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Abstract
Background:
Breast Cancer Type 1 Susceptibility Protein (BRCA1) is an important tumour suppressor gene that plays a crucial role in preserving genomic stability through its involvement in DNA repair, chromatin remodelling, and transcription regulation. The risk of some diseases, such as breast and ovarian cancer, increases significantly when the BRCA1 gene is mutated. However, targeting the BRCA1 gene in cancer therapy has remained a significant challenge for scientists.
Objective:
The study aims to explore the protein interaction network of BRCA1 to elucidate its
functional associations and regulatory mechanisms, identify previously unrecognised
therapeutic targets, and investigate the effect of PI3K-AKT inhibition on BRCA1
Methods:
The BRCA1 interaction network was constructed using the STRING database (v12.0) at a high-confidence interaction score (0.900). Clusters of proteins were obtained through K-means, and the main interactors were grouped into three levels by carrying out a thorough analysis through the Reactome pathway. Some common interactors were identified through frequency analysis. In order to uncover the biological processes related to the BRCA1 network, pathway enrichment was subsequently conducted.
Results:
The insights obtained from this study are expected to contribute to the advancement of
more effective diagnostic and therapeutic approaches for individuals with BRCA-
associated cancers, ultimately improving patient outcomes and reducing the overall
disease burden.
Conclusion:
This comprehensive mapping of the BRCA1 interactome reveals a highly regulated and multi-layered protein interaction system. The identified interactors suggest potential therapeutic targets in cancer therapy, most especially within the PI3K-AKT pathway. Also, BRCA1 functions at the crossroads of endocrine, hormonal, and metabolic regulation, underscoring its integral role in tissue homeostasis and its potential as a target for combined hormonal and metabolic therapies in BRCA1-related cancers. This presents potential strategies for the treatment of BRCA1-associated malignancies.
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Introduction
BRCA1 (Breast Cancer type 1 susceptibility protein) is a crucial tumour suppressor that plays a central role in maintaining genomic integrity by regulating DNA repair, chromatin remodelling, and transcriptional control (Prakash et al., 2015; Jiang & Greenberg, 2015). The BRCA1 gene contains 24 exons out of which 22 encode protein sequence, and it's located on chromosome 17q21 (Rebbeck et al., 2015). Elevated risk of hereditary breast and ovarian cancers has been linked to mutations distributed throughout the BRCA1 gene. BRCA1 has several functional domains that contribute to its multifaceted role. The N-terminal RING domain confers E3 ubiquitin ligase activity and facilitates dimerisation with BARD1, forming a complex essential for DNA repair and cell cycle regulation (Savage & Harkin, 2014). 
Furthermore, the C-terminal BRCT domains mediate interactions with phosphorylated proteins involved in the DNA damage response (DDR), while nuclear localisation signals (NLS) ensure its transport into the nucleus, where it regulates genomic maintenance processes (Dunker et al., 2015; San Martin Alonso & Noordermeer, 2021; Clark et al., 2012). All these structural features enable BRCA1 to be involved in a wide spectrum of cellular functions related to genomic stability. BRCA1 interacts with different proteins, forming a complex and dynamic molecular network involved in DNA repair, apoptosis, cell cycle control, and transcriptional regulation (Prakash et al., 2015; Kim et al., 2021). Alterations in this network, whether due to pathogenic mutations or dysregulated protein expression, can significantly impair cellular homeostasis and promote the development of cancer.
Moreover, therapeutic strategies directly targeting BRCA1 mutations have remained difficult to target effectively because these alterations typically result in a loss of function (Epstein, 2013). Nevertheless, advances in exploiting BRCA1-related vulnerabilities have yielded promising approaches, including PARP inhibitors, platinum-based chemotherapies, and gene therapy. Also, targeting dysregulated signalling pathways such as ATR, ATM, and PI3K-AKT has shown therapeutic potential in preclinical studies of BRCA1/2-mutated cancers (Yip & Papa 2021). 
This study explored the protein interaction network of BRCA1 using bioinformatics tools and curated databases, with the aim of elucidating key functional associations, identifying novel therapeutic targets, and examining the effects of PI3K-AKT pathway inhibition. The findings are anticipated to contribute toward the development of more effective diagnostic and therapeutic strategies, ultimately improving outcomes for patients with BRCA-associated malignancies.
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Fig 1. The diagram of BRCA1 illustrates key functional domains and interactions. Phosphorylation sites important for DNA damage signalling are also shown, as well as the kinases responsible for their modification. (Orr & Savage, 2015)
Materials and Methods
The Search Tool for the Retrieval of Interacting Genes/Proteins (STRING) version 12.0, an online resource that specialises in the analysis and visualisation of protein-protein interactions (PPIs) and generating protein networks, was used to obtain the interacting network of BRCA1.  The highest confidence (0.900) interaction score was used to ensure that only strong and reliable protein-protein interactions are included in the network. To streamline the network and emphasise the most significant interactions, each protein was limited to a maximum of ten connections. Interaction sources were filtered using parameters such as experimental evidence, co-expression, and text mining. Once the list of interacting genes was generated, they were grouped into three distinct clusters using K-means clustering, a machine learning algorithm that organises data into K clusters based on similarity or distance-based criteria. Results are represented in Figure 2 below.



