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Introduction: Among the Jordanian population, brain tumors are the tenth most common type of

cancers in both males and females, comprising 2.8% of all newly diagnosed neoplasms. Diffuse

gliomas are the most prevalent and the most aggressive primary brain tumors in adults. The

incidence of diffuse gliomas varies among different populations; this variation is partially linked to

genetic polymorphisms. The purpose of the study is to examine the association between (BRCA1

rs799917G>A, rs1799966T>C, EXO1 rs1047840G>A, EME1 rs12450550T>C, ERCC2

rs13181T>G, rs1799793C>T, and XRCC1 rs1799782G>A) DNA repair gene polymorphisms

and glioblastoma multiforme (GBM) susceptibility, and survival in the Jordanian Arab population.

Methods: Eighty-four patients diagnosed with glioblastoma multiforme at the King

Abdullah University Hospital (KAUH) between 2013 and 2018 and 225 healthy cancer-

free control subjects with similar geographic and ethnic backgrounds to the patients were

included in the study. Genomic DNA was extracted from the formalin-fixed paraffin-

embedded tissues of the subjects. The Sequenom MassARRAY® sequencer system (iPLEX

GOLD) was used. The analyses included assessments of population variability and survival.

Results: This study is the first to address the relationship between BRCA1 rs1799966 and

rs799917 SNP, and the risk of GBM among the Arab Jordanian population. The findings of

the study show that BRCA1 rs799917 is associated with decreased risk of GBM in the

recessive model (AA vs G/G-A/G: OR, 0.46, 95% CI, 0.26–0.82, p=0.01) and the same SNP

is associated with increased risk of GBM in the overdominant model (AG vs G/G-A/A: OR,

1.72, 95% CI, 1.02–2.89, p=0.04).

Keywords: glioblastoma multiforme, DNA repair genes, SNP, overall survival, Arab

population

Introduction
Cancer is a major health problem and is the leading cause of death in male and

female patients in the 40–79 age range.1,2 In all cancer-related deaths, the primary

central nervous tumors (PCNT), which are defined as tumors arising in the brain,

brain envelops, and nerve roots account for almost 3% of all cancer-related deaths.2

The incidence rates (IR) of all PCNT are geographically variable, ranging from

17.6 per 10,000, to 18.2 per 10,000, and 22.0 per 10,000 in France,3 Australia,4 and

the United States,5 respectively, with slight female predominance. Although the

incidence of PCNT is relatively not high with approximately 23,770 new cases
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diagnosed in the US in 2016, brain tumors are considered

a major health problem since they are associated with high

mortality and morbidity6,7 and because of the increasing

trend in incidence rates.8

Brain tumors are a heterogeneous group of neoplasms

including more than 40 different entities, and brain tumors

are divided into 6 major groups by the 2016 World Health

Organization (WHO) Classification of Tumors of the

Central Nervous System.9 Of these groups; the diffuse

gliomas (DG) are the most common and the most aggres-

sive primary brain tumors in adults.5,6,10 An important leap

in the latest update to the WHO’s classification of the

Central Nervous System CNS tumors reveals that the

implication of molecular findings is a part of the diagnos-

tic approach of diffuse gliomas, and is not totally relied on

morphologic findings. This approach would definitely

reduce the subjectivity, inconsistency, and inter-observer

variability among diagnostic pathologists; and improves

treatment options.11–13 The WHO depends on the presence

of nuclear atypia or pleomorphism, mitotic activity or

count, vascular proliferation, and necrosis to grade DG

into grade II with the presence of pleomorphism, grade

III with the presence of pleomorphism and high mitotic

count, and grade IV tumors with the presence of pleo-

morphism, high mitosis and necrosis or vascular

proliferation.14 Grade III and Grade IV tumors are con-

sidered high-grade gliomas (HGGs).

The diagnosis of HGGs is mostly challenging because

they frequently display intratumoral morphological hetero-

geneity. It has recently been reported that the identification

of biomarkers predictive of the outcome of patients would

be a key way to improve the diagnosis of HGGs.15

Molecular markers believed to be useful tools for the man-

agement of HGG include DNA repair gene mutations. The

purpose of this study is to analyze the relationship between

single nucleotide polymorphisms (SNPs) in 5 DNA

repair genes (BRCA1 rs799917G>A, rs1799966T>C,

EXO1 rs1047840G>A, EME1 rs12450550T>C, ERCC2

rs13181T>G, rs1799793C>T, and XRCC1 rs1799782G>A)

and the risk and overall survival of patients with GBM (an

HGG) in the Jordanian Arab population.

