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Abstract

PARP-1 gene plays an essential part in base excision repair pathway and its functional vari-
ations result in several types of cancer. In this study we have explored the effect of genetic
variations in PARP-1 gene in brain tumorigenesis. This case control study comprised of 500
brain tumor cases along with 500 healthy controls. Three polymorphisms of PARP-1 gene,
rs1136410 (Val762Ala), rs1805404 (Asp81Asp) and rs1805414 (Ala284Ala) were analyzed
using AS-PCR method followed by DNA sequencing. Joint effect model, haplotype analysis
and linkage disequilibrium of these polymorphisms was assessed using Haploview 4.2. In
rs1136410 (Val762Ala) heterozygous mutant genotype (CT) was observed notably lower
(OR: 0.44., 95% CI: 0.33-0.57., p<0.0001) in brain tumor patients compared to controls and
~2 fold increased frequency of homozygous mutant genotype (CC) was observed in brain
tumor patients versus controls (OR: 1.51., 95%ClI: 1.16-1.96, p = 0.001). In rs1805414
(Ala284Ala), frequency of heterozygous mutant genotype (CT) was observed lower (OR:
0.77.,95% CI: 0.60-0.99., p = 0.05) in patients versus controls. In rs1805404 (Asp81Asp),
heterozygous mutant genotyping (CT) was observed lower in brain tumor patients com-
pared with the healthy controls (OR: 0.63., 95% CI: 0.48-0.83., p = 0.001). However, homo-
zygous mutant genotype (TT) was observed increased in patients compared to controls
(OR: 1.41.,95% CI:1.07-1.85., p = 0.01). We assessed the fact that in combination the
PARP-1 gene SNPs, rs1136410 (Val762Ala), rs1805414 (Ala284Ala) and rs1805404
(Asp81Asp) may increase the brain pathogenesis at least in Pakistani population.

Introduction

Brain tumor refers to a collection of a new and abnormal growth of tissue presents /occurs
within the bony structure called skull including brain, cranial nerves, meninges and pituitary
gland etc. [1]. Brain tumors are rare but deadly since they can cause mental disability or death
and are responsible for excessive mortality in children and young adults [2]. Established risk
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factors for brain tumors are ionizing radiation, neurofibromatosis 1, and other rare genetic
syndromes [3]. Moreover, genetic susceptibility might play a pivotal role in modifying the
brain tumor risk [4]. To maintain this genetic susceptibility, different DNA repair pathways
perform their functions. These pathways include base excision repair pathway (BER). Any
mutations in this pathway genes if left unrepaired, may lead to the process of carcinogenesis
[5].

In BER pathway, Poly (ADP-ribose) polymerase 1 (PARP-1) is present on chromosome
1q41-42, comprises of 23 exons and spans 47.3 kb [6]. It codes a nuclear protein consisting
both N-terminal DNA binding domain and a C-terminal catalytic domain [6]. PARP-1 gene
has an important role in many cellular processes comprising DNA-damage detection and
repair, cell death pathways and mitotic apparatus function [7].

Several SNPs (single nucleotide polymorphisms) have been identified in PARP-1 gene.
Among these SNPs, rs1805414 (Ala284Ala) in exon 7 at position 284, lies within the PADR-1
domain. rs1805404 (Asp81Asp) in exon 2 at position 81 lies within zinc finger domain. These
SNPs are associated with the risk of Alzheimer’s disease [8], glioblastoma [9], breast cancer
[10] and colorectal cancer [11]. Additionally, another SNP of PARP-1 gene, rs1136410 leads to
change of valine to alanine at codon 762 of catalytic domain. It reduces the activity of Poly
ADP ribosylation. Up to date, several research studies have been conducted to explore the con-
sequences of rs1136410 in several cancers such as brain, stomach, breast, colorectal, bladder
and prostate cancer [12-15]. However, limited number of studies have been reported with
respect to PARP-1 gene SNP analysis and brain tumors.

Present study was designed to explore the possible involvement of PARP1 gene polymor-
phisms in brain tumor. Additionally, the frequency of genotypes of selected PARP1 polymor-
phisms was also correlated with different types and grades of the brain tumor in order to
further illuminate the role of these polymorphism in brain tumorigenesis.

