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Abstract

The abstract of the paper on gene mutations in breast cancer presents several key points regarding the disease’s 
significance and underlying genetic mechanisms: Breast cancer is identified as a major public health issue and 
a leading cause of cancer-related deaths among women globally. This highlights the urgency of addressing the 
disease through research and treatment strategies. The paper notes that various genes and their mutations have 
been linked to breast cancer. Despite the complexity of the disease, advancements in research techniques have 
allowed for the identification of these genetic factors, which are crucial for understanding breast cancer’s etiology. 
The development of breast cancer is described as a multifaceted process influenced by hormonal, dietary, and 
genetic components. This complexity necessitates a comprehensive approach to prevention and treatment.
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INTRODUCTION

Breast cancer has become a severe public 
health concern and one of the leading 
causes of cancer-related death in women 

worldwide. Several genes and mutations in 
these genes linked to breast cancer have been 
identified using sophisticated techniques, 
despite the fact that the exact cause of breast 
cancer is still unknown.[1]

Breast cancer remains one of the most prevalent 
cancers affecting individuals worldwide. 
Understanding the genetic mechanisms that 
contribute to its development is crucial for 
improving diagnosis and treatment breast cancer 
development is a complex process influenced 
by various factors, including hormonal, dietary, 
and genetic components. Understanding these 
mechanisms is crucial for prevention and 
treatment strategies. The following sections 
outline key aspects of breast cancer development.

Hormonal influence

Breast cancer primarily originates in the terminal 
ductal lobular units (TDLUs) of the mammary 
gland, where estrogen plays a significant role in 
cell proliferation and carcinogenesis.[2,3]

Early exposure to estrogen, particularly during puberty, 
increases susceptibility to cancer, while full-term pregnancies 
can reduce this risk by promoting the differentiation of breast 
cells.[4]

Dietary factors

Diet significantly impacts breast cancer risk; high consumption 
of red meat and processed foods correlates with increased risk, 
while diets rich in fruits, vegetables, and fish appear protective.[5]

Obesity, often linked to poor dietary choices, exacerbates 
cancer risk post-menopause due to increased estrogen levels.

Pre-neoplastic lesions

Certain lesions in the breast are pre-cursors to cancer, with a 
higher likelihood of malignancy compared to normal tissue. 

R
E

V
IE

W
 A

R
T

IC
L

E



Prasad, et al.: Mutations driving breast cancer: A comprehensive review of genetic alterations

Asian Journal of Pharmaceutics • Oct-Dec 2024 • 18 (4) | 1147

The presence of these lesions necessitates careful monitoring 
and intervention.

While significant progress has been made in understanding 
breast cancer development, ongoing research is essential to 
unravel the intricate interplay of these factors and improve 
prevention strategies.[6]

Understanding the development of breast cancer

Breast cancer develops through a series of complex biological 
changes, often beginning with pre-neoplastic conditions and 
it was shown in Figure 1. Here are the key points regarding 
how breast cancer develops:

Pre-neoplastic lesions

Certain focal lesions in the TDLU of the breast are considered 
pre-cancerous. These lesions have a higher probability of 
developing into cancer compared to normal tissue. The 
recognition of these pre-neoplastic tissues is crucial for 
understanding breast cancer development.

Pathological conditions

Pre-neoplasia is a pathological state that indicates a significant 
risk of malignancy morphological changes: The development 

of breast cancer can be traced through a morphological 
continuum, where normal cells transition to pre-neoplastic 
cells and eventually to cancerous cells.

This continuum includes various hyperplastic forms of 
epithelial cells that can lead to carcinoma in situ, a non-
invasive form of cancer.

Age and hormonal influence

The occurrence of pre-neoplastic lesions increases with 
age and persists even after menopause. This suggests that 
hormonal changes may play a role in the development of 
these lesions, which are more prevalent in cancer-associated 
breasts compared to those from random autopsies.

Experimental evidence

While there is strong circumstantial evidence linking 
certain lesions to breast cancer, direct experimental proof 
is still lacking. Research indicates that hyperplastic lesions 
in the TDLU are common pre-cursors to breast cancer, but 
further studies are needed to confirm their pre-cancerous 
nature while genetic mutations are critical in understanding 
breast cancer, environmental factors, and lifestyle choices 
also significantly influence incidence rates, suggesting a 
multifactorial etiology.