Figure 2. Protein-protein interaction network of BRCA1 from STRING database.
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The Reactome Pathway Browser, a curated database of molecular pathways and biological processes, was used to identify both direct and indirect interactors of the 100 proteins obtained from the STRING database, applying a confidence score threshold of 0.700. These interacting proteins were categorised into three levels, with the results shown in Table 1.
A frequency count was then performed to determine the most common interactors; proteins with extensive connections to BRCA1 or its associated partners, summarised in Table 2. Finally, a pathway analysis was conducted to identify key biological processes, with findings illustrated in Figure 3.

Figure 3: Voronoi diagram of the pathway analysis.
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Table 1: Protein Interactors with BRCA1
	
Level 1 Interactor
	
Level 2 Interactor
	
Level 3 Interactor

	BRCA1, BARD1, BRCA2, TP53, RAD51, ATR, ATM, AKT1, EGFR, CDK2
	EP300, SIRT1, HDAC2, RELA, PLK1, DNMT1, FOXO3, PARP1, RB1, CCND1
	UBC, SUMO1, TEAD4, BYSL, PIN1, HSPA8, CCNE1, ZMAT2, USP2, H2AFX


[bookmark: _heading=h.9acrmvzfys1y]Table 2: Common Interactors in the BRCA1 Protein Network
	Protein Name		Frequency		Functional Significance
TP53	57	Key regulator of DNA repair and tumor suppression
PARP1	14	Involved in DNA damage response, target of PARP inhibitors
WRN	13	DNA helicase involved in genomic maintenance
CDKN1B	12	Cell cycle control protein (p27)
HDAC2	12	Histone deacetylase; chromatin remodeling
RB1	12	Tumor suppressor involved in G1 checkpoint control
SIRT1	12	Regulator of transcription and DNA repair
NBN	11	DNA damage checkpoint protein (MRN complex)
CDK2	10	Cell cycle regulator involved in BRCA1 signaling
EGFR	10	Growth receptor linked to PI3K-AKT signaling
MDM2	10	E3 ligase regulating TP53 degradation
USP7	10	Deubiquitinase stabilizing TP53 and MDM2
YWHAZ	10	Signal transduction adaptor; apoptosis control
BAX	9	Pro-apoptotic regulator
CCND1	9	Cyclin involved in G1/S transition
DAXX	9	Apoptosis regulator and chromatin modifier



