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Abstract

Breast cancer remains a significant health concern, particularly in Malaysia, where it stands as the 
most prevalent cancer among women. The BRCA, implicated in inherited breast cancer syndromes, has 
garnered considerable attention due to its role in tumorigenesis. Utilising next-generation sequencing 
and bioinformatic tools, researchers have compiled a comprehensive database of BRCA variants 
specific to the Malaysian population. This article reviews the distribution of these variants across 
different ethnic groups in Malaysia and explores their implications for biosensor development. By 
leveraging this database, researchers aim to construct biorecognition elements for electrochemical 
biosensors, enabling affordable and accessible genetic screening for breast cancer mutations. The 
article underscores the importance of adhering to technical standards and considering ethnic diversity 
in selecting biorecognition elements. Ultimately, the integration of Malaysian BRCA variants into 
biosensor technology holds promise for enhancing early detection and improving clinical management 
of breast cancer in the Malaysian population. 
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INTRODUCTION

Breast cancer stands as the predominant cancer 
impacting women in Malaysia. Over the period 
from 2016 to 2020, 29,434 new cases of breast 
cancer emerged, signifying that, based on 
the Malaysian National Cancer Registry, the 
estimated lifetime risk of breast cancer for 
Malaysian women is 1 in 19. This is lower 
than the global estimate of 1 in 8, likely due 
to differences in demographics, lifestyle, and 
genetic factors. Whether inherited or acquired, 
breast cancer is recognised as a genetic 
disease.1 Numerous genes contribute to the 
tumorigenesis of breast cancer, with the BRCA 
being extensively studied among them.2 Within 
the realm of inherited familial breast cancer 
syndromes, the BRCA demonstrates a founder 
effect, wherein the mutated gene is transmitted 
across generations.2,3,4 This phenomenon is 
notably evident in populations with European 
ancestry, such as the Ashkenazi Jews. Uncovering 
founder mutations in Asian nations, Malaysia 

included, remains an ongoing endeavour. The 
importance of these founder mutations stems 
from the specificity of the variants within a 
particular population, simplifying the process of 
genetic screening for that specific group.
	 In Malaysia, the approach to genetic screening 
for breast cancer involves cascade testing. A 
study revealed that implementing population 
screening for BRCA variants among Ashkenazi 
Jews, as opposed to cascade testing strategies, 
led to a 21.6-fold increase in Quality-Adjusted 
Life Years (QALY) and a reduction in the 
occurrence of three breast cancer cases per one 
thousand women.5 Distressingly, 51% of breast 
cancer patients in Malaysia succumb within five 
years of diagnosis.6 The substantial 21.6-fold 
improvement in QALY implies a considerable 
reduction in cancer-related mortality.
	 Since the advent of next-generation sequencing 
in 2000, our comprehension of breast cancer and 
genetic mutations has advanced significantly. The 
extensive bioinformatic data incorporated into 
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genetic variant databases based on populations 
has facilitated standard references. Polymerase 
chain reaction (PCR) and DNA sequencing 
have become the gold standard for identifying 
mutations associated with breast cancer, including 
BRCA.7 While PCR and DNA sequencing are 
sensitive and specific, they pose challenges due 
to their expense, labour-intensive nature, the 
requirement for trained personnel, and limited 
accessibility to the broader population. To enable 
widespread screening for mutation carriers, we 
need a method that is not only equally sensitive 
and specific but also a point-of-care testing 
solution that is affordable, portable, and easily 
accessible.
	 To achieve this, many researchers work 
on developing a concise DNA biosensor. 
These devices convert biorecognition events 
into measurable electrochemical signals by 
integrating biological recognition elements with 
physical transducers.8,9 The efficiency of a DNA 
electrochemical biosensor relies on precisely 
specifying the oligonucleotide target sequence 
of the gene of interest.
	 The challenge is to use the existing database 
of BRCA variants in Malaysia to create sensitive 
and specific biorecognition elements for an 
electrochemical biosensor. This review will 
delve into the distribution of ethnic-specific 
BRCA variants in Malaysia and assess how the 
current database can guide gene selection for 
biorecognition elements in biosensor detection.