Figure 1: Diagrammatic representation of the development of breast cancer
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Fibrocystic disease

This condition, characterized by hormonal imbalances leading 
to various alterations in breast tissue, is often associated 
with pre-neoplastic changes. It frequently involves multiple 
lesions and is linked to an increased risk of developing breast 
cancer.

Breast cancer is a significant global health issue, with genetic 
mutations playing a crucial role in its incidence. The most 
common mutations associated with breast cancer include those 
in the BRCA1 and BRCA2 genes, which are linked to hereditary 
cases and account for 5–10% of all breast cancer cases.[7]

Other notable genes include TP53, which is associated with 
triple-negative breast cancer, and moderate penetrance genes 
such as PALB2, ATM, and CHEK2.[8]

Impact of gene mutations on incidence rates

•	 High penetrance genes: Mutations in BRCA1 and 
BRCA2 significantly elevate breast cancer risk, leading 
to earlier onset and it was shown in Figure 2

•	 Moderate penetrance genes: Genes, such as CTLA-4 and 
Pik3ca contribute to a broader spectrum of breast cancer 
cases, affecting global incidence rates

•	 Emerging mutations: Recent studies highlight the role of 
MYC and cyclin E1 mutations, which may disrupt cell 
cycle regulation and contribute to tumorigenesis.[9]

MUTATIONS INDUCED BREAST CANCER

•	 Breast cancer is significantly influenced by key genetic 
mutations that drive tumorigenesis. Notably, mutations 
in HER2 and PIK3CA are prevalent, often co-occurring, 
and leading to aggressive cancer phenotypes.

Key genetic mutations

•	 HER2 V777L and PIK3CA H1047R: These mutations 
activate the p21-CDK4/6-Cyclin D1 axis, promoting 
tumor growth and drug resistance. Approximately 40% 
of HER2-mutated breast cancers also exhibit PIK3CA 
mutations, resulting in accelerated tumor formation and 
increased invasiveness.[10]

•	 Somatic mutations in normal tissue: Young women with 
a high familial risk of breast cancer often harbor somatic 
mutations in adjacent normal breast tissue, which may 
contribute to early-onset tumorigenesis.

•	 These mutations predominantly involve single nucleotide 
variants, particularly in zinc finger proteins, which are 
linked to cancer progression.

TNFa and ZEB1: In chemo-resistant breast cancer cells, 
the upregulation of TNFa and ZEB1 promotes epithelial-
mesenchymal transition, enhancing invasiveness and 
resistance to treatment.[11]

•	 BRCA1 and BRCA2 gene mutations: Significantly 
influence breast cancer development and progression, 
primarily by acting as tumor suppressor genes. These 
mutations are responsible for a substantial proportion of 
hereditary breast cancer cases, with BRCA1 and BRCA2 
mutations accounting for over 90% of hereditary 
instances.

The mutations lead to genomic instability, increasing the 
likelihood of tumorigenesis due to defects in DNA repair 
mechanisms.[12]

•	 Tumors associated with BRCA1 mutations often exhibit 
more aggressive characteristics, potentially leading to 
poorer outcomes.[13]

•	 Genetic testing for these mutations is crucial for risk 
assessment and management, although the clinical 
significance of some mutations remains.[14]

Despite the established link between BRCA mutations 
and breast cancer, the exact mechanisms by which these 
mutations influence tumor behavior and treatment responses 
are still under investigation, highlighting the complexity of 
cancer genetics.

EARLY-STAGE SYMPTOMS

The early-stage symptoms of breast cancer in individuals 
with gene mutations, particularly those involving BRCA1, 
BRCA2, and PALB2, often manifest as a combination of 
physical and psychological challenges. Understanding these 
symptoms is crucial for early detection and intervention and 
it was shown in Figure 3.

