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Background: Genetic predisposition to breast cancer (BC) has been extensively explored to achieve an enhanced understanding
of the biology of BC. Targeting candidate genes to screen different genetic variants such as RAD51 gene that plays a critical role
in DNA repair pathways including the double-strand break repair system is an important task. 4im: To study several single nucleotide
polymorphisms (SNPs) within RAD51-UTR gene and to find their relationship with BC risk and prognosis among Jordanian females.
Materials and Methods: In this case-control study, DNA sequencing technique was used to screen SNPs within the untranslated
region (UTR) of RAD51 in 206 cases and 185 controls and the resulting data were statistically analyzed using different types of ge-
netic analyses. Patients’ clinical and pathological features were obtained from their medical records to perform genotype-phenotype
association analysis. Results: Our findings show a significant association between both SNPs rs528590644, rs1801320 and BC risk
(p = 0.016). We estimated the correlation between many of BC prognostic factors and BC risk, and we found an association be-
tween rs1801321 and age at first menstruation (p = 0.032) in addition to a strong correlation between age at BC diagnosis and

rs1801320 (p = 0.008). Conclusion: RAD51-UTR polymorphisms may be involved in BC development and progression.
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Breast cancer (BC) is a multifactorial disease as-
sociated with several factors responsible for its devel-
opment and progression such as smoking, oxidative
stress, pregnancy status, radiation exposure, behavior,
diet, and stress [1]. A combination of these environ-
mental and patient-related factors can cause DNA
damage and genomic alterations, which may lead
to BC development usually when the DNA repair system
is altered. Homologous recombination (HR) proteins
play a crucial role in maintaining DNA integrity under
many environmental genotoxic factors [2, 3]. Genetic
impairments within critical genes that play a specific
role in carcinogenesis-related functions may influence
BC development or progression. DNA repairing path-
ways are the foremost defense mechanisms against
genomic instability and DNA damage [4]. Failure of DNA
repair system may shift the cell fate to cancer develop-
ment rather proceeding to apoptosis. For instance,
mutations in BRCA1 and BRCAZ are associated with
BC occurrence in around 10% of total cases. There-
fore, alterations in other DNA repairing proteins have
been proposed to be associated with the development
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Abbreviations used: BC — breast cancer; DSBs — DNA double-
strand breaks; ER — estrogen receptor; HER2 — human epithelial
receptor 2; HR — homologous recombination; PCR — polymerase
chain reaction; PR — progesterone receptor; SNP — single nucleo-
tide polymorphism; UTR — untranslated region.

of many cancersincluding BC. Mutations, in particular,
single nucleotide polymorphisms (SNPs) are the most
investigated genetic variants in the human genome
to seek a clear vision of the correlation between these
variants and malignancies including BC [5, 6].

DNA double-strand breaks (DSBs) occur naturally
during cell division or may be caused by environmental
exposure [7]. DSB repair mechanism is a fundamental
process to maintain the genome integrity and to detect
the DSBs that lead to promoting carcinogenesis [8,
9]. Exposing genes that are involved in HR pathway
of DSBs repair to the field of study may provide un-
derstanding for the biology of cancer [10]. Variants
within different genes including ATM, BRIP1, CHEKZ2,
and XRCC2 have been identified as BC inherited risk
genetic variants [11-13].

Also, RAD51 has been recently in the spotlight
as a key protein that plays a critical role in HR by medi-
ating the synopsis of the two homologous strands [ 14—
16]. RAD51 geneislocated on 15g15.1 and comprises
nine coding exons [17]; any change in the genetic
components of this gene could lead to a significant
alteration in the expressed proteins, which may affect
the DSBs repair pathway [18].

rs1801320 is a significant variant located in 5 un-
translated region (5 UTR) of the RAD51 gene and in-
volves the substitution of G to C at position 135. It has
been suggested that this polymorphism manipulates
mRNA stability of RAD57 which in turn affects the
DNA repair pathway and subsequently induces tumor
formation [19]. In addition to rs1801320, the con-
tribution of RAD51 polymorphisms to BC has been


https://core.ac.uk/display/459194729?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

150

Experimental Oncology 43, 149-154, 2021 (June)

explored [20]. Many epidemiological studies investi-
gated the role of RAD57 in BC development and pro-
gression [17, 21, 22]. Interestingly, these studies have
shown disparities in the findings, possibly due to the
heterogeneity of the studied cohorts [19, 23-26].

