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ABSTRACT

Approximately 5%-10% of breast cancer cases are believed to be hereditary, caused by inherited gene mutations. In
healthy cells, these genes play a role in producing proteins responsible for repairing damaged DNA. When these genes
undergo mutations, it can result in irregular cell growth, ultimately contributing to the development of cancer.The aim of
this study is to investigate the association between PRAP1 rs2666428 and rs8679 gene polymorphisms with breast cancer
risk in female population in Baghdad. A case-control study was involved 40 female breast cancer patients who were
recruited from the Medical City, Oncology teaching hospital, Baghdad, Irag, between June and October 2023. DNA
extracted from whole blood and the gene fragments corresponding to the PARP1 rs2666428, rs8679 were amplified using
conventional PCR. The genotyping was performed through Sanger sequencing. Patients’” results were then compared
with 40 age and gender- matched control subjects. There were significant differences in the genotypic distribution in the
158679 polymorphism between patients and controls, in that the TG and TT genotypes showed apparent differences in
the genotypic distribution that confirmed by Chi-square (Chi?) test results. The risk of malignancy showed to be higher
by about 3.18 times in patients with G allele than those with T allele. Genotypic distribution of the rs2666428
polymorphism showed a nearly similar distribution of CC, CT and TT genotypes in controls comparing to patients that
also confirmed by Chi? results with no associated between the malignancy risk and the allelic frequency in that C and T
alleles frequencies showed to be nearly similar in patients to those of controls. Genetic polymorphism of PARP1 rs8679
may be considered as a potential risk factor for the development of breast cancer and may be used as a diagnostic and
prognostic marker while PARP1 rs2666428 polymorphism was not associated with breast cancer.

KEYWORDS: Genetic polymorphism; PARP1; rs2666428; rs8679; breast cancer; BER gene; Diagnostic marker; prognostic
marker.

1. INTRODUCTION

Worldwide, breast cancer has emerged as the most prominently diagnosed form of cancer. In 2020, the
latest worldwide cancer burden figures revealed that there were around 2.3 million newly reported cases of
breast cancer. The age-standardized incidence and mortality rates of cancer among the Iraqi population in
2018 as displayed in the Global Cancer Observatory are the latest ICR and have illustrated that the total
number of new cancer cases during 2018 was 31,502, with an incidence rate of 82.6/100,000 population; 43%
occurred in males and 57% in females. The top registered cancers were breast cancer (19.7%), bronchus and
lung (8.2%), colorectal (6.1%), leukemia (6.0%), and urinary bladder (4.9%) (1)[1]. Furthermore, this disease
stands as the primary cause of cancer-related mortality among women across the world [2]. As there is
evidence demonstrating a connection between inherited variations in DNA sequence and the likelihood of
developing diseases in the future, genomic tests serve as objective "biomarkers" indicating an individual's
susceptibility to cancer [3]. A family history of breast cancer is recognized as one of the most influential risk
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factors for the development of this disease. Risk ratios are particularly elevated when cases occur at younger
ages, and within a specific individual, the risk is greater if their relative was diagnosed at a younger age. The
observed familial pattern strongly underscores the significant role played by genetic variation in influencing
the risk of breast cancer (2). Within a cancer cell, the DNA repair mechanism encompasses over 150 genes
and is organized into five primary pathways: “base excision repair” (BER), “nucleotide excision repair”
(NER), “mismatch repair” (MMR), “double-strand break repair” (DSBR), and “homologous recombination
repair” (HRR) [5].

