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ABSTRACT 
Introduction: BRCA1 and BRCA2 are genes associated with the risk of hereditary breast cancer, one of the 

most cancer found in Indonesian women. The study of the genetic pattern of BRCA1 and BRCA2 genes in 

the Indonesian population is still very limited. Therefore, the research purpose was to identify the mutation 
pattern on BRCA1 and BRCA2 genes in the population of Indonesian women a part of NCD study in 2016. 

Method: Total of 442 buffy coat specimens met the inclusion criteria were sequenced for BRCA1 and 

BRCA2 whole genes using the NGS method with the Miseq Illumina platform. The data were then analyzed 

using appropriate software.  The ethical approval was obtained from NIHRD. Result: From all specimen, 15 
mutations related to the progressive benign risk and 1 VUS were discovered on the BRCA 1 gene. 

Meanwhile, 27 mutations known as benign, 2 VUS, and 1 low pathogenic probability were found on the 

BRCA2 gene. Conclusion: In the Indonesian population, there were mutation patterns on both BRCA1 and 
BRCA2 genes with benign and low pathogenic probability. These results can be the first step to identify the 

unique mutations within both genes in the Indonesian population. It also can be an initial step to design 

molecular diagnostic techniques, specifically for the entire Indonesian Population. 
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1. INTRODUCTION 
Breast cancer (BC) is the most common cancer in adult 
women worldwide, with over than two million new cases 
were detected in 2018 [1]. This is also one of the most 
common types of cancer found in Indonesian women [2].  

It is known that BRCA 1 and BRCA2 gene are associate 
with the risk of hereditary breast cancer [3]. Globally, the 
identification of 2000 mutation positions related to the 
pathogenicity of both genes from a variety of ethnicities 
around the world has been done [4]. In the molecular level, 
mutation in BRCA 1 an BRCA 2 are hereditary and high 
penetrant to breast cancer, despite of low-level proportion. 
Mutation on both genes are increasing the opportunity of 
the BC risk for adult women four times higher [5].  

However, study of the genetic pattern of BRCA1 and 
BRCA2 genes in the Indonesian population is still very 

limited. This research purpose was to identify the mutation 

pattern on BRCA1 and BRCA2 genes linked to breast 
cancer in the population of Indonesian women from 

specimen collected from nationwide Non-Communicable 
Disease (NCD) Research in 2016.      

 

2. METHOD 
Samples: Four-hundred and forty-two buffy coat specimen 
were selected based on the simple random sampling of the 

total specimen collected from Survey of NCD Research in 
2016. However, 3 samples were excluded from analysis 

due to poor quality. The inclusion criteria were Indonesian 
urban women aged 25-64 years old, with the positive result 

of breast self-examination (SADANIS) test, followed by a 
cervical or ovarian cancer familial history. DNA Isolation: 

The DNA isolation was done using DNA Qiagen robotic 
kit following the manufacturer instruction. Sequencing: 

Sequence analysis of BRCA1 and BRCA2 genes were 

performed using the Next Generation Sequencing method 
with the Miseq ®Illumina platform. Data analysis: The 

sequence data analysis pipeline was done using FastQC, 
Trimmomatic, Burrows-wheeler aligner (BWA) and 

continued with sequence analysis by Integrative Genome 
Viewer (IGV) and Genome Analysis Toolkit (GATK). The 

lists of mutation along with the positions were compared 
with the NCBI Database on 

https://www.ncbi.nlm.nih.gov/clinvar/?term=BRCA to 
identify their possible clinical significance. Ethical 
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Clearance: The ethics of this research was obtained from the 

National Institute of Health Research and Development 

(NIHRD) Ethical Committee LB.02.01/2/KE.229/2018 on 

July 10th, 2018. 

 

3. RESULTS AND DISCUSSION 
From all sample examined, 17 mutation positions were 

detected in BRCA1 gene and a total of 30 mutation positions 

were spotted in BRCA2. From these, 15 known mutations 

were located and classified as progressive benign risk and 1 

as Variance Undetermined Sequence (VUS) in the BRCA1. 

As for BRCA2, there were 27 mutation positions identified 

as benign, 2 Variance Undetermined Sequence (VUS), and 

1 with low-pathogenic probability.  

 

 

Table 1. List of top five mutation positions on BRCA1 gene 

in buffy coat specimen taken from adult women respondent 

of NCD research 2016. 

