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ABSTRACT

Review Article

Mutational Analysis of BRAFY6YE py
Polymerase Chain Reaction in Breast
Cancer: A Narrative Review

A major cause of cancer-related death for women globally is breast cancer, calling for molecular insights to better prognosis and
treatment. One of the genetic changes that contributes to the constitutive activation of the MAPK/ERK (mitogen-activated protein
kinase/extracellular signal-regulated kinase) pathway and promoting carcinogenesis is the BRAF° mutation, which has been
extensively studied in melanoma. BRAFY¢®E has been associated with aggressive forms of breast cancer, including Triple-Negative
Breast Cancer (TNBC), and worse clinical outcomes, despite its rarity. The Polymerase Chain Reaction (PCR)-based methods for
analysing BRAFY6°°E mutations in breast cancer, specifically Invasive Ductal Carcinoma (IDC), are the main topic of this narrative
review. The sensitivity and precision of different PCR techniques, such as droplet digital PCR (ddPCR), gPCR and traditional
PCR, in identifying this mutation vary. The review emphasises BRAF'6°E potential as a therapeutic target and prognostic marker,
particularly considering the poorer efficacy of BRAF inhibitors in treating breast cancer than melanoma. The available data, which
mostly comes from non Indian populations, highlights the need for additional thorough studies in a variety of populations, including
Indian women, to fully comprehend the clinical significance of the mutation.
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INTRODCUTION

Breast cancer represents a significant global health challenge, with
rising incidence rates worldwide, including India, where it is a major
cause of cancer-related mortality among women [1,2]. Traditionally,
breast cancer prognosis and therapeutic decisions were guided
by histopathological assessments, such as tumour grade and
hormone receptor status. However, advancements in molecular
genetics over the past two decades have led to an increased
focus on identifying genetic mutations that drive breast cancer’s
complex biology of breast cancer. This shift has enabled more
precise diagnostic and therapeutic approaches, particularly through
the identification of specific mutations associated with aggressive
disease characteristics [3,4].

Since genetic mutations impair vital cell communication and cell
cycle processes, encourage unchecked cell proliferation, their
function in the pathophysiology of breast cancer is becoming better
understood. The BRCA1 and BRCA2 gene mutations, which are
known to be linked to an increased risk of hereditary breast cancer,
were the focus of early research. Other genes linked to different
clinical outcomes in breast cancer, including TP53, STK11, and
CDH1, have been found in isolated cases [5-7]. These results
highlight how crucial it is to comprehend the molecular changes
that underlie the heterogeneity and progression of breast cancer.

The function of the BRAFY6®E mutation in the BRAF gene is a
topic of growing study. Cell division, differentiation and death are
all regulated by the RAF/MEK/ERK signaling cascade, a protein
encoded by BRAF and part of the Mitogen-Activated Protein Kinase
(MAPK) pathway. The BRAF'6°€ mutation, which replaces valine at
codon 600 with glutamic acid, results in constitutive BRAF protein
activation. This mutation activates the MAPK pathway continuously,
leading to tumourigenesis and unchecked cell proliferation [8,9].
Although melanoma is the most common type associated with
BRAF, it has also been linked to thyroid and colorectal malignancies.
However, its prevalence and significance in breast cancer, especially
in IDC, remains unclear [10-12].
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Understanding the possible significance of BRAFY®E subtypes
of breast cancer, such as HER2 (human epidermal growth
factor receptor 2)-negative tumours and TNBC, has been the
main emphasis. Research indicates that although BRAFY6%E is
less common in breast cancer than in melanoma, it may exist in
aggressive subgroups like TNBC and may be associated with
unfavourable clinicopathological traits, such as hormone receptor
negativity and higher tumour grade. This association has potential
therapeutic implications since BRAF inhibitors, effective in BRAF-
mutant melanoma, have shown limited efficacy in breast cancer,
prompting further studies on combined BRAF and MEK inhibition
strategies [13-16].

PCR techniques have been used in BRAFY%E research in breast
cancer to find mutations in tumour samples. Its clinical significance
in IDC is unclear and there is still a great deal of variation in the
reported prevalence of BRAFY6E across various breast cancer
studies [7,13,14]. Although there is insufficient information to draw
firm conclusions, preliminary research indicates that BRAFY60E
may be associated with aggressive disease behaviour and could
contribute to treatment resistance in particular IDC subtypes
[7,13,14]. This demonstrates the potential value of BRAF'6®E as a
therapeutic target and prognostic marker, indicating the need for
additional research to elucidate its function in breast cancer [9,15].