Each DNA repair pathway is tasked with addressing distinct types of DNA damage. The repair of
single-strand breaks primarily occurs through the Base Excision Repair (BER) pathway, involving key genes
like PARP-1, OGG1, APE1, and XRCC1 [6]. The BER pathway specializes in repairing DNA base damages
induced by oxidative reagents and alkylating agents, playing a crucial role in maintaining genomic stability
and influencing the processes of carcinogenesis and tumor biology. The effectiveness of DNA repair
deficiency extends to its influence on the response to DNA-damaging treatments like radiotherapy and
chemotherapeutics [7]. Poly (ADP-ribose) polymerase 1 (PARP-1) is a crucial DNA repair gene intricately
associated with the Base Excision Repair (BER) pathway. It plays a pivotal role in repairing single-strand
breaks caused by factors such as ionizing radiation and oxidative damage [8]. Various PARP-1 inhibitors
have undergone examination in clinical trials, revealing that the inhibition of PARP-1 activity has the
potential to impede DNA repair. Consequently, this inhibition could enhance the damaging impact of
radiotherapy and chemotherapy [9]. PARP1 stands out as the principal member within the PARP family. Its
role is to promote cell survival by facilitating DNA repair. However, in the context of apoptosis, caspases
cleave PARP1 into two fragments, leading to its inactivation [10]. The inactivation induced by caspases of
PARP1 underscores the importance of blocking its activity to ensure the effective functioning of apoptotic
processes and subsequent DNA fragmentation. It's worth noting that an increased expression of PARP1 is
observed in various primary human tumors when compared to corresponding normal tissues [11]. Sanger
sequencing is a DNA sequencing technique where the target DNA is denatured and paired with an
oligonucleotide primer. This primer is then extended by DNA polymerase using a combination of normal
deoxynucleotide triphosphates (dANTPs) and chain-terminating dideoxynucleotide triphosphates (ddNTPs).
The key feature of ddNTPs is the absence of the 3" OH group, which is crucial for adding the next dNTP to
the growing DNA chain. Without this 3 OH group, further nucleotides cannot be added, leading to the
detachment of DNA polymerase. Consequently, the synthesized DNA chains vary in length, determined by
the point at which a ddNTP was randomly incorporated [12]. The aim of the current study is to investigate
the association between PRAP1 rs2666428 and rs8679 gene polymorphisms and breast cancer risk in the
female population in Baghdad.

2. RESULTS

Results presented in Table 1 and Figure 1 showed that the genotypic distribution of the rs2666428
polymorphism showed a nearly similar distribution between controls and patients in that the CC, CT, and
TT genotypes represent 62.5, 27.5, and 10%, respectively, of controls and 65, 15 and 20%, respectively, in the
patients” group. These apparent non-significant differences in the genotypic distribution were confirmed by
the Chi? results, which showed non-significant differences in the genotypic distribution between controls
and the patients” group (p = 0.356, Phi = 0.217).

Table 1. Genotypic distribution of PARP1 152666428 polymorphism in the studied groups

152666428 polymorphism

CC CT T Total
Count 25 11 4 40
CONTROL % within GROUP 62.5% 27.5% 10% 100.0%
Frequency 0.58 0.363 0.057 1
GROUFP Count 26 6 8 40
CANCER % within GROUP 65.0% 15.0% 20.0% 100.0%
Frequency 0.526 0.399 0.076 1
o p-value 0.356
Chi Phi 0.217
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Figure 1. Genotypic distribution of PARP1 152666428 polymorphism in the studied groups

Results tabulated in Table 2 and illustrated in Figure 2 revealed a significant difference between
patients and controls in the genotypic distribution of rs8679 polymorphism, as obtained by Chi2 results, in
that patients with breast cancer showed a different pattern of genotypic distribution in comparison with
controls, in which the TG and TT genotypes represent 75 and 25%, respectively, in cancerous patients in
comparison with 37.5 and 62.5%, respectively, in controls. These apparent differences in the genotypic
distribution were confirmed by the Chi2 results, which showed that the genotypic distribution in patients
significantly differed from that in controls (p = 0.013, Phi = 0.375).

Table 2. Genotypic distribution of PARP1 rs8679 polymorphism in the studied groups

rs8679 polymorphism

TG T Total
Count 15 25 40
CONTROL % within GROUP 37.5% 62.5% 100.0%
Frequency 0.473 0.527 1
GROUP Count 30 10 40
CANCER % within GROUP 75.0% 25.0% 100.0%
Frequency 0.766 0.0.234 1
. p-value 0.013*
Chi Phi 0375
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Figure 2. Genotypic distribution of PARP1 rs8679 polymorphism in the studied groups