 
 

Table 2. List of top five mutation positions on BRCA2 gene 

in buffy coat specimen taken from adult women respondent 

of NCD research 2016. 

 
 

Table 3. Possible clinical significance of mutation from 

BRCA1 gene of buffy coat specimen taken from adult 

women respondent of NCD research 2016. 

 
 

 

 

 

 

 

 

 

 

Table 4. Clinical significance of mutation from BRCA 2 

gene of buffy coat specimen taken from adult women 

respondent of NCD research 2016. 

 

Breast cancer is one type of cancers that is multifactorial 

and is still not known for its definite causes. Some of the 

genes allegedly associated with breast cancer are BRCA1 

and BRCA2. Mutations in both genes increase the 

likelihood of the incidence of breast cancer in women up to 

more than five-fold.5 

There were total of 2489 BRCA1/2 mutations detected in 

this study. The 604 points have been confirmed with a cut-

off variant quality value of 400. These mutations were 

believed to have strong relationship with the risk of 

developing breast cancer. Mutations in both genes are still 

recognized as individual mutation and there is yet no 

research reporting that the mutation may lead to breast 

cancer in a particular genetic group or certain ethnic groups.   

The results of this research showed differences with the 

previous one conducted by Streuewing6 asserting that 

Ashkenazi Jewish women had 10 times greater risk of 

breast cancer than general female population in the United 

States.6,7 Specific mutations in Jewish women related to 

breast cancer were in the BRCA1 gene (187delAG and 

5385insC) and BRCA2 (6174delT).8,9 Another research 

report found that the Afro-American women have a lower 

risk of breast cancer as compared to American white 

women (mutation rate at 27.9% versus 46.2%).10  Further 

research7 concluded that non-Jewish white tribes had a 

gene mutation rate of BRCA1 at 2.2%, Hispanic (3.5%), 

Afro-Americans (1.3%) and Asian Americans (0.5%) in 

women younger than 65 years who had breast cancer. 

The risk classification of breast cancer based on the 

mutation location and its type is used in the ClinVar 

database [11]. The severity degree starts from the Variant 

Uncertain significant (VUS) category which means that the 

abberance significance or its risk level is not known, then 

mutations with low-risk or likely benign and benign [12]. 

Followed by high-risk category up to pathogenic level. 

High-risk category indicates that the variant mutation 

location is at bigger risk of pathogenicity. Nevertheless, at 

this stage, high-risk pathogenicity category is still under 

constant scrutiny evaluation and review. The highest level 

of risk is confirmed as a high pathogenicity of breast cancer 

[13].  
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Although the variants of BRCA1 and BRCA2 have been 

identified, the existence of these cannot be 

straightforwardly interpreted as having phenotypic 

manifestation, because the current reference accounts 

mostly for human sequencing results from Europeans or 

Caucasians participating in the Human Genome Project. 

Based on the reference obtained from the NCBI database 

https://www.ncbi.nlm.nih.gov/clinvar/?term=BRCA, 

clinical significance for several mutations were detected in 

this investigation. 

The mutation sites of BRCA1 spotted in this research 

mostly were benign. Compared to the clinical variant 

database that has been reviewed and listed in the Web, we 

demonstrated 15 BRCA1 mutations associated with benign 

progressivity in developing breast cancer (Table 3). On the 

other hand, there was a mutation still expressed as a variant 

with unclear signification (Variance Uncertain Significant, 

VUS). Furthermore, there was another variant inconclusive 

for its level of pathogenicity due to contradicting results of 

existing studies one another. 

In the BRCA1 gene, there were 178 (40.55%) subjects 

carrying mutation in the position 43093449 of the G >A and 

it’s considered as benign clinical significance to developing 

breast cancer. This mutation is recognized as rs1799949 at 

the genome position of 43093449. This position was known 

to be found in female patients with early onset of diagnostic 

breast cancer [14,15] and also in Iranian male breast cancer 

patients with HER-2 and CK5/6 negatives [16]. Although 

this genetic abberance is regarded as benign, its appearance 

in the respondent reached 40.55% of the total specimen. 

