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Abstract 

     Breast cancer is the commonest cancer and the leading cause of malignancies-

related mortality in women worldwide. Understanding the underlying biology of the 

disease could improve patients’ stratification and may offer novel therapeutic targets 

and strategies. This study was set to investigate the association between BRCA1 

gene expression and some of the clinical features of breast cancer patients in 

Baghdad-Iraq. Eighty peripheral blood samples were collected from sixty patients 

diagnosed with breast cancer and twenty healthy age-matched controls for BRCA1 

qPCR gene expression analysis. 

     The results showed a significant reduction in BRCA1 gene expression in all of the 

breast cancer patients with the vast majority of them (75%) having 

BRCA1expression below 25%. The down regulation of BRCA1 expression also 

showed consistency in breast cancer patients of both sporadic (n=45) and family 

history (n=15) cases,with expression averages of 18% and 20.19%, respectively. 

Moreover, the redcuation in BRCA1 expression was negatively associated with the 

disease’s grades,asbreast cancer patients with the advanced stage III (n=19) showed 

the lowest expression average of BRCA1 (13.8%) as compared to those in stages II 

(n=29) and I (n=12) of the disease (17.7% and 19.8%, respectively).  

Overall, the study highlights the key role of BRCA1gene expression in the 

development of breast cancer and suggests its potential utility in the diagnosis 

strategies and preventing the progression of the disease, especially the sporadic type. 
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 ججيجة. ىجفت علاجية واستخاتيجيات كأىجاف تدتخجم التي يغيخىا السخض والتي قج البيؾلؾجيةلمسُعمسات 
 الثجي ىدخطان لسخض لدخيخيةا الدسات وبعضBRCA1لـجيؽ الجيشي التعبيخ بيؽ الى استقراءالعلاقة الجراسة

 العخاق.  -بغجاد  في
وعذخيؽ عيشة دم مؽ  الثجي بدخطان تذخيريؼ تؼ مخيزة دمسشدتيؽ عيشة ثسانيؽ جسع اشتسمت الجراسة عمى

 .qPCRبأستخجام تقشية BRCA1التعبيخالجيشي لجيؽ  نداء غيخ مرابات بالسخض)مجسؾعة الديظخة(لتحميل
 الغالبية حيث ان الثجي سخطان مخيزات جسيع فيBRCA1جيؽ تعبيخ كبيخًافي انخفاضًا الشتائج أعيخت
 التعبيخ الجيشي٪. وأعيخت الشتائج انخفاض 57مؽ  أقلBRCA1٪( لجييؽ تعبيخ الـ 57مشيؽ ) العغسى

السخيزات ( وكحلػ n =57) ( Sporadicمؽ حالات سخطان الثجي غيخ الستؾارثة )   كل فيBRCA1لمـ
 ٪ ،عمى 51.52٪ و  51تخاوح بيؽ  تعبيخجيشي( بستؾسط n  =57اللأتي لجييؽ تاريخ عائمي لمسخض )

درجات  عكديامع مختبطBRCA1تعبيخ في الأنخفاض أن ذلػ،اعيخت الشتائج التؾالي. علاوةعمى
 معجل (أدنى  n = 19الستقجمة )السخحمةالثالثة، في السخحمة الثجي سخطان تظؾرالسخض،حيث أعيخت مخيزات

( n  =55( والسخحمة الأولى )n  =52الثانية ) السخحمة في السؾجؾدة بتمػ ٪( مقارنةBRCA15..1  (تعبيخلـ
 التؾالي(. ٪ ،عمى 52.1٪ و  55.5السخض ) مؽ

احتسالية الأفادة مؽ استخجام  وتقتخح الثجي تظؾرسخطان فيBRCA1لمـ الجورالسيؼ عام،الجراسةاكجت بذكل
 مؽ غيخ الستؾارث الثجي،وخاصةالشؾع سخطان تظؾر ومشع تذخيص تخاتيجياتس يفياس مدتؾيات تعبيخه الجيؽ