Results postulated in Table 3 revealed that the incidence of malignant tumors was not associated with
the allelic frequency of PARP1 rs2666428 in that the frequency of C and T alleles showed to be nearly similar
in patients with breast cancer to that in controls, as indicated by the Odds ratio results, which showed a non-
significant association between T or C allele frequency and the prevalence of cancer (p = 0.42, OR = 1.123,
and 95% CI = 0.75-2.01).
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Table 3. Allelic distribution of rs2666428 polymorphism in the studied groups

rs2666428 polymorphism

C Allele T Allele Total

Count 61 19 80
CONTROL % within GROUP 76.25% 23.75% 100.0%

Frequency 0.76 0.24 1

GROUFP Count 58 22 80
CANCER % within GROUP 725 % 27.5 % 100.0%

Frequency 0.73 0.275 1

. P-value 0.59
Odds ratio OR (95% CI) 1.22 (0.6 - 2.48)

Contrary to the results of the first SNP that was subjected to the current work, the PARP1 rs8679
polymorphism showed a significant effect on the incidence of breast cancer in that the G allele showed a
strong correlation with the malignant tumor in comparison with controls, as indicated by the Odds ratio
results, which showed a significant association between G allele frequency and the prevalence of cancer (p=
0.005) and the results also showed that the risk of malignancy was higher by about 3.18 times in patients
with the G allele than those with the T allele, as illustrated in Table 4.

Table 4. Allelic distribution of PARP1 rs8679 polymorphism in the studied groups

rs8679 polymorphism

G Allele T Allele Total
Count 15 65 80
CONTROL % within GROUP 68.75% 31.25% 100.0%
Frequency 0.69 0.31 1
GROUP Count 70 10 80
CANCER % within GROUP 87.5% 12.5% 100.0%
Frequency 0.875 0.125 1
. P-value 0.005*
Odds ratio OR (95% CI) 3.18 (141-7.18)
3. DISCUSSION

Many cancer research studies have confirmed the validity of biomarkers based on genetic variations
associated with tumors. These biomarkers play a crucial role in predicting risks, facilitating early diagnosis,
and forecasting therapeutic outcomes [13]. It is crucial to note that relying solely on biopsy blood tests may
not be sufficient to distinguish an aggressive tumor [14]. The crucial function of PARP-1 in DNA repair,
PARP-1 inhibitors are employed in two ways. The initial application involves using PARP-1 inhibitors as
sensitizing agents for radiotherapy or chemotherapy [15]. The second approach involves exploiting the
specific genetic traits of certain tumors through chemical synthetic lethality to induce DNA damage [16].
PARP1 is the predominant member of the PARP family, initially identified in 1963 by Chambon and his
colleagues for its enzymatic activity that enables the generation of ADP-ribose polymers [17]. DNA double-
strand breaks (DSBs) have the potential to result in the loss, fragmentation, or reorganization or
rearrangement of chromosomes. Two pathways were shown to participate in the repair of DSBs, which
include either error-prone non-homologous end joining (NHE]) or homologous recombination (HR).
Handling DSBs occurs either during the S-phase or outside the S-phase of the cell cycle, respectively. PARP1
plays a role in both HR and NHE] pathways [18]. In another study, analysis of PARP-1 localization in breast
cancer (BC) patients revealed its distribution in circulating tumor cells (CTCs), existing either in the nucleus
or cytoplasm. The N-terminal DNA-binding domain of PARP-1 contains a nuclear localization signal [19].
The nucleus is crucial for PARP-1 to maintain genomic integrity and promote cell survival. While the
significance of nuclear localization in PARP functions is well established, attention to cytoplasmic
localization has also increased [20]. Another study suggests that PARP1 is a quantitative biomarker for oral,
oropharyngeal, and esophageal cancer for early detection and intraoperative tumor delineation [21].