Studies on BRAFY6%F in breast cancer are rare in India, while the
disease is very common. This indicates a substantial information
gap about the incidence of BRAFYE and its clinicopathological
correlations in the Indian population. Understanding the frequency
and significance of BRAFYE in Indian women could provide
crucial information for creating more individualised and successful
treatment plans, especially considering the country’s genetic variety
and distinct environmental effects. Examining this mutation may help
develop customised strategies that cater to the unique requirements
of Indian breast cancer patients, which could direct future treatment
choices and enhance patient outcomes [2,17-19].

Hence, this narrative review summarises the body of research on
PCR-based BRAFY6®E mutational analysis in breast cancer, with
a focus on IDC cases. It seeks to assess the frequency of the
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mutation, investigate correlations with clinicopathological traits, and
pinpoint current research gaps. This review aims to elucidate the
mutation’s potential as a prognostic and therapeutic marker by
concentrating on both global and Indian contexts. This will improve
clinical understanding and management of breast cancer across a
variety of patient populations.

BRAFV°E MUTATION: STRUCTURE AND
FUNCTIONAL IMPLICATIONS

An essential component of the RAF kinase family, the BRAF protein
regulates and signals cells via the MAPK pathway. In its normal
state, BRAF is a serine/threonine-protein kinase that transduces
extracellular signals through the RAS-RAF-MEK-ERK cascade,
which regulates critical homeostasis-related activities such as cell
division, differentiation and survival [5,8]. BRAF consists of three
structurally conserved sections: CR1 for binding to RAS, CR2
kinase domain CR3 which is necessary for the protein’s enzymatic
activity [3,5]. BRAF is normally dormant until activated by RAS,
which causes MEK and ERK, promoting cell cycle progression and
growth when necessary.

The VB0OE mutation in the BRAF gene, which replaces valine with
glutamic acid at codon 600, drastically changes how BRAF functions.
This mutation disrupts the kinase domain, leading to constitutive
activation of BRAF even in the absence of upstream RAS signals
[3,5]. Consequently, the mutant BRAF protein continuously activates
MEK and ERK, resulting in unchecked cell proliferation and survival,
a common occurrence in neoplastic processes [4,5]. The BRAFV60E
mutation thus represents a potent oncogenic driver, found frequently
in cancers such as melanoma, where it contributes to aggressive
tumour growth and resistance to standard therapies [5,10,20]. This
is well illustrated in [Table/Fig-1].

Normal BRAF regulates cell signals
Three domains: CR1, CR2, CR3 H via MAPK pattway

BRAF Protein

[Table/Fig-1]: Flowchart illustrating BRAFY6%E mutation, structure and oncogenic

BRAFV600E Mutation:
Valine to Glutamic Acid

Constitutive activation
of MEK and ERK

Uncontrolled profferation and
survival (oncogenesis)

functional implications.

Signaling pathways involved in BRAFY6E: The MAPK/ERK
pathway, a crucial signaling axis in cell control, is the main target
of the BRAFY6E mutation. Extracellular cues typically cause RAS
to become activated, which in turn sets off BRAF, MEK and ERK in
that order. To maintain strict control over cell activity, this pathway
controls the expression of genes linked to differentiation, apoptosis
and proliferation [5,9]. However, BRAF'6®E circumvents natural
regulatory checkpoints and keeps the route open all the time [3,8].
This deregulation enhances cellular proliferation and survival, often
contributing to cancer initiation, progression and metastasis in
several malignancies, including breast cancer [Table/Fig-2] [8,9,11].

The abnormal activation of MAPK/ERK due to BRAFY6E also leads
to cross-talk with other pathways, such as the PISK/AKT pathway,
further promoting oncogenesis. These interconnected pathways
facilitate the cancer cells’ resilience to stress and treatment
agents by intensifying signals for growth and survival [7,18,19].
The therapeutic importance of targeting BRAFY6E is highlighted
by the fact that abnormalities in this pathway are directly linked to
resistance to hormone therapy and other targeted treatments in
breast cancer [14,21].

Impact of BRAFY$°E on cancer biology: The carcinogenic potential
of BRAFY6°E has been thoroughly investigated in malignancies such
as thyroid, colorectal and melanoma, where it plays a major role
in aggressive development patterns and poor prognosis [5,10,15].
Targeted BRAF inhibitors are frequently required as part of the
therapy plan for melanoma, since BRAFY%F is a significant driving
mutation that promotes tumour survival and immune evasion
[10,15,20]. Emerging research supports the use of combination
BRAF and MEK inhibition techniques in colorectal cancer, where
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BRAFV600E Mutation
(constitutive activation)

RAS Activation

Bypass normal control

BRAF Activation

ERK Activation

Gene Expression
(Differentiation, Proliferation, etc.)

N\ /

Oncogenesis and
Resistance Mechanisms

[Table/Fig-2]: Flowchart depicting BRAFY%E-driven signaling pathways and

downstream oncogenic effects.