The location of another mutation in this research, namely 

rs8176144 is Del TA > A, was identified in 112 specimens 

(25.51%). Based on previous studies, its clinical 

significance was also deemed benign. Another 

collaborative work spotted this mutation in 0.15% of the 

population in Africa and 0367% in the East Asian 

population [17]. 

In addition to the two spots of the mutation, there were 2 

other mutation positions denoting deletion, each at the site 

59789 del AAAG as many as 140 respondents (31.89%) 

and one at 59764 del AAAAAAAAAAAAG  in up to 118 

subjects (26.88%). The two mutation spots are not yet 

recorded in the list of clinical mutations in the ClinVar 

Database. These need to undergo thorough analysis in more 

advanced research employing Sanger sequencing method 

on the selected samples with detected deletion since the 

variants detected in more than 25% of the total samples. 

In the BRCA2 gene, as presented in Table 4, there were 27 

mutation sites with low-level breast cancer progressivity 

(benign). But in the BRCA2, it also showed that there was 

a mutation with considerable pathogenicity, although it is 

still at low severity (potentially pathogenic). On the other 

hand, the VUS mutation was also identified in two other 

locations. 

As for BRCA2 gene in this work, there was one dominant 

mutation G25389C that appeared in most of the specimen 

(82.32%) examined. This mutation enlisted in dbSNP and 

ClinVar is known as rs206076. This mutation was 

considered as benign with synonymous type of 

mutation.13,16 This G>C mutation are in line with the most 

mutations found for this position compared to the minor 

result G>T (0.005%) [18]. 

The other mutation unveiled from this study on BRCA2 

were rs206075 with A>G substitution (47.38%), rs169547 

T>C (46.9%) and rs206080 T>C (43.7%). These three 

mutations were considered benign with genetic 

consequences as synonymous, missense and intron variant 

respectively.  

As for the rs206075 mutation (47.38%), the A>G mutation 

frequency was 0.99 for all population except American, 

Ashkenazi Jews and East Asian with 100% frequency. This 

mutation from dbSNP were taken from breast cancer 

patient. This result was slightly different because this study 

targeted community-based respondents who were not 

necessarily a breast cancer patient even if they had a 

positive clinical breast examination result (CBE) and/or 

family ties to breast cancer patients. Almost half of the total 

sample examined had this mutation and other have ancestral 

nucleotides as the reference. This result along with CBE 

result needs to be considered in further study.  

Nevertheless, the rs169547 variance with T>C mutation 

had a benign clinical significance for breast cancer but also 

considered as VUS for ductal breast carcinoma. This type 

of mutation also accounted for more than 90% specimen 

examined globally for genetic sequencing. The similar 

result was expected for rs206080 variance as well.  

Based on the dbSNP database for BRCA2, two mutations 

from this study were classified as conflicting clinical 

significance. The rs80358589 spot with A>G mutation was 

located on 4 specimens. This contradictory finding was 

based on various examination from other study showing 

that this mutation was considered as VUS for breast cancer 

yet also related to other cancer such as esophageal 

carcinoma and Fanconi anemia with likely-benign clinical 

significance [19-22]. On the other hand, the rs80358393 

position with A>G mutation was identified in one 

specimen. This mutation site is considered rare and found 

only in 1 % of East Asian population. This mutation 

changes the amino acid translation from threonin to alanin. 

This mutation are categorized both as VUS and benign 

because of the missense translation [23,24]. To best of our 

knowledge, this is the first study to perform BRCA1/2 

genetic sequencing using NGS method for community-

based studies in Indonesia. The result of this study reiterates 

the importance of NGS approach for further study to 
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identify the causal mutation of breast cancer using hospital-

based samples taken from breast cancer-positive patients. 

 

4. CONCLUSION 
In the Indonesian population, there were mutation patterns 

on both BRCA1 and BRCA2 genes with benign and low 

pathogenic probability. The BRCA1 mutation rs1799949 

was detected in 40.55% samples with clinical significance 

as benign. Whereas for the BRCA2 mutation on rs206076, 

rs206075, rs169547, rs206080 was found in 81.32 %, 

47.38%, 46.92% and 43.74% of the samples respectively 

and also classified as benign. These results can be the first 

step to identify the unique mutations within both genes on 

a large-scale of Indonesian community. Moreover, this 

information also provides a basis for designing molecular 

screening tools, specifically for the entire Indonesian 

population, in attempt to support independent health 

technology national policy. 
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