DNA ELECTROCHEMICAL BIOSENSOR

Biosensors are defined as having both a 
biorecognition element and a transducer. 
The biosensor assembly comprises analytes, 
receptors, signals, transducers, and a data 
analysis system. The DNA sensing component 
involves a bioreceptor, where biorecognition 
reactions occur between the DNA target analyte 
and DNA biorecognition elements. Molecular 
repulsion resulting from the hybridisation of the 
two DNA strands is transformed into measurable 
electrochemical signals. To facilitate this 
process, nucleic acid biorecognition elements 
are fixed onto a fabricated electrode surface. The 
careful selection of nucleic acid sequences as 
biorecognition elements is crucial in determining 
the quality of the DNA biosensor. 

SELECTING BIORECOGNITION 
ELEMENT OF BRCA VARIANTS FOR 
DNA BIOSENSOR

In selecting the target biorecognition element 
for the BRCA A gene, it is essential to adhere to 
the principles guiding effective DNA biosensors, 
covering both the technical intricacies of 
genetic screening and considerations for clinical 
management. An ideal biorecognition element 
for a DNA biosensor targeting a DNA bioanalyte 
is a natural nucleic acid. The chosen nucleic 
acid must meet five critical criteria for an 
efficient biosensor that is sensitivity, specificity, 
reproducibility, reusability, and the ability to 
establish linearity in the detection equation.10 
Significantly, this needs to align with technical 
standards and extends to diagnostic gene panels. 
As outlined by the American College of Medical 
Genetics and Genomics (ACMG), the selection 
of genes for inclusion in diagnostic gene panel 
testing should meet standardised technical 
standards, demonstrating sensitivity, specificity, 
and validity of the said gene to the development 
of disease. Furthermore, the gene testing panel 
must encompass all confirmed variants proven 
to be pathogenic and causative of disease.11

BRCA FUNCTION AND CONTRIBUTION 
TO TUMORIGENESIS

The two BRCAs, BRCA 1 and BRCA 2, have 
been known to contribute to inherited breast 
cancer syndrome since their first discovery in 
the year 1994 and 1995 respectively.12 BRCA1 
is a large and complex gene containing 22 
exons, about 100kb long, with a transcript size 
of 7.8kb, situated at chromosome 17. BRCA2 
contains 27 exons and the cDNA has 10,254 
base pairs coding for a protein of 3418 amino 
acids, situated at chromosome 13.13,14,15

	 Mutations in BRCAs can occur across the 
entire nucleotide base pair sequence. Dysfunction 
of BRCA can manifest in three ways, germline 
mutations within gametes, somatic mutations 
within the target organ and alteration in 
gene function involving upregulation and 
downregulation.
	 BRCAs play a role in the repair of double-
stranded DNA through the Homologous 
Recombinant Repair (HRR) System.13 In the 
HRR process, BRCA1 in particular, participates 
in the E2 ubiquitination of cellular proteins at 
lysine residues, initiating proteolysis.14,15 BRCA2 
facilitates the formation of RAD51 filaments, 
searching for homologous, undamaged sister 
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chromatids during DNA repair.16 In embryonic 
cells lacking BRCA1, cellular aberrations 
are observed, characterised by numerical and 
structural chromosome abnormalities. Similarly, 
a study on mouse embryonic cells deliberately 
depleted on BRCA2 shows a phenotype akin to 
BRCA1 null embryos.15

	 Both genes exhibit type 3 haploinsufficiency, 
resulting from frameshift mutations, deleterious 
mutations and large genomic rearrangements17,18 
Notably, haplotype analysis reveals the inherited 
nature of these occurrences. For instance, the 
mutation of 185delAG in exon 3 causes a 
defective ring structure in the BRCA1 , disrupting 
BRCA1’s ubiquitination process. The loss of 
phenotypic protein function renders the genotype 
to be pathogenic, underscoring a deficiency 
in double-stranded DNA repair. However, not 
all variants predispose to cancer, while some 
missense variants may affect local protein 
structure, the degree of pathogenicity depends 
on the specific functional domain affected.  Gene 
alterations can be categorised as pathogenic, 
likely pathogenic, of uncertain significance, 
likely benign or benign. Only pathogenic and 
likely pathogenic variants requiring medical 
management.

