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ABSTRACT

Background: Hereditary factors play a major role in breast cancer development, making 
it a serious global health concern for women. This study aimed to determine if RAD51 gene
polymorphism rs1801320 (135 G>C) increases breast cancer risk in women in Thi-Qar
Province, Iraq. 
Methods: Forty women with breast cancer and twenty healthy volunteers participated. Data
from blood samples were analyzed using Chi-square tests and odds ratios for PCR-based
genotyping. 
Results: The RAD51 gene variant rs1801320 did not show a significant association with
breast cancer risk in this group. Larger studies are needed to confirm these findings.
Conclusion: Both patients and controls commonly had the GG genotype. The GC and CC
genotypes did not show a significant risk difference. Allele frequencies were also similar
between groups.
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INTRODUCTION  INTRODUCTION  

Breast cancer is a prevalent and serious malignancy among women world­
wide. Epidemiological data show that about one in eight women may develop
breast cancer in her lifetime (1). Early diagnosis improves treatment effective­
ness and survival rates. In contrast, late detection allows malignancy to spread
and increases mortality. Women diagnosed early have higher survival rates than
those diagnosed later (2). RAD51, a conserved recombinase protein, is essential
for homologous recombination (HR), which maintains genomic stability in
breast, ovarian, and prostate tissues. Along with its paralogs—RAD51B,
RAD51C, RAD51D, XRCC2, and XRCC3—RAD51 forms nucleoprotein filaments
on single­stranded DNA, which facilitates the recognition of homologous
sequences and the initiation of strand invasion, a key step in repairing DNA 
double­strand breaks (3–6). In addition to its central function in DNA repair,
RAD51 also helps protect cells from oxidative stress, a major contributor to
genomic instability in cancer (7). These roles suggest that RAD51 may be
involved in cancer cell resistance to therapeutic inhibitors, making it a promising
target for studies on treatment resistance and a potential biomarker for 
predicting response in breast cancer (8).
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Research Gap

Results from the many studies that have looked at
the link between RAD51 gene polymorphisms and the
risk of breast cancer have been mixed at best.
Furthermore, there is a dearth of studies that examine
this correlation among Iraqi women, specifically in the
Thi­Qar region. No studies have examined the possible
use of RAD51 polymorphisms in this particular setting
as biomarkers for early identification or predictors of
therapy response.

MATERIALS AND METHODSMATERIALS AND METHODS

Samples Collection 

Researchers in Thi­Qar Province took 40 blood
samples from women who had been diagnosed with
breast cancer at the Oncology Center at Al­Habboubi
Hospital. These samples were taken from the 
same set of patients. Also, 20 women who were 
considered to be in good health had their blood
drawn to serve as a control group. Patients and
healthy persons were each given 4 ml of venous
blood, which was then preserved at ­20 °C in tubes
that contained EDTA, an anticoagulant.

Statistical Analysis

Statistical analysis was performed using Chi­square,
T­test, and ANOVA, with significance set at p < 0.05.
Odds ratios were calculated for genotype distribution.
All analyses used SPSS software (9).

RESULTSRESULTS

The Effect of Smoking

The patient and control groups were stratified
based on smoking status. Among the breast cancer
patients, 27.5% were smokers, while 72.5% were non­
smokers. A similar distribution was observed in the
control group, with 25% smokers and 75% non  smokers.
When comparing the patient and control groups
according to their smoking status, no statistically 
significant differences were observed (p = 0.836).

The Effect of Age

At a significance level of p < 0.05, the present
investigation did not find any statistically significant
differences between the control and patient groups.

People in the age bracket of 40­54 made up the
largest percentage of both the sick group (42.5%)
and the control group (50%). Among the age groups
studied, 30% were patients and 35% were controls
in the 25–39 age bracket, while 15% were patients
and 10% were controls in the 55–69 age bracket. The
lowest proportion of participants was in the >70
years category (12.5% of patients versus 5% of 
controls). Furthermore, the mean age of breast 
cancer patients was 50.05 ± 13.38 years, slightly
higher than that of the control group (47.50 ± 10.86
years).

RAD51 gene polymorphism rs1801320 
(135 G>C)

With 65% of patients and 60% of the control group
carrying the GG genotype, it was determined to be the
most frequent in the current research. With a lower
frequency of 25% in patients and 30% in controls, the
heterozygous genotype GC had an odds ratio of 1.75
compared to the reference genotype GG (OR = 1.75,
95% CI = 0.49­6.14). The homozygous genotype CC was
the least common, observed in 10% of both patients
and controls, with no significant risk of disease when
compared to the reference GG genotype (OR = 1.16,
95% CI = 0.18–7.25).

Regarding allele frequencies, the G allele was more
prevalent among patients (80%) compared to the 
control group (60%). In contrast, the C allele was 
lower in patients (20%) than in controls (25%), with no
significant risk observed when compared to the 
reference G allele (OR = 1.33, 95% CI = 0.54–3.28).