In our study, we systematically investigated the connection between PARP1 polymorphisms and
breast cancer prognosis. The allelic frequencies of PARP1 rs2666428 and rs8679 did not show an association
with malignant tumors, as the C and T allele frequencies were nearly identical in breast cancer patients
compared to controls. The PARP1 gene is located on the long arm of chromosome 1 and comprises 23 exons

http://dx.doi.org/10.29228/jrp.871
J Res Pharm 2024; 28(6): 1974-1981

1977


http://dx.doi.org/10.29228/jrp.871

Algburi et al. Journal of Research in Pharmacy
Base excision repair gene PARP1 polymorphisms association with breast cancer Research Article

and 22 introns. Presently, there is no available literature on the polymorphisms examined in our research
and their relationship with breast cancer prognosis. However, some reports suggest a correlation between
the expression level of PARP1 and the survival of breast cancer patients. It's important to note that the
results from these studies exhibit inconsistency [22]. In other studies their findings indicated that there is no
significant association between the single nucleotide polymorphisms (SNPs) in the PARP1 gene and the risk
of neuroblastoma. To the best of our knowledge, this study represents the initial assessment of PARP1 SNPs
in connection with the risk of neuroblastoma [23]. Another research findings underscore the importance of
PARP1 alterations as comprehensive predictive biomarkers for immune checkpoint inhibitor (ICI) treatment
across various cancers. The expression levels of PARP1 appear to show correlation with the status of
immunotherapy-associated signatures. Consequently, PARP1 may serve as a promising biomarker for
predicting the response to immune checkpoint inhibitors in several tumor types [24]. In the high-incidence
region of Cixian in northern China, the rs1136410 and rs8679 single nucleotide polymorphisms (SNPs) may
not be reliable indicators for predicting the survival of esophageal squamous cell carcinoma (ESCC) patients.
Further exploration is necessary to determine whether other SNPs within the PARP1 gene could have an
impact on the prognosis of individuals with ESCC and suggest that these two single nucleotide
polymorphisms (SNPs) may not serve as reliable predictive markers for the survival of esophageal
squamous cell carcinoma (ESCC) patients [25]. Their study successfully demonstrated statistically significant
increases in PARP1 expression at the epithelium as the disease progressed. Of particular clinical importance,
our key finding revealed a significant upregulation of PARP1 expression in severe dysplasia/carcinoma in
situ and invasive carcinomas compared to all other degrees of dysplasia and normal epithelium [26].
Genotyping analysis of SNP rs8679 revealed a decreased susceptibility to colorectal cancer, particularly in
individuals with the heterozygous TC allele and at the minor allele C, PARP-1 expression levels exhibited
significant differences in colorectal cancer compared to matched normal tissue. The findings further
demonstrated that the upregulation of PARP-1 is associated with tumor progression and poor prognosis in
Saudi patients with colorectal cancer, suggesting that PARP-1 could serve as a novel and valuable marker for
predicting the clinical outcome of individuals with colorectal cancer [27].

4. CONCLUSION

Results demonstrated that the genetic polymorphism of PARP1 rs8679 was closely associated with the
incidence of breast cancer and assumed to be a potential risk factor for the development of breast cancer and
may be used as a diagnostic and prognostic marker. On the other hand, the PARP1 rs2666428 polymorphism
was not associated with breast cancer, as demonstrated in the results of the current work.

5. MATERIALS AND METHODS

This case-control study was conducted at the College of Medicine, Al-Nahrain University, which
houses departments of chemistry and biochemistry. The research proposal received approval from the
Ethical Committee of the Al-Nahrain University College of Medicine. Forty Iraqi patients with breast cancer
were documented by histopathology and collected from Al-Oncology Teaching Hospital in Medical City,
Baghdad, Iraq. All participants in the study provided their consent, and blood samples were collected after
their agreement, following hospitalization, and prior to the administration of any medications. The study
was carried out from May 2022 to December 2022. All participants included in the study are between the
ages of 18 and 60.

1. Control group: The sample comprises 40 individuals who are apparently healthy, with age and sex
matching.

2. Case group: Includes 40(18 early, 22 advance stage) samples with confirmed breast cancer,
diagnosed by true cut histopathology.

5.1. Exclusion criteria:

Female with tumor other than breast cancer, Pregnant and lactating women, Viral infected women,
Women who exposure to radiotherapy and chemotherapy taken.