Patients and Methods
Patients and Data Collection
The study population consisted of 84 patients diagnosed with

GBMat KingAbdullahUniversity Hospital (KAUH) from the

period of 2013 to 2018 and 225 healthy cancer-free control

subjects collected over 1 year (2017–2018) with similar geo-

graphic and ethnic background to patients. All cases of GBM

were independently diagnosed by a pathologist (SK) accord-

ing to the 2007 WHO Classification of Tumors of the Central

Nervous System. The name of the subjects and cases were

coded, blinded, and confidentially was ensured. The study was

given an approval from the Institutional Review Board (IRB)

of (KAUH), Jordan [Institutional Review Board (IRB) code

number 6/106/2017, dated 8/06/2017]. All control subjects

signed a written consent form which stressed that the partici-

pation of respondents is voluntary. However, formal written

informed consent was not required with a waiver by the IRB.

All clinical investigations were conducted as per the ethical

principles for medical research involving human subjects of

the World Medical Association (WMA) Declaration of

Helsinki.

DNA Extraction
Genomic DNAwas extracted for the patients with GBM from

formalin-fixed paraffin-embedded tissue using a commercially

available kit, DNeasy Blood & Tissue Kit (Qiagen Ltd., West

Sussex, UK), using the manufacturer’s protocols. Genomic

DNA from control-subjects blood samples was extracted

using the QIAamp® or Promega DNA Mini Kit according to

the manufacture’s instruction. Agarose gel electrophoresis and

ethidium bromide staining were employed to examine the

quality of extracted DNA. The concentration and purity of

the extracted DNAwere assessed by using NanoDrop 1000®

spectrophotometer. The pure DNA samples with their concen-

trations were sent to the Australian Genome Research Facility

([AGRF], Melbourne Node, Melbourne, Australia) for

genotyping of BRCA1 rs799917G>A, rs1799966T>C,

EXO1 rs1047840G>A, EME1 rs12450550T>C, ERCC2

rs13181T>G, rs1799793C>T, and XRCC1 rs1799782G>A.

Genotyping with the Sequenom MassARRAY® system

(iPLEX GOLD) (Sequenom, San Diego, CA, USA) was

performed at the AGRF by following the manufacturer’s pro-

tocols (Sequenom, San Diego, CA, USA). Genotype distribu-

tions were compared between patients and controls. The

SNPs, SNPs position, and primers sequences are shown in

Table 1. Unconditional logistic regression analysis was per-

formed to estimate the relationship between the genotype

frequency and the risk of developing GBM.

Statistical Analysis
Overall survival (OS) was calculated from the date of diag-

nosis to the date of death or the last visit for those who were

alive at the time of final data collection and analysis. All
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statistical analyses were performed using the Statistical

Package for the Social Sciences (SPSS), version 25.0

(SPSS, Inc., Chicago, IL, USA). The clinical characteristics

and response rate of the patients were compared using chi-

square tests. The Hardy–Weinberg equilibrium (HWE) test

was estimated by a goodness-of-fit χ2 test. The Kaplan–

Meier method was used to construct survival curves, and

the results were compared using a log-rank/Wilcoxon

(Gehan) statistic. The association between polymorphism

and the risk for GBM was calculated using unconditional

logistic regression. Actuarial life table survival analysis was

conducted to obtain the overall survival probabilities. The

survival curves were displayed using Graph Pad Prism 6

software. All significant variables (p < 0.05) were entered

into a multivariate model to adjust for possible confounders.

Ethical Approval
The study was approved by the Institutional Review Board

of KAUH, Jordan. All the control subjects were volunta-

rily involved and signed a written informed consent form.

All the clinical investigations were conducted according to

the principles given in the Declaration of Helsinki.

Results
Demographic and Clinical Data
In this study, 84 patients with GBM and 225 ethnically and

geographically matched healthy controls were enrolled, as

shown in Table 2. According to the study findings, 60% of

the patients were male while 60% of the controls were

female. The mean age for cases was 45.4 and the controls

were 30.6 years. The findings of the study revealed that the

right side of the brain was involved more commonly than

the left side (45% of the cases). By the end of the study, 46%

of the patients were dead while 54% of themwere alive with

a median survival of 35 months. By definition, an HGG is

infiltrative and involving more than one lobe, the most

commonly involved lobe was the parietal lobe in (57% of

the cases). All the SNPs were in the HWE and normally

distributed with p-value >.05. Table 3 shows the (HWE)

p-values for the cases and the controls.