Materials and methods

Study population

In present study the association of three SNPs; rs1136410 (T>C), rs1805414 (T>C) and
rs1805404 (C>T), was analyzed in brain tumor patients. The study population comprised of
500 brain tumor patients along with age and sex matched 500 healthy controls collected from
Nuclear Medicine Oncology & Radiotherapy Institute (NORI) (Islamabad), District Head-
quarter Hospital, (DHQ) (Rawalpindi), Brain Surgery Clinic (Rawalpindi), Holy Family
Hospital (Rawalpindi) and Pakistan Institute of Medical Sciences (PIMS) (Islamabad). Demo-
graphic details of study cohort are given in Table 1. Inclusion criteria for control group was
absence of previous cancer history, no radiation exposure. Crtieria for patient group was path-
ologically confirmed brain tumor by a pathologist. After obtaining consent, specifically
designed questionnaire was used to collect information about demographic parameters such
as smoking habits, radiation, medical and family history.

Ethical approval

The study was conducted with a prior approval from the institutional ethical review board of
COMSTAS University(CUI) Islamabad. Members of this committee included Dean ORIC
(Office of Research Innovation and Commercialization) Prof. Dr. Raheel Qamar (convener),
Prof. Dr. Mahmood A Kayani (Chairman, Deptt of Biosciences), Dr. Faheem Tahir (Deputy
Director, NIH) and Dr. Tayyaba Yasmin (Associate Head of department). All samples were
collected after informed consent from all participants of the study. Furthermore, the study was
performed in accordance with the Declaration of Helsinki.
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Table 1. Demographic characteristic of brain tumor patients and controls.

Variables Patients Controls OR (95%CI) p-value
(N = 500) (N =500)
Age
Median (range) | 41 (11-70) | 41 (19-63) ‘ - -
Gender
Males 319 368 - 0.05
Females 181 132 0.09
Age
<41 203 191 - 0.02
> 41 297 309 0.01
Smoking status
Smokers 191 137 1.63 (1.25-2.13) 0.0003
Non—smokers 309 363
Family history
Yes 37 6 6.57 (2.75-15.73) < 0.0001
No 463 494
Ionizing radiation exposure
Yes 43 4 11.66 (4.15-32.76) < 0.0001
No 457 496
Histological type
Glioma 351 - p=0.02
Meningioma 149 -
Grading
Gradel 256 - p=0.11
Grade2 171 -
Grade3 67 -
Grade4 6 -

https://doi.org/10.1371/journal.pone.0223882.t001

SNP selections

Three functional polymorphisms of PARPI gene were selected using a set of web-based SNP
selection tools (http://snpinfo.niehs.nih.gov/snpinfo/snpfunc.html). Following criterion was
followed for selection of functional SNPs: (1) Minor allele frequency of validated SNPs > 5%
in Asian population; (2) validated SNPs in important functional domain of PARPI gene such
as Val762Ala (rs3611410, catalytic domain), Ala284Ala (rs1805414, PARD1 domain) and
Asp81Asp (rs1805404, Zinc figure domain).

DNA extraction and primer sequences for AS-PCR

Phenol Chloroform method was used for the genomic DNA isolation from white blood cells
(WBCs) of blood samples of brain tumor patients and controls. Polymorphisms of PARP-1
gene were investigated by allele specific PCR (AS-PCR) using primers as given in S1 Table.
PCR primers were designed by WASP (web-based allele specific primer) software http://
bioinfo.biotec.or.th/WASP, by retrieving PARP1 gene sequence from ensemble with respect to
polymorphism rs1136410 (T>C), rs1805414 (T>>C) and rs1805404 (C>T). Two primers spec-
ified for both wild and mutant alleles were designed with a deliberate mismatch in their 2°¢
last 3” end to enhance PCR specificity. A common primer was designed upstream or down-
stream of the polymorphic site with no mismatch. Internal control primer of GAPDH with
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product length of 495 bp was used to check the reaction specificity in PCR. Primers details are
given in S1 Table. All primers were checked for specific amplification using BLAST software.

