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Abstract

Background—Poly(ADP-ribose) polymerase-1 (PARP-1 catalyzes poly(ADP-ribosyl)ation to
various proteins involved in many cellular processes, including DNA damage detection and repair,
and cell proliferation and death. PARP-1 has been implicated in human carcinogenesis, but the
association between the most-studied PARP-1 V762A polymorphism (rs1136410) and risk of
various cancers was reported with inconclusive results.

Aims—To assess the association between the PARP-1V762A polymorphism and cancer risk.

Methods—A meta-analysis of 21 studies with 12027 cancer patients and 14106 cancer-free
controls was conducted to evaluate the strength of the association using odds ratio (OR) with 95%
confidence interval (CI).

Results—Overall, no significant association was found between the PARP-1V762A
polymorphism and cancer risk. In the stratified analyses, however, it was found that the variant A
allele of the PARP-1VV762A polymorphism was associated with an increased risk of cancer
among Asian populations (VA+AA vs.VV: OR = 1.11, 95% CI: 1.01-1.23; Aeterogeneity = 0.210)
but a decreased risk of cancer (VA+AA vs.VV: OR =0.89, 95% CI: 0.80-1.00; Aheterogeneity =
0.004), among Caucasian populations, especially for glioma risk (OR = 0.79, 95% ClI: 0.69-0.90;

Pheterogeneity = 0.800).

Conclusions—This meta-analysis found evidence for an association of the PARP-1V 762A
polymorphism with increased risk of cancer among Asians but decreased risk of cancer among
Caucasians, particularly of glioma. Further well designed studies with large sample sizes of

different ethnic populations and different cancer types are warranted to confirm these findings.
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Introduction

Genomic DNA damage in mammalian cells can be caused by numerous physical and
chemical agents, of which some are endogenous products, such as reactive oxygen species
generated by normal cellular metabolism processes, while others are exogenous insults, such
as ultraviolet right, ionizing radiation, and genotoxic chemicals. Such DNA damage, if left
unrepaired or repaired incorrectly, may induce mutations and genomic instability that lead to
cellular malignant transformation and tumorgenesis [Hoeijmakers 2001; Jackson and Bartek
2009]. Nevertheless, human cells have developed a set of complex DNA repair systems that
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safeguard the integrity of the genome to minimize the consequences of detrimental
mutations [Hoeijmakers 2001]. At least four main repair pathways are involved in the
removal of DNA damage: base excision repair (BER), nucleotide excision repair (NER),
mismatch repair (MMR), and double-strand breaks repair (DSBR) [Decordier, et al. 2010;
Hoeijmakers 2001]. Inherited defects in DNA damage response and repair pathways
predispose to the development of malignancies [Hoeijmakers 2001]. Indeed, several human
hereditary diseases, which are characterized by severe developmental problems and /or a
predisposition to cancer, have been found to be linked to deficiencies in DNA repair
[Friedberg 2008; Wiesmuller, et al. 2002].

Poly(ADP-ribose) polymerase-1 (PARP-1), also known as ADPRT, is a major member of
the PARP family that contains 18 distinct proteins in humans [Kim, et al. 2005]. Human
PARP-1 protein (113KDa) is a nuclear protein comprised of three functional domains
(Figure 1). The N-terminal DNA-binding domain (DBD) harbors two zinc-finger motifs that
are important for the binding of PARP1 to DNA-strand breaks. A third zinc finger was
found to be important for coupling damage-induced changes in the DBD to alterations in
PARP-1 catalytic activity [Rouleau, et al.2010]. In the central auto-modification domain,
specific glutamate and lysine residues serve as potential acceptor sites for poly(ADP-
ribosyl) ation. This domain also comprises a BRCA1 C-terminus motif, via which PARP-1
mediates protein-protein interactions. The third functional domain is a C-terminal catalytic
domain containing a ‘PARP-signature’ motif, a highly evolutionally conservative sequence
that forms the active site [Ame, et al. 2004; Kim, et al. 2005; Rouleau, et al. 2010].

Extensive studies of PARP-1 to date have implicated PARP-1 in a variety of cellular
processes, all of which involve DNA-related transactions [Rouleau, et al. 2010] (Figure 1).
Most importantly, PARP-1 functions as a DNA damage sensor in the DNA repair process
[Kim, et al. 2005]. In general, in response to DNA damage generated either exogenously or
endogenously, PARP-1 binds to sites of DNA damage through its DNA-binding domain,
which activates the poly(ADP-ribosyl)ation of target proteins involved in numerous
biological events. A growing number of evidence has shown that PARP-1 physically and
functionally interacts with various proteins involved in multiple DNA repair pathways,
including the BER, SSB, and DSBR pathways, and may recruit the repair proteins to sites of
DNA damage (e.g., XRCCL1 in BER, DNA-dependent protein kinase in DSBR repair),
thereby plays a critical role in DNA damage repair [Burkle 2001; Kim, et al. 2005; Masson,
et al. 1998; Ruscetti, et al. 1998]. In addition, PARP-1 is also involved in many other
molecular and cellular processes, such as modulation of gene transcription, chromatin
remodeling, maintaining telomeres and genomic stability, as well as cell proliferation and
death [Gurung, et al. 2010; Masutani, et al. 2003; Masutani, et al. 2005; Tong, et al. 2001].
Accumulated evidence from the results of animal and cellular studies indicates that
deficiency of PARP-1 leads to DNA repair defects, genomic instability, failure of induction
of cell death, and modulation of gene transcription, thereby contributing to carcinogenesis
[Masutani, et al. 2003; Masutani, et al. 2005].

The human PARP-1 gene is located on chromosome 1g41-42, consists of 23 exons, and
spans 47.3 kb. To date, at least 439 single nucleotide polymorphisms (SNPs), including 17
non-synonymous SNPs (nsSNPs) in the PARP-1 gene, have been reported, of which only
one coding nsSNP (rs1136410, VV762A) is common [minor allele frequency (MAF) >0.05]
(http://www.ncbi.nlm.nih.gov/SNP) and most frequently studied for its association with
cancer risk. PARP-1V762A is a base T to C transition at codon 762 in exon 17, which
results in the substitution of alanine for valine in the catalytic domain of PARP-1, and
PARP-1VT762A polymorphism was reported to be associated with an altered activity of
PARP-1 [Lockett, et al. 2004; Wang, et al. 2007].
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To date, a number of molecular epidemiological studies have been conducted to evaluate the
effect of the PARP-1V762A polymorphism on risk of many cancer types, including cancers
of the brain [Liu, et al. 2009; McKean-Cowdin, et al. 2009; Rajaraman, et al. 2010;
Yosunkaya, et al.2010], stomach [Miao, et al. 2006; Zhang, et al. 2009], breasts [Cao, et al.
2007; Haiman, et al. 2008; Smith, et al. 2008; Zhai, et al. 2006; Zhang, et al. 2006],
colorectum [Brevik, et al. 2010; Stern, et al. 2009; Stern, et al. 2007], bladder [Figueroa, et
al. 2007; Huang, et al. 2007; Wang, et al. 2010; Wu, et al. 2006], prostate [Gao, et al. 2010;
Lockett, et al. 2004], head and neck [Li, et al. 2007], lung [Choi, et al. 2003; Landi, et al.
2006; Zhang, et al. 2005], esophagus [Hao, et al. 2004], and skin [Li, et al. 2006] as well as
other types of cancer [Chiang, et al. 2008; Jin, et al. 2010 ; Rajaraman, et al. 2010; Shen, et
al. 2006]. However, until now, those studies that investigated associations between the
PARP-1VT762A polymorphism and cancer risk have yielded inconsistent results.
Considering the potential important role of PARP-1 in carcinogenesis, we performed a meta-
analysis to assess the association of the PARP-1V762A polymorphism with overall cancer
risk as well as the risk of specific type of cancers in different ethnic populations.