FOUNDER VARIANTS FOR GERMLINE 
BRCA

A total of seventy thousand germline BRCA 
variants have been documented, with the 
presence of the BRCA dating back 1-2 billion 
years ago when prehistoric populations acquired 
it in their genome.17-19 The BRCAs underwent 
positive selection, with scholars suggesting it 
provided an evolutionary advantage in terms of 
reproduction, immunity and neural development. 
Pathogenic variants of BRCA emerged around 
5000 years ago.19,20 Due to diverse living 
conditions, inherited genes experienced genetic 
bottlenecks and genetic drifting, evolving into 
founder variations around two thousand years 
later. Founder variations are uniquely attributed 
to specific ethnic groups. One of the most 
recognised instances is observed in the high 
population frequency of three founder mutations 
(BRCA1 185delAG, BRCA1 5382insC, and 
BRCA2 6174delT) in Ashkenazi Jews, traced 
back to their ancestors through haplotype studies. 
Founder variations also exhibit unique molecular 
characteristics in different ethnicity; for instance, 
European Caucasoid BRCA variants are more 
associated with breast and ovarian cancer, 

whereas Asian BRCA variants in Northern 
China contribute to oesophageal cancer and, in 
Russia, lead to gastric cancer.20 The frequency 
of differences in BRCA mutations, concerning 
distribution and variation, rises proportionally 
with the distance from the European continent. 
Therefore, this evidence suggests that the 
prolonged dispute over the European database 
does not accurately reflect the situation for the 
Asian population.

MAJOR DATABASE FOR BRCA

Numerous databases collect volunteered 
information on BRCA mutations from global 
research and studies, including the BRCA 
Exchange, ClinVar, the Human Gene Mutation 
Database (HGMD), the Leiden Open Variation 
Database (LOVD), the Consortium of Investigators 
of Modifiers of BRCA (CIMBA), and the 
Evidence-based Network for the Interpretation of 
Germline Mutant Allele (ENIGMA). This wealth 
of information is consolidated into ClinGen, an 
organisation funded by the National Institute 
of Health that defines the clinical relevance 
of genes and variants for use in precision 
medicine and research. For a gene variant to 
be considered clinically relevant, it must meet 
four criteria: Gene-disease validity, Dosage 
Sensitivity, Clinical Actionability, and Variant 
Pathogenicity.21

	 These international efforts are mirrored in 
Malaysia through the Malaysian Node of the 
Human Variome Project (MyHVP), which 
aims to consolidate local variant data and make 
it accessible to researchers, clinicians, and 
developers. The MyHVP provides an ethnic-
specific genomic resource that complements 
MyBrCa by expanding the capture of germline 
variants across diverse Malaysian populations, 
thus strengthening the foundation for precision 
diagnostics.7,22,23,24

MALAYSIAN BRCA DISTRIBUTION

The Malaysian BRCA database is predominantly 
derived from the Malaysia Breast Cancer 
(MyBrCa) Project, which commenced in 2002.25 
MyBrCa is a hospital-based control study 
located in Kuala Lumpur, with participants 
recruited from the government teaching hospital, 
University Malaya Medical Center (UMMC), 
and a privately owned hospital, Subang Jaya 
Medical Center (SJMC). Prior to 2002, there 
was no existing database.25 Additionally, other 
records of BRCA variants have been contributed 
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by various smaller studies conducted throughout 
the different states of Malaysia.
	 A series of studies were published over 
10 years, from 2008 to 2018.7,22,23,24,25 The 
cohort predominantly comprised 89% Chinese, 
6% Malay, and 3.4% Indian women. The 
cohort composition does not match the ethnic 
proportions in the Malaysian population. This 
discrepancy is due to the reliance on hospital-
based data from UMMC and SJMC, where the 
patient population is disproportionately Chinese. 
The number of confirmed breast cancer cases 
among study participants increased from 187 to 
2575 over the course of the research. In certain 
publications, controls were included and selected 
from volunteers attending breast cancer screening 
at the respective centres. The age range of BRCA  
carriers varied from 25 to 65 years, with a 
median age of 51. Approximately 15% of carriers 
reported a family history of breast or ovarian 
cancer. The studies also documented lifestyle 
habits related to the risk of developing breast 
cancer, such as the use of oral contraceptives 
and hormone replacement therapy. Genomic 
DNA was extracted from blood samples, and 
targeted next-generation sequencing was utilised 
for analysis. Variant calling was conducted using 