Allele specific polymerase chain reaction (AS-PCR)

An allele specific assay (AS-assay) was used for the detection of PARP-1 polymorphisms
(rs1136410 (T>C), rs1805414 (T>C) and rs1805404 (C>T) in brain tumor patients and con-
trols. Two separate PCR reactions were run in parallel, one with mutant allele primer and the
other with wild type allele primers as given in S1 Table. Each PCR reaction was set out in a
10ul reaction mixture containing 1ul of genomic DNA (approximately 50ng) templates, 1ul
(10mM) of each primer, 1ul nuclease free water and 4ul PCR master mix (Solis Biodyne). PCR
reaction profile comprised basic denaturation step of 94°C for 5 minutes, followed by 94°C for
45 seconds, annealing temperature for 1 minute, extension at 72°C for 1 min and a final exten-
sion step of 72°C for 10 min followed by hold at 4°C.

Analysis of amplified products. The amplified PCR products were electrophoresed on
2% agarose gel by adding 5ul of ethidium bromide. 100bp DNA ladder (Invitrogen GeneRuler)
was used for confirmation of PCR product size.

Sequencing. All three different patterns of alleles for wild, mutant and heterozygous geno-
types were amplified in a separate reaction. Sequencing was performed by MCLab (USA).
Control (normal) samples were also sequenced along with cancer cases to check the quality of
sequencing.

Statistical analysis

GraphPad prism software v 6.0. was used for the statistical investigation in the present study.
Additionally, data collection of demographic parameters in the study cohort was assessed by
chi-square test between the patients and controls. Hardy-Weinberg equilibrium test was
performed for the actual genotypes with the expected number. Allelic frequency rate and geno-
typing between normal versus patients was furthered assessed by the Chi-squared tests. For
calculating the odds ratios (ORs) and 95% confidence intervals (Cls), age and gender modified
for the logistic regression analysis. For analyzing SNPs, three different statistical models (addi-
tive, dominant, and recessive) were performed. For SNP-SNP interactions, model of multiple
logistic regression was used to explore the multiplicative interaction effect of the SNPs.

Generation of haplotypes was performed using the genotyping data. Haploview 4.2 software
was used for the linkage disequilibrium (LD) and haplotype analysis using the expectation
maximization (EM) algorithm.

Results

Genotypic frequency of selected polymorphism of PARP1 gene in study
cohort

In case of rs1136410 (Val762Ala), heterozygous mutant genotype (CT) frequency was linked
with 56% decrease in brain tumor risk (OR = 0.44, 95% CI: 0.33-0.57; p <0.0001). Moreover,
~2folds increase in brain tumor risk was found associated with homozygous mutant genotype
(CC) (OR =1.51,95% CI: 1.16-1.96; p <0.002). In case of rs1805414 (Ala284Ala), heterozy-
gous mutant genotype (CT) frequency was found associated with 23% decreased brain tumor
risk (OR = 0.77, 95% CI: 0.60-0.99; p <0.05) as shown in Table 2. In rs1805404 (Asp81Asp),
heterozygous mutant genotype (CT) frequency was found associated with 37% decrease in
brain tumor risk (OR = 0.63, 95% CI: 0.48-0.83; p <0.001). Homozygous mutant genotype
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Table 2. Distribution of frequency of PARP-1 SNPs in brain tumor patients and controls.

rs1136410 Genotype / Alleles

TT

CT

CcC

T allele frequency

C allele frequency

rs1805414 Genotype / Alleles

T

CT

CC
T allele frequency
C allele frequency

rs1805404 Genotype / Alleles

CcC

CT

T

C allele frequency

T allele frequency

Patients/Controls
500/500
OR; 95% CI; p-value
164/118
1(1)
136/229
0.44; 0.33-0.57; p < 0.0001

200/153
1.51; 1.16-1.96; p < 0.002

464/465
1(1)
536/535
1.00;(0.84-1.19; p = 0.96

Patients/Controls
500/500
OR; 95% CI; p-value
138/128
1(1)
205/236
0.77; 0.60-0.99; p = 0.05
157/136
1.22;0.93-1.60; p = 0.14
481/492
1(1)
519/508
1.04; 0.87-1.24; p = 0.62
Patients/Controls
500/500
OR; 95% CI; p-value
208/197
1(1)
124/171
0.63; 0.48-0.83; p < 0.001