Materials and Methods

Literature search

For this meta-analysis, we searched for relevant studies by using PubMed software to search
Medline (U.S. National Library of Medicine) to identify candidate studies. The latest search
was performed on May 12, 2011. The following terms were jointly used for the search:
‘PARP-I’ or “‘ADPRT, ‘polymorphism or variant’, ‘cancer’, ‘tumor’, or ‘carcinoma’. In
addition, additional studies were also identified by a manual search for the reference cited in
the retrieved studies and review articles. Search results were limited to studies published in
English.

Inclusion and exclusion criteria

All human-associated studies were included, if they met the following criteria: (1)
evaluation of the PARP-1V762A polymorphism (rs1136410) and cancer risk, (2) case-
control, nested case-control, or cohort study, (3) the study reported an odds ratio (OR) with
95% confidence interval (95% CI) or data for their calculation, and (4) the study was
published in English, (5) Genotype distribution of control populations must be consistent
with Hardy-Weinberg equilibrium (HWE). Exclusion criteria were: (1) duplicate data, (2)
abstract, case report, comment, review and editorial, (3) no sufficient genotyping data were
provided, (4) the outcome was benign tumors, precancerous lesions, and adenomas, (5)
family-based study, (6) genotype distribution of control subjects was inconsistent with
Hardy—Weinberg equilibrium (HWE). If studies had overlapped subjects, only the one with
largest sample size was included in the final analysis.

Data extraction

Two investigators independently reviewed the articles and extracted the data from all
eligible publications according to the criteria listed above. Disagreements were resolved by
discussion between the two investigators. The following information was recorded for each
study: first author, year of publication, country or region of origin, ethnicity, cancer type,
number of cases and controls, number of cases and controls by genotype, source of control
group (population-based or hospital-based), genotyping methods, minor allele frequency in
controls. For studies including subjects of different ethnic descents, data were extracted
separately for each ethnicity, which was categorized as Caucasian, Asian, and the mixed
descendants (admixture of different ethnic groups).
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Statistical analysis

Results

Genotypic frequency for the PARP-1V762A polymorphism was tested for deviation from
HWE in control subjects using the chi-square goodness of fit, and a Pvalue < 0.05 was
considered significant. Odds ratios (OR) and corresponding 95% confidence interval (95%
CI) were used to estimate the association between the PARP-1\V762A polymorphism and
cancer risk. We estimated the risk for variant homozygous AA and heterogeneous VA
genotypes, compared with the wild-type homozygous VV genotype, and then for the (VA +
AA) versus (vs.) VV and AA versus (VA + VV), assuming recessive and dominant effect
models, respectively. The statistical heterogeneity among studies was assessed with the Q-
test and /2 statistics [Lau, et al. 1997]. The heterogeneity across studies was considered
significant when a Pvalue < 0.1 for the Q statistic [Lau, et al. 1997]. If there was no
significant heterogeneity, the fixed-effects model was used to estimate the summary OR and
95% ClI; otherwise, the random-effects model was used [DerSimonian and Laird 1986]. To
explore potential sources of heterogeneity across studies, we did stratification and meta-
regression analyses. Stratified analyses were conducted by ethnicity (Caucasian, Asian, and
mixed), type of cancers and specific type of cancers in different ethnic populations (if one
cancer type contains less than three studies, it was merged into the “other cancers’ group),
source of controls (hospital-based and population-based), and genotyping methods.
Publication bias was evaluated with the funnel plot and Begg’s and Egger’s tests [Begg and
Mazumdar 1994; Egger, et al. 1997]. A Pvalue < 0.05 was used as an indication for the
presence of potential publication bias. Sensitivity analyses were conducted by removing one
study at a time to assess the influence of individual studies on the pooled ORs. All analyses
were conducted using Review Manager (v.5.0; Oxford, England) and Stata software (version
8.2; StataCorp LP, College Station, TX, USA). All the Pvalues were two-sided.

Characteristics of studies

The flowchart of study selection for this meta-analysis is presented in Figure 2. A total of 52
published records up to May 12, 2011 were identified, of which 29 were considered
potentially eligible for inclusion in this meta-analysis and were retrieved in full texts.
Among these, eight studies were excluded: three studies had the controls with genotype
distributions inconsistent with HWE (P < 0.050) [Miao, et al. 2006; Yosunkaya, et al. 2010;
Zhang, et al. 2009], two were duplicate publications [Huang, et al. 2007; Stern, et al. 2009],
one was a family-based study [Brevik, et al. 2010], and two provided no genotyping data
[Choi, et al. 2003; Haiman, et al. 2008]. Finally, 21 articles were selected in the meta-
analysis. In addition, the studies investigating multiple types of cancers [Rajaraman, et al.
2010] or multiple ethnicities[Lockett, et al. 2004; Smith, et al. 2008] were separated into
multiple studies in the subgroup analysis. One study [Huang, et al. 2007; Liu, et al. 2009]
that only provided the total number of variant genotypes (VA + AA and VVV) was included
in the analysis for the dominant model but not for other genetic models. Main characteristics
of the included studies are presented in Table 1. Overall, 21 publications including 12027
cases and 14106 controls were available for this meta-analysis. All studies were case-control
studies, including two studies for glioma, one study for multiple types of cancer (adult
meningioma, glioma, and acoustic neuroma), four studies for breast cancer, three studies for
bladder cancer, and eleven studies for other types of cancers such as lung cancer, gastric
cancer, melanoma, prostate cancer. Among 21 studies included in this meta-analysis, 11
studies were conducted in Caucasians, seven studies in Asians, three studies in the mixed
ethnic populations (including Caucasians and African-Americans). The distributions of
genotypes in the controls were all in agreement with HWE.
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Quantitative synthesis

We included 12027 cancer patients and 14106 control subjects in this meta-analysis. We
found that the frequency of the variant allele (A) of the PARP-1VV762A polymorphism was
significantly higher in Asians (0.423, 95% CI: 0.403 - 0.443) than in Caucasians (0.166,
95% CI: 0.154-0.178) (Figure 3). Overall, no significant association was found between the
PARP-1V762A polymorphism and cancer susceptibility (Table 2, Figure 4). Individuals
carrying the A allele did not have an altered cancer risk, compared with individuals with the
wild-type VV homozygous genotype (VA vs. VV: OR =0.97, 95% CI: 0. 90-1.06,
Pheterogeneity = 0.010; AA vs. VV: OR = 0.99, 95% CI: 0.84-1.17; Areterogeneity = 0.010).
Similarly, no significant association with the risk of cancer was found in either a dominant
model (VA+AA vs. VV: OR = 0.96, 95% CI: 0.88-1.05, Aeterogeneity = 0-0003) or a
recessive model (AA vs. VA+VV: OR =1.03, 95% CI: 0.93 -1.14, Ayeterogeneity = 0.100)
(Table 2).

In the stratified analysis by ethnicity, a significantly increased cancer risk was found among
Asians in the dominant model (VA+AA vs. VV: OR =1.11, 95% CI: 1.01-1.23,
Pheterogeneity = 0.210) (Table 2, Figure 5). In contrast, the PARP-1 V762A polymorphism
was significantly associated with a decreased cancer risk among Caucasians in the dominant
model (VA+AA vs. VV: OR =0.89, 95% CI: 0.80-1.00, Aeterogeneity = 0-004) (Table 2,
Figure 6). No significant associations were detected in all genetic models in the mixed
ethnicity population group. No significant associations were found when the data were
stratified by the source of control subjects and by genotyping methods (Table 2).