established bioinformatics tools, and rigorous 
quality control measures were applied.
	 MyBrCa has documented 10 Variant of 
Unknown Significance (VUS) for BRCA1, 
22 BRCA2 VUS, 41 deleterious variants for 
BRCA1, and 56 deleterious variants for BRCA2. 
With additional BRCA variants being contributed 
through various small studies, a total of 63 
deleterious BRCA1 and 73 deleterious BRCA2 
variants were documented in Malaysia. These 
variants of BRCA1 and BRCA2 are demonstrated 
in Figure 1.
	 Approximately 5% to 9% of these variants are 
intronic. The majority of mutations are located 
within exon 11, the largest exon in both genes. 
The most recurring variants include BRCA1 
185delAG (exon 2), BRCA1 c.2635G>T (exon 
11), and BRCA2 c.262_263delCT (exon 3). 
	 Whilst some genotypes can be seen as 
recurrent in some ethnicities, there is no clear 
dominance of the pattern. Variant distribution 
varies among ethnicities, with specific genotypes 
being more prevalent in certain groups.26,27,28,29,30 
For example, BRCA1 185delAG was observed at 
a higher frequency in the Indian population, while 
BRCA2 c.262_263delCT was more prevalent in 
the Malay population. Some variants only occur 

Figure 1:	Exon-specific distribution of pathogenic BRCA1 and BRCA2 variants among Malaysian breast cancer 
patients. The doughnut charts illustrate the localisation of reported pathogenic variants across exons 
of BRCA1 and BRCA2, with each exon scaled proportionally to its nucleotide length. Pins denote 
individual pathogenic mutations, and variant names are labelled directly except for high-density exons 
(BRCA1: Exons 10 and 23; BRCA2: Exon 13), which are grouped externally to maintain readability. 
This exon-centric visualisation reveals a marked accumulation of pathogenic variants in BRCA1 Exon 
11, which spans over 3 kb, as well as in Exons 10 and 23, while BRCA2 Exon 11—the largest exon—also 
demonstrates substantial mutational clustering. These findings support a rational design framework for 
biosensor development by prioritising exon coverage based on mutational burden. Targeting exons with 
high pathogenic variant density may enhance diagnostic efficiency, sensitivity, and cost-effectiveness 
in population-specific BRCA screening strategies, especially within the Malaysian cohort.
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once or twice in different ethnic with several 
overlapping.
	 Discoveries indicate a higher prevalence 
of BRCA2 mutations compared to BRCA1 
mutations in Malaysia. Among non-breast cancer 
patients, the rate of BRCA mutation carriers is 
0.4%, consistent with findings reported in studies 
based on Caucasian populations. Notably, the 
BRCA accounts for only 2-5% of inherited breast 
cancer cases, thus leaving the majority of other 
occurrences unexplained.30