Association Between BRCA1, EXO1,

EME1, ERCC2, and XRCC1 Genes

Polymorphisms and the Risk of GBM
The distribution of both genotypic frequencies and

allelic frequencies of the seven SNPs was performed

and shown in Table 4. Unconditional logistic regres-

sion analysis was used to estimate the association

between the genotype frequency and the risk of devel-

oping GBM. None of the BRCA1 rs799917G>A,

rs1799966T>C, EXO1 rs1047840G>A, EME1 rs1245

0550T>C, ERCC2 rs13181T>G, rs1799793C>T, and

XRCC1 rs1799782G>A showed a clear association

with the overall susceptibility for GBM in any allelic

model (p= 0.10, 0.50, 0.73, 0.53, 0.77, 0.13, and 0.79,

respectively).

Additional analysis based on four genetic models (codo-

minant, dominant, recessive, and overdominant) was per-

formed and showed that BRCA1 rs799917 was associated

with decreased risk of GBM in the recessive model (AA vs

G/G-A/G: OR, 0.46, 95% CI, 0.26–0.82, p=0.01) and the

same SNP was associated with increased risk of GBM in the

overdominant model (AG vs G/G-A/A: OR, 1.72, 95% CI,

1.02–2.89, p=0.04). The results are shown in Table 5.

Association Between BRCA1, EXO1,

EME1, ERCC2, and XRCC1 Genes

Polymorphisms and the Survival Rate of

GBM
The Kaplan–Meier curve and Log-rank test were per-

formed for the survival analysis for the all patients with

Table 1 The SNPs, SNPs Positions and Primers Sequences for BRCA1, EXO1, EME1, ERCC2, XRCC1 Genes

SNP-ID Gene Chr bp Primer Forward Primer Reverse

rs799917 BRCA1 17 43,092,919 ACGTTGGATGAGAGTGGGCAGAGAATGTTG ACGTTGGATGAAGGTTTCAAAGCGCCAGTC

rs1799966 BRCA1 17 43,071,077 ACGTTGGATGATCAGTAGTATGAGCAGCAG ACGTTGGATGCGTGTTGGCAACATACCATC

rs1047840 EXO1 1 241,878,999 ACGTTGGATGGACAAGGCAACAGTGTTTAC ACGTTGGATGAAGTGGGTGGTGAAATGGTC

rs12450550 EME1 17 50,378,832 ACGTTGGATGTCTCCTGATCCACAATCACC ACGTTGGATGAAGGGAAGGAAACGCTTCAG

rs13181 ERCC2 19 45,351,661 ACGTTGGATGCACCAGGAACCGTTTATGGC ACGTTGGATGAGCAGCTAGAATCAGAGGAG

rs1799793 ERCC2 19 45,364,001 ACGTTGGATGTCTGCGAGGAGACGCTATCA ACGTTGGATGACGGACGCCCACCTGGCCAA

rs1799782 XRCC1 19 43,553,422 ACGTTGGATGATGAGAGCGCCAACTCTCTG ACGTTGGATGTCTCAACCCTACTCACTCAG

Note: bp, base pair (Genomic Position).

Abbreviation: Chr, chromosome.
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GBM Figure 1. None of the BRCA1 rs799917G>A,

rs1799966T>C, EXO1 rs1047840G>A, EME1 rs124505

50T>C, ERCC2 rs13181T>G, rs1799793C>T, and

XRCC1 rs1799782G>A SNP showed significant survival

results with a p value of 0.22, 0.57, 0.37, 0.68, 0.4, 0.23,

and 0.47, respectively. Figure 1

Discussion
The study successfully genotyped 7 SNPs in (BRCA1

rs799917G>A, rs1799966T>C, EXO1 rs1047840G>A,

EME1 rs12450550T>C, ERCC2 rs13181T>G, rs1799

793C>T, and XRCC1 rs1799782G>A) and found some

association at rs799917G>A SNP and GBM risk.