Further stratified analyses by specific type of cancers and ethnicity were performed. In
Caucasians, the VA heterozygous genotype was found to be associated with significantly
decreased risk of glioma compared with the common VV homozygous genotype (VA vs.
AA: OR =0.81, 95% CI: 0.70-0.95, Aeterogeneity = 0-670). A significant main effect was
also observed in the dominant model for glioma (VA+AA vs. VV: OR =0.79, 95% ClI:
0.69-0.90, Aheterogeneity = 0-800). However, no significant association was found in ether
breast cancer or other cancers (each type of cancers having less than three studies was
merged into the “‘other cancers’ group) (Table 3). We were not able to further evaluate the
effect of the PARP-1V762A polymorphism on cancer risk by specific type of cancers in
Asian and in the mixed ethnicity populations because only one studies of specific type of
cancers were included in these two groups.

Evaluation of heterogeneity

In the present study, heterogeneity across studies was observed in overall comparisons.
Therefore, we assessed the source of heterogeneity for the dominant model (VA+AA vs.
VV) by ethnicity, type of cancers, source of controls, and genotyping methods. We found
that ethnicity (= 0.044) and type of cancers (P = 0.038), but not source of controls (P=
0.903) and genotyping techniques (£ = 0.146), contributed to substantial heterogeneity.

Sensitivity analysis

In the sensitivity analysis, the influence of each study on the pooled OR was examined by
repeating the meta-analysis while omitting each study, one at a time. Such a leave-one-out
sensitivity analysis indicated that no single study influenced the pooled ORs qualitatively

(data not shown), which indicted the stability of our overall result.

Publication bias

Begger’s funnel plot and Egger’s test were performed to evaluate the publication bias of the
publication bias of literature on cancer. The shape of the funnel plot seemed asymmetrical

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Yuetal. Page 6
(Figure 7), which was confirmed by an Egger’s test (t = —0.74, P= 0.465 for VA+AA vs.
VV).
Discussion

Carcinogenesis is a multi-step process involving aberrations in a variety of cellular
processes including DNA damage detection and repair, genome maintenance, cell-cycle
control, proliferation, differentiation, and cell death [Kim, et al. 2005]. PARP-1 catalyzes
poly(ADP-ribosyl)ation, which was functionally involved in all of these processes,
suggesting a possible connection between PARP-1 function and development of cancer
[Kim, et al. 2005; Masutani, et al. 2003]. A body of evidence shows that PARP-1 plays a
critical role in human carcinogenesis [Bhatia, et al. 1990a; Bhatia, et al. 1990b; Bieche, et al.
1996; Lyn, et al. 1993; Masutani, et al. 2005; Prasad, et al. 1990; Shiokawa, et al. 2005]. It
has been found that PARP-1 knockout mice (PARP-171-) treated with either alkylating
agents or -y-irradiation displayed high genomic instability, high frequencies of chromosome
aberrations, and shortened telomere compared with the wild-type mice [d’Adda di Fagagna,
et al. 1999; de Murcia, et al. 1997; Samper, et al. 2001]. PARP-1"-mice also showed an
increased susceptibility to chemically-induced tumorigenesis in the liver, colon, and lung
[Nozaki, et al. 2003; Tsutsumi, et al. 2001], although in certain situations, PARP-1 may also
facilitate the growth of tumor cells [Martin-Oliva, et al. 2004] . For example, Martin-Olva et
al. found that PARP-1"- mice displayed a strikingly reduced susceptibility to skin
carcinogenesis [Martin-Oliva, et al. 2004]. Dysregulation of PARP-1 expression has been
found in a variety of human cancers, such as breast cancer, head and neck cancer,
melanoma, and colorectal cancer [Goncalves, et al. 2010; Nosho, et al. 2006; Staibano, et al.
2005]. Furthermore, reduced PARP-1 activity in human peripheral blood lymphocytes has
been observed in patients with cancers of the breasts, colon, lung, larynx, and prostate as
well as glioma [Barton, et al. 2009; Lockett, et al. 2004; Pero, et al. 1990; Rajaee-
Behbahani, et al. 2002]. Therefore, it is biologically plausible that the PARP-1V762A
polymorphism residing in the catalytic domain of the PARP-1 enzyme, which causes an
amino acid change from Val to Ala, may alter the enzymatic activity of PARP-1 and thereby
contribute to cancer susceptibility.

In the present meta-analysis with 12027 cancer cases and 14106 controls, no significant
association between the PARP-1V762A polymorphism and overall risk of cancer was
found. However, in the subgroup analyses by ethnicity, the variant 762A allele was found to
be associated with an increased risk of cancer among Asian populations but a decreased risk
of cancer, particularly glioma, among Caucasian populations,. These findings indicate that
the PARP-1V762A polymorphism may play a role in cancer development, at least in some
ethnic groups or some specific cancer types. However, it is still unclear whether the same
polymorphism may have the same effect across different types of cancer, though evidence
has shown that a few SNPs, such as rs401681 in CLPTMIL, are associated with risk of
many cancer types including basal cell carcinoma and cancers of the lung, bladder, prostate,
and cervix [Rafnar, et al. 2009]. Therefore, our results should be interpreted cautiously.
Nevertheless, our findings are interesting and worthy of further investigation.

If significant heterogeneity is present, pooled summary estimates from such meta-analyses
are hard to interpret. In our meta-analysis, obvious heterogeneity across studies was
observed in the overall comparison and some subgroup analyses. We then used the meta-
regression analysis to explore the sources of heterogeneity. We found that ethnicity and type
of cancers might contribute to the potential heterogeneity, suggesting that the PARP-1
V762A polymorphism may modulate cancer risk differently depending on ethnicity and type
of cancers. Indeed, in the stratified analysis by ethnicity, the effect of the variant A allele of
the PAPR-1V762A polymorphism appeared to be associated with cancer risk more likely in

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Yuetal.

Page 7

Asians than in Caucasians. When stratifying by type of cancers, we found that the variant A
allele of this polymorphism was associated with a decreased risk for glioma in Caucasians
but not for other types of cancer in the dominant model, and no heterogeneity was found
across the studies.

In our meta-analysis, we found that the minor allele frequencies of the PARP-1V762A
polymorphism exhibited striking racial differences. The A allele frequency of Asians was
significantly higher (42.3%) than that of Caucasians (16.6%). Similarly, in the HapMap
database, the frequency of the minor A allele among Asians (45%) is also higher than that of
European (15%) (http://hapmap.ncbi.nlm.nih.gov/). To date, no association study between
the PARP-1V762A polymorphism and glioma risk has been reported in Asians. Therefore,
further studies are needed to explore the role of the PARP-1VV762A polymorphism in the
development of different type of cancers including glioma in different ethnic populations.

Some potential limitations in this meta-analysis should be considered. Firstly, only papers
published in English were included in this meta-analysis, and this could have introduced
bias in our results. Secondly, obvious heterogeneity across studies, which might result from
different ethnicities and types of cancer, existed in overall comparisons and also some
subgroup analyses. Although various genotyping techniques were used in those studies used
in our meta-analysis, including polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP), TagMan, and MassARRAY assays, it did not contribute to the
observed heterogeneity across studies (P=0.146 ). Thirdly, the small sample sizes in some
subgroup analyses may have limited statistical power. Furthermore, due to limited studies
included in this meta-analysis, we were unable to perform further subgroup analyses, such as
by specific type of cancers in Asians. Fourthly, our results were based on unadjusted OR
estimates, because not all studies included in this meta-analysis provided adjusted ORs or
the ORs were not adjusted by the same potential confounders, such as age, sex, ethnicity,
and other environmental factors. A more precise analysis should be conducted if individual
data were available. Fifthly, despite the confirmatory findings from this meta-analysis, we
can not rule out the possibility that the current significant results might be due to chance,
because many factors, such as those we mentioned above and potential publication bias that
may exist but was undetectable in this meta-analysis, could have an impact on our analysis.
Therefore, these results should be interpreted with caution and confirmed from additional
analysis with more published studies in the future. Finally, evaluation of the potential gene-
gene and gene-environment interaction effects on the risk of cancer was limited because of
lacking the original data of the reviewed studies.