	 When comparing BRCA variants across 
Asian continents, it was observed that some 
variants found in Malaysia are also prevalent 
in other Asian countries.31 Notably, the BRCA1 
68_69delAG, identified in the Malaysian 
Indian population, is prevalent across all Asian 
nations. Similarly, BRCA2 c.262_263delCT is 
shared with Singapore, China, and Iran. The 
intersection of BRCA1 and BRCA2 variants 
between Malaysia and other Asian countries is 
depicted in Figure 2. Approximately 60% of the 
BRCA variants observed in Malaysia are also 
found in Southeast Asia and East Asia, followed 
by South Asia and Central Asia. Interestingly, 
none of the Malaysian variants are present in 
West Asia. For example, BRCA1 c.582G>A, 
exclusive to Malaysia and can be traced back to 
Homo sapiens fossils discovered in Glazkovo, 
Siberia, Tungus, and the Eastern Steppe, dating 
back 4162 years ago.31

	 Malaysians carrying pathogenic variants 
in BRCA exhibit distinctive characteristics, 
including onset at a young age. The majority 
of patients were diagnosed at later stages, 
richness in HER2 positivity and higher immune 
scores.30 Even though many studies reported 
an association between BRCA mutations with 
triple-negative breast cancer, this might not be 
true for the Malaysian population. Additionally, 
these carriers of pathogenic BRCA variants 
are often associated with other mutations such 
as in PTEN loss, TP53, PLAB2, PIK3CA and 
APOBECB.27,32,33,34,35,36 
	 Recent studies on ancestry-informative 
markers (AIMs) have provided deep insights into 
the genetic structure of the Malay population and 
other major ethnic groups in Malaysia. Yahya et 
al. demonstrated that Malays exhibit significant 
sub-ethnic genetic stratification, and developed 
AIM panels capable of classifying individuals 
with over 90% accuracy. These findings reinforce 
the idea that BRCA variant distribution is not 
random, but rather follows underlying ancestral 
patterns. The presence of overlapping but 

distinct variant profiles across Chinese, Malay, 
and Indian populations in the MyBrCa dataset 
is thus biologically plausible and supports the 
development of ethnically tuned biosensors.20,21

	 The variant panel proposed for biosensor 
development in Malaysia draws strength not 
only from locally documented BRCA mutations 
but also from substantial overlap with variants 
identified across other regions of Asia. As 
visualised in  Figure 2, A and B,  a number 
of BRCA1 and BRCA2 variants present in 
Malaysian patients are also observed in South, 
East, Southeast, Central, and West Asia. This 
overlap supports two important conclusions: 
first, that Malaysian BRCA data, although still 
incomplete, can be augmented by regional 
datasets to inform biosensor design; and second, 
that a variant panel designed using Malaysian 
and Asian data has the potential for broader 
trans-ethnic screening applications. This makes 
the NACOTS platform scalable and adaptable for 
future deployment across populations with shared 
variant profiles, particularly in resource-limited 
Asian contexts where local BRCA databases 
remain underdeveloped.

EXPERIMENTAL VALIDATION (BRCA1 
981_982DEL)

To explore the feasibility of utilising Malaysian-
specific BRCA variants in biosensor development, 
we conducted a preliminary validation study 
involving 70 confirmed breast cancer patients. 
The cohort consisted predominantly of Malays 
(66 individuals), with additional representation 
from the Indian (1) and Chinese (3) ethnic groups, 
including three sibling pairs. Variant-specific 
Loop Amplification Mediated Polymerase 
(LAMP) primers and biosensor probes were 
designed to detect a locally documented BRCA1 
pathogenic variant: BRCA1 981_982del. This 
variant was chosen because it was found 
repeatedly in MyBRCA cohort.
	 Genomic DNA was extracted from blood 
samples of breast cancer patients and amplified 
by PCR targeting BRCA1 981_982del. 
Amplicons were purified and subjected to Sanger 
sequencing to confirm the presence or absence of 
the target mutations. In parallel, LAMP reactions 
were performed using colorimetric indicators 
for visual detection of DNA amplification. The 
LAMP products were then deposited onto screen-
printed gold electrodes for electrochemical 
detection using the NACOTS platform. Redox 
signals were recorded and interpreted to assess 
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Figure 2:	Geographical distribution of Malaysian BRCA1 (A) and BRCA2 (B) mutations across Asia.  The Venn 
diagrams illustrate the overlap of pathogenic and likely pathogenic BRCA1 (A) and BRCA2 (B) variants 
reported in Malaysia with those found in other Asian regions, including East Asia, Southeast Asia, 
South Asia, Central Asia, and West Asia. The figures highlight both shared and unique mutations, such 
as BRCA1 c.68_69delAG and BRCA2 c.262_263delCT, which are recurrent across Asia, as well as 
variants exclusive to Malaysia, including BRCA1 c.2700_2701delTC and BRCA2 c.5852G>A. These 
distributions emphasise the importance of regional variant mapping in guiding population-specific 
screening strategies and biosensor target selection.