The purpose of this study is to investigate the
correlation between SNPs within the 5-UTR region
within RAD51 gene and BC risk. Furthermore, we aim
to clarify the association between a group of clinico-
pathological features of BC and the screened poly-
morphisms in RAD51.

MATERIALS AND METHODS

Study cohort. In this study, 206 female BC pa-
tients in addition to 185 matched healthy individuals
were recruited as study subjects from the Jordanian
Royal Medical Services hospital. All the participants
were randomly selected from Jordanian Arab descent.
Ethical approval was obtained from the Intuitional Re-
view Board at Jordan University of Science and Tech-
nology with the ethical code number (32/104/2017).
Written informed consents were obtained for each
volunteer. Descriptive data about patients including
demographic, clinical, and pathological information
were collected from patients’ medical records at Jor-
danian Royal Medical Services.

DNA extraction. Blood sample (5 ml) was with-
drawn from each participant and DNA was extracted
using the DNA Purification KitWizard® Genomic (Pro-
mega, USA). The extracted DNA was then tested for
quality and quantity validation using gel electrophore-
sis and Nano-Drop ND-1000 UV-Vis Spectrophotom-
eter (BioDrop, UK).

PCR and DNA sequencing. Polymerase chain
reaction (PCR) was performed to amplify the 5 -UTR
within RAD51 gene using specific sets of primers;
F -5 -AGCTGGGAACTGCAACTCAT-3 and R-5 -
CGCCTCACACACTCACCTC-3 [27]. Briefly, 3 uL ofthe
extracted genomic DNA plus 4 uL of primers were
added to 12.5 uL of 2X ready to use PCR master mix
from New England Biolabs (Tag 2X Master Mix, USA)
with nuclease-free water to reach the volume of 25 pL.

The DNA sequencing was performed as previously
published by Al-Eitan et al. [28] using the genetic
analyzer (3130x1, Applied Biosystems, USA) accord-
ing to the BigDyeTerminator v3.1 Cycle Sequencing
Kit (Applied Biosystems, USA). Subsequently, the
chromatograms of the sequenced DNA were visu-
alized using Chromas Pro software v.1 (USA) and
compared to a reference sequence (Ensembl ID:
ENSG00000178568) using Ensembl genome browser
(http://www.ensembl.org/index. html).

Statistical analysis. Hardy — Weinberg equilib-
rium equation (Court lab — HW calculator) was used
to calculate the genotypic and allelic frequencies.
The genetic association was estimated using Pear-
son’s chi-square test. In addition, genetic association
using different genetic models was performed using
SNPSTAT software (version 2.11 of Bioconductor).
Pearson’s chi-square and ANOVA tests were also

used to estimate the phenotype-genotype correla-
tion. In this study, p-value was considered as statisti-
cally significant only if less than 0.05. The Statistical
Package for the Social Sciences (SPSS), version
25.0 (SPSS, Inc., USA) was used to conduct the sta-
tistical analysis.

RESULTS

Candidate SNPs of RAD51 and their associa-
tion with BC. Table 1 illustrates the selected poly-
morphisms within RAD57-UTR. In this study, four
out of the seven SNPs that have been screened were
polymorphic. The genotype and allele frequencies for
the screened polymorphisms of RAD51 are also sum-
marized in Table 1. Remarkably, the variant allele (C)
of rs528590644 was not detected among patients,
while it accounted for 1% among controls and the
minor allele (G) of rs530836900 was not observed
among controls except for individual cases. Further-
more, the homozygous variant allele (TT) distribution
among cases (26.3%) was significantly higher than
among controls (14.3%) of rs1801320. Our findings
revealed that both polymorphisms rs528590644 and
rs1801320 were associated with BC with the same p-
value (p =0.016). However, neither rs530836900 nor
rs1801321 were in correlation with BC in this study
(Table 1).

In addition, a genetic association test using dif-
ferent genetic models was performed to clarify
the relationship between RAD51 polymorphisms
and BC. As Table 2 shows, only rs1801320 and
rs1801321 were applicable for this test. Our findings
revealed that none of the investigated models showed
significant association with BC except for the co-domi-
nant and recessive models ofrs1801320 (p =0.015 and
0.0038, respectively) (Table 2).

Haplotype analysis. Haplotypes resulted from
RAD51-UTR polymorphisms (rs1801321, rs1801320,
rs530836900, and rs528590644) are demonstrated
in Table 3. The table shows haplotype variant frequen-
ciesin case and control. The haplotype analysis in this
study revealed a significant association between GTCA
haplotype and BC risk, p = 0.005 (Table 3).