In conclusion, our meta-analysis with a total of 12027 cases and 14106 controls suggests
that the variant A allele of PARP-1\/763A polymorphism may increase the risk of cancer in
Asian populations but decrease the risk of cancer, especially for the risk of glioma, in
Caucasian populations. Further well designed studies with large sample sizes of different
ethnic populations and different cancer types are warranted. Furthermore, the effects of
gene-gene and gene-environment interactions on the risk of cancer should also be taken into
account.

Acknowledgments

This work was supported in part by the National Institutes of Health grants R0O1 CA131274 and R01 ES011740 (Q.
Wei). Its contents are solely the responsibility of the authors and do not necessarily represent the official views of
the National Institutes of Health.

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.


http://hapmap.ncbi.nlm.nih.gov/

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Yuetal. Page 8

Reference

Ame JC, Spenlehauer C, de Murcia G. The PARP superfamily. Bioessays. 2004; 26(8):882-93.
[PubMed: 15273990]

Barton VN, Donson AM, Kleinschmidt-DeMasters BK, Gore L, Liu AK, Foreman NK. PARP1
expression in pediatric central nervous system tumors. Pediatr Blood Cancer. 2009; 53(7):1227-30.
[PubMed: 19533660]

Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for publication bias.
Biometrics. 1994; 50(4):1088-101. [PubMed: 7786990]

Bhatia K, Huppi K, Cherney B, Raffeld M, Smulson M, Magrath I. Relative predispositional effect of
a PADPRP marker allele in B-cell and some non B-cell malignancies. Curr Top Microbiol
Immunol. 1990a; 166:347-57. [PubMed: 1981498]

Bhatia KG, Cherney BW, Huppi K, Magrath IT, Cossman J, Sausville E, Barriga F, Johnson B, Gause
B, Bonney G. A deletion linked to a poly(ADP-ribose) polymerase gene on chromosome 13q33-qter
occurs frequently in the normal black population as well as in multiple tumor DNA. Cancer Res.
1990b; 50(17):5406-13. others. [PubMed: 2117481]

Bieche I, de Murcia G, Lidereau R. Poly(ADP-ribose) polymerase gene expression status and genomic
instability in human breast cancer. Clin Cancer Res. 1996; 2(7):1163-7. [PubMed: 9816283]

Brevik A, Joshi AD, Corral R, Onland-Moret NC, Siegmund KD, Le Marchand L, Baron JA, Martinez
ME, Haile RW, Ahnen DJ. Polymorphisms in base excision repair genes as colorectal cancer risk
factors and modifiers of the effect of diets high in red meat. Cancer Epidemiol Biomarkers Prev.
2010; 19(12):3167-73. others. [PubMed: 21037106]

Burkle A. PARP-1: a regulator of genomic stability linked with mammalian longevity. Chembiochem.
2001; 2(10):725-8. [PubMed: 11948853]

Cao WH, Wang X, Frappart L, Rigal D, Wang ZQ, Shen Y, Tong WM. Analysis of genetic variants of
the poly(ADP-ribose) polymerase-1 gene in breast cancer in French patients. Mutat Res. 2007;
632(1-2):20-8. [PubMed: 17560163]

Chiang FY, Wu CW, Hsiao PJ, Kuo WR, Lee KW, Lin JC, Liao YC, Juo SH. Association between
polymorphisms in DNA base excision repair genes XRCC1, APE1, and ADPRT and differentiated
thyroid carcinoma. Clin Cancer Res. 2008; 14(18):5919-24. [PubMed: 18779313]

Choi JE, Park SH, Jeon HS, Kim KM, Lee GY, Park RW, Kam S, Kim IS, Kim CH, Jheon SH. No
association between haplotypes of three variants (codon 81, 284, and 762) in poly(ADP-ribose)
polymerase gene and risk of primary lung cancer. Cancer Epidemiol Biomarkers Prev. 2003;
12(9):947-9. others. [PubMed: 14504211]

d’Adda di Fagagna F, Hande MP, Tong WM, Lansdorp PM, Wang ZQ, Jackson SP. Functions of
poly(ADP-ribose) polymerase in controlling telomere length and chromosomal stability. Nat
Genet. 1999; 23(1):76-80. [PubMed: 10471503]

de Murcia JM, Niedergang C, Trucco C, Ricoul M, Dutrillaux B, Mark M, Oliver FJ, Masson M,
Dierich A, LeMeur M. Requirement of poly(ADP-ribose) polymerase in recovery from DNA
damage in mice and in cells. Proc Natl Acad Sci U S A. 1997; 94(14):7303-7. others. [PubMed:
9207086]

Decordier I, Loock KV, Kirsch-Volders M. Phenotyping for DNA repair capacity. Mutat Res. 2010;
705(2):107-29. [PubMed: 20478396]

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 1986; 7(3):177-88.
[PubMed: 3802833]

Egger M, Smith G Davey, Schneider M, Minder C. Bias in meta-analysis detected by a simple,
graphical test. BMJ. 1997; 315(7109):629-34. [PubMed: 9310563]

Figueroa JD, Malats N, Real FX, Silverman D, Kogevinas M, Chanock S, Welch R, Dosemeci M,
Tardon A, Serra C. Genetic variation in the base excision repair pathway and bladder cancer risk.
Hum Genet. 2007; 121(2):233-42. others. [PubMed: 17203305]

Friedberg EC. A brief history of the DNA repair field. Cell Res. 2008; 18(1):3-7. [PubMed:
18157159]

Gao R, Price DK, Dahut WL, Reed E, Figg WD. Genetic polymorphisms in XRCC1 associated with
radiation therapy in prostate cancer. Cancer Biol Ther. 2010; 10(1):13-8. [PubMed: 20495366]

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Yuetal.

Page 9

Goncalves A, Finetti P, Sabatier R, Gilabert M, Adelaide J, Borg JP, Chaffanet M, Viens P, Birnbaum
D, Bertucci F. Poly(ADP-ribose) polymerase-1 mRNA expression in human breast cancer: a meta-
analysis. Breast Cancer Res Treat. 2010; 127(1):273-81. [PubMed: 21069454]

Gurung RL, Balakrishnan L, Bhattacharjee RN, Manikandan J, Swaminathan S, Hande MP. Inhibition
of poly (ADP-Ribose) polymerase-1 in telomerase deficient mouse embryonic fibroblasts
increases arsenite-induced genome instability. Genome Integr. 2010; 1(1):5. [PubMed: 20678253]

Haiman CA, Hsu C, de Bakker PI, Frasco M, Sheng X, Van Den Berg D, Casagrande JT, Kolonel LN,
Le Marchand L, Hankinson SE. Comprehensive association testing of common genetic variation in
DNA repair pathway genes in relationship with breast cancer risk in multiple populations. Hum
Mol Genet. 2008; 17(6):825-34. others. [PubMed: 18056155]

Hao B, Wang H, Zhou K, Li Y, Chen X, Zhou G, Zhu Y, Miao X, Tan W, Wei Q. Identification of
genetic variants in base excision repair pathway and their associations with risk of esophageal
squamous cell carcinoma. Cancer Res. 2004; 64(12):4378-84. others. [PubMed: 15205355]

Hoeijmakers JH. Genome maintenance mechanisms for preventing cancer. Nature. 2001; 411(6835):
366—74. [PubMed: 11357144]

Huang M, Dinney CP, Lin X, Lin J, Grossman HB, Wu X. High-order interactions among genetic
variants in DNA base excision repair pathway genes and smoking in bladder cancer susceptibility.
Cancer Epidemiol Biomarkers Prev. 2007; 16(1):84-91. [PubMed: 17220334]

Jackson SP, Bartek J. The DNA-damage response in human biology and disease. Nature. 2009;
461(7267):1071-8. [PubMed: 19847258]

Jin XM, Kim HN, Lee IK, Park KS, Kim HJ, Choi JS, Juhng SW, Choi C. PARP-1 Val762Ala
polymorphism is associated with reduced risk of non-Hodgkin lymphoma in Korean males. BMC
Med Genet. 2010; 11:38. [PubMed: 20196871]