168/132
1.41; 1.07-1.85; p < 0.01

540/565
1(1)
460/435
0.90; 0.75-1.07; p = 0.26

Abbreviations: CI, confidence interval, OR, odds ratio, n = number, P—value.

https://doi.org/10.1371/journal.pone.0223882.t1002

Glioma/Controls
351/500
OR; 95% CI; p-value

119/118

1(1)
89/229
0.40; 0.29-0.54;
p < 0.0001
143/153
1.55; 1.17-2.07; P < 0.002

327/465
1(1)
375/535
0.99; 0.82-1.21; p = 0.97

Glioma/Controls
351/500
OR; 95% CI; p-value
105/128
1(1)
141/236
0.75; 0.56-0.99; P < 0.04
105/136
0.87; 0.64-1.18; P = 0.39
351/492
1(1)
351/508
OR:0.97;0.79-1.17; p = 0.79

Glioma/Controls
351/500
OR; 95% CI; p-value
119/197
1(1)
98/171
1.34; 0.99-1.80;
p=0.05
134/132
0.58; 0.43-0.77:
p < 0.0003
336/565
1(1)
366/435
1.41; 1.16-1.72; p < 0.0004

Meningioma/Controls
149/500
OR; 95% CI; p-value
45/118
1(1)
47/229
0.54; 0.37-0.81;
p < 0.002
57/153
1.41; 0.96-2.06;
p=0.08
137/465
1(1)

161/535
1.02;0.78-1.32
p=0.88
Meningioma/Controls
149/500
OR; 95% CI; p-value
33/128
1(1)

64/236
0.84; 0.58-1.22; p = 0.36
52/136
0.69; 0.47-1.02; P = 0.07
130/492
1(1)

168/508
OR:1.25; 0.96-1.63; p = 0.09
Meningioma/Controls
149/500
OR; 95% CI; p-value
89/197
1(1)

26/171
0.41; 0.25-0.64; p < 0.0001

34/132
0.82; 0.53-1.26; p = 0.38

204/565
1(1)
94/435
0.59; 0.45-0.78; p < 0.0002

(TT) frequency was observed associated with ~1.4 folds increased risk in patients compared to
controls (OR = 1.41, 95% CI: 1.07-1.85; p <0.01) as shown in Table 2.

Genotype frequency of selected polymorphisms was also calculated with different sub-
groups of brain cancer such as meningioma and gliomas. ~2folds increase in gliomas risk was
found associated with homozygous mutant genotype (CC) (OR = 2.07, 95% CI: 1.17-2.07;

p <0.002) of rs1136410 (Val762Ala). 25% decrease in gliomas risk was found linked with CT
genotype of rs1805414 (OR = 0.75, 95% CI: 0.56-0.99; p <0.04) in glioma patients vs controls
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Table 3. Association of PARP1 gene polymorphisms and different parameters of brain tumor.

SNPs vs Parameters
rs1136410 vs
Gender

Age

Smoking

Family History
Ionizing radiation
Types

rs1805414 vs
Gender

Age

Smoking

Family History
Tonizing radiation
Types

rs1805404 vs
Gender

Age

Smoking

Family History
Tonizing radiation

Types

https://doi.org/10.1371/journal.pone.0223882.t003

Wald
0.239 1.567
0.877 1.423
2.95 4.992
-0.054 0.255
0.549 1.349
0.472 0.689
0.213 0.129
0.532 0.769
0.398 1.699
0.539 0.337
-0.784 0.267
0.229 0.189
0.135 0.013
0.039 0.239
1.425 0.398
1.987 1.680
-0.391 0.005
0.776 1.298

