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Abstract 

Background: Breast cancer is the most prevalent cancer type among women globally, constituting 

approximately 25% of all cancer cases. While germline mutations in BRCA1/BRCA2 genes are well-established 

risk factors for breast cancer, there remains a need to identify additional genes contributing to disease 

development. Understanding the genetic landscape beyond BRCA1/BRCA2 is crucial for elucidating disease 

heterogeneity and developing targeted therapies. 
Methodology: This study aimed to identify novel genes implicated in breast cancer development by 

analyzing genomic and clinical data from patients with six different breast cancer types. Utilizing various 

databases including NCBI, ENSEMBL, Clinical Variance, cBioPortal, COSMIC, DAVID, and OMIM, we 

conducted a comprehensive genetic analysis. Additionally, a survey was conducted to assess public 

perception of breast cancer. 

Results: Our genetic analysis revealed a significant overlap in genes associated with different breast cancer 

types, identifying NF1, PIK3CA, and TP53 as common genes across all types. Furthermore, the survey 

highlighted a lack of awareness regarding breast cancer causes and preventive measures among the general 

population. 

Conclusion: Beyond BRCA1/BRCA2, identifying common genes like NF1, PIK3CA, and TP53 sheds light on 

potential targets for therapeutic interventions across various breast cancer types. Promoting awareness and 

education, particularly on self-examination procedures, is imperative to empower individuals in breast cancer 

prevention and early detection efforts. 
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Introduction 

Breast cancer stands as a significant global health 

concern, accounting for a substantial portion of 

cancer-related mortality worldwide1. With 

approximately 25% of the Global Cancer Burden 

attributed to breast cancer, its impact on public 

health cannot be understated. Among women, 

breast cancer is the most commonly diagnosed 

cancer, representing around 30% of all cases. In 

2022 alone, it was estimated that there were 

287,850 new cases of breast cancer and 43,250 

associated deaths2. Particularly in Pakistan, breast 

cancer prevalence is notably high compared to 

other Asian countries, with approximately 1 in 9 

women at risk of developing the disease at some 

point in their lives3. Despite these alarming 

statistics, reliable data on breast cancer in Pakistan 

is lacking, and existing data often lacks scientific 

rigor. 

 

Survival rates for breast cancer vary significantly 

based on the stage at diagnosis, with early-stage 

diagnoses (stage 0, I, and II) typically associated 

with higher survival rates compared to advanced 

stages (III and IV)4. Notably, more than 90% of 

women diagnosed at the earliest stage survive for 

at least five years, underscoring the importance of 

early detection and intervention. Understanding 

the risk factors associated with breast cancer, 

including hormonal influences, age, obesity, 

reproductive history, and genetic predisposition, is 

crucial for effective prevention and management 

strategies5. 

 

Genetic factors play a pivotal role in breast cancer 

susceptibility, with inherited DNA mutations 

significantly increasing the risk of developing the 

disease. Among the identified breast cancer 

susceptibility genes, BRCA1 and BRCA2 are 

particularly notable for their involvement in 

regulating cell cycle processes, DNA repair 

mechanisms, and transcriptional activity6. Germline 

mutations in these genes have been linked to 

hereditary breast cancer, with implications for both 

female and male individuals7. Additionally, several 

other genes, including PTEN, TP53, STK11/LKB1, 

ATM, and NBS1, contribute to breast cancer 

development, highlighting the complexity of the 

genetic landscape8. 

 

Recent advancements in cancer genomics have 

shed light on the molecular pathways and genetic 

modifiers associated with breast cancer9,10. 

Molecular targeted therapies, immunotherapies, 

and HER2 protein targeting have emerged as 

promising treatment modalities, yet challenges 

such as tumor resistance and molecular alterations 

persist11-14. Therefore, a deeper understanding of 

cancer-predisposing genes and their associated 

pathways is crucial for the development of novel 

therapeutic interventions and prognostic markers. 

 

This study aims to delve into the classification of 

mutations, polymorphisms, and variations in genes 

linked to breast cancer beyond BRCA1 and BRCA2. 