BRAFY6%E has also been linked to worse outcomes and resistance
to traditional treatment [9,22].

However, BRAFY6®E mutations are comparatively uncommon in
breast cancer, although they are more common in some subtypes,
such as TNBC [9,12,14]. Despite being less common than in
melanoma, BRAFY6®E js associated with a more aggressive disease
course and has been linked to resistance to treatments such as
HER2 inhibitors [10,23]. Given these ramifications, it is more crucial
than ever to identify and comprehend BRAFY6°°F in breast cancer,
since it may be a prognostic biomarker and a therapeutic target
for more individualised treatment plans [8,12,13,23]. Therefore,
further research into the significance of the BRAFY%E mutation in
breast cancer is essential to fully understand its effects and improve
treatment outcomes for affected individuals [3,9,19].

METHODS OF DETECTING BRAFV¢E

There are several methods for detecting the BRAFY6E mutation,
which is important in a variety of malignancies. Each method has
its own benefits and drawbacks. The three main approaches
for detecting BRAFY®E in breast cancer are described in this
section: PCR-based methods, Immunohistochemistry (IHC), and
sequencing.

Overview of Detection Techniques

Sequencing: DNA sequencing, particularly Next-Generation
Sequencing (NGS), offers high accuracy in detecting mutations,
including BRAFV6?E, It allows for the identification of low-frequency
mutations and is suitable for samples with complex genetic
backgrounds. However, it can be time-intensive and costly, which
limits its routine use in many settings [6].

Immunohistochemistry (IHC): IHC is a widely accessible, cost-
effective method that uses BRAF'6®E-gspecific antibodies to detect
mutant proteins in tissue samples. However, its sensitivity may
vary, particularly in samples with low mutation frequency [24,25].
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PCR-based Techniques for BRAF'¢°E Detection

PCR’s sensitivity, rapidity and affordability make it the method of
choice for detecting BRAFY6°E mutations. Different PCR techniques
have been created and each is appropriate for a particular clinical
or scientific context.

Conventional PCR: This is a foundational technique for detecting
the BRAFY6®E mutation, widely used due to its simplicity and
accessibility. It allows for the amplification and detection of target
sequences, making it suitable for initial mutation screening. Its
advantages include cost-effectiveness, rapid processing and
minimal equipment requirements, making it useful in resource-
limited settings [3,8,18]. However, it has significant limitations, such
as low sensitivity for detecting mutations present at low frequencies,
an inability to quantify mutation burden and reduced specificity
compared to advanced methods. Consequently, while conventional
PCR remains valuable, it is less preferred for precise diagnostic and
therapeutic monitoring applications [5,7,18].

Real-Time PCR (qPCR): gPCR enhances conventional PCR by
enabling quantitative detection of the BRAFY6F mutation, providing
real-time monitoring of DNA amplification. Its key advantages include
high sensitivity, which allows for the detection of low-frequency
mutations and the ability to quantify mutation levels, making it ideal
for clinical diagnostics and monitoring therapeutic response [3,8,11].
Furthermore, gPCR offers faster results and greater accuracy,
which are crucial for timely decision-making in treatment strategies.
However, it requires more specialised equipment and reagents and
its cost is higher than that of conventional PCR, limiting its use in
resource-constrained settings [5,7,18].

Droplet digital PCR (ddPCR): This is an advanced method that
offers exceptional precision in detecting low-frequency mutations,
such as BRAFY6E by partitioning DNA into thousands of droplets
for individual amplification. This technique enhances sensitivity,
making it highly effective for detecting rare mutant alleles, even
in heterogeneous tumour samples [5,7,18]. ddPCR is particularly
valuable for monitoring minimal residual disease, assessing tumour
heterogeneity and guiding personalised treatment decisions in
breast cancer. Its main advantages include high sensitivity and
precision, allowing for accurate mutation quantification. However,
ddPCR requires specialised equipment and is more expensive,
limiting its widespread use in resource-limited settings [3,11].

ROLE OF BRAF'6°t I[N BREAST CANCER

Although it is less frequent in breast cancer, the BRAFY6%°E mutation
is a well-characterised oncogenic change that has been primarily
exploredin melanoma and papillary thyroid carcinoma[5]. The MAPK/
ERK pathway, which supports cellular proliferation and survival, is
constitutively activated because of this mutation [5]. Understanding
its role in breast cancer is essential due to its potential impact on
diagnosis, prognosis, and targeted therapy.