Figure 2: Mutations incidence rate as per blood pressure per 
year
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Common physical symptoms

Lump or mass: The most prevalent early symptom is the 
presence of a lump in the breast, often detected during self-
examination or routine screening.[15]

Pain: Many patients report localized pain, which can be 
associated with tumor growth or inflammation.[16]

Fatigue: This symptom is frequently noted and can be 
exacerbated by treatment-related factors.[17]

Psychological symptoms

•	 Anxiety and depression: Genetic pre-dispositions can 
lead to heightened susceptibility to psychological 
symptoms, impacting the overall quality of life.[16]

•	 Cognitive impairment: Some individuals experience 
difficulties with memory and concentration, often 
linked to both the cancer and its treatment. While these 
symptoms are common, individual experiences can 
vary significantly based on genetic factors and tumor 
characteristics, highlighting the need for personalized 
approaches in management and treatment.

PRECAUTIONS

To effectively prevent gene mutations in breast cancer, 
particularly among high-risk individuals, several strategies 
can be employed. These include both surgical and non-
surgical interventions that target genetic pre-dispositions, 
particularly in BRCA mutation carriers.

Surgical interventions

•	 Prophylactic surgeries: Procedures such as bilateral 
mastectomy and sapling-oophorectomy significantly 
reduce cancer risk in mutation carriers. Studies show that 

these surgeries can lead to a disease-free survival rate, 
with no recurrence observed in patients who underwent 
prophylactic mastectomy.[18]

•	 Uptake variability: The decision to undergo these surgeries 
is influenced by personal history and socioeconomic 
factors, with a notable percentage of patients opting for 
these interventions when they have a prior breast cancer 
diagnosis.[19]

Non-surgical strategies

•	 Chemoprevention: Endocrine treatments, such as 
tamoxifen and aromatase inhibitors have shown 
effectiveness in secondary prevention, although their 
primary prevention efficacy remains unproven.[20]

•	 Intraductal chemotherapy: Innovative approaches, such 
as intraductal administration of chemotherapeutics, have 
demonstrated promise in pre-clinical studies, targeting 
the mammary epithelial tissue directly.[21]

While surgical options are highly effective, they carry 
significant psychological and physical implications. 
Therefore, ongoing research into less invasive alternatives is 
crucial for comprehensive breast cancer prevention strategies.

TREATMENT STRATEGIES

The treatment strategies for gene-mutated breast cancer have 
evolved significantly, focusing on targeted therapies and 
innovative approaches, such as gene therapy. These strategies 
aim to exploit specific genetic mutations to improve patient 
outcomes.

Targeted therapies

•	 PARP inhibitors: Particularly effective for BRCA1/2 
mutations, these agents exploit DNA repair deficiencies, 
leading to enhanced tumor cell death.[22]

•	 Chemotherapy combinations: In triple-negative breast 
cancer, combinations of taxanes and platinum agents have 
shown efficacy, especially in BRCA1 mutation carriers.[23]

•	 Mutation-specific treatments: Targeted therapies based 
on specific mutations (e.g., PIK3CA, TP53) have been 
linked to variable prognoses, necessitating personalized 
treatment plans.

Gene therapy approaches

•	 Innovative modalities: Gene therapy strategies, including 
mutation compensation and antiangiogenic therapies, are 
being explored to enhance treatment efficacy and reduce 
resistance.[24]

While these strategies show promise, challenges remain in 
optimizing treatment based on individual genetic profiles, 

Figure 3: Anatomy of breast
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highlighting the need for ongoing research and clinical trials 
to refine these approaches.

CONCLUSION

The conclusion of the paper on gene mutations in breast 
cancer emphasizes several important points regarding the 
understanding and management of the disease:

Importance of genetic research

The paper underscores the necessity of ongoing research into 
the genetic mutations associated with breast cancer. Identifying 
these mutations is crucial for developing targeted therapies and 
personalized treatment plans that can improve patient outcomes.

Role of preventive strategies

It highlights the significance of both surgical and non-surgical 
interventions in preventing breast cancer, particularly for 
individuals with known genetic pre-dispositions, such as BRCA 
mutation carriers. Prophylactic surgeries and chemoprevention 
strategies are noted as effective measures to reduce cancer risk.

Psychological considerations

The conclusion also addresses the psychological impact of 
breast cancer and its treatment on patients. It points out that 
genetic pre-dispositions can lead to increased anxiety and 
depression, which necessitates a holistic approach to patient 
care that includes mental health support.
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