By exploring additional genes that may contribute 

to disease development, the research seeks to 

enhance early detection strategies and inform 

targeted treatment approaches. Leveraging large-

scale cancer genomics datasets, this study 

endeavors to advance our understanding of breast 

cancer pathogenesis and improve clinical 

outcomes for patients at risk. 

 

Methodology  

Inclusion Criteria 

The study included genetic data pertaining to 

breast cancer from various databases, namely 

NCBI, ENSEMBL, Clinical Variance, cBioPortal, 

COSMIC, DAVID, and OMIM as shown in figure 1. 

The inclusion criteria focused on genes associated 

with breast cancer and relevant genomic 

information. 
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Figure 1: Schematic Representation of the Databases used in this study. 

 

Genetic Investigation 

The genetic investigation involved the 

identification and analysis of specific genes 

implicated in breast cancer pathogenesis. Initial 

screening using NCBI yielded a pool of forty-three 

candidate genes, which underwent further 

refinement based on single nucleotide 

polymorphism (SNP) analysis. Sixteen genes 

exhibiting variations in non-intron regions were 

prioritized for subsequent analysis. 

 

 

 

Genomic Data Analysis 

ENSEMBL provided essential genomic information 

and SNP IDs for the identified genes, facilitating 

precise gene mapping and annotation15. cBioPortal 

served as an interactive platform for the 

comparative analysis of genomic data across 

different types of breast cancer, including invasive 

ductal carcinoma, invasive lobular carcinoma, and 

others16,17. Comparative analysis identified 

common genes across various cancer subtypes. 
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Comparison with COSMIC Database 

The identified genes were compared with entries in 

the COSMIC Cancer Database to assess somatically 

acquired mutations prevalent in human cancers18. 

This comparative analysis provided insights into 

shared genetic alterations between breast cancer 

subtypes and existing cancer mutations. 

 

Functional Annotation and Pathway Analysis 

DAVID database tools were utilized for functional 

annotation and visualization of the gene set19. 

Gene Ontology analysis and pathway mapping 

facilitated the categorization of genes based on 

their functional roles and interactions. Protein 

domain analysis elucidated evolutionary aspects of 

gene function and pathway involvement. 

 

Survey 

A supplementary survey was conducted to gauge 

public perception of breast cancer, particularly 

among residents of Karachi, Pakistan. Utilizing an 

online questionnaire, societal attitudes and 

awareness regarding breast cancer were assessed, 

providing valuable insights into the socio-cultural 

context of the disease. 

 

Results  

General Characteristics & Survey Results 

The study comprised participants from diverse age 

groups, with the majority falling below 25 years, 

followed by those aged 25 to 35, and a smaller 

proportion aged 35 or above. An overwhelming 

98.4% of participants demonstrated awareness of 

breast cancer, primarily acquired through distant 

sources rather than familial experiences. Electronic 

media, especially the internet, was the 

predominant source of information (86.7%), 

followed by family/friends, books, and hospital 

visits (Figure 2).  

 

The survey underscored varying levels of 

awareness and knowledge regarding breast cancer 

practices. While 43.2% were aware of breast self-

examination (BSE), only 26.8% knew the correct 

procedure as shown in figure 3. Clinical breast 

examination (CBE) remained largely unfamiliar, 

with only 35.3% reporting awareness. Notably, 

96.6% were unaware or had never undergone 

genetic testing for BRCA1 and BRCA2 mutations, 

indicating a substantial gap in understanding 

hereditary breast cancer risk. Awareness of 

alternative genetic tests was notably low (1.6%). 

 

 
 

Figure 2: Response of survey participants regarding sources of information about Breast Cancer. 
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Figure 3a                                                    Figure 3b 

 

          Yes                              No 

 

Figure 3: Response of survey participants regarding Breast Self-Examination. Figure 3a indicates 

awareness of Breast Self-Examination among participants and Figure 3b indicates knowledge of the 

procedure of Breast Self-Examination among participants. 

