional effect than do common variants 
[12, 13]. The rare germline variant rs78378222 is a newly 
found SNP in a GWAS by Stacey in 2011 [15]. A number 
of evidences suggested that this variant increased the risk of 
prostate cancer, glioma and other cancers and might correlate 
to a unfavorable prognosis [3, 15, 16, 17, 22]. However, 
there was no formal meta-analysis about this important 
variant before. Then we conducted this meta-analysis to 
systematically evaluate the association between rs78378222 
polymorphism and cancer susceptibility. The quality of 
data set from GWAS or high-throughput sequencing is 
generally higher than that of single polymorphism detection. 
Moreover, the larger sample sizes and the large-scale 

validation in GWASs ensures the reliability of the results. 
Including these high-grade and more credible evidence 
would make our meta-analysis sense. 

The results revealed a significant association between 
TP53 rs78378222 polymorphism and overall cancer risk. 
Specifically, stratified analysis revealed that this rare 
variant increased susceptibility to nervous system cancer, 
skin cancer and other cancer. The ORs (95% CIs) between 
different subgroup varied greatly from 1.045 (0.882–1.239) 
to 2.567 (2.046–3.222). SNPs in a gene are typically cancer-
specific. The discrepancy in ORs between different cancers 
might reflect the inherent heterogeneity of oncogenic 
progression in different cancer types [23, 24]. In addition, 
a significant increased risk was observed among PB 
subgroup, but not among HB subgroup. Lack of association 
among HB subgroup was probably due to the fact that 
the controls recruited from hospital couldn’t represent the 

Table 2: Meta-analysis of the association between rs78378222 and overall cancer risk

Variables No. of 
studies

Sample size 
Case/control

OR (95% CI) 
AC vs. AA POR I2 (%) Pheterogeneity

Alla 34 36,599/90,264 1.511 (1.285–1.777) < 0.001 79.5 < 0.001
Cancer type
Digestive System Cancer 7 8,346/8,012 1.211 (0.826–1.777) 0.327 78.3 < 0.001
Gynecologic Cancer 5 5,328/4,238 1.045 (0.882–1.239) 0.612 0.0 0.373
Nervous System Cancer 5 4,762/53,986 2.567 (2.046–3.222) < 0.001 14.1 0.324
 Skin Cancer 8 8,168/14,770 1.424 (1.002–2.025) 0.049 79.1 < 0.001
 Other cancer 9 9,995/9,258 1.422 (1.176–1.721) < 0.001 21.9 0.262
Ethnicity
Caucasian 29 35,390/86,459 1.438 (1.223–1.690) < 0.001 79.0 < 0.001
Africans 1 365/2,491 5.560 (2.180–14.180) < 0.001 – –
Asians 1 405/810 3.265 (1.723–6.187) < 0.001 – –
Indians 3 439/504 – – – –
Source of control
HB 8 9,402/14,460 1.540 (0.992–2.393) 0.054 83.0 < 0.001
PB 26 27,197/75,804 1.497 (1.253–1.789) < 0.001 78.8 < 0.001
Quality score
< 10 (low) 6 3645/8,760 2.949 (1.839–4.728) < 0.001 51.8 0.126
≥ 10 (high) 28 32,954/81,504 1.406 (1.192–1.658) < 0.001 78.2 < 0.001

HB, Hospital based; PB, Population based.

Table 3: Meta-regression analysis of the main characteristics of the 34 studies
Study characteristics Coef. Std. Err. t P 95%CI

Cancer type 0.07 0.12 0.60 0.553 −0.17 0.31
Ethnicity 1.42 0.45 3.16 0.004 0.50 2.33
Source of controls 0.18 0.39 0.47 0.639 −0.61 0.98
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Figure 5: Sensitivity analysis of the association between TP53 rs78378222 and overall cancer risk. Each point represents 
the recalculated OR after deleting a separate study.

Figure 6: Funnel plot analysis to detect the publication bias for TP53 rs78378222 and overall cancer risk. Each point 
represents a separate study.
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general population well. At last, although subgroup analysis 
by ethnicity revealed the association among Asians and 
Africans, these data should be interpreted with caution. 
Since there was only one study included in either subgroup, 
the result may be false positive and unstable.