Kim MY, Zhang T, Kraus WL. Poly(ADP-ribosyl)ation by PARP-1: ‘PAR-laying’ NAD+ into a
nuclear signal. Genes Dev. 2005; 19(17):1951-67. [PubMed: 16140981]

Landi S, Gemignani F, Canzian F, Gaborieau V, Barale R, Landi D, Szeszenia-Dabrowska N, Zaridze
D, Lissowska J, Rudnai P. DNA repair and cell cycle control genes and the risk of young-onset
lung cancer. Cancer Res. 2006; 66(22):11062-9. others. [PubMed: 17108146]

Lau J, loannidis JP, Schmid CH. Quantitative synthesis in systematic reviews. Ann Intern Med. 1997;
127(9):820-6. [PubMed: 9382404]

Li C, Hu Z, Lu J, Liu Z, Wang LE, El-Naggar AK, Sturgis EM, Spitz MR, Wei Q. Genetic
polymorphisms in DNA base-excision repair genes ADPRT, XRCC1, and APE1 and the risk of
squamous cell carcinoma of the head and neck. Cancer. 2007; 110(4):867—75. [PubMed:
17614107]

Li C, Liu Z, Wang LE, Strom SS, Lee JE, Gershenwald JE, Ross MI, Mansfield PF, Cormier JN,
Prieto VG. Genetic variants of the ADPRT, XRCC1 and APE1 genes and risk of cutaneous
melanoma. Carcinogenesis. 2006; 27(9):1894-901. others. [PubMed: 16621887]

Liu Y, Scheurer ME, El-Zein R, Cao Y, Do KA, Gilbert M, Aldape KD, Wei Q, Etzel C, Bondy ML.
Association and interactions between DNA repair gene polymorphisms and adult glioma. Cancer
Epidemiol Biomarkers Prev. 2009; 18(1):204-14. [PubMed: 19124499]

Lockett KL, Hall MC, Xu J, Zheng SL, Berwick M, Chuang SC, Clark PE, Cramer SD, Lohman K, Hu
JJ. The ADPRT V762A genetic variant contributes to prostate cancer susceptibility and deficient
enzyme function. Cancer Res. 2004; 64(17):6344-8. [PubMed: 15342424]

Lyn D, Cherney BW, Lalande M, Berenson JR, Lichtenstein A, Lupold S, Bhatia KG, Smulson M. A
duplicated region is responsible for the poly(ADP-ribose) polymerase polymorphism, on
chromosome 13, associated with a predisposition to cancer. Am J Hum Genet. 1993; 52(1):124—
34. [PubMed: 8434580]

Martin-Oliva D, O’Valle F, Munoz-Gamez JA, Valenzuela MT, Nunez MI, Aguilar M, de Almodovar
JM Ruiz, del Moral R Garcia, Oliver FJ. Crosstalk between PARP-1 and NF-kappaB modulates
the promotion of skin neoplasia. Oncogene. 2004; 23(31):5275-83. [PubMed: 15077172]

Masson M, Niedergang C, Schreiber V, Muller S, Menissier-de Murcia J, de Murcia G. XRCC1 is
specifically associated with poly(ADP-ribose) polymerase and negatively regulates its activity
following DNA damage. Mol Cell Biol. 1998; 18(6):3563-71. [PubMed: 9584196]

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Yuetal.

Page 10

Masutani M, Nakagama H, Sugimura T. Poly(ADP-ribose) and carcinogenesis. Genes Chromosomes
Cancer. 2003; 38(4):339-48. [PubMed: 14566854]

Masutani M, Nakagama H, Sugimura T. Poly(ADP-ribosyl)ation in relation to cancer and autoimmune
disease. Cell Mol Life Sci. 2005; 62(7-8):769-83. [PubMed: 15868402]

McKean-Cowdin R, Barnholtz-Sloan J, Inskip PD, Ruder AM, Butler M, Rajaraman P, Razavi P,
Patoka J, Wiencke JK, Bondy ML. Associations between polymorphisms in DNA repair genes and
glioblastoma. Cancer Epidemiol Biomarkers Prev. 2009; 18(4):1118-26. others. [PubMed:
19318434]

Miao X, Zhang X, Zhang L, Guo Y, Hao B, Tan W, He F, Lin D. Adenosine diphosphate ribosyl
transferase and x-ray repair cross-complementing 1 polymorphisms in gastric cardia cancer.
Gastroenterology. 2006; 131(2):420-7. [PubMed: 16890595]

Nosho K, Yamamoto H, Mikami M, Taniguchi H, Takahashi T, Adachi Y, Imamura A, Imai K,
Shinomura Y. Overexpression of poly(ADP-ribose) polymerase-1 (PARP-1) in the early stage of
colorectal carcinogenesis. Eur J Cancer. 2006; 42(14):2374-81. [PubMed: 16809031]

Nozaki T, Fujihara H, Watanabe M, Tsutsumi M, Nakamoto K, Kusuoka O, Kamada N, Suzuki H,
Nakagama H, Sugimura T. Parp-1 deficiency implicated in colon and liver tumorigenesis induced
by azoxymethane. Cancer Sci. 2003; 94(6):497-500. others. [PubMed: 12824873]

Pero RW, Roush GC, Markowitz MM, Miller DG. Oxidative stress, DNA repair, and cancer
susceptibility. Cancer Detect Prev. 1990; 14(5):555-61. [PubMed: 2121341]

Prasad SC, Thraves PJ, Bhatia KG, Smulson ME, Dritschilo A. Enhanced poly(adenosine diphosphate
ribose) polymerase activity and gene expression in Ewing’s sarcoma cells. Cancer Res. 1990;
50(1):38-43. [PubMed: 2104538]

Rafnar T, Sulem P, Stacey SN, Geller F, Gudmundsson J, Sigurdsson A, Jakobsdottir M, Helgadottir
H, Thorlacius S, Aben KK. Sequence variants at the TERT-CLPTML1L locus associate with many
cancer types. Nat Genet. 2009; 41(2):221-7. others. [PubMed: 19151717]

Rajaee-Behbahani N, Schmezer P, Ramroth H, Burkle A, Bartsch H, Dietz A, Becher H. Reduced
poly(ADP-ribosyl)ation in lymphocytes of laryngeal cancer patients: results of a case-control
study. Int J Cancer. 2002; 98(5):780-4. [PubMed: 11920651]

Rajaraman P, Hutchinson A, Wichner S, Black PM, Fine HA, Loeffler JS, Selker RG, Shapiro WR,
Rothman N, Linet MS. DNA repair gene polymorphisms and risk of adult meningioma, glioma,
and acoustic neuroma. Neuro Oncol. 2010; 12(1):37-48. others. [PubMed: 20150366]

Rouleau M, Patel A, Hendzel MJ, Kaufmann SH, Poirier GG. PARP inhibition: PARP1 and beyond.
Nat Rev Cancer. 2010; 10(4):293-301. [PubMed: 20200537]

Ruscetti T, Lehnert BE, Halbrook J, Le Trong H, Hoekstra MF, Chen DJ, Peterson SR. Stimulation of
the DNA-dependent protein kinase by poly(ADP-ribose) polymerase. J Biol Chem. 1998; 273(23):
14461-7. [PubMed: 9603959]

Samper E, Goytisolo FA, Menissier-de Murcia J, Gonzalez-Suarez E, Cigudosa JC, de Murcia G,
Blasco MA. Normal telomere length and chromosomal end capping in poly(ADP-ribose)
polymerase-deficient mice and primary cells despite increased chromosomal instability. J Cell
Biol. 2001; 154(1):49-60. [PubMed: 11448989]