0.22
0.34
0.03
0.24
0.64
0.59

0.79
0.61
0.23
0.58
0.61
0.22

0.34
0.64
0.26
0.32
0.92
0.19

0.788
0.974
2.036
0.357
0.345
0.825

0.235
1.532
1.790
1.345
1.199
0.645

0.669
1.245
0.346
1.560
1.491
0.895

95% CI

0.016-3.490

0.670-5.941

0.064-2.569
0.082-3.457

1.293-4.320

0.499-2.77

0.214-4.376
0.229-8.791
0.234-5.421
0.113-4.398
0.321-6.99

0.129-4.339

0.359-2.667
0.569-4.889
0.065-6.549
0.291-4.390
1.233-3.290
0.188-6.264

as shown in Table 2. In case of third selected SNP rs1805404, ~1.4folds (OR = 1.41, 95% CI:
1.16-1.72; p <0.0004) increase in glioma risk was found associated with mutant T allele in gli-

oma vs controls (Table 2).

In case of meningioma frequency of heterozygous mutant genotype of rs1136410 was

found associated with 46% decrease in meningioma (OR = 0.54, 95% CI: 0.37-0.81; p <0.002)

when compared with controls. Additionally, 41% decrease in meningioma risk was also

found associated with mutant T allele frequency of rs1805404 (OR = 0.59, 95% CI: 0.45-0.78;

p <0.0002) in patients compared to controls as shown in Table 2.

Genotypic frequency of three selected polymorphisms of PARP1 gene was found associated
with different parameters such as age, gender, smoking status, IR, types of brain tumors and
grades of brain tumors by applying logistic regression model as shown in Table 3. For smoking
status, only one SNP rs1136410 (OR = 2.036; 95% CI: 0.064-2.569; p <0.03) showed a positive
association in brain tumor patients. Further analysis showed negative association for selected

polymorphisms of PARP1 gene with other parameters such as age, gender, IR and types of

brain tumors (Table 3).

Haplotype analysis of the PARP1 SNPs

In the present study, haplotypes of the SNPs were constructed and analyzed for the possible
association with brain tumor risk. Among these, haplotypes, CCT (OR = 0.75, 95% CI: 0.578-
0.991; p <0.04) was found with significant 25% reduction in brain tumor risk (Table 4). Hap-
lotypes were also generated and analyzed for the possible association with different subtypes of
brain tumors such as glioma and meningioma. In case of gliomas total eight haplotypes were
generated and among these haplotypes, CCC and TCT were observed associated with 2 folds
increased risk of glioma when compared with controls, as shown in Table 4. Haplotypes CTT
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Table 4. Haplotype analysis of the PARP-1 SNPs rs1136410 (VAL762ALA), rs1805404 (Asp81Asp) and rs1805414 (Ala284Ala).

rs1136410 rs1805414 rs1805404 Patients Controls 7 OR (95% CI) p-value

C C C 0.172 0.158 0.649 1.10 (0.870-1.396) 0.42

C C T 0.107 0.137 4.133 0.75 (0.578-0.991) 0.04

C T C 0.130 0.148 1.313 0.86 (0.669-1.111) 0.57

C T T 0.131 0.122 0.376 1.08(0.834-1.414) 0.53

T C C 0.126 0.106 1.984 1.21 (0.925-1.603) 0.15

T C T 0.114 0.107 0.263 1.07 (0.814-1.423) 0.60

T T C 0.108 0.123 1.075 0.86 (0.657-1.138) 0.29

T T T 0.112 0.99 0.818 1.14(0.857-1.518) 0.36

Global result 9.300 0.23
rs1136410 rs1805414 rs1805404 Glioma Controls x? OR (95% CI) p-value

C C C* 0.233 0.158 6.780 1.52(1.109-2.108) 0.009

C C T 0.156 0.137 0.720 1.169 (0.815-1.677) 0.39

C T C* 0.105 0.148 3.565 0.676 (0.449-1.017) 0.05

C T T 0.055 0.122 10.592 0.424 (0.249-0.721) 0.001

T C Cc* 0.137 0.106 2.156 1.336 (0.907-1.967) 0.14

T C T 0.168 0.107 8.117 1.689 (1.174-2.430) 0.004

T T Cc* 0.099 0.123 1.272 0.783 (0.512-1.198) 0.25

T T T 0.056 0.099 5.292 0.538 (0.315-0.919) 0.21
Global result 33.74 0.00005
rs1136410 rs1805414 rs1805404 Meningioma Controls x? OR (95% CI) p-value