Stratification analyses and meta-regression indicated 
the between-study heterogeneity in the overall analysis 
was due to ethnicity. The ethnicity-dependent association 
might be attributed to the distinction in genotype frequency 
between controls of different ethnic groups. Cancer is a 
complicated disease and results from gene-environment 
interaction. Therefore, different genetic backgrounds among 
different races could help to interpret the ethnicity-dependent 
data. For example, different continental populations 
usually have different linkage disequilibrium patterns. The 
TP53 rs78378222 polymorphism may be in close linkage 
disequilibrium with a causal variant in one population 
but not in another. Unexpectedly, there was heterogeneity 
observed among the same population-Caucasians in 
this meta-analysis. This might be caused by genetic 
heterogeneity between racial characters of species, although 
these persons all belonged to Caucasians. For instance, 
subjects from Iceland in Stacey’s study [15] are different 
from other Caucasians. On the other hand, clinical features 
or lifestyle may also help to explain the heterogeneity of 
ethnicity. 

The current analysis might have the following 
advantages: (i) this study is the first systematical meta-

analysis regarding association between rs78378222 and 
overall cancer risk; (ii) rs78378222 is a newly reported 
rare variant on TP53 in recent years and the included data 
was mostly from GWAS and high-throughput sequencing, 
which was more credible; (iii) the sample size is very large 
(127,871) and the subjects are mostly selected from multi-
center cancer registry community. Thus, this analysis might 
provide more potent statistical power; (iv) this meta-analysis 
included the latest literatures till Nov, 2015 to ensure 
the comprehensiveness and minimize the selection bias. 
Although this is the first comprehensive meta-analysis about 
relationship between rs78378222 and overall cancer risk, 
several limitations should be addressed. First, the stratified 
analyses in some subgroup analysis, like among Africans 
and Asians (< 5 studies), might have insufficient statistical 
power to assess the real association. Second, our analysis 
was on the basis of ORs estimated without adjustment for 
several potential confounding factors, because there was little 
information about smoking, drinking status, and carcinogen 
and radiation exposure, which are known to have major 
effect on the carcinogenesis. The absence of valuable data 
might result in confounding bias and limit the evaluation 
of gene-environment interactions. The third, selection bias 
could exist because researchers were prone to report positive 
data, and the articles retrieved from NCBI or EMBASE were 
published in English only. Overall, due to these limitations, 
the finding of this investigation should be interpreted with 
caution.

Figure 7: Funnel plot analysis to detect the publication bias for TP53 rs78378222 and overall cancer risk after dropping 
the studies of low quality. Each point represents a separate study.
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In summary, this systematical meta-analysis 
indicated that TP53 rare variant-rs78378222 significantly 
increased the risk of cancer. In addition, the significant 
association between TP53 rs78378222 and cancer risk was 
observed in PB studies and both high score and low score 
studies. The well-designed, multi-center and large-cohort 
studies are needed to confirm our findings.

MATERIALS AND METHODS

The literature search, data collection and articles 
inclusion of this meta-analysis were performed following 
the latest meta-analysis guidelines (PRISMA) [25]. 

Identification of the eligible studies 

A comprehensive literature search of PubMed and 
EMBASE was undertaken without language restriction. 
The retrieval items included “TP53 rare or rs78378222”, 
“polymorphism or mutant or variant”, and “cancer or tumor 
or carcinoma”. The retrieved studies included original 
researches, review articles and other relevant studies. If 
studies were performed with overlapping data, only the 
latest or the largest studies would be included in this meta-
analysis. We further searched China National Knowledge 
infrastructure (CNKI) and Chinese Biomedical (CBM) 
database for more eligible studies in Chinese. Finally, we 
manually searched the references of bibliographies and 
potential relevant literatures to find more eligible studies.

Inclusion criteria 

All the studies included in the current analysis should 
meet the following criteria: (i) case-control design; (ii) 
providing enough information to estimate ORs and the 
corresponding 95% CIs; (iii) investigating the association 
between rare TP53 rs78378222 variant and cancer risk; 
(iv) Observed genotype frequencies in controls were in 
agreement with Hardy-Weinberg equilibrium(HWE), or 
there is evidence that another polymorphism in the TP53 
gene was in compliance with HWE.