5.2. Blood sample collection and storage:

A blood sample of approximately 5 mL was obtained from each participant. EDTA tubes were used to
collect peripheral blood samples from both the patient and control groups for the purpose of DNA
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extraction. for subsequent screening of PARP1 rs2666428 and rs8679 gene polymorphisms and stored in a -
4°C freezer until use. DNA was extracted from whole-blood samples using the EasyPure® Blood Genomic
DNA Kit (with RNase A). After that, using NanoDrop Microvolume Spectrophotometers to measure purity
and concentration for DNA extraction and give results with ng/pL units, PCR samples were prepared. 4pL
DNA extracted product added to (2uL forward primer+2uL reveres primer+25uL mastrmix+17D.W) The
PCR cycling was conducted using the PCR Express (Thermal Cycler, BioRad, USA), with the temperature
program including 95°C as an initial denaturation temperature for five minutes, followed by 30 cycles of
denaturation at 95°C for one second each, followed by the annealing step conducted at 60°C for another
thirty seconds, and the temperature then increased to 72°C for an extension step for 30 seconds. After that,
an extension step of 7 minutes at 72 °C was incorporated, followed by a 10-minute period of incubation at 4
°C to halt the reactions. Optimization of the PCR reaction involved multiple trials for the annealing step, and
the optimal temperature yielding the best results for the PARP1 gene SNPs (rs2666428 and rs8679) was
determined to be 58°C and 62°C, respectively. Gel electrophoresis was then employed to test the PCR
product samples, allowing for the detection of DNA fragment sizes.

Table 5. The primers used in the study

Primer Name Sequences SNPs
PARP1-F CTCGGTTTGGTTT 152666428
GGTGTCT
PARP1-R GAAGCTGGAGGA
GTGACAGG
PARP1-F GTGTGGGAAGAC 158679
CAAAGGAA
PARP1-R CACTTGTCCCCTIT
CCGTAAA

The size of the DNA fragments could be observed through direct examination of the gel under
ultraviolet light. The PCR products were forwarded for Sanger sequencing utilizing the ABI3730XL, an
automated DNA sequences, through Macrogen Corporation in Korea. Subsequently, the results were
received via email and analyzed using the Geneious Prime software.

5.3. Statistical analysis

The study data were analyzed utilizing the SPSS software, specifically version 20. Categorical
variables were represented using numerical expressions, which were then analyzed by cross-tabulation to
assess the frequency and proportion of each variable among the groups under study. Correlations among all
parameters were assessed using the Pearson correlation test, and the relationships between categorical
variables were examined through the Chi-square test. The measurement of Phi, which serves as a chi-square-
based measure of association, was employed to indicate the strength of the association. Values ranging from
0 to 0.5 were deemed indicative of a weak association, while values above 0.5 were considered
representative of a strong association [28]. The significance level was set at <0.05 for p values [29]. Logistic
regression was used to calculate odds ratio (ORs) and 95% confidence interval (CI) for breast cancer risk
associated with the genetic polymorphisms of PARP1 gene [30].

Odds ratios are employed to compare the relative odds of the occurrence of a specific outcome (such
as a disease or disorder) occurring based on exposure to a particular variable of interest (such as a health
characteristic or aspect of medical history). They serve as a tool to determine whether a specific exposure
acts as a risk factor for a particular outcome, and to compare the strength of various risk factors associated
with that outcome.

OR=1: Exposure does not have a significant effect on the odds of the outcome.

OR>1: Exposure is associated with higher odds of the outcome.

OR<1: Exposure is associated with lower odds of the outcome [31].

http://dx.doi.org/10.29228/jrp.871
J Res Pharm 2024; 28(6): 1974-1981

1979


http://dx.doi.org/10.29228/jrp.871

Algburi et al. Journal of Research in Pharmacy
Base excision repair gene PARP1 polymorphisms association with breast cancer Research Article

Acknowledgements: The author is grateful to staff of the Department of Chemistry and Biochemistry, Medical
Research Unit\ Division of Molecular Biology-College of Medicine Al-Nahrain University, Baghdad, Iraq for their
facilities in performing this study and also to the head and staff members of oncology teaching hospital, Medical City,
Baghdad, Iraq

Author contributions: Concept - O.A., B.A; Design D.A., O.A ;Supervision - O.A., B.A.; Resources - D.A., B.A., F.A,;
Materials - D.A.; Data Collection and/or Processing - D.A., F.A.;Analysis and/or Interpretation - D.A,; Literature
Search - D.A,; Writing - D.A., O.A., B.A,;Critical Reviews - O.A., B.A.