Genotype-phenotype analysis. In this study
group of clinical and pathological features of BC being
characterized and tested for correlation with RAD51-
UTR polymorphisms, most of these features are
prognostic and predictive factors for BC. Table 4 il-
lustrates these parameters and their association
with RAD51 SNPs. We found an association between
rs1801321 and age at first menstruation (p = 0.032),
in addition to a strong correlation between age
at BC diagnosis and rs1801320 (p = 0.008). However,
there was no relationship between rs530836900 and
any of the investigated clinical factors (Table 4).

Moreover, Table 4 summarizes the pathologi-
cal parameters of BC and their relationship with
RAD51-UTR variants. Common and critical factors
for BC prognosis such as progesterone (PR) and
estrogen receptor (ER) status and human epithelial
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Table 1. Genetic association between RAD51-UTR candidate SNPs and BC
Gene SNP ID Allele/Genotype Cases (206) Controls (185) Chi-square p-value*
A 424 (100%) 363 (99%) 5.797 0.016*
C 0 5(1%)
13528500644 AA 212 (100%) 179 (97.3%) 5.835 0.016*
AC 0 5(2.7%)
C 396 (99.5%) 366 (100%) 1.844 0.174
G 2(0.5%) 0
15530836900 CG 2 (1%) 0 1.84 0.398
cC 198 (99%) 183 (100%
C 54 (13.4%) 45 (12.4%) 0.148 0.700
RADST-UTR G 350 (86.6%) 317 (87.6%)
rs1801321 cC 3(1.5%) 4(2.2%)
CcG 48 (23.8%) 37 (20.5%) 0.833 0.659
GG 151 (74.7%) 140 (77.3%)
T 189 (46.8%) 139 (38.4%) 5.482 0.019*
G 215 (53.2%) 223 (61.6%)
rs1801320 T 53 (26.3%) 26 (14.3%)
TG 83 (41%) 87 (48.1%) 8.225 0.016*
GG 66 (32.7%) 68 (37.6%)
Note:*significant difference.
Table 2. Genetic association between RAD51-UTR polymorphisms and BC using different genetic models
Gene SNP ID Category test p-value*
rs1801320 Co-dominant: common Hz (GG) vs Het (GT) vs Rare Hz(TT) 0.015*
Dominant; Common Hz (GG) vs Het and Rare Hz (GT+TT) 0.320
Recessive: Common Hz and Het (GG+GT) vs Rare Hz (TT) 0.003*
RAD51-UTR Over dominant: Common Hz and Rare Hz (GG+TT) vs Het (GT) 0.170
rs1801321 Co-dominant: common Hz (GG) vs Het (GC) vs Rare Hz(CC) 0.660
Dominant; Common Hz (GG) vs Het and Rare Hz (GC+CC) 0.550
Recessive: Common Hz and Het (GG+GC) vs Rare Hz (CC) 0.600
Over dominant: Common Hz and Rare Hz (GG+CC) vs Het (GC) 0.430
Note:*significant difference.
Table 3. Haplotype analysis of RAD51-UTR polymorphisms
Haploty{zg:?02[;%19éJOT:n(ésrlggLC%sZ;dén?O1320, Frequency of block Freq“encyt:slt)'f’;:ase' con 0dd ratio (95%) CI p-value
GGCA 0.4462 0.3976: 0.5021 1.0 NA
GTCA 0.4184 0.4641: 0.3659 0.65(0.48-0.88) 0.0058*
CGCA 0.1215 0.1333: 0.1069 0.63 (0.39-1.03) 0.067
Global haplotype association p-value: 0.0067
Note:*significant difference.
Table 4. Association of RAD51-UTR SNPs with clinicopathological characteristics of BC patients
rs1801321 rs1801320 1530836900
Clinical characteristics (GG vs CG vs CC) (TTvs TG vs GG) (CCvs CG)
p-value p-value p-value
Body mass index** 0.621 0.848 0.408
First pregnancy (age)** 0.910 0.579 0.520
Age at BC diagnosis** 0.645 0.008*** 0.487
Allergy* 0.498 0.501 0.098
Age at first menstruation** 0.032*** 0.722 0.516
Breastfeeding status* 0.375 0.833 0.473
Age at menopause** 0.261 0.837 0.476
Family history* 0.169 0.577 0.482
Co-morbidity* 0.910 0.335 0.291
Smoking* 0.653 0.512 0.533
Pathological characteristics
Progesterone receptor* 0.884 0.051 0.311
Estrogen receptor* 0.923 0.240 0.587
HER2* 0.964 0.499 0.986
IHC profile (L.A vs L.B vs T.N) 0.931 0.413 NA
Tumor differentiation grade* 0.87 0.083 0.461
Axillary lymph nodes* 0.245 0.143 0.306
Tumor stage* 0.860 0.509 0.770
Histology classification* 0.669 0.906 0.370
Tumor size** 0.236 0.919 0.402
Lymph node involvement* 0.298 0.694 0.646