The exclusion criteria were: (a) case reports; (b) case 
only studies; (c) conference abstracts; (d) review articles; (e) 
non-cancer subjects only studies; (f) duplicate publications.

Data extraction

Two authors (Y.W. and J.H.) independently reviewed 
the articles carefully and extracted the detailed information 
from each study. All the conflicts were resolved by full 
discussion until a consensus was reached. The following 
information was collected: year of publication, first author’s 
surname, ethnicity, country of origin, cancer type, the 
source of controls, P-value of HWE in controls, genotyping 
methods, the matching level between cases and controls, 
genotype counts of cases and controls for rs78378222, total 
number of cases and controls.

The stratified analysis was performed by ethnicity 
(Caucasians, Africans, Asians and Indians), cancer type 
(digestive system cancer, nervous system cancer, skin 
cancer, gynecologic cancer, other cancer), the source of 
control (HB: hospital-based controls; PB: population-based 
controls) and quality score (low quality: < 10; high quality: 
≥ 10). Publications were classified to different studies if they 
contained subjects with different cancer types, ethnics and 
so on.

Quality score assessment

The quality of eligible was independently assessed 
by two investigators (Y.W. and J.H.) based on the quality 
assessment criteria (Table S1) [26, 27]. The evaluation 
items were as follows: representativeness of case, 
representativeness of control, ascertainment of cancer, 
control selection, genotyping examination, HWE, and total 
sample size. Each study was evaluated on a scale from 0–15. 
All studies were classified as “low quality” (score < 10) or 
“high quality” studies ( score ≥ 10).

Statistical method

The strength of association between rs78378222 and 
cancer risk was evaluated by calculating the crude ORs 
and 95% CIs. For TP53 rs78378222 polymorphism, the 
pooled OR was performed under the heterozygous model. 
Z test were applied to confirm the statistical significance of 
an association. The Cochran Q-test and I 2 statistics were 
used to assess between-study heterogeneity. For Q-test, a 
P value < 0.10 indicated there was statistically significant 
heterogeneity in the meta-analysis, and a random-effect 
model was used. Otherwise, a fixed-effect model was 
performed. I 2 represented the proportion of variation in the 
meta-analysis attributed to heterogeneity among studies. 
The leave-one-out sensitivity analysis was conducted by 
sequentially excluding a study at each time and recalculating 
ORs. Moreover, the publication bias was assessed by Begg’s 
and Egger’s linear regression test and funnel plot [20]. 
Finally, a meta-regression was conducted to detect the main 
sources of heterogeneity in the meta-analysis.

All statistical analysis was performed using the 
STATA version 12.0 (STATA Corporation, College Station, 
TX). All the P values were two-sided. A P value of < 0.05 
was considered statistically significant.

Abbreviations

TP53, tumor protein 53; GWAS, Genome-
wide association study; OR, odds ratio; 95% CI, 
95% confidence interval; SNP, single nucleotide 
polymorphism; CBM, Chinese Biomedical; CNKI, 
China National Knowledge infrastructure; HWE, Hardy-
Weinberg equilibrium; HB: hospital-based controls; PB: 
publication-based controls.



Oncotarget32864www.impactjournals.com/oncotarget

ACKNOWLEDGMENTS AND FUNDING

This work is supported by the National Natural 
Science Foundation of China (No.81402090 to W.Y.).

CONFLICTS OF INTEREST

The authors have declared that no competing 
interests exist.

Authors’ contributions

All authors contributed significantly to this work, 
Y.W., X.W. and J.H. performed the research design and 
data collection; T.M., and W.L. assessed the studies 
quality and conducted the stratified analysis; X.W. did the 
sensitive analysis and publication bias test. Y.W., J.H. and 
Z.S. wrote the paper and prepared Figures 1–6 and Tables 
1–3. All authors reviewed the manuscript. Moreover, all 
authors confirmed the final edition.

REFERENCES

  1.	 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, 
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin. 
2015; 65:87–108.

  2.	 Soussi T, Beroud C. Assessing TP53 status in human 
tumours to evaluate clinical outcome. Nat Rev Cancer. 
2001; 1:233–240.