Conflict of interest statement: The authors declared no conflict of interest in the manuscript.

REFERENCES

[1] Al Alwan NAS. General Oncology Care in Iraq. In: Al-Shamsi HO, Abu-Gheida IH, Igbal F, Al-Awadhi A. (Eds).
Cancer in the Arab World. Springer, Singapore, 2022, pp. 63-82. https://doi.org/10.1007/978-981-16-7945-2_5

[2] Wilkinson L, Gathani T. Understanding breast cancer as a global health concern. Br ] Radiol.
2022,;95(1130):20211033. https:/ /doi.org/10.1259/bjr.20211033

[3] Walsh MF, Nathanson KL, Couch FJ, Offit K. Genomic biomarkers for breast cancer risk. Adv Exp Med Biol.
2016;882:1-32. https:/ /doi.org/10.1007 /978-3-319-22909-6_1

[4] Collins A, Politopoulos I. The genetics of breast cancer: Risk factors for disease. Appl Clin Genet. 2011;4:11-19.
https:/ /doi.org/10.2147 /tacg.s13139

[5] Chatterjee N, Walker GC. Mechanisms of DNA damage, repair, and mutagenesis. Environ Mol Mutagen.
2017;58(5):235-263. https:/ /doi.org/10.1002/em.22087.

[6] Rose M, Burgess JT, O'Byrne K, Richard DJ, Bolderson E. PARP inhibitors: Clinical relevance, mechanisms of action
and tumor resistance. Front Cell Dev Biol. 2020;8:564601. https://doi.org/10.3389/fcell.2020.564601

[71 Wang H, Xie H, Wang S, Zhao ], Gao Y, Chen ], Zhao Y, Guo G. PARP-1 genetic polymorphism associated with
radiation  sensitivity = of non-small cell lung cancer. Pathol Oncol Res. 2022;28:1610751.
https:/ /doi.org/10.3389/pore.2022.1610751

[8] Ray Chaudhuri A, Nussenzweig A. The multifaceted roles of PARP1 in DNA repair and chromatin remodelling.
Nat Rev Mol Cell Biol. 2017;18(10):610-621. https:/ /doi.org/10.1038 /nrm.2017.53

[9] Rose M, Burgess JT, O'Byrne K, Richard DJ, Bolderson E. PARP inhibitors: Clinical relevance, mechanisms of action
and tumor resistance. Front Cell Dev Biol. 2020;8:564601. https://doi.org/10.3389/ fcell.2020.564601.

[10] Zhang F, Lau SS, Monks TJ. A dual role for poly(ADP-ribose) polymerase-1 during caspase-dependent apoptosis.
Toxicol Sci. 2012;128(1):103-114. https:/ /doi.org/10.1093 / toxsci/ kfs142

[11] Green AR, Caracappa D, Benhasouna AA, Alshareeda A, Nolan CC, Macmillan RD, Madhusudan S, Ellis 10, Rakha
EA. Biological and clinical significance of PARP1 protein expression in breast cancer. Breast Cancer Res Treat.
2015;149(2):353-362. https:/ /doi.org/10.1007/s10549-014-3230-1

[12] Crossley BM, Bai ], Glaser A, Maes R, Porter E, Killian ML, Clement T, Toohey-Kurth K. Guidelines for Sanger
sequencing and  molecular  assay  monitoring. ] Vet Diagn  Invest. = 2020;32(6):767775.
https:/ /doi.org/10.1177/1040638720905833

[13] DasS, Dey MK, Devireddy R, Gartia MR. Biomarkers in cancer detection, diagnosis, and prognosis. Sensors (Basel).
2023,24(1):37. https:/ /doi.org/10.3390%2Fs24010037

[14] Rehman K, Igbal Z, Zhiqin D, Ayub H, Saba N, Khan MA, Yujie L, Duan L. Analysis of genetic biomarkers,
polymorphisms in ADME-related genes and their impact on pharmacotherapy for prostate cancer. Cancer Cell Int.
2023;23(1):247. https:/ /doi.org/10.1186/s12935-023-03084-5