mutation presence based on changes in potential 
(Figure 3). No BRCA1 mutations were detected 
by Sanger sequencing in any of the 70 patients 
(Figure 4). Consistently, no LAMP amplification 
was observed, and no electrochemical potential 
was detected by the biosensor, indicating an 
absence of the targeted BRCA1 variant in this 
cohort (Figure 5 and 6). While these results do 
not demonstrate positive variant detection, they 
reinforce the importance of selecting highly 

prevalent and ethnically representative variants 
when designing biorecognition elements for 
population-level screening tools. This finding 
highlights the critical role of comprehensive 
local BRCA databases in guiding future biosensor 
design and underscores the need for broader 
sequencing efforts to refine target selection and 
ensure inclusivity across Malaysia’s diverse 
population.

A

B
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Figure 3:	Schematic overview of the experimental workflow for validation of BRCA1 981_982del mutations 
using colorimetric LAMP, DNA sequencing, and the NACOTS biosensor platform.

Figure 4:	Sanger sequencing results for all 70 DNA samples from breast cancer patients showing there is no 
deletion of c.981_982del

CONCLUSION

The BRCA Database in Malaysia offers a 
comprehensive overview of BRCA variants 
within the population. It aligns its data with 
ClinGen and ClinVar databases and categorises 
variants based on their contribution to breast 
cancer development. This serves as a valuable 
foundation for selecting biorecognition elements 
for DNA biosensors. This can potentially be 
developed into microfluidic biosensor systems 
capable of detecting multiple mutations 
simultaneously.
	 However, there are challenges when it comes 
to practical applications within Malaysia. 
Foremost, a database of BRCA variants is by 

convenient sampling; hence, generalisation of 
findings to the entire population is hindered 
by disparities in ethnic proportions and study 
locations. The presence of unique variations in 
mutations among different ethnicities suggests 
that a universal gene panel may not be suitable 
for diverse ethnic groups. The possibility 
of a very low carrier rate exists because a 
significant number of variants have not yet been 
determined or have been labelled as variants 
of unknown significance (VUS), with potential 
emerging data in the future. Adhering to ACMG 
recommendations by including VUS in gene 
panel testing, is crucial to prevent dropouts and 
false negatives in DNA biosensors. 
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Figure 5:	DNA  samples from 70 breast cancer patients run with BRCA1 981_982del Loop MP Assay. The results 
are all negative, where the samples’ colour remains pink (A). The positive control sample turn colour 
from pink to yellow (B)

Figure 6:	Electrochemical signal plots from the screen printed gold electrode and biosensor with LAMP products 
of positive control and 70 samples showed no measurable potential shift, consistent with negative detec-
tion. These results collectively confirmed the absence of BRCA1 981_982del mutations in the tested 
clinical samples, validating the specificity of both the LAMP assay and the biosensor-based NACOTS 
detection system.

A B

	 In comparison, population screening may 
not be as cost-effective as cascade screening. 
Improving functionality could be attainable 
by expanding the study to include the entire 
Malaysian population and establishing a database 
that accurately reflects its diversity. Biosensor 
effectiveness could be heightened by identifying 
founder mutations specific to each ethnic group 

in Malaysia. A positive aspect is, the observed 
regional overlap in BRCA mutations further 
supports the feasibility of constructing gene 
panels that are not only locally relevant but also 
regionally translatable, addressing the limitations 
posed by Malaysia’s currently incomplete BRCA 
variant database.
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