DISCUSSIONDISCUSSION

In line with previous research that found no statisti­
cally significant increase in risk among smokers, the
current investigation found no association between
smoking and breast cancer (table 1) (10). In contrast,
more recent research, such as that by (11), suggests
that the effect of smoking may vary depending on
menopausal status, with premenopausal smoking ­
particularly when started after age 18 or continued for
30 years or more ­ being linked to a higher risk of 
breast cancer. Furthermore, analysis of our current
data (table 2) indicates that breast cancer is most
prevalent in middle­aged women, which corresponds
with several international reports identifying this age
range as the period of peak disease incidence, for
instance, (12) reported that the highest propor  tion of
breast cancer cases occurred in the 40­49 age group
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(27.6%), highlighting midlife as the peak period of 
incidence. However, in the present study, the peak age
range was broader, covering the 40­54 age group,
which accounted for 42.5% of cases, followed by the
25­39 age group at 30%. In contrast, an Omani study
showed that the next highest proportion of cases was
observed in the 50­59 age group, repre  senting 25.3%.

Although the GC genotype was not linked to an 
elevated risk of breast cancer, the current findings
were consistent with those of the most recent research
by (13) in that the GG genotype was the most 
prevalent. When comparing GG and CC carriers for
breast cancer risk, the two studies found different
results. CC carriers were shown to have a much higher
risk. At the allelic level, in the present study (table 3),
the G allele was more frequent in both patients 
(80%) and controls (60%), whereas the C allele was less 
frequent in patients (20%) compared with controls
(25%), with no increased risk when compared with the
reference G allele. Both investigations agreed that the
G allele was the most prevalent and was deemed the
reference allele, however the C allele was found to be
related with a higher risk of breast cancer (OR = 1.37,
95% CI = 1.04­1.80) in instead (13).

Other studies have shown a high association
between this polymorphism and breast cancer suscep­
tibility, however they have reported inconsistent
results. An elevated risk of breast cancer was shown to
be substantially linked with the GC genotype, as shown
in (14) (OR = 1.72, 95% CI = 1.13­2.62, p = 0.012). In

addition, there was a statistically significant association
between the risk of breast cancer and the combination
of the GC and CC gene types (OR = 1.70, 95% CI = 1.14­
2.53, p = 0.009). Additionally, carriers of the GC + CC
geno  types were found to have larger tumor sizes, and
tumor aggressiveness was associated with RAD51
rs1801320 polymorphism, as patients with grade III
tumors were more likely to carry the GC + CC geno 
types compared with those with grade I tumors.

CONCLUSION CONCLUSION 

This research found no statistically significant link
between the rs1801320 (135 G>C) RAD51 gene poly­
morphism and breast cancer risk in the population that
was investigated. Patients and controls alike were
more likely to have the GG genotype, but those with
the GC or CC genotypes were not at significantly higher
risk of illness. Furthermore, the allele frequencies of
the two groups did not vary significantly from one
another. Although the middle­aged women had the
greatest incidence of breast cancer, neither smoking
status nor age had a statistically significant influence on
the risk of the disease. These results raise concerns that
this polymorphism could not be a standalone risk factor
for breast cancer; thus, additional research with bigger
and more varied populations is needed to confirm
these findings.

Smoking Patients Control p. value

Non smoker 29(72.5%) 15(75%) 0.836

Smoker 11(27.5%) 5(25%)

Total 40(100%) 20(100%)

*P. value ≤ 0.05 Df =1 χ²=4

Table 1 - Distribution of patients and healthy individuals according 
to smoking status 

Age Patients Control p. value

39-25 12(30%) 7(35%) 0.736

54-40 17(42.5%) 10(50%)

69-55 6(15%) 2(10%)

70 ≤ 5(12.5%) 1(5%)

Total 40(100%) 20 (100%)

"The mean age ± SD" 50.05±13.38 47.50±10.86

*P. value ≤ 0.05 Df =3 χ²=1.27

Table 2 - Age distribution of breast cancer patients and the control
group

Genotypes Patients Control OR CI  95%
N=40  (%) N=20(%)

GG 28 (65%) 12 (60%) 1.0 ----------

GC 8 (25%) 6 (30%) 1.75 0.49 - 6.14

CC 4 (10%) 2 (10%) 1.16 0.18-7.25

Total 40 (100%) 20 (100%)

Allele frequencies

G 64(80%) 30 (75%) 1.0 ----------

C 16(20%) 10 (25%) 1.33 0.54 -3.28

Total 80 (100%) 40(100%)

OR: Odd Ratio         95% CI  Confidence Interval

Table 3 - Distribution of genotypes and allele
frequencies of the RAD51 gene among patient

and control groups
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