  3.	 Li Y, Gordon MW, Xu-Monette ZY, Visco C, Tzankov A, 
Zou D, Qiu L, Montes-Moreno S, Dybkaer K, Orazi A, Zu Y, 
Bhagat G, Richards KL, et al. Single nucleotide variation 
in the TP53 3′ untranslated region in diffuse large B-cell 
lymphoma treated with rituximab-CHOP: a report from 
the International DLBCL Rituximab-CHOP Consortium 
Program. Blood. 2013; 121:4529–4540.

  4.	 Xue W, Zender L, Miething C, Dickins RA, Hernando E, 
Krizhanovsky V, Cordon-Cardo C, Lowe SW. Senescence 
and tumour clearance is triggered by p53 restoration in 
murine liver carcinomas. Nature. 2007; 445:656–660.

  5.	 Ventura A, Kirsch DG, McLaughlin ME, Tuveson DA, 
Grimm J, Lintault L, Newman J, Reczek EE, Weissleder R, 
Jacks T. Restoration of p53 function leads to tumour 
regression in vivo. Nature. 2007; 445:661–665.

  6.	 Oren M, Rotter V. Mutant p53 gain-of-function in cancer. 
Cold Spring Harb Perspect Biol. 2010; 2:a001107.

  7.	 Bergamaschi D, Samuels Y, Sullivan A, Zvelebil M, 
Breyssens H, Bisso A, Del Sal G, Syed N, Smith P, Gasco M, 
Crook T, Lu X. iASPP preferentially binds p53 proline-
rich region and modulates apoptotic function of codon 
72-polymorphic p53. Nat Genet. 2006; 38:1133–1141.

  8.	 Olive KP, Tuveson DA, Ruhe ZC, Yin B, Willis NA, 
Bronson RT, Crowley D, Jacks T. Mutant p53 gain of 
function in two mouse models of Li-Fraumeni syndrome. 
Cell. 2004; 119:847–860.

  9.	 Lang GA, Iwakuma T, Suh YA, Liu G, Rao VA, Parant JM, 
Valentin-Vega YA, Terzian T, Caldwell LC, Strong LC, El-
Naggar AK, Lozano G. Gain of function of a p53 hot spot 
mutation in a mouse model of Li-Fraumeni syndrome. Cell. 
2004; 119:861–872.

10.	 Molenaar JJ, Koster J, Zwijnenburg DA, van Sluis P, 
Valentijn LJ, van der Ploeg I, Hamdi M, van Nes J, 
Westerman BA, van Arkel J, Ebus ME, Haneveld F, 
Lakeman A, et al. Sequencing of neuroblastoma identifies 
chromothripsis and defects in neuritogenesis genes. Nature. 
2012; 483:589–593.

11.	 Pugh TJ, Morozova O, Attiyeh EF, Asgharzadeh S, Wei JS, 
Auclair D, Carter SL, Cibulskis K, Hanna M, Kiezun A, Kim J, 
Lawrence MS, Lichenstein L, et al. The genetic landscape 
of high-risk neuroblastoma. Nat Genet. 2013; 45:279–284.

12.	 Gorlov IP, Gorlova OY, Frazier ML, Spitz MR, Amos CI. 
Evolutionary evidence of the effect of rare variants on 
disease etiology. Clin Genet. 2011; 79:199–206.

13.	 Lefevre JH, Bonilla C, Colas C, Winney B, Johnstone E, 
Tonks S, Day T, Hutnik K, Boumertit A, Soubrier F, 
Midgley R, Kerr D, Parc Y , et al. Role of rare variants in 
undetermined multiple adenomatous polyposis and early-
onset colorectal cancer. J Hum Genet. 2012; 57:709–716.

14.	 Bodmer W, Bonilla C. Common and rare variants in 
multifactorial susceptibility to common diseases. Nat Genet. 
2008; 40:695–701.

15.	 Stacey SN, Sulem P, Jonasdottir A, Masson G, Gudmundsson J, 
Gudbjartsson DF, Magnusson OT, Gudjonsson SA, 
Sigurgeirsson B, Thorisdottir K, Ragnarsson R, 
Benediktsdottir KR, Nexo BA, et al. A germline variant in the 
TP53 polyadenylation signal confers cancer susceptibility. Nat 
Genet. 2011; 43:1098–1103.