 .السخض
Introduction 

     Breast cancer is the most common cancer affecting women with more than two million diagnosed 

cases and 626,679 deaths worldwide in 2018. Recently, a statistical cancer report showed that breast 

cancer is on the top of the list of cancer related death causes across the world. Globally, this disease 

represents approximately a quarter of cancers among women[1], while in Iraq one-third of all the 

registered women’s malignancies is breast cancer [2]. Similar to the other types of cancer, hereditary 

factors, including germ-line mutations in BRCA1 genes and the familial history of other malignancies, 

account for only 5 -10 % of breast cancer cases. Other non-inherited factors are thought to be the 

major drivers for the international spread and differences in the disease incidence[3]. It is believed that 

the prolonged exposure to exogenous/ endogenous hormones also contributes to raising the risk of 

breast cancer [4, 5].  

     However, a very recent finding demonstrated that heritable epigenetic aberrations associated with 

the risk of breast cancer development in women did not carry known germ-line mutations of the 

disease[6]. This finding supports the significant impact of epigenetic modifications in the initiation 

and progression of breast cancer through the modulation of the transcription activity of key genes 

involved in cellular transformation. BRCA1 is a well-established breast cancer susceptibility gene; its 

germ line mutations account for 40–50% of familial breast cancer cases and reported to increase the 

life-long risk to 50–80% [7]. BRCA1 is a tumour suppressor gene that has a significant role in 

regulating both the signalling of DNA damage and also in DNA repair. This gene has been frequently 

reported to be mutated in hereditary breast and ovarian cancers. Although somatic mutations have not 

been well characterized, loss of heterozygosity, decreased expression levels of BRCA1 mRNA and 

protein expression, and hypermethylation of the BRCA1 promoter region have been shown in breast 

carcinoma by a number of studies [8-10]. This indicates the significant involvement of BRCA1 

expression in the development of both familial and sporadic breast cancer cases [11].  

     The crucial role of BRCA1 gene in breast cancer could be attributed to its influence on the 

chromatin modulation, thus connectingBRCA1dysreguation to both epigenetic and genetic instability. 

Indeed, a recent study has identified that aberrant DNA methylation signature, as epigenetic marks, 

was able to detect breast cancer up to one year earlier than mammography could do[12].  BRCA1 has 

been linked to regulate the inactivation of epigenetically silenced heterochromatin of X chromosome 

(the normally inactive X chromosome in females, Barr body); the loss of inactive X chromosome is 

frequently reported in breast and ovarian malignancies [13-15]. It is believed that heterochromatin 

disruption is a cancer’s common event leading to the extensive genomic dysregulation and the 

development of some cancers [16, 17].Here the expression levels of BRCA1genewere investigated for 

their association with some of the clinical features in a set of breast cancer patients in Iraq. 
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Subjects and Methods 

Blood samples 

     For RNA extraction and purification, peripheral blood (PBL) samples were collected from eighty 

participants in this study during the period of November 2017 till July 2018. The blood samples were 

obtained from 60 patients (age mean 47.08 years, range30-69years) diagnosed with breast cancer and 

attending the Oncology Hospital in the Medical City- Baghdad, Iraq, along with20 samples of healthy 

women as controls. Blood samples were collected according to the ethical considerations, the hospital 

ethical committee, and verbal patients consent. Information regarding the disease diagnosis, patient’s 

age, family history of the disease and other clinical features used in this study were acquired from the 

medical record of each patient. All of the study design items and procedures were approved by the 

Researches Development Unit in the Medical City–Baghdad, Ministry of Health and Environment, 

Iraq. 