The DNA in our cells is continually vulnerable to

injury by exposure to damaging agents. Reactive oxygen

species (ROS), chemicals, ultraviolet light, radiotherapy,

chemotherapeutic agents, and dietary carcinogens are

DNA-damaging agents. DNA damage may affect the abil-

ity of the cell to divide and survive secondarily to struc-

tural change in the molecular sequence. The inability to

repair the damaged DNA will ultimately lead to tumor

formation.16

The group of processes taken by the cell to recognize

the effect of these harmful agents on the genome and fix

them is known as DNA repair.17 More than 130 of human

DNA repair genes functioning in four pathways have been

identified; three of them are base excision repair (BER)

pathways and one is DNA double-strand breaks (DSB)

repair pathway.18–21 The excision-based repair pathways

act by removing the damaged base, they include the BER

pathway, the nucleotide excision repair (NER) pathway

and the mismatch repair (MMR) pathway.

The major enzymes in the BER pathway are DNA

glycosylases where the damaged oxidized, reduced, or

methylated base is removed by the corresponding base-

specific DNA glycosylase enzyme. The abased site gener-

ated by the glycosylase is then repaired by DNA synthesis

and ligation.18,22

The NER pathway is a complex multistep pathway

reserved for huge DNA damages caused by environmental

carcinogens. Bulky fragments of damaged DNA are

removed as oligonucleotides.19 The MMR pathway is

responsible for fixing of the DNA polymerases errors

when they incorrectly copy microsatellites.

The microsatellites are certain DNA base pairs or

motifs that are repeated tens of times.20,23 MLH1,

MSH2, PMS2, and MSH6 are among the common genes

involved in the MMR pathway.

The double-stranded breaks in the chromosome are

produced either spontaneously during DNA replication or

by ionizing radiation. A large number of genes are

Table 2 Demographic and Clinical Data of 84 GBM Patients of

Jordanian Arab Descent

Category Value N(%)

Demographic Data Cases Controls

Gender

Male 51 78

Female 33 147

Age in Yearsa

0–14 9 5

15–19 2 27

20–40 20 149

41–55 25 36

>55 28 8

Mean (Range) 45.429 30.596

Median (IQR) 47.500 28.000

Clinical Data

Survival Status

Alive 45 —

Dead 39 —

Survival Months —

Median 35 —

Laterality

Right side 38 —

Left side 17 —

Lobe Involved

Frontal 28 —

Temporal 39 —

Parietal 48 —

Occipital 12 —

Otherb 4 —

Unknown 2 —

Serum LDH

Mean (Range) 25.464 —

Median (IQR) 0 —

Total Protein

Mean (Range) 46.281 —

Median (IQR) 64.000 —

Serum Albumin

Mean (Range) 28.263 —

Median (IQR) 38.800 —

Total Monocyte

Mean (Range) 4.720 —

Median (IQR) 3.650 —

Notes: aAge of controls vs age at diagnosis in cases. bOther includes (cerebellar

and cerebellopontine).
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Table 3 The Frequency of Allele and Genotype and the (HWE) p-values for the Cases and the Controls for All SNPs Alive and Dead

Patients

SNP ID Case N (%) HWE* p-value Control N (%) HWE* p-value

rs1047840

Allele G 109 (66) ^ 0.63 307 (68) ^ 0.22

Allele A 55 (34) ^ 143 (32) ^

Genotype G/G 35 (42.7%) 0.63 109 (48.4%) 0.22

Genotype A/G 39 (47.6%) 89 (39.6%)

Genotype A/A 8 (9.8%) 27 (12%)

Genotype A/G-A/A 35 (42.7%) 109 (48.4%)

Genotype G/G-A/G 47 (57.3%) 116 (51.6%)

Genotype G/G-A/A 74 (90.2%) 198 (88%)

rs12450550

Allele T 138 (86) ^ 1 380 (84) ^ 0.44

Allele C 22 (14) ^ 70 (16) ^

Genotype T/T 59 (73.8%) 1 162 (72%) 0.44

Genotype T/C 20 (25%) 56 (24.9%)

Genotype C/C 1 (1.2%) 7 (3.1%)

Genotype T/T 59 (73.8%) 162 (72%)

Genotype T/C-C/C 21 (26.2%) 63 (28%)