 

Our survey revealed concerning gaps in awareness 

and knowledge related to breast cancer screening 

methods and genetic testing. While 43.2% of 

participants were aware of breast self-examination, 

only 26.8% knew the correct procedure. 

Additionally, only a minority (35.3%) were familiar 

with clinical breast examination (CBE). Surprisingly, 

96.6% reported no awareness or experience with 

genetic testing for BRCA1 and BRCA2 mutations, 

crucial for assessing breast cancer risk. Among 

those tested, only 27.3% received positive results. 

Furthermore, alternative genetic tests beyond 

BRCA1 and BRCA2 were largely unknown, with only 

1.6% of participants having undergone them. These 

findings emphasize the urgent need for 

comprehensive education and awareness initiatives 

regarding breast cancer screening and genetic 

testing to empower individuals in managing their 

breast health effectively. 

 

Genetic Investigation 

The genetic investigation identified key genes 

associated with various types of breast cancer. 

Initially, analysis of NCBI data revealed several 

genes with germline mutations, such as AKT1, BAP1, 

FLNA, among others. Notably, three genes—NF1, 

PIK3CA, and TP53—were found to be common 

across all six types of breast cancer studied, as 

summarized in Table 1. 

 

Table 1: Number of common genes found among different types of breast cancer. 

 

Types of Breast Cancer Number of Identified 

Common Genes 

Invasive ductal carcinoma & invasive lobular carcinoma 311 

Invasive ductal carcinoma, invasive lobular carcinoma, & mixed invasive 

ductal lobular carcinoma 

178 

Invasive ductal carcinoma, invasive lobular carcinoma, mixed invasive 

ductal lobular carcinoma, & NOS 

68 

Invasive ductal carcinoma, invasive lobular carcinoma, mixed invasive 

ductal lobular carcinoma, general breast cancer, & NOS 

17 

26.8%

73.2%

43.2%

56.8%
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Invasive ductal carcinoma, invasive lobular carcinoma, mixed invasive 

ductal lobular carcinoma, general breast cancer, metaplastic breast 

cancer, & NOS 

3 

 
Further analysis utilizing the COSMIC database identified seventeen common genes among invasive ductal 

carcinoma, invasive lobular carcinoma, mixed invasive ductal lobular carcinoma, general breast cancer, and 

NOS. While most of these genes were previously known to be mutated in breast cancer, three genes—DOT1L, 

FLT1, and PIK3C2G—had not been previously identified as mutated genes in breast cancer according to 

COSMIC. Additionally, twelve unique genes specific to breast cancer were identified through COSMIC that 

were not obtained through other sources (Table 2). 

 

Table 2: Status of common genes between 5 types of breast cancer (Invasive ductal carcinoma, 

invasive lobular carcinoma, mixed invasive ductal lobular carcinoma, general breast cancer, and 

NOS) in the COSMIC database. 

 

Genes Names COSMIC Status 

ARID1A Present 

KMT2C Present 

PTEN Present 

ARID2 Present 

NF1 Present 

RB1 Present 

ATM Present 

PIK3C2G Absent 

TET1 Present 

BCOR Present 

PIK3CA Present 

DOT1L Absent 

CDH1 Present 

PMS1 Present 

FLT1 Absent 

FOXP1 Present 

TP53 Present 

 

Subsequent analysis in the DAVID tool (Figure 4) elucidated the functional significance of the identified 

common genes. These genes were associated with various pathways and enriched in specific Gene Ontology 

terms, indicating their involvement in distinct molecular functions and biological processes. The functional 

annotation of these genes categorized them into specific functional groups or clusters, shedding light on their 

known biological roles. Additionally, protein domain prediction provided further insights into the potential 

roles of these genes in breast cancer development. 
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Figure 4: The analysis of common genes between 5 types of breast cancer (Invasive ductal 

carcinoma, invasive lobular carcinoma, mixed invasive ductal lobular carcinoma, general breast 

cancer, and NOS) in the DAVID tool. It shows the involvement of genes in causing disease, 

functional categories of selected genes, genes involved in pathways, and protein domains 

 

 

Moreover, certain types of breast cancer—adenoid 

cystic breast cancer, breast invasive mixed 

mucinous carcinoma, and invasive breast 

carcinoma—did not share any common genes with 

the other types, likely due to their rarity and limited 

available patient data. 