Note: *genotype-phenotype association p-value using Pearson Chi-squared test; **genotype-phenotype association p-value using ANOVA test. L.A: lumi-

nal A; L.B: luminal B; T.N: triple negative; ***significant difference.

receptor 2 (HER2) were included. In this current study,
no association was disclosed between any of these
pathological factors and the investigated polymor-
phisms of RAD57-UTR.

The heterogeneity of molecular markers (PR, ER,
and HER2) which are known as immunohistochemistry

(IHC) profile was also studied. Considering that data
was available for only 124 patients, Table 4 shows three
different types of BC according to IHC profiles: luminal
A; ER(+) and /or PR(+) plus HER(-), luminal B: ER(+)
and /or PR(+) plus HER(+) and T.N: triple negative
ER(-) and PR(-) plus HER(-). However, we did not
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detect any association between BC types and RAD51 -
UTR polymorphisms (Table 4).

DISCUSSION

A malfunctionin DNA repair mechanicsis the start-
ing point for cancer development [29]. DSB is a reli-
able repair system responsible for genome integrity
and stability [30]. Correspondingly, genetic alteration
within a functional gene that plays a key role in DSB
repair pathway may lead to cancer development in-
cluding BC [31]. RAD5T1 is one of the important genes
that participate in the DSB repair system [32-35].

In this study, four polymorphic SNPs have been
screened in BC female patients and matched healthy
subjects. We investigated the association between
RAD51-UTR polymorphisms and BC as well as the
clinical and pathological prognosis parameters.

Genetic association analyses in this study in-
dicated a significant association between both
polymorphisms (rs528590644, rs1801320) and
BC risk while the other two SNPs were not in cor-
relation with BC. Our findings showed that the dis-
tribution of rs528590644 variant allele (C) was only
distributed among controls but not among cases
in contrast to the common allele (A) distribution.
In light of these results, we propose the (A) allele
of rs528590644 within RAD57-UTR as an increased
risk variant for BC among Jordanian females. Con-
cerning rs1801320, we suggest that both variant
allele (T) and homozygous variant (TT) genotype
are implicated in BC development and progression
in Jordanian women. Haplotype analysis was con-
ducted in this study to show the combined effects
of RAD571-UTR on BC risk. Significantly, we propose
that GTCA haplotype is linked with BC susceptibility.

Furthermore, the influence of RAD57-UTR
polymorphisms on BC prognosis was explored.
In this work, we detect an association between
rs1801321 and age at first menstruation in addi-
tion to a correlation between age at BC diagno-
sis and rs1801320. Therefore, we propose that
RADS51 variants may interfere with BC prognosis.
However, we did not find any connection between
RADS51 polymorphisms and the investigated patho-
logical factors.

Several studies investigated candidate poly-
morphisms within the RAD51 gene and how they
could be correlated to BC development and pro-
gression [24, 36-38]. However, inconsistent find-
ings among ethnic groups and within the same
population have been revealed. In accordance
to this study, Sekhar et al. [39] stated that homozy-
gous substitution (CC) of 135 G>C polymorphism
within RAD51 increases the risk of BC significantly.
In contrast, Korak et al. [19], Sliwinski et al. [40],
and Synoweic et al. [41] did not find any association
between BC risk and RAD51 135G > C polymorphism.
Le Calvez-Kelm et al. [26] also screened RAD51 for
rare variants in 1.330 early-onset BC cases in ad-
dition to 1.123 controls and reported no significant
disease-related genetic variant.

Despite the independent role of RAD51 in tumori-
genesis, it has been known to interact with other genes
such as BRCA1/2 for HR repair. In this regard, the im-
pact of RAD51 variants among BC BRCA1/2 mutation
carriers on BCrisk has been also explored, both stud-
ies by Lose etal. [17] and Rapakko et al. [22] reported
no association between BRCA1 and BRCA2-negative
BC and RADS5T1 variation. Nevertheless, RAD51 has
been found to be involved in the triple negative BC me-
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tastasis [42, 43]. And RAD51 targeting have shown
a promising BC treatment option [44, 45].