Shen M, Zheng T, Lan Q, Zhang Y, Zahm SH, Wang SS, Holford TR, Leaderer B, Yeager M, Welch
R. Polymorphisms in DNA repair genes and risk of non-Hodgkin lymphoma among women in
Connecticut. Hum Genet. 2006; 119(6):659-68. others. [PubMed: 16738949]

Shiokawa M, Masutani M, Fujihara H, Ueki K, Nishikawa R, Sugimura T, Kubo H, Nakagama H.
Genetic alteration of poly(ADP-ribose) polymerase-1 in human germ cell tumors. Jpn J Clin
Oncol. 2005; 35(2):97-102. [PubMed: 15709096]

Smith TR, Levine EA, Freimanis RI, Akman SA, Allen GO, Hoang KN, Liu-Mares W, Hu JJ.
Polygenic model of DNA repair genetic polymorphisms in human breast cancer risk.
Carcinogenesis. 2008; 29(11):2132-8. [PubMed: 18701435]

Staibano S, Pepe S, Lo Muzio L, Somma P, Mascolo M, Argenziano G, Scalvenzi M, Salvatore G,
Fabbrocini G, Molea G. Poly(adenosine diphosphate-ribose) polymerase 1 expression in malignant
melanomas from photoexposed areas of the head and neck region. Hum Pathol. 2005; 36(7):724—
31. others. [PubMed: 16084940]

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Yuetal.

Page 11

Stern MC, Butler LM, Corral R, Joshi AD, Yuan JM, Koh WP, Yu MC. Polyunsaturated fatty acids,
DNA repair single nucleotide polymorphisms and colorectal cancer in the Singapore Chinese
Health Study. J Nutrigenet Nutrigenomics. 2009; 2(6):273-9. [PubMed: 20559012]

Stern MC, Conti DV, Siegmund KD, Corral R, Yuan JM, Koh WP, Yu MC. DNA repair single-
nucleotide polymorphisms in colorectal cancer and their role as modifiers of the effect of cigarette
smoking and alcohol in the Singapore Chinese Health Study. Cancer Epidemiol Biomarkers Prev.
2007; 16(11):2363-72. [PubMed: 18006925]

Tong WM, Cortes U, Wang ZQ. Poly(ADP-ribose) polymerase: a guardian angel protecting the
genome and suppressing tumorigenesis. Biochim Biophys Acta. 2001; 1552(1):27-37. [PubMed:
11781113]

Tsutsumi M, Masutani M, Nozaki T, Kusuoka O, Tsujiuchi T, Nakagama H, Suzuki H, Konishi Y,
Sugimura T. Increased susceptibility of poly(ADP-ribose) polymerase-1 knockout mice to
nitrosamine carcinogenicity. Carcinogenesis. 2001; 22(1):1-3. [PubMed: 11159733]

Wang M, Qin C, Zhu J, Yuan L, Fu G, Zhang Z, Yin C. Genetic variants of XRCC1, APE1, and
ADPRT genes and risk of bladder cancer. DNA Cell Biol. 2010; 29(6):303-11. [PubMed:
20218899]

Wang XG, Wang ZQ, Tong WM, Shen Y. PARP1 Val762Ala polymorphism reduces enzymatic
activity. Biochem Biophys Res Commun. 2007; 354(1):122-6. [PubMed: 17214964]

Wiesmuller L, Ford JM, Schiestl RH. DNA Damage, Repair, and Diseases. J Biomed Biotechnol.
2002; 2(2):45. [PubMed: 12488582]

Wu X, Gu J, Grossman HB, Amos Cl, Etzel C, Huang M, Zhang Q, Millikan RE, Lerner S, Dinney
CP. Bladder cancer predisposition: a multigenic approach to DNA-repair and cell-cycle-control
genes. Am J Hum Genet. 2006; 78(3):464—79. others. [PubMed: 16465622]

Yosunkaya E, Kucukyuruk B, Onaran I, Gurel CB, Uzan M, Kanigur-Sultuybek G. Glioma risk
associates with polymorphisms of DNA repair genes, XRCC1 and PARP1. Br J Neurosurg. 2010;
24(5):561-5. [PubMed: 20868244]

Zhai X, Liu J, Hu Z, Wang S, Qing J, Wang X, Jin G, Gao J, Shen H. Polymorphisms of ADPRT
Val762Ala and XRCC1 Arg399Glu and risk of breast cancer in Chinese women: a case control
analysis. Oncol Rep. 2006; 15(1):247-52. [PubMed: 16328064]

Zhang Q, Li Y, Li X, Zhou W, Shi B, Chen H, Yuan W. PARP-1 Val762Ala polymorphism, CagA+
H. pylori infection and risk for gastric cancer in Han Chinese population. Mol Biol Rep. 2009;
36(6):1461—7. [PubMed: 18716896]

Zhang X, Miao X, Liang G, Hao B, Wang Y, Tan W, Li Y, Guo Y, He F, Wei Q. Polymorphisms in
DNA base excision repair genes ADPRT and XRCC1 and risk of lung cancer. Cancer Res. 2005;
65(3):722-6. others. [PubMed: 15705867]

Zhang Y, Newcomb PA, Egan KM, Titus-Ernstoff L, Chanock S, Welch R, Brinton LA, Lissowska J,
Bardin-Mikolajczak A, Peplonska B. Genetic polymorphisms in base-excision repair pathway
genes and risk of breast cancer. Cancer Epidemiol Biomarkers Prev. 2006; 15(2):353-8. others.
[PubMed: 16492928]

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Yuetal.

(A)

PARP-1 |

Znt- Znll  Znlll
(B)

"
y}if/’\

DNA binding domain auto-modification domain

Catalytic domain

wh B
}
N7 NN

|

Binding of PARP-1 to
DNA-strand break
Y

[ Poly(ADP-ribosyl)ation by PARP-1

)

/o

|

/

N\

.| [ Cell proliferation
[DNA repalr] [ and death

I

Chromatin
remodeling

II§

ranscriptiona
regulation

I

Genomic integrity
maintenance

Figure 1.

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.

Page 12



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Yuetal.

searching

47 records identified through
initial electronic database

5 additional records identified
through a hands-on search of
references of original studies

Figure2.

23 records excluded after
title or abstract review

29 articles chosen for
full text review

8 articles excluded because of the
following reasons:

Duplicate publication (n = 2)
Family based study (n=1)

Study not providing genotyping
data (n=2)

The genotype distributions in the
controls were inconsistent with
HWE in the studies (n = 3)

21 articles included in
the meta-analysis

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.

Page 13



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Yuetal.

0.500
0.400-
>
o
c
o
3
3
2
w
2 0.300
2
<
1
o
£
=
0.200 %
0.100
T T
Asian Caucasian
Ethnicity

Figure 3.

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.

Page 14



1duosnuey JoyIny vd-HIN

Yuetal. Page 15

Study Cancer” Cases Controls Odds Ratio Odds Ratio

M-H. Random. 95% CI M-H. Random, 95% CI
Ca02007 Breast 83 100 0.71[0.36, 1.41] I
Chiang2008 Thyroid 283 469 1.28[0.93, 1.75) —
Figueroa2007 Bladder 1138 1131 1.28[1.06, 1.55) Bl
Ga02010 Prostate 453 19 0.90 [0.58, 1.38] T
Ha02004 Esophagus 414 479 1.25[0.94, 1.65) =
Jin2010 NHL 573 721 0.90 [0.71, 1.14)
Landi2006 Lung 22 307 0.90[0.64, 1.28] e
Li 2006 Melanoma 602 603 0.82[0.64, 1.05] =1
Li2007 Head and neck 830 854 0.78 [0.63, 0.97) =
Liu2009 Glioma 3 365 0.72[0.53, 0.98) —
Lockett2004 Prostate 488 524 1.27[0.96, 1.69)
McKean-Cowdin2009 Glioblastoma 987 1935 0.79[0.67, 0.94] b
Rajaraman2010 Multiple 526 464 0.77[0.59, 1.02) —
Shen2006 NHL 455 535 0.86 [0.66, 1.13] T
Smith2008 Breast 366 469 0.79[0.58, 1.09] i i
Stem 2007 Colorectum 307 173 1.11[0.84, 1.45) i i
Wang2010 Bladder 234 253 1.09[0.74, 1.60] o
Wu2008 Bladder 606 595 0.90 [0.70, 1.15) i
Zhai2006 Breast 302 639 0.90 [0.67, 1.21) T
Zhang 2005 Lung 1000 1000 1.26[1.05, 1.52) —
Zhang 2006 Breast 1716 1371 1.03[0.88, 1.20) T
Total (95% CI) 12027 14106 0.96 [0.88, 1.05] 4

+ + 1

Heterogeneity: Tau? = 0.02; Chi? = 49.22, df = 20 (P = 0.0003); I = 59%
Test for overall effect: Z = 0.85 (P = 0.39)

oT
()

05

[S)
o

Figure4.