Prevalence of BRAFV®%E in breast cancer: Research on BRAFV6%E
in breast cancer has revealed a range of prevalence rates, indicating
that this gene is uncommon in breast cancer in comparison to other
malignancies such as melanoma. As an illustration of potential
subtype specificity in mutation profiles, certain studies have
found low rates or even the absence of the BRAFY6%E mutation in
breast cancer subtypes, particularly triple-negative and basal-like
breast cancers [7,14]. Though BRAFY6%E is still uncommon, some
research in Asian communities indicates that it might be involved
in a subgroup of breast cancers, which calls for more research in a
variety of populations [8,17,26].

BRAFY6E as a prognostic marker: Regarding BRAFYE as a
prognostic marker in breast cancer, there is not much agreement.
Although the mutation has been linked to worse outcomes in other
malignancies, its low incidence in breast cancer makes it unclear
what role it plays in prognosis. Larger studies are required to
determine the prognostic importance of BRAFY6E within subtypes
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of breast cancer; however, some case reports and small cohort
studies indicate that it may give a more aggressive phenotype [5,21].

BRAFVY¢%E as a therapeutic target in breast cancer: Due to the
success of targeting BRAFY9E with certain inhibitors, such as
vemurafenib, in melanoma, researchers are now considering its use
in breast cancer. Only a small number of case reports show partial
responses in individuals with BRAFV6-mutated metastatic illness,
indicating that there is little clinical evidence for BRAF inhibitors in
breast cancer [21,23]. Although a combination of BRAF and MEK
inhibitors has also demonstrated promise, obstacles still exist
because of the low frequency of the mutation and the lack of reliable
clinical trials specifically for breast cancer [9,23]. BRAF6®&-targeted
treatments may be beneficial for specific patient subgroups or
subtypes of breast cancer, depending on additional research.

CLINICAL IMPLICATIONS OF BRAFV¢E STATUS
IN BREAST CANCER

The clinical significance of the BRAFY%F mutation in breast cancer
is still being determined, mainly because of its low frequency and
inconsistent results in study. But in other situations, knowing its
function can be essential to tailoring treatment in other situations.
For targeted therapy, BRAFY6E status is important in tumours
where it is prevalent, including melanoma, where BRAF inhibitors
like vemurafenib are now prominent treatment options [5]. However,
the infrequency of the mutation has hindered its integration into
standard treatment procedures for breast cancer. Studies have
shown that patients with metastatic breast cancer who have the
BRAFY69%E mutation react to BRAF inhibitors either by themselves
or in conjunction with MEK inhibitors, suggesting that this mutation
provides a possible avenue for targeted therapy when it occurs
[21,23]. These findings imply that, despite their rarity, BRAF'60°E-
positive breast cancer cases may benefit from treatments that are
not typically utilised for this kind of cancer, providing patients with
advanced or treatment-resistant disease with additional options.

BRAF6%®'s ysefulness as a standard biomarker for breast cancer
is limited in several ways. Multiple studies across populations have
established its low frequency, which limits the practical use of
BRAFV6%_targeted treatments in the management of breast cancer
[8,14]. Further complicating its use as a clinical biomarker are
conflicting findings about its predictive usefulness in breast cancer.

Although it might occasionally indicate a more aggressive course of
the disease, larger studies with data are required to validate these
correlations and develop uniform standards for BRAFY6°°F targeting
in breast cancer [5,21]. Given these limitations, more studies
are necessary to determine whether a patient's BRAFYF status
should influence their course of treatment for breast cancer. PCR’s
sensitivity and specificity for identifying BRAFY6F in breast cancer
are poor, particularly as this mutation is uncommon in this kind of
cancer. It is difficult to maintain consistent precision when using
high-sensitivity approaches to detect even few BRAFYE-positive
cells in heterogeneous tumours [7]. BRAFY%E inhibitors may work
in combination with other targeted treatments, including MEK
inhibitors or immunotherapies, to improve outcomes by tackling
the mechanisms that lead to tumour growth and resistance [21,23].
Future research should prioritise large studies and clinical trials to
determine the prognostic role of BRAFY6®E in breast cancer and
develop effective targeted therapies. Demographic studies across
diverse populations are essential to understand the global impact of
this mutation and its relevance in different patient groups.

CONCLUSION(S)
The low frequency and varying function of BRAFY%E in various
studies make it a complicated target for breast cancer, presenting
both opportunities and obstacles. PCR is a useful method for
identifying this mutation, but its wider use in breast cancer diagnosis
is constrained by problems with sensitivity and specificity. Research
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indicates that BRAFYS®E may be a therapeutic target and have
prognostic significance when paired with other inhibitors. Extensive
research is needed to determine the clinical significance of this
rare mutation in breast cancer across diverse populations. Future
studies should concentrate on developing conclusive treatment
procedures, improving detection techniques and investigating
combination therapies to fully realise the promise of BRAFY6®E in
improved patient outcomes.
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