In conclusion, we propose that genetic altera-
tion of RAD51 may influence its vital function and
correspondingly influence tumor formation includ-
ing BC. Moreover, RAD51 polymorphisms may
be involved in poor prognosis of BC. Comprehensive
studies including protein and mRNA research are
needed to reveal the precise role of RAD51 rare vari-
ants on BC progression and development for better
understanding of BC biology that may lead to new
therapeutic regimens which in turn increase the sur-
vival rates worldwide.
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FEHETUYHUMA NONIMOP®I3M FAMJIOTUNY
RAD51-UTR TA CXWUJ1IbHICTb A0 PAKY
MOJIOYHOI 3AJTO3U Y XKIHOK 3 NOPOAHCBLKOT
nonynauii

M.C. Aav 3yo6i" ", JI.H. Aav-Eiiman?, /.M. Pababa’, K. Aavb-
bemeiinex', P. @apszand’, I E. Kein*, M.M. Tamoysara’, X.A.
baxwi*”

Yuisepcumem dpmyka, Ip6io 21163, Hopdanin
2Hopoancukuii ynigepcumem Hayku i mexnoaoeit,
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CtaH nuTaHHA: [eHeTu4yHa CXWJIbHICTb OO0 pPaKy MOJSIOYHOI
3ano3n (PM3) wupoko BMBYanacs Onst OOCArHEHHs 6inblu
rnnmbokoro po3ymiHHsa Gionorii PM3. lMowyk reHiB-kaHanoa-
TiB 01 CKPUHIHTY Pi3HUX FTEHETUYHNX BapiaHTiB, TaknxX K reH
RADS51, akui Bigirpae sBaxnusy ponb y penapauii AHK, skio-
yaloum cucTemy penapaLiii ABONAHLIOrOBUX PO3PMUBIB, € BaX-
NMBUM 3aBhaHHAaM. Mera: Jocnigntu Kinbka OAHOHYKEO-
TnaHux nonimopaodisamis (SNP) y reHi RAD57-UTR i BusaBuTH ix
B3aEMO3B’130K 3 pU3MKOM po3BnTKY PM3 i nporHo3om cepep,
MopaaHCcbknx XiHok. Marepiann ta mertoaun. Y ubOMy O0-
CNiOXEHHI «BUMNAAOK-KOHTPOIb» MEeTOoh cekBeHyBaHHS OHK
BUKOPUCTOBYBABCS ANt CKpUHiHIY SNP B HeTpaHCcnboBaHin
pinaHui (UTR) RAD51y 206 Bunagkax i 185 KOHTPOMbHMX
3paskax. OTpumMaHi gaHi 6ynn cTaTMCTMYHO NpoaHasni3oBaHi
3 BUKOPUCTAHHAM PISHUX METOAIB reHeTUYHOro aHanisy. IH-
dopmaLis Npo KAiHiYHI Ta NAaTONOTiYHI XapakTEPUCTUKN naLi-
€HTIB Oyna oTpMMaHa 3 ix MeanYHuX KapT i BUKopucTaHa ans
npoBefeHHA aHanidy acoujauii reHotun-deHoTun. Pe3ysnb-
Tatn: OTpuMaHi pe3ynbTaTi BKa3yloTb Ha 3HAYHWUIA 3B’A30K
Mixk oboma SNP rs528590644, rs1801320i pusnkom po3-
BuUTKY PM3 (p = 0,016). Mu ouiHMAK Kopensuiio Mix 6araTtb-
Ma nporHocTu4yHuMK paktopamm PM3 i pusmkom PM3 i Bu-
aBunn 3B°A30K Mix rs1801321 i Bikom nmepLuoi MeHcTpyauii
(p =0,032), a Tako>X CUJIbHY KOPENSLLIO MiX BIKOM HA MOMEHT
BCTaHOBNEHHSA giarHo3y irs1801320 (p = 0,008). BucHoBOK:
Monimopdisammn RAD51-UTR MOXyTb BiairpaBat posb 'y po3-
BUTKY Ta nporpecii PM3.

Kno4oBi cnoBa: pak monoyHoi 3ano3m, RAD51-UTR, npo-
rHo3, wnsaxm penapauii AHK.