1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Yuetal.

Page 16

Study Cases Controls Odds Ratio Odds Ratio
M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chiang2008 283 469 1.28[0.93, 1.75] i e
Hao2004 414 479 1.25[0.94, 1.65] .
Jin2010 573 721 0.90[0.71, 1.14] -
Stemn 2007 307 173 1.11[0.84, 1.45] ™
Wang2010 234 253 1.09 [0.74, 1.60] ]
Zhai2006 302 639 0.90[0.67, 1.21] ™
Zhang 2005 1000 1000 1.26 [1.05, 1.52] il
Total (95% Cl) 3113 4734 1.11[1.01,1.23] F
Heterogeneity: Chiz = 8.40, df = 6 (P = 0.21); I = 29% I t t t i

Test for overall effect: 2 = 2.1 (P = 0.04)

Figure5.

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.



Yuetal. Page 17

Study Cases Controls Odds Ratio Odds Ratio
M-H, Random, 95% CI M-H, Random, 95% CI

Ca02007 83 100 0.71[0.36, 1.41) I
Figueroa2007 1138 1131 1.28 [1.06, 1.55] B
Ga02010 453 19 0.90[0.58, 1.38] T
Landi2006 292 307 0.90 [0.64, 1.28) -/
Li 2006 602 603 0.82[0.64, 1.05) ]
Li2007 830 854 0.78 [0.63, 0.97) =l
Liu2009 312 365 0.72[0.53, 0.98] /]
Lockett2004 438 427 1.18[0.88, 1.59] T
McKean-Cowdin2009 987 1935 0.79[0.67, 0.94) i
Rajaraman2010 526 464 0.77[0.59, 1.02) .
Smith2008 314 397 0.72[0.52, 1.00] N
Wu2006 606 595 0.80[0.70, 1.15) T
Zhang 2006 1716 1371 1.03[0.88, 1.20] T
Total (95% Cl) 8357 8668 0.89 [0.80, 1.00] ¢

ity Tauz = 0.02: Chiz = = = - |2 = 599 t + + i
Heterogeneity: Tau?= 0.02; Chi? = 29.34, df = 12 (P = 0.004); I*= 59% 02 05 1 2 5

Test for overall effect: Z=2.01 (P = 0.04)

1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Figure®6.

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Yuetal.

Begg’s funnel plot with pseudo 95% confidence limits

14
5

logor 6 a

° 0
04 o
00 ¢ ° 0

0 g °° °

L]
-5
14

0 2

s.e.of: logor

Figure7.

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.

e



Page 19

Yuetal.

"SOMIOIIYIS PAXIW PIXIN ‘pAIOIULYT,

aouanhag paseq-fendsoy 61T /€5y p (660 -28'0) 06'0 J9UES SIEIS0l] URISEONED) S oo
d144-40d paseg-[endsoy €52/ vET p (10T -680) 80T 190UED) Jappelg Ueisy S — buem

5 (00°T - 82°0) £5°0 "BWOINAU INISNOIY
ueIbe paseq-fendsoy ¥9Y /925 o (L0'T-27°0) £9°0 “ewiolBUILB sieoueD a(dninA UeIseONED LAWY 0T0Z Uewerefey

o (LT'T-€90) 98°0 ‘Bwol|D
INYH-4Od  peseq-uone|ndod T2L/ €LS 5 (VO'T - T20) 060 THN RISy P "
AVYHYVYSSBIN  paseg-uonendod G9E / 2/ o (L610-250) L0 BWOI[D  UBISEINED eILBWY 6002 nn
AVHYVSSeN cmwm%mw.m_%_:w__mmmm GE6T / /86 2(56'0-29°0) 080 ewolse|golS  ueIseone) BOLBWY 6002  UIPMOD-UBSMIN
AVHUVSSEN paseq-jendsoy 697 / 99€ p (96'0-99°0) 62°0 ouen isearg ajdmny TR s
ueibe paseq-fendsoy 69 / €87 pOST-v0T)8ZT  ewourorey ploJAYL WISy UeMEL  800Z BueIo
uebel  paseg-uoneindod €LTT/ LOE s rT-80)TT 199U [E10910]0D) UeIsy siodeBuis 100z Lo
ueibeL paseq-[endsoy TETT / 8ETT p(IST-20T)v2'T 130UBD) JOpPRIG  UBISEONED) ueds 2002 —
aouanhag paseq-feydsoy 00T /€8 p (90T -87°0) TL0 J00UeS 1SEBIE UBISEONED) couess 1002 0o
d144-40d paseq-fendsoy v58 / €8 5 (00T-£90) 620 NHODS  Ueiseaned ouawy 100z A
X3dv paseq-endsoy 108 /262 p (80T -52°0) 060 Jeouen BUM  Ueiseones  suoiBal sl 9002 o
ueibeL paseq-[endsoy 65 / 909 o (GT'T-890) 680 130UBD) JOPPRIG  UBISEONED) BBy 9002 ™
uenbel  paseg-uonejndod €5/ S5 o (GT'T-990) /80 N o A wous
d144-40d paseq-[endsoy €09 /209 p (0€T-890) 760 ewiouejai snosueny  ueiseoned BOUBWY 9007 "
d144-40d paseq-Jeydsoy 659/ 20€ 5 (6T'T-19°0) 280 190UBD) 158319 ueIsy BND 9002 euz
uewbel  paseg-uonejndod T/ET/9TLT p (ITT-960)€0'T Jo0uBD 1Sealg UBISEINED) BBy 9002 bueyy
d144-40d paseq-feydsoy 0007 / 000T p (€22-127)897T 180U Bun Uiy o 5002 bz
d144-40d paseq-|endsoy 6Ly | v1¥ p (9v'T-20T) S2'T 2953 ueIsy BUD Y002 ool
AVHYY SseiN paseq-[endsoy 25/ 88Y pOVT-TTT) 2T 130UBD) BIEIS0Ig PaXIN T P00

BPRoUPU (s101U00 sa58D) (AA SA VY+ YA)
BuidAoues  s|043U0D JO 82.IN0S azsa|dwres 5(1D%G6) ¥O g#eoued josadAL  phoiuyIg Anunos s JOUIE B

NIH-PA Author Manuscript

T alqel

sisAJeue ue-elaW ay) Ul papnjoul SaIpNIs JO sansLialoRIeyD

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.



Page 20

Yuetal.