16.	 Guan X, Wang LE, Liu Z, Sturgis EM, Wei Q. Association 
between a rare novel TP53 variant (rs78378222) and 
melanoma, squamous cell carcinoma of head and neck and 
lung cancer susceptibility in non-Hispanic Whites. J Cell 
Mol Med. 2013; 17:873–878.

17.	 Diskin SJ, Capasso M, Diamond M, Oldridge DA, Conkrite K, 
Bosse KR, Russell MR, Iolascon A, Hakonarson H, Devoto M, 
Maris JM. Rare variants in TP53 and susceptibility to 
neuroblastoma. J Natl Cancer Inst. 2014; 106:dju047.

18.	 Rao AK, Vinothkumar V, Revathidevi S, Arunkumar G, 
Manikandan M, Arun K, Rajkumar KS, Ramani R, 
Ramamurthy R, Munirajan AK. Absence of the TP53 poly-A 
signal sequence variant rs78378222 in oral, cervical and 
breast cancers in South India. Asian Pac J Cancer Prev. 2014; 
15:9555–9556.

19.	 Egan KM, Nabors LB, Olson JJ, Monteiro AN, Browning JE, 
Madden MH, Thompson RC. Rare TP53 genetic variant 
associated with glioma risk and outcome. J Med Genet. 
2012; 49:420–421.

20.	 Zhou L, Yuan Q, Yang M. A functional germline variant 
in the P53 polyadenylation signal and risk of esophageal 
squamous cell carcinoma. Gene. 2012; 506:295–297.



Oncotarget32865www.impactjournals.com/oncotarget

21.	 Link DC, Schuettpelz LG, Shen D, Wang J, Walter MJ, 
Kulkarni S, Payton JE, Ivanovich J, Goodfellow PJ, Le Beau M, 
Koboldt DC, Dooling DJ, Fulton RS, et al. Identification of 
a novel TP53 cancer susceptibility mutation through whole-
genome sequencing of a patient with therapy-related AML. 
JAMA. 2011; 305:1568–1576.

22.	 Enciso-Mora V, Hosking FJ, Di Stefano AL, Zelenika D, 
Shete S, Broderick P, Idbaih A, Delattre JY, Hoang-Xuan K, 
Marie Y, Labussiere M, Alentorn A, Ciccarino P, et al. Low 
penetrance susceptibility to glioma is caused by the TP53 
variant rs78378222. Br J Cancer. 2013; 108:2178–2185.

23.	 Tan H, Bao J, Zhou X. Genome-wide mutational spectra 
analysis reveals significant cancer-specific heterogeneity. 
Sci Rep. 2015; 5:12566.

24.	 Vogelstein B, Papadopoulos N, Velculescu VE, Zhou S, 
Diaz LA, Jr., Kinzler KW. Cancer genome landscapes. 
Science. 2013; 339:1546–1558.

25.	 Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, 
Ioannidis JP, Clarke M, Devereaux PJ, Kleijnen J, Moher D. 
The PRISMA statement for reporting systematic reviews 

and meta-analyses of studies that evaluate healthcare 
interventions: explanation and elaboration. BMJ. 2009; 
339:b2700.

26.	 Xue WQ, He YQ, Zhu JH, Ma JQ, He J, Jia WH. Association 
of BRCA2 N372H polymorphism with cancer susceptibility: 
a comprehensive review and meta-analysis. Scientific 
reports. 2014; 4:6791.

27.	 He J, Liao XY, Zhu JH, Xue WQ, Shen GP, Huang SY, Chen W, 
Jia WH. Association of MTHFR C677T and A1298C 
polymorphisms with non-Hodgkin lymphoma susceptibility: 
evidence from a meta-analysis. Scientific reports. 2014; 
4:6159.

28.	 Begg CB, Berlin JA. Publication bias and dissemination of 
clinical research. J Natl Cancer Inst. 1989; 81:107–115.

29.	 Egger M and Smith GD. Bias in location and selection of 
studies. BMJ. 1998; 316:61–66.