Genotype T/T-T/C 79 (98.8%) 218 (96.9%)

rs13181

Allele T 94 (63) ^ 0.22 280 (62) ^ 0.2

Allele G 56 (37) ^ 168 (38) ^

Genotype T/T 32 (42.7%) 0.22 92 (41.1%) 0.2

Genotype G/T 30 (40%) 96 (42.9%)

Genotype G/G 13 (17.3%) 36 (16.1%)

Genotype T/T 32 (42.7%) 92 (41.1%)

Genotype G/T-G/G 43 (57.3%) 132 (58.9%)

Genotype T/T-G/T 62 (82.7%) 188 (83.9%)

rs1799782

Allele G 154 (92) ^ 0.45 419 (92) ^ 0.63

Allele A 14 (8) ^ 35 (8) ^

Genotype G/G 71 (84.5%) 0.45 194 (85.5%) 0.63

Genotype G/A 12 (14.3%) 31 (13.7%)

Genotype A/A 1 (1.2%) 2 (0.9%)

Genotype G/G 71 (84.5%) 194 (85.5%)

Genotype G/A-A/A 13 (15.5%) 33 (14.5%)

Genotype G/G-G/A 83 (98.8%) 225 (99.1%)

rs1799793

Allele C 101 (71) ^ 0.25 244 (65) ^ 0.63

Allele T 41 (29) ^ 130 (35) ^

Genotype C/C 38 (53.5%) 0.25 81 (43.3%) 0.63

Genotype C/T 25 (35.2%) 82 (43.9%)

Genotype T/T 8 (11.3%) 24 (12.8%)

Genotype C/C 38 (53.5%) 81 (43.3%)

Genotype C/T-T/T 33 (46.5%) 106 (56.7%)

Genotype C/C-C/T 63 (88.7%) 163 (87.2%)

(Continued)
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connected to (DSB) repair pathway, most notably tumor

suppressor genes including BRCA1, BRCA2, P53 and

XRCC3 gene products. Repairing broken DNA strands

can be a homologous or non-homologous repair process.

The homologous recombination process is based on resec-

tion of the broken ends, strand exchange, and ligation. In

the non-homologous repair pathway, the broken ends are

directly re-joined.21,24

Essential meiotic endonuclease 1 (EME1) gene in

human is mapped to chromosome 17 (17q21.3).25 In the

NER pathway, EME1 endonuclease is essential to over-

come any blocks in DNA replication by processing the

stalled replication forks. By forming a heterodimer stable

complex with its partner protein methyl methanesulfonate-

sensitive UV-sensitive 81 (Mus81), the Mus81±Eme1

complex is able to cleave branched DNA structures includ-

ing replication forks and 3-prime flaps.25,26

XRCC1 encodes X-ray repair complementing defective

repair in Chinese hamster cells 1 that is involved in repair

of DNA single-strand breaks, BER, and NER by interac-

tion with DNA ligase III.27 XRCC1 gene has 17 exons and

spans approximately of 31.9 kb and mapped to chromo-

some 19 (19q13.3).28

The ERCC2/XPD protein consists of 760 amino acids and

contains 23 exons and 21 introns.29 It is mapped to chromo-

some 19 (19q13.32). ERCC2/XPD is a subunit of human

transcriptional initiation factor TFIIH/repair factor and parti-

cipates in NER by an ATP-dependent DNA helicase activity.30

EXO1 enzyme orHEX1 for human exonuclease 1, is encoded

by EXO1 Gene containing 14 exons and 13 introns; and maps

to the chromosome 1 (1q42-q43). EXO1 gene is part of RAD2

family that is involved in the NER pathway.31 EXO1 exhibits

a 5′→3′ exonuclease activity and participates in DNA MMR

pathway by interacting with MSH2.32

Table 3 (Continued).