RNA extraction and BRCA1gene expression using real time-PCR 

     For BRCA1gene expression levels measurement, RNA was extracted from the peripheral blood 

samples (250µl) of breast cancer patients and healthy controls. The RNA extraction was performed 

using AccuZolTM extraction kit following the protocol provided by Bioneer Company. The extracted 

RNA samples were nanodropped to check their purity and concentrations. Thereafter, cDNA was 

synthesized from the extracted RNA samples, using AccuPowerRRocketScriptTM RT PreMix kit 

(Bioneer) according to the manufacturer’s instruction. BRCA1 gene expression was quantified by real 

time PCR technique using the following primer set: BRCA1- forward: CAT GCT ACT TCT CAA 

CCA GAA, and BRCA1- reverse: RTGT AGG CTC CTT TTG GTT ATA TTC. GAPDH was used as 

a reference gene with the following primers sequence: GAPDH-forward: 

TGCACCACCAACTGCTTAGC and GAPDH-reverse GGCATGGACTGTGGTCATGAG. All qPCR 

amplifications were performed in triplicate, with each one having a final volume of 10μl. These 

amplifications included 20 ng of cDNA, 300 ng of primer mix. 5 μl of Syber Green and 4.25 μl of 

distilled water. The results were presented and analyzed using Excel data analysis software. 

Results 

BRCA1 gene expression is down regulated in all of the studied breast cancer patients 

     All of the studied breast cancer patients showed down regulation of BRCA1 gene expression, 

confirming the suggested crucial role for this gene in the disease initiation and progression. Of 

interest, 75% of the patients had BRCA1gene expression level below 25% and more than one third 

(36.6%) had BRCA1 expression level below 9% (Figure-1). 

 

 
Figure 1-BRCA1 gene expression in the studied breast cancer patients. All of the studied breast 

cancer patients showed down regulation of BRCA1gene expression. 
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     BRCA1gene expression levels were also shownto be down regulated for both sporadic (n=45) and 

family history (n=15) breast cancer patients, with expression averagesof 18% and 20.19%, 

respectively (Figure-2). The differences were not significant between the sporadic and patients with 

family historyof the disease (T-test, P=0.681).The reduced BRCA1gene expression in both sporadic 

and inherited breast cancer casesconfirms the important role for this gene in both types of this disease. 

The downregulation of BRCA1 in the sporadic type of breastcancer could be due to either epigenetic or 

genetic alterations/ somatic mutations. 

 
Figure 2-BRCA1 gene expression in breast cancer patients of inherited and sporadic breast cancer. 

     Although all of breast cancer patients showed down regulation of BRCA1 gene expression, the 

comparison between the different disease grades resulted in significant differences (P ˂ 0.05%). Breast 

cancer patients with advanced disease grades showed higher levels of BRCA1gene expression in 

comparison to those with lower grades. The mean expression of BRCA1 was 29.28%, 16.51% and 

13% for breast cancer patients in grade III (n=10), grade II (n=40) and grade I (n=10), respectively. 

 
Figure 3-BRCA1 gene expression in breast cancer patients by disease grade. The mean expression of 

BRCA1 was 29.28%, 16.51% and 13% for breast cancer patients in grade III, grade II and grade I, 

respectively. 

     In contrast to the association with the disease grade, BRCA1 gene expression levels showed 

negative association with the breast cancer stage. Patients in the advanced breast cancer stage (stage 

III) had the lowest expression average of BRCA1 (13.8%) as compared to those in stage II (n=29) and 

1.00

6.00

11.00

16.00

21.00

26.00

31.00

36.00

41.00

46.00

BRCA1-Family history BRCA1-Sporadic

20.19 18.01 

B
R

C
A

1
 g

en
e 

ex
p

re
ss

io
n

 %
 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

Grade I Grade II Grade III

13.34 

16.51 

29.28 

B
R

C
A

1
 g

en
e 

ex
p

re
ss

io
n

 %
 



Ali et al.                                                            Iraqi Journal of Science, 2020, Vol. 61, No.1, pp: 34-41 

 

38 

I (n=12) of the disease (17.7% and 19.8% respectively, Figures-3, 4). However, the differences were 

not significant among the compared breast cancer stages in the studied groups of patients (T-test, P= 

0.420). 