[15] Chen A. PARP inhibitors: its role in treatment of cancer. Chin ] Cancer. 2011;30(7):463-471.
https:/ /doi.org/10.5732/cjc.011.10111

[16] DuY, Luo L, Xu X, Yang X, Yang X, Xiong S, Yu J, Liang T, Guo L. Unleashing the power of synthetic lethality:
Augmenting treatment efficacy through synergistic integration with chemotherapy drugs. Pharmaceutics.
2023,15(10):2433. https:/ /doi.org/10.3390/ pharmaceutics15102433

[17] Chambon P, Weill JD, Doly ], Strosser MT, Mandel P. On the formation of a novel adenylic compound by
enzymatic  extracts of liver  nuclei. Biochem  Biophys Res Commun. 1966;25(6):638-643
https:/ /doi.org/10.1016/0006-291X(66)90502-X

[18] Liao Y, Liao Y, Li J, Xiong J, Fan Y. Polymorphisms in PARP1 predict disease-free survival of triple-negative breast
cancer patients treated with anthracycline/taxane based adjuvant chemotherapy. Sci Rep. 2020;10(1):73409.
https:/ /doi.org/10.1038 /s41598-020-64473-8

[19] Ida RR, Jeremy S. Differential localisation of PARP-1 N-terminal fragment in PARP-1+/+ and PARP-1-/- murine
cells. Mol Cells. 2014. 37(7): 526-531. https:/ /doi.org/10.14348% 2Fmolcells.2014.0077

[20] Thodoris S, Vasileios V, Evangelia P, Athina Ch, Vassilis G, Athanasios K, Yiannis V, Galatea K. PARP-1 expression
and BRCA1l mutations in breast cancer patients’ CTCs. Cancers (Basel). 14(7): 1731.
https:/ /doi.org/10.3390 % 2Fcancers14071731

http://dx.doi.org/10.29228/jrp.871
J Res Pharm 2024; 28(6): 1974-1981

1980


http://dx.doi.org/10.29228/jrp.871
https://doi.org/10.1007/978-981-16-7945-2_5
https://doi.org/10.1259/bjr.20211033
https://doi.org/10.1007/978-3-319-22909-6_1
https://doi.org/10.2147/tacg.s13139
https://doi.org/10.1002/em.22087
https://doi.org/10.3389/fcell.2020.564601
https://doi.org/10.3389/pore.2022.1610751
https://doi.org/10.1038/nrm.2017.53
https://doi.org/10.3389/fcell.2020.564601
https://doi.org/10.1093/toxsci/kfs142
https://doi.org/10.1007/s10549-014-3230-1
https://doi.org/10.1177/1040638720905833
https://doi.org/10.3390%2Fs24010037
https://doi.org/10.1186/s12935-023-03084-5
https://doi.org/10.5732/cjc.011.10111
https://doi.org/10.3390/pharmaceutics15102433
https://doi.org/10.1016/0006-291X(66)90502-X
https://doi.org/10.1038/s41598-020-64473-8
https://doi.org/10.14348%2Fmolcells.2014.0077
https://doi.org/10.3390%2Fcancers14071731

Algburi et al. Journal of Research in Pharmacy
Base excision repair gene PARP1 polymorphisms association with breast cancer Research Article

[21] Kossatz S, Pirovano G, Demétrio De Souza Franca P, Strome AL, Sunny SP, Zanoni DK, Mauguen A, Carney B,
Brand C, Shah V, Ramanajinappa RD, Hedne N, Birur P, Sihag S, Ghossein RA, Génen M, Strome M, Suresh A,
Molena D, Ganly I, Kuriakose MA, Patel SG, Reiner T. Validation of the use of a fluorescent PARP1 inhibitor for the
detection of oral, oropharyngeal and oesophageal epithelial cancers. Nat Biomed Eng. 2020;4(3):272-285.
https:/ /doi.org/10.1038 /s41551-020-0526-9 .