"w0009 8UD-1010Y 8y} uo pawloyad sem sisAjeue (INYH) Bunjaw uonnjosal ybiy pue Buljakd ¥Od :NHH-HDd ‘wsiydiowAjod yibua uswbel uonoallsal-uoloeay
urey asesaWA|od :d144-40d ‘ajdiounid uoisuaixe Jawiid pakelte ay) uo paseq anbiuyos) Aesreotoiw e Aq ajdures uaalb e 1oy Jayiabiol pazAeue sem wsiydiowAjod : X34V ‘SAeLIROIq dIHD04198dS X3 1d!
azAJeue pue ssa201d 0} pasn Sem a1emMOS €'E UOISISA UOIBISHIONM AVHYEWSSBIN "Zwioseld ,, XT1dI AVHYWSSelN wouanbas ayy Buisn pawiioyiad sem BuidA1ouss) : A HHWSSeIA :poyiawl m:_gbo:oom

(% 10 G6) YO paisn .a<m

*(12) [entaIu] BOUBPLUOD %SG6 PUB (MO) OMel sppo Bm:.amc:u

"I3pOWI WUBLIWOA AN 4 WV + VA,

"elwoinau J1snody

pue ‘ewol|9 ‘ewolbulus|y :S1a2urd a|dn|nN|Al 98N pue ‘peaH syl Jo ewoulde) [[30 snowenbs :NHDOS ‘ewoydwA| uiybpoH-UoN :THN ‘ewoulale) || snowenbs [eabeydos3 :00S3 :sadAl _mocmoQ

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.



Page 21

Yuetal.

'$]03U02 paseg-uoiie|ndod pue sjoJu0d paseq-endsoy Yylog woiy a1am ([e 18 ‘UIPMOD-UBISIIN) APNIS SIY1 JO S|01IU0D 1310 %

*dnoub ,s190UBd J8Y0, Byl 0JUI PaBIBLU SEA SBIPNIS 984U UBY) SS3| SUIBILOD UYIIYM Jaoued Jo adA) yoes :S180ued Jayl0

E}

‘(AN YA'SA YY) |9pOW 9AISS3231 8y} 4o} uosuredwod auo pue ‘adAloush AA 8yl pue adAlousb vy syl usamiaq uosiiedwod auo ”vmx__\,_m

‘PasN SeM [3POW SI08J48-PaxIy By} ‘BSIMIBUIO ‘T°0 > 18] A118usBo.alay 10) aNjeA-/ USUM Pasn SeA [3pOW S108)4a-Wopuel 8y 1S} A11ausbolslay 1o} 1581-0) JO anjeA s

1’

13POW BAISSBI8Y WA+ AASAVY,

Japow ueuIWOd AASA VY + VA

q

.m:Om_‘_mQEoo Jo ‘_wQEJZm

000 (TT'T-¥8°0)960 000 (S0'T-G8°0)S6'0 0€00 (L0T-88°0) L6'0 0ST'0 (TT'T-€8°0)96'0 GT 8.20T / 5v98 y WO
0800 (€€'T-¥8'0)S0T 5000 (T2T-280)00T 0200 (E'T-62°0)90T 0500 (9T'T-€8'0)860 9 8¢8¢€ / ¢8ee d144-40d
spoyiaw BuidArouss
- - - - - - - -1 GEBT / L86 £13U0
0900 (¥2'1-580)€0T  T000 (2T'1-88°0)660 0100 (62°T-€8°0)€0T 0100 (0T'1-68°0)66°0 ST 9008 / LT9L paseq-[endsoH
0,90 (€T'1-6,°0)G60 0670 (S0T-98'0)S6'0 0250 (PT'T-LL0)¥60 0090 (2T'1-68'0)00T G 69Ty /€2y paseg-uone|ndod
$]0J1U09 JO S834N0S
ov00 (L2T1-980)¥0T #0000 (TTT-980)860 9000 (VET-€8°0)G0T 00T0 (Z0'T-T6'0)860 €T 2TLL /€885 4 Si8duED JBYI0
0280 (€€'1-69°0)960 0800 (6€T-980)60T 0580 (0V'T-0.0)660 0900 (F¥'T-¥8°0)0T'T € 6.6T /86T Jaoued Jappe|g
0980 (6T'T-TL0)260 0.0 (80T-¥80)960 0580 (8T'T-89°0)060 0£€0 (0TT-G8°0)960 ¥ 6.52 / L9¥T 130UB 15B3IG
0850 (€T'T-870)€.0 0080 (06°0-69°0)6L0 0190 (L0T-G7'0)69°0 0,90 (S6°0-0.°0)T80 € 9.2 1 6691 ewol|o
$190URD JO sadA |
- (921-66'0)2TT  O¥Z0 (8T'T-02°0) T6'0 - (69°T-92°0)990 0S¢0 (TZT-TL0) €60 € v0L / LSS aPXIN
0S€'0  (¥0'T-12°0)98°0  ¥000 (00°T-080)68'0 0820 (20'T-0.0)¥80 6000 (20'T-18°0)T60 €T 8998 / /5€8 Uelseane)
0€z0 (92T-660)¢TT  0T20 (ETT-TOT)TTT 000 (Tr1-66'0)9TT 0950 (12T-86'0)60T L vELY | ETTE uelsy
sanmIupI
00T0 (FT'T-€6'0)€0°T €0000 (S0T-88'0)96'0 0100 (LT'T-¥80)66'0 0100 (90'T-06'0) 260 TC 90T¥T / L202T [e10L
pd (1D %se) 4O pd (D%wse)d0 pd  (ID%S6)d0  pd (1D %S6) HO
U S|0J1U0D /Sase)D S|qelLeA

AN+ VA SAYY

gAA SA Y+ YA

AN SA VY

ANSAVYA

sy [ans Jo 'oN

NIH-PA Author Manuscript

31 Jaoued pue wsiydiowAjod /29 A I-d&Vd 9U) UsaMIaq UOIIRIJ0SSe U] 10} SISA[eue-e1a|n

NIH-PA Author Manuscript

¢?olqel

NIH-PA Author Manuscript

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.



Page 22

Yuetal.

'S1ay10 8y} Jue ‘9ouanbas ‘sAesse AHYVSSeN ‘Ue\bel papnjoul spoyisw BuidAioush syl Jayi0

Y
NIH-PA Author Manuscript NIH-PA Author Manuscript

NIH-PA Author Manuscript

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.



Page 23

Yuetal.

*dnoub ,s190UBd 1810, U} 01 PaBISL SeM SBIPNIS 994U} UBY) SS3] SUIBILOD UIIYM Jaoued Jo adA) yoes :sisoued sByo,

"PasN SeM [POW S108443-PaXxIy By} ‘BSIMIBUI0 (T°0 > 159) A118UsB0.a1ay J0j aNjeA-/ USUM Pasn SeA [3pOW S1084a-Wopuel 8y | 1S} A1ausBoisiay 1oy 1581-0) 40 anjeA s

D
13pOUI 3ISS309Y WA/ AASAVY,

I3pOLI UEUIIOA :AA SA Y/ VA,

‘suostiedwod Jo _mn_Eszm_

0020 (€T'T-29°0) 280 8000 (£0T-8.0)T6'0 070 (TT'T-99°0)98°0
0/90 (2€T-¥90)26'0 OTT0 (60'T-€8°0)S6'0 0990 (Z€T-€90) 160
0850 (ET'T-870)€L0 0080 (06'0-69°0)6.0 0790 (LO'T-S¥°0) 69°0

0200 (80'T-6L0)€60 6 Y961 / GYGY 55490UBd JBYIO

0600 (LT'T-€9°0) 98°0 € 898T / €TTC J3dued isealg
0.90 (S6°0-02°0) T80 € ¥9.¢ /6691 BUWOND
ST sJaoued Jo sadA L

pd (1D %se)d0  pd (10 %s6) 40 pd (10 %S6) HO

pd (10 %s6) HO
S|0J1U0D /SAseD

el SSqelren

AN+ VA SAVY gN\ A\ SAYV+ VA AN SAVY

spolgns Jo 'oN
AN SAVA

sueISeINED Ul $190URI JO $adA) Juasaplip Jo Ysu ayr pue wsiydiowAjod W/29/ A I-d& V4 9Ul Usanlag UoIIRId0SSe ay) o) SISAjeue-el1a|N

€9lgel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Genet Epidemiol. Author manuscript; available in PMC 2013 January 01.