 
Figure 3-BRCA1 gene expression in breast cancer patients by disease stage.BRCA1 expression levels 

are shown to be negatively correlated with the disease stages. 

 

BRCA1 gene expression variations corresponding to different ages and menopausal status of the 

studied breast cancer patients 

     Even though BCRA1 gene expression was down regulated in all of the studied breast cancer 

patients, the results showed variations in the average of its expression among the different age groups.  

The BRCA1 expression in the breast cancer age group of 30-39 years was 10.92, followed by 12.07% 

for the 50-69 age groups, while the highest BRCA1 gene expression (29.07%) was for the 40-49 years 

age. Significant differences were obtained when the BRCA1 expression was compared between the 

following age-groups: 40-49 and 50-69 years old groups (T-test, P=0.0004); 30-39 and 50-69 years old 

groups (T-test, P=0.013). 

 
Figure 3-BRCA1 gene expression in breast cancer cases by age of patients. 
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expression average of 21.87%). However, these differences were not significant when T-test was 

applied (P=0.085). 

 
Figure 4-BRCA1 gene expression in breast cancer patients by pre- versus post menopause stages 

 

Discussion 

     Globally, breast cancer is the commonest women’s cancer with an increased risk that is expected to 

affect one of every eight women throughout lifespan [18]. This disease also represents the leading 

cause of cancer-related mortality in women worldwide[19]. Understanding the underlying biology of 

the disease could improve patients’ stratification and may offer novel therapeutic targets and 

strategies. This study was set to investigate the association between BRCA1 gene expression and some 

of the clinical features of breast cancer patients in Baghdad-Iraq. 

     Interestingly, all the studied breast cancer patients showed down regulation of BRCA1 gene 

expression. The results of the present study confirm the crucial role for this gene in breast cancer 

development. Indeed, BRCA1 expression was dramatically decreased in both sporadic and inherited 

breast cancer cases in the present study, which highlights the important role of this gene in both types 

of the disease. Down regulation of BRCA1gene expression in the sporadic type of breastcancer could 
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gene inactivation [28]. A fraction of sporadic breast cancers has a low BRCA1 expression. BRCA1 

mutation carriers are more likely to achieve a pathological complete response with DNA damage-

based chemotherapy compared to non-mutation carriers, while the presence of BRCA1 increases 

sensitivity to anti-microtubule agents [29]. An increased risk (50%) of breast cancer development 

showed association with first degree relative carrying BRCA1or BRCA2 mutations [30]. 

     Studies have also demonstrated that the decline of BRCA1 expression depends on the grade of the 

tumour [31].In a recent study, most patients with mutation in BRCA1 showed the histological grade III 

(61.0%) [27].The higher prevalence of triple negative cases among BRCA1mutated patients can be one 

of the factors responsible for the poor prognosis observed in these patients. Studies also pointed to the 

fact that tumors associated with the presence of BRCA1 mutations often have higher histological 

grades, elevated mitotic counts, poor differentiation, and high frequency of necrotic areas and 

pleomorphism. These characteristics are commonly associated with a worse prognosis [32-34].  

     Several studies have reported an inverse correlation between BRCA1 expression and advanced 

breast cancer stages [35-37]. All of the observations support the tumor suppressor role of BRCA1 gene 

in breast cancer development. The relatively increased BRCA1 expression in premenopausal patients 

in our study seems consistent with the findings of Kandula’s and colleagues who showed an increase 

in BRCA1 expression in premenopausal women with grades II and III of breast cancer [38]. 

Conclusion 

     Overall, the study identified a significant reduction in BRCA1 gene expression in all of the studied 

breast cancer patients, including those with no family history of the disease. Considering the rarity of 

BRCA1mutations in the general population, BRCA1 expression assessment could be considered to 

identify individuals with high risk of breast cancer, including those with family history of the disease 

who gave negative BRAC1 mutations test. 
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