[22] Yu H, Ma H, Yin M, Wei Q. Association between PARP-1 V762A polymorphism and cancer susceptibility: A meta-
analysis. Genet Epidemiol. 2012;36(1):56-65. https://doi.org/10.1002/ gepi.20663

[23] Cheng J, Zhuo Z, Zhao P, Zhu ], Xin Y, Zhang J, Li P, Gao Y, He J, Zheng B. PARPI gene polymorphisms and

neuroblastoma susceptibility in Chinese children. J Cancer. 2019;10(18):4159-4164.
https:/ /doi.org/10.7150%2Fjca.34222
[24] Zhang X, Wang Y, A G, Qu C, Chen ]. Pan-cancer analysis of PARP1 alterations as biomarkers in the prediction of
mmmunotherapeutic effects and the association of its expression levels and immunotherapy signatures. Front
Immunol. 2021;12:721030. https://doi.org/10.3389/ fimmu.2021.721030

[25] Zhou RM, Li Y, Wang N, Niu CX, Huang X, Cao SR, Huo XR. PARP1 gene polymorphisms and the prognosis of
esophageal cancer patients from Cixian high-mcidence region in northern China. Asian Pac ] Cancer Prev.
2020;21(10):2987-2992. https:/ /doi.org/10.31557 %2FAPJCP.2020.21.10.2987
[26] Kossatz S, Pirovano G, Franca PD, Strome AL, Sunny SP, Zanoni DK, Mauguen A, Carney B, Brand C, Shah V,
Ramanajinappa RD, Hedne N, Birur P, Sihag S, Ghossein RA, Gonen M, Strome M, Suresh, A, Molena D, Kuriakose
MA, Patel SG, Reiner T. “PARP1 as a biomarker for early detection and intraoperative tumor delineation in
epithelial cancers-first-in-human results”. bioRxiv. 2019; 663385. https:/ /doi.org/10.1101 /663385
[27] Alhadheq AM, Purusottapatnam Shaik ], Alamri A, Aljebreen AM, Alharbi O, Almadi MA, Alhadeq F, Azzam NA,
Semlali A, Alanazi M, Bazzi MD, Reddy Parine N. The effect of Poly(ADP-ribose) Polymerase-1 Gene 3'Untranslated
region polymorphism in colorectal cancer risk among Saudi Cohort. Dis Markers. 2016;2016:8289293.
https:/ /doi.org/10.1155/2016 /8289293

[28] Aldafaay AAA, Abdulamir HA, Abdulhussain HA, Badry AS, Abdulsada AK. The use of urinary a-amylase level
in a diagnosis of chronic renal failure. Res J Pharm Technol. 2021; 14(3):1-4. https://doi.org/10.5958/0974-
360X.2021.00283.3

[29] Al-Shammari AH, Ali Shahadha MA. The effect of favipiravir on liver enzyme among patients with mild to

moderate COVID-19 infection: A prospective cohort study. ] Popul Ther Clin Pharmacol. 2022;29(4):e46-e54.
https:/ /doi.org/10.15586 /jptcp.2022.967

[30] Norman G. Likert scales, levels of measurement and the "laws" of statistics. Adv Health Sci Educ Theory Pract.

2010;15(5):625-632. https:/ /doi.org/10.1007 /s10459-010-9222-y.

[31] Szumilas M. Explaining odds ratios. ] Can Acad Child Adolesc Psychiatry. 2010;19(3):227-229. Erratum in: ] Can

Acad Child Adolesc Psychiatry. 2015;24(1):58.

http://dx.doi.org/10.29228/jrp.871
J Res Pharm 2024; 28(6): 1974-1981

1981


http://dx.doi.org/10.29228/jrp.871
https://doi.org/10.1038/s41551-020-0526-9
https://doi.org/10.1002/gepi.20663
https://doi.org/10.7150%2Fjca.34222
https://doi.org/10.3389/fimmu.2021.721030
https://doi.org/10.31557%2FAPJCP.2020.21.10.2987
https://doi.org/10.1101/663385
https://doi.org/10.1155/2016/8289293
https://doi.org/10.5958/0974-360X.2021.00283.3
https://doi.org/10.5958/0974-360X.2021.00283.3
https://doi.org/10.15586/jptcp.2022.967
https://doi.org/10.1007/s10459-010-9222-y