SNP ID Case N (%) HWE* p-value Control N (%) HWE* p-value

rs1799966

Allele T 91 (58) ^ 0.11 272 (62) ^ 0.47

Allele C 65 (42) ^ 168 (38) ^

Genotype T/T 30 (38.5%) 0.11 81 (36.8%) 0.47

Genotype C/T 31 (39.7%) 110 (50%)

Genotype C/C 17 (21.8%) 29 (13.2%)

Genotype T/T 30 (38.5%) 81 (36.8%)

Genotype C/T-C/C 48 (61.5%) 139 (63.2%)

Genotype T/T-C/T 61 (78.2%) 191 (86.8%)

rs799917

Allele G 77 (49) ^ 0.024 258 (58) ^ 0.59

Allele A 79 (51) ^ 190 (42) ^

Genotype G/G 24 (30.8%) 0.024 72 (32.1%) 0.59

Genotype A/G 29 (37.2%) 114 (50.9%)

Genotype A/A 25 (32%) 38 (17%)

Genotype G/G 24 (30.8%) 72 (32.1%)

Genotype A/G-A/A 54 (69.2%) 152 (67.9%)

Genotype G/G-A/G 53 (68%) 186 (83%)

rs8057643

Allele T 116 (74) ^ 0.56 306 (70) ^ 0.42

Allele C 40 (26) ^ 132 (30) ^

Genotype T/T 44 (56.4%) 0.56 104 (47.5%) 0.42

Genotype C/T 28 (35.9%) 98 (44.8%)

Genotype C/C 6 (7.7%) 17 (7.8%)

Genotype T/T 44 (56.4%) 104 (47.5%)

Genotype C/T-C/C 34 (43.6%) 115 (52.5%)

Genotype T/T-C/T 72 (92.3%) 202 (92.2%)

Notes: *HWE: Hardy–Weinberg equilibrium. ^Allele frequency and percent. The allele frequency might be counted twice in each person.
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BRCA1 gene is one of the caretaker tumor suppressor

genes which is mapped to chromosome 17 (17q21.31), it

includes 22 exons and spans 110 kb of DNA.33,34 BRCA1

gene encodes breast cancer type 1 susceptibility protein

which involves in repair of double-strand DNA breaks

(DSB).34,35 This role in tumor suppression and DNA

repair is emphasized by the fact that the risk of many

malignancies including hematologic such as mantle cell

lymphoma, acute myeloid leukemia, acute lymphocytic

leukemia, and chronic lymphocytic leukemia; and non-

hematologic like breast and ovarian is increased by inacti-

vation of any component within the BRCA pathway.35

The incidence of central nervous system tumors is

highly variable among different ethnic groups worldwide.

A descriptive epidemiologic study by EJ Maile et al

(2016) depicted differences in tumor incidence by ethni-

city for gliomas, pituitary tumors, meningiomas, and cra-

nial and paraspinal nerve tumors. Their study revealed that

the incidence of gliomas is significantly lower among

blacks, Chinese, and south Asians in comparison to whites

(p<.01). However, the incidence of meningioma is much

higher among blacks in comparison to others (p<.01).36

That variation in gliomas incidence by ethnicity cannot be

explained by environmental factors and may be partially

attributed to gene polymorphism among different ethnic

groups.37

DNA repair pathway is one of the most important path-

ways that play a crucial role in carcinogenesis.38 This study

analyzed five genes and seven polymorphisms involved in

DNA repair pathway. The selection of the studywas based on

both original and review articles examining the relationship

between DNA repair SNPs and the risk of gliomas.39,40

Existing studies show conflicting inconsistent results

among different DNA repair genes polymorphisms and the

risk of glioma that may be caused by the insufficient size of

populations of interest in each separate study.