C C C* 0.124 0.158 2.715 0.752 (0.533-1.05) 0.09

C C T 0.104 0.137 2.781 0.733 (0.508-1.05) 0.09

C T C* 0.147 0.148 0.005 0.988 (0.714-1.36) 0.94

C T T 0.135 0.122 0.479 1.128 (0.802-1.58) 0.48

T C C* 0.098 0.106 0.208 0.914 (0.622-1.34) 0.64

T C T 0.120 0.107 0.507 1.140 (0.795-1.63) 0.47

T T c* 0.132 0.123 0.219 1.086 (0.769-1.53) 0.64

T T T 0.140 0.099 4.919 1.480 (1.045-2.09) 0.26

Global result 10.36 0.16

Abbreviations: CI, confidence interval, OR, odds ratio, n = number.

https:/doi.org/10.1371/journal.pone.0223882.t004

(OR =0.42,95% CI: 0.24-0.72; p <0.001) and TTT (OR = 0.54, 95% CI: 0.31-0.91; p <0.02)
were found associated with 58% and 46% reduction in gliomas risk (Table 4). In case of menin-
gioma, total eight haplotypes were generated and haplotype TTT (OR = 1.48, 95% CI: 1.04-
2.09; p <0.02) was associated with 2 folds increased risk of meningioma as compared to con-
trols, as shown in Table 4,

In addition to this, all three PARP-1 gene SNPs, rs1136410 (Val762Ala), rs1805414
(Ala284Ala) and rs1805404 (Asp81Asp) were found in strong LD in cases (Fig 1A and 1B).
However, in case of controls, weak LD was observed in rs1805414 (Ala284Ala) and rs1805404
(Asp81Asp) as shown in Fig 1C and 1D.

Linkage disequilibrium was also calculated for selected SNPs of PARP1 gene in meningi-
oma and glioma patients. Strong LD was found in rs1136410 (Val762Ala), rs1805414
(Ala284Ala) and rs1805404 (Asp81Asp) in glioma patients (Fig 2A and 2B). Weak LD was
found in rs1136410 (Val762Ala) and rs1805414 (Ala284Ala) in meningioma patients as shown
in Fig 2C and 2D.
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Fig 1. Linkage disequilibrium analysis of three selected SNPs of PARP1 gene in brain tumor patients and
controls. (A) D’-value, (B) r2-value of linkage disequilibrium analysis in brain tumor patients. (C) D’-value, (D)
r2-value of linkage disequilibrium analysis in controls. Site 1 for rs1136410, site 2 for rs1805414 and site 3 for
rs1805404.

https://doi.org/10.1371/journal.pone.0223882.g001

Combined genotype analysis of PARP1 SNPs

Genotypic frequency of selected polymorphisms was also assessed by joint effect model. Over-
all, combined genotyping of three SNPs and brain tumor risk is outlined in Table 5. The
PARPI combined genotyping SNPs findings proved statistically significant in brain tumor
cases compared with controls. The patients carrying four homozygous mutant alleles showed
~3 folds increased risk of brain tumor (OR = 2.47; 95% CI: 1.16-5.22; P <0.01), ~2 folds
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Fig 2. Linkage disequilibrium analysis of three selected SNPs of PARP1 gene in different subtypes of brain cancer
patients. (A) D’-value, (B) r2-value of linkage disequilibrium analysis in glioma patients. (C) D’-value, (D) r2-value of
linkage disequilibrium analysis in meningioma patients. Site 1 for rs1136410, site 2 for rs1805414 and site 3 for
rs1805404.

https://doi.org/10.1371/journal.pone.0223882.g002

(OR = 1.65; 95% CI = 0.98-2.76, P <0.005) higher risk in cases of patients carrying two homo-
zygous mutant alleles and one heterozygous mutant allele and ~3 folds (OR = 2.47; 95% CIL:

1.01-6.03; P <0.05) increased risk was observed in patients carrying one homozygous mutant
allele (Table 5).