 

Discussion 

Despite advancements in technology, breast 

cancer remains a formidable challenge in 

healthcare20. This study uncovered significant 

overlap among genes implicated in various 

subtypes of breast cancer, highlighting the 

complexity of the disease. However, discrepancies 

in gene recognition across databases underscore 

the need for comprehensive analyses to elucidate 

the full genetic landscape of breast cancer. 

Additionally, the multifaceted nature of gene 

pathways complicates targeted diagnostic and 

therapeutic strategies, necessitating a holistic 

approach to disease management. 

 

Several genes, such as TP53, ATM, and CDH1, 

exhibit numerous pathogenic alleles associated 

with breast cancer, offering potential targets for 

early diagnosis and intervention20. While the 

involvement of TP53 mutations in various cancers 

is well-documented, the study underscores the 

significance of identifying additional genetic 

markers, such as NF1 and PIK3CA, for targeted 

treatment approaches21-24. The identification of 

non-progressive breast cancers through screening 

DISEASES

PATHWAYS

PROTEIN 
DOMAINS

FUNCTIONAL 
ANNOTATION

DAVID 

Analysis of 

Common 

Genes  

• 88.24% Involved in AD Diseases 

• 88.24% Genes involved in GAD Diseases 

• 558.82% Genes involved in OMIM Diseases 

• 82.35% Genes involved in Reactome Pathway 

• 64.71% Genes involved in KEGG Pathway 

• 58.82% Genes involved in biocarta Pathway 

• 100% Genes involved in Pfam 

• 100% Genes involved in interpro 

• 94.1% Genes involved in Prosite 

• 100% Genes involved in uniprotkb Keywords 

• 100% Genes involved in Sequence Features 

• 11.76% Genes involved in COG Ontology 
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emphasizes the importance of refining screening 

protocols to enhance early detection capabilities25. 

 

The survey findings underscore the need for 

enhanced public awareness and education 

regarding breast cancer risk factors, prevention 

strategies, and screening modalities. Leveraging 

digital media platforms for disseminating 

information and promoting self-examination 

practices can empower individuals to take 

proactive steps in managing their breast health. 

Furthermore, advocating for widespread adoption 

of mammography and genetic testing, particularly 

among high-risk populations, is essential for early 

detection and personalized treatment planning. 

 

However, barriers to genetic testing accessibility, 

including cost constraints, pose significant 

challenges to equitable healthcare access. To 

address this issue, targeted genetic testing 

focusing on genes with the highest pathogenic 

allele prevalence could optimize resource 

allocation and expand testing accessibility. 

Moreover, efforts to reduce the cost of genetic 

testing through streamlined testing panels could 

improve affordability and uptake among 

vulnerable populations. 

 

While this study sheds light on the genetic 

underpinnings of breast cancer and underscores 

the importance of public awareness and screening 

initiatives, several limitations must be 

acknowledged. The study's reliance on limited 

databases for genetic analysis necessitates further 

validation and exploration of additional genetic 

factors. Moreover, the survey's focus on a specific 

demographic limits the generalizability of the 

findings, highlighting the need for broader 

population-based studies to inform 

comprehensive breast cancer prevention and 

management strategies.  

 

Conclusion 

In conclusion, this study sheds light on the shared 

genetic components of various breast cancer types, 

offering potential targets for early detection and 

personalized treatment strategies. By identifying 

common genes and pathogenic alleles, there is a 

significant opportunity to develop diagnostic tools 

capable of detecting breast cancer in its early 

stages, ultimately reducing mortality rates. While 

the findings provide valuable insights, further 

research is needed to fully elucidate the 

complexities of breast cancer genetics and advance 

towards the ultimate goal of disease eradication, 

emphasizing the importance of ongoing research 

efforts in this field. 
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