Therefore, a meta-analysis and systemic review of exist-

ing studies should increase the statistical power. In their

meta-analysis, M Adel Fahmideh et al (2014) reviewed 27

studies examining 105 SNPs in 42 DNA repair genes. Their

findings depict that all of their models, except the recessive

model, reveal significant relationship with the rs13181

polymorphism. They found positive association between

the risk of glioma and ERCC2 rs13181 polymorphism

(OR=1.18 (1.06–1.31), p=.002), but no statistically signifi-

cant association between ERCC2 rs1799793 and XRCC1

rs1799782 polymorphisms and the risk to develop

Table 4 The Frequency of Allele and Genotype for DNA Repair

Gene SNPs in GBM Patients and Controls

SNP ID Cases N(%) Controls N(%) p-value

rs799917

Allele G 77(49.0)^ 291(57.0)^ 0.100

Allele A 79(51.0)^ 221(43.0)^

Genotype A/A 25(32.0)^ 46(18.0)^ 0.020

Genotype G/A 29(37.0)^ 129(50.0)^

Genotype G/G 24(31.0)^ 81(32.0)^

rs1799966

Allele T 91(58.0)^ 309(61.0)^ 0.506

Allele C 65(42.0)^ 195(39.0)^

Genotype C/C 17(22.0)^ 35(14.0)^ 0.161

Genotype T/C 31(40.0)^ 125(50.0)^

Genotype T/T 30(38.0)^ 92(37.0)^

rs1047840

Allele G 109(66.0)^ 349(68.0)^ 0.732

Allele A 55(34.0)^ 165(32.0)^

Genotype A/A 8(10.0)^ 31(12.0)^ 0.478

Genotype G/A 39(48.0)^ 103(40.0)^

Genotype G/G 35(43.0)^ 123(48.0)^

rs12450550

Allele T 138(86.0)^ 433(84.0)^ 0.537

Allele C 22(14.0)^ 81(16.0)^

Genotype C/C 1(1.0)^ 9(4.0)^ 0.584

Genotype T/C 20(25.0)^ 63(25.0)^

Genotype T/T 59(74.0)^ 185(72.0)^

rs13181

Allele T 94(63.0)^ 313(61.0)^ 0.774

Allele G 56(37.0)^ 197(39.0)^

Genotype T/T 32 (43.0)^ 101 (40.0)^ 0.856

Genotype G/T 30 (40.0)^ 111 (44.0)^

Genotype G/G 13 (17.0)^ 43 (17.0)^

rs1799793

Allele C 101(71.0)^ 275(64.0)^ 0.134

Allele T 41(29.0)^ 153(36.0)^

Genotype C/C 38 (54.0)^ 91 (43.0)^ 0.272

Genotype C/T 25 (35.0)^ 93 (43.0)^

Genotype T/T 8 (11.0)^ 30 (14.0)^

rs1799782

Allele G 154(92.0)^ 478(92.0)^ 0.798

Allele A 14(8.0)^ 40(8.0)^

Genotype G/G 71 (85.0)^ 222 (86.0)^ 0.938**

Genotype G/A 12 (14.0)^ 34 (13.0)^

Genotype A/A 1 (1.0)^ 3 (1.0)^

Notes: ^Allele frequency and percent. The allele frequency might be counted twice

in each person. **Fisher’s Exact Test (33% of the cells have expected counts less

than 5. Chi-Square may not be a valid test).
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Table 5 Genotype Distribution of the BRCA1, EXO1, EME1, ERCC2, and XRCC1 SNPs in GBM Patients

SNP ID Model Genotype OR (95% CI) P-value

rs799917 BRCA1 Codominant G/G 1 0.025

A/G 1.32 (0.72–2.42)

A/A 0.55 (0.28–1.06)

Dominant G/G 1 0.880

A/G-A/A 0.96 (0.55–1.66)

Recessive G/G-A/G 1 0.010

A/A 0.46 (0.26–0.82)

Overdominant G/G-A/A 1 0.040

A/G 1.72 (1.02–2.89)

rs1799966 BRCA1 Codominant T/T 1 0.170

C/T 1.31 (0.74–2.32)

C/C 0.67 (0.33–1.37)

Dominant T/T 1 0.760

C/T-C/C 1.09 (0.64–1.83)

Recessive T/T-C/T 1 0.100

C/C 0.58 (0.30–1.10)

Overdominant T/T-C/C 1 0.130

C/T 1.49 (0.89–2.50)

rs1047840 EXO1 Codominant G/G 1 0.480

A/G 0.75 (0.44–1.27)

A/A 1.10 (0.47–2.61)

Dominant G/G 1 0.410

A/G-A/A 0.81 (0.49–1.34)

Recessive G/G-A/G 1 0.560

A/A 1.27 (0.56–2.88)

Overdominant G/G-A/A 1 0.230

A/G 0.74 (0.45–1.22)

rs12450550 EME1 Codominant T/T 1 0.530

T/C 1.00 (0.56–1.80)

C/C 2.87 (0.36–23.13)

Dominant T/T 1 0.760

T/C-C/C 1.09 (0.62–1.93)

Recessive T/T-T/C 1 0.260

C/C 2.87 (0.36–22.98)

Overdominant T/T-C/C 1 0.930

T/C 0.97 (0.55–1.74)

rs13181 ERCC2 Codominant T/T 1 0.860

G/T 1.17 (0.67–2.07)

G/G 1.05 (0.50–2.19)

Dominant T/T 1 0.640

G/T-G/G 1.13 (0.67–1.91)

(Continued)
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gliomas.41 However, this study shows no statistically sig-

nificant relationship between any of ERCC2 rs13181,

ERCC2 rs1799793 and XRCC1 rs1799782 gene poly-

morphisms and the susceptibility to GBM (p=.77, 0.13,

and.79, respectively).