Discussion

PARP1 is an important BER pathway modifier in case of cellular injuries such as DNA lesion
formation, strand breakage and most importantly oxidative stress [16]. Changes occur at cellu-
lar level in this gene and may trigger downstream signaling phenomena in order to facilitate
DNA repair or apoptosis [6]. So far, approximately 1,066 SNPs in the PARP-1 gene have been
reported among which, three SNPs; rs1136410 (Val762Ala), rs1805404 (Asp81Asp) and
rs1805414 (Ala284Ala) were selected in this study for assessment of association in Pakistani
population. Selection criteria for these polymorphisms was > 5% minor allele frequency in
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Table 5. The joint effects of SNP-SNP interactions and brain cancer risk.

rs1136410 rs1805414 rs1805404 Patients Controls OR (95%CI) p-value

TT TT CC 16 11 1.46 (0.67-3.19) 0.33
TT TT CT 19 13 1.47 (0.72-3.02) 0.28
TT TT TT 17 07 2.47 (1.01-6.03) 0.045
TT CT CC 29 18 1.64 (0.90-3.00) 0.10
TT CT CT 19 22 0.85 (0.45-1.60) 0.63
TT CT TT 22 14 1.59 (0.80-3.15) 0.17
TT CC CC 09 15 0.59 (0.25-1.36) 0.22
TT CC CT 15 09 1.68 (0.73-3.89) 0.22
TT CC TT 18 09 2.03 (0.90-4.57) 0.08
CT TT CC 17 15 1.13 (0.56-2.30) 0.71
CT TT CT 02 19 0.10 (0.02-0.43) 0.002
CT TT TT 15 15 1.00 (0.48-2.06) 1.00
CT CT CC 21 53 0.36 (0.21-0.62) 0.0002
CT CT CT 11 36 0.28 (0.14-0.57) 0.0004
CT CT TT 15 33 0.43 (0.23-0.81) 0.00
CT CC CC 31 20 1.58 (0.89-2.82) 0.11
CT CC CT 07 25 0.26 (0.11-0.62) 0.002
CT CC TT 18 13 1.39 (0.67-2.88) 0.36
CC TT CC 21 22 0.95 (0.51-1.75) 0.87
CC TT CT 13 07 1.88 (0.74-4.75) 0.18
CC TT TT 18 18 1.00 (0.51-1.94) 1.00
CC CT CC 40 25 1.65 (0.98-2.76) 0.05
CC CT CT 27 22 1.24 (0.69-2.20) 0.46
CC CT TT 21 13 1.64 (0.81-3.31) 0.16
CC CC CC 24 18 1.35(0.72-2.52) 0.34
CC CC CT 11 18 0.60 (0.28-1.28) 0.19
CC CC TT 24 10 2.47 (1.16-5.22) 0.01

https://doi.org/10.1371/journal.pone.0223882.t005

Asian population and location of selected polymorphisms in important functional domains of
PARPI gene. To explore the association, we conducted hospital-based case control study.

For first selected polymorphism rs1136410 (Val762Ala), homozygous mutant genotype fre-
quency was observed higher in brain tumor cases versus controls and heterozygous mutant

genotype was observed lower in brain tumor cases versus controls. This is in close agreement

with several other reports conducted globally, where homozygous mutant variant of PARP1
polymorphism rs1136410 was found linked with prostate cancer, thyroid carcinoma and sys-
temic lupus erythematosus [15, 16, 17]. However, the PARP-1 (762 Ala) gene variation has
also been observed playing a protective function in the initiation of a few cancers in Caucasian
populations [14, 18-20]. Variant Val762Ala is located in the 6th helix of catalytic domain of
the PARP-1 protein and replacing valine with alanine causes a decrease in PARP-1 enzyme
activity [21] and its interaction with other scaffold proteins of BER pathway gene, such as
XRCCI [22], ultimately results in increased frequency of DNA damage and oxidative load in

brain cells.