SNPs in BRCA1 gene alter its function and stability

by modifying microRNA (miRNA) binding sites.42

Accordingly, the BRCA1 mRNA has a role to play in the

overall risk and response to treatment of different types of

tumors.43–45

Many studies show that specific haplotypes of BRCA1

gene are predictive of clinical benefit to chemotherapeutic

agents and survival of cancer patients.46,47 For example,

the presence of at least one AAAG allele is associated with

better overall survival vs patients with no AAAG allele.48

The association between BRCA1 gene polymorphism and

cancer risk is not constant. Although the presence of rs799917

T allele in comparison with rs799917 C allele is associated

with weaker reduction (increased expression) of BRCA1

protein and lower risk of non-breast cancers, the BRCA1 CC

genotype is associated with lower risk of breast cancer.49,50

The apparent inconsistency between BRCA1 gene poly-

morphisms and the risk of different cancers may be attributed

to parallel variation in the expression of BRCA1 messenger

RNA during different stages of tumor development.

The relationship between BRCA1 gene polymorphisms

and the risk of glioma was reviewed by a study of GP Xu

et al (2018) who examined the strength of the association

between BRCA1 gene polymorphisms and cancer risk.

They performed a meta-analysis to examine the associa-

tion between BRCA1 polymorphisms (rs799917,

rs1799950, rs1799966, or rs16941) and cancer risk. In

their meta-analysis, they evaluated 35 studies contained

19 articles involving 28,094 cases and 50,657 controls.

Odds ratios with 95% confidence intervals were calculated

to evaluate the strength of the relationship.

They found no significant relationship between overall

cancer risk and BRCA1 rs1799966, and rs799917

Table 5 (Continued).

SNP ID Model Genotype OR (95% CI) P-value

Recessive T/T-G/T 1 0.920

G/G 0.97 (0.49–1.91)

Overdominant T/T-G/G 1 0.590

G/T 1.16 (0.68–1.95)

rs11799793 ERCC2 Codominant C/C 1 0.270

C/T 1.55 (0.87–2.78)

T/T 1.57 (0.66–3.73)

Dominant C/C 1 0.110

C/T-T/T 1.56 (0.91–2.67)

Recessive C/C-C/T 1 0.550

T/T 1.28 (0.56–2.95)

Overdominant C/C-T/T 1 0.220

C/T 1.41 (0.81–2.47)

rs1799782 XRCC1 Codominant G/G 1 0.960

G/A 0.91 (0.45–1.84)

A/A 0.96 (0.10–9.37)

Dominant G/G 1 0.790

G/A-A/A 0.91 (0.46–1.81)

Recessive G/G-G/A 1 0.980

A/A 0.97 (0.10–9.48)

Overdominant G/G-A/A 1 0.790

G/A 0.91 (0.45–1.84)

Abbreviation: OR, odds ratio.
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polymorphisms in any genetic models. However, when deal-

ing with cancers as subgroups, they found that among Asian

populations, the rs799917 polymorphism is associated with

decreased risk of esophageal squamous carcinoma, gastric

carcinoma, cervical cancer, and non-Hodgkin lymphoma.51

This study is the first to address the relationship between

BRCA1 rs1799966 and rs799917 SNP, and the risk of GBM

among the Arab Jordanian population. The findings of the

study show that BRCA1 rs799917 is associated with

decreased risk of GBM in the recessive model (AA vs G/

G-A/G: OR, 0.46, 95% CI, 0.26–0.82, p=0.01) and the same

SNP is associated with increased risk of GBM in the over-

dominant model (AG vs G/G-A/A: OR, 1.72, 95% CI, 1.02–-

2.89, p=0.04).

Conclusion
BRCA1 rs799917 is associated with decreased risk of

GBM in the recessive model (AA vs G/G-A/G: OR,

0.46, 95% CI, 0.26–0.82, p=0.01) and the same SNP is

associated with increased risk of GBM in the overdomi-

nant model (AG vs G/G-A/A: OR, 1.72, 95% CI, 1.02–-

2.89, p=0.04) in the Jordanian Arab population.
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