Heterozygous mutant genotype of second selected SNP of PARP1 gene rs1805414, showed
protective effect against the brain tumor risk in Pakistani population. Besides that, rs1805414
is located in exon 7 at position 284, lies within the PADR1 domain (Clade 1 PARPs) but its
function is still unknown. Its association has been established with an increased risk of
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alzheimer’s disease [8], glioblastoma [23], breast cancer [10] and decreased risk with colorectal
cancer [11, 24]. Milani et al., (2007) has reported that rs1805414 is located in promoter region
of PARP1 gene and the expression level of this gene is altered by allelic imbalance in cancerous
cells [25].

In SNP rs1805404 (Asp81Asp), heterozygous mutant genotype showed the protective asso-
ciation against brain carcinogenesis and homozygous mutant genotype was found higher in
brain tumor cases compared with controls. Limited number of studies has been reported for
the said SNP with contradictory trend where mutant allele of Asp81Asp has shown protector
effect against cancer [26]. rs1805404 is found located in zinc finger domain of PARP1 gene,
important for recognition of DNA damage [27] and this variant may result in accumulation of
un-repaired damage and increased mutational load in brain tissue.

These SNPs were correlated with different parameters such as type and grades of brain
tumor and increased frequency of mutant genotypes were observed in advanced grades of
brain tumors. Thus, on the basis of these observations we hypothesize that selected SNPs are
strongly involved in biology and oncogenesis of brain tumorigenesis. Several earlier studies
have reported increased risk of genetic variations of BER pathway genes in advanced grade
brain tumor [28-30]. Furthermore, similar trends have also been observed in the frequency of
gene variations in gliomas and grades of brain tumors [31-33].

Haplotypes were generated of the three SNPs for the PARP1 gene and haplotype CCT was
observed more in controls versus brain tumor cases. Other generated haplotypes were not
found associated with brain tumorigenesis. One of the possible reasons of this weak association
may be the linkage disequilibrium with other functional variants in PARP1 gene. To our
knowledge, no prior findings have observed the cumulative effect of Val762Ala (rs1136410),
Ala284Ala (rs1805414) and Asp81Asp (rs1805404) SNPs of PARPI gene in brain tumor.
PARP] gene is polymorphic in nature and in present study we selected only three SNPs. Fur-
ther studies on other functional PARPI SNPs are needed to define the role of the PARPI gene
polymorphisms in brain tumor.

Haplotypes were also generated for subtypes of different brain tumors such as glioma and
meningioma. 2-fold increased risk of developing gliomas was observed by combining three
putative risk genotypes. Present study also showed that selected SNPs has significant increased
involvement in glioma compared to meningioma pathogenesis. Collectively, it is suggested
that a combined interaction among the susceptibility genotypes is in line with the poly-allelic
model, in which many alleles confer susceptibility in the population. Low penetrating varia-
tions (like SNPs) usually alter the cancer susceptibility, but the potential of these variations
often lie within their synergistic domain which is much effective [34].

Selected SNPs of PARP1 gene were linked with the overall risk of brain tumor mutant allele
of rs1136410 and rs1805404 SNPs were found involved in increased risk of brain tumor. This
increased risk of brain tumor was more pronounced in combined genotype effect. We assessed
the fact that these SNPs might increase the brain pathogenesis in combination, which is in
accordance with mutagenic nature of carcinogenesis. This shows that alterations in multiple
steps of BER pathway will more affect the brain tumor risk than alterations in a single step.
Moreover, the heterozygotes of each selected polymorphism has a lower risk of brain tumor.
Cells with heterozygous PARP-1 may have a wider range of molecular specificity for base exci-
sion repair, therefore preventing the tumorigenesis of brain tumors more effectively.

There are many potential limitations in the present study which need to be considered.
Firstly, a large sample size in the future studies (with various ethnic backgrounds) may be used
to further confirm the association between SNPs of PARP-1 gene and brain tumor susceptibil-
ity. Secondly, subjects under investigation in this case-control association study came from
two hospitals and it may lead towards the selection bias that may have profound effect on the
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present research findings. Consequently, studies involving larger set of data are recommended
to validate these findings.

Supporting information

S$1 Table. Primers designed for PARP-1 polymorphisms rs1136410 (T>C), rs1805414
(T>C) and rs1805404 (C>T) with their product lengths and optimizing temperatures.
(DOCX)
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