Result and Discussion
This study investigates the complex protein interaction network of BRCA1, a key gene essential for preserving genomic integrity. BRCA1 has been widely studied for its crucial functions in DNA repair, transcriptional regulation, and cell cycle regulation (Drost & Jonkers, 2014)
This study successfully mapped a detailed protein interaction network centred on BRCA1, revealing its extensive connectivity within the cell. The analysis showed the interactions of BRCA1 with several key proteins, such as TP53, PARP1, RAD51, ATM, and AKT1, which emphasise its role in diverse cellular pathways. These findings support the view of BRCA1 as a multifunctional protein critical for maintaining genomic stability(Krishnan et al., 2021).
BRCA1 mutations are closely linked to hereditary breast and ovarian cancers, largely due to their disruption of BRCA1's interactions with key DNA repair proteins, compromising the DNA damage response and promoting genomic instability. This study supports the clinical importance of targeting dysregulated pathways in BRCA1-deficient cells, such as through the use of PARP-1 inhibitors, which induce synthetic lethality by blocking DNA single-strand break repair(Lord & Ashworth, 2017; Turk & Wisinski, 2018). Furthermore, CHK1 inhibitors may facilitate  the effects of DNA-damaging agents by preventing cell cycle arrest, offering another potential therapeutic method which exploits BRCA1 deficiency in cancer therapy (Booth et al., 2018)
This study identified interactions between BRCA1 and key components of the PI3K-AKT signalling pathway, including PIK3R1, PTEN, and AKT. Some studies have shown that suppression of the PIK3CA gene can downregulate BRCA1 expression, impair homologous recombination (HR), increase DNA damage, and upregulate pro-apoptotic proteins like BAX, consequently promoting cancer cell death (Guney Eskiler, 2019; Wang & Di, 2014). These findings underscore the therapeutic potential of targeting both PI3K signalling and DNA repair pathways to selectively target HR-deficient breast cancers through synthetic lethal mechanisms. However, combination therapies may be challenging due to overlapping toxicities, which necessitate precise dose optimisation and effective management of treatment-related toxicities.
This study confirms BRCA1’s interaction with ESR1, which encodes estrogen receptor alpha (ERα), which also suggests that ERα can be targeted in its downstream pathways, and this may be relevant for BRCA1-mutated breast cancers. Also, BRCA1’s role in epigenetic regulation through its interaction with HDAC2 highlights the potential of using epigenetic therapies, such as histone deacetylase or DNA methyltransferase inhibitors, to restore normal gene expression patterns. Furthermore, BRCA1 interacts with MRE11A, a component of the MRN complex essential for homologous recombination (HR); defects in MRE11A can impair HR initiation, which can lead to genomic instability and increased sensitivity to DNA-damaging agents, such as PARP inhibitors and some cancer therapies that are platinum-based (Pawlowska & Blasiak, 2015; Yazinski et al., 2017).
Furthermore, recent evidence underscores the intricate endocrine regulation of BRCA1, particularly its crosstalk with hormonal and metabolic signalling pathways. BRCA1 has been shown to modulate estrogen receptor α (ERα) activity, thereby affecting the  estrogen-dependent gene transcription and cellular proliferation in hormone-responsive tissues such as the breast and ovary (Wang & Di, 2014). This hormonal regulation forms a critical endocrine axis through which BRCA1 contributes to maintaining tissue homeostasis and mitigating carcinogenic risk. Moreover, BRCA1 interacts with insulin and leptin signalling pathways, linking it to energy metabolism and endocrine control of cellular growth (Kang et al., 2012). Dysregulation of the BRCA1–PI3K–AKT axis not only compromises DNA repair but also affects insulin sensitivity and glucose metabolism, potentially contributing to metabolic disorders that may exacerbate cancer progression (Nogueira et al., 2019). These findings suggest that BRCA1 functions at the intersection of endocrine signaling, genomic stability, and metabolic regulation. Consequently, understanding BRCA1’s endocrine interactions may open new avenues for therapeutic interventions that target both hormonal and metabolic pathways in BRCA1-associated malignancies.
Moreover, BRAP, a deubiquitinase enzyme, was found to stabilise BRCA1 by preventing its proteasomal degradation, emphasising the importance of BRCA1 stability in DNA repair and genome maintenance (Dkhissi et al., 2015). Another good therapeutic strategy is to modulate the interactions between BRCA1 and BRAP, especially in BRCA1-deficient cancers. Overall, targeting proteins within the BRCA1 interaction network—particularly those involved in hormone signalling, epigenetic regulation, and DNA repair is a promising area in the development of novel, effective, and more effective cancer therapies (Hengel et al., 2017).
Limitations and Future Directions:
This study provides important insights into the BRCA1 interaction network, but it is limited by its reliance on bioinformatics predictions, which need to be confirmed through experimental validation. Additionally, the analysis provides a fixed snapshot of the interactions, overlooking potential dynamic changes under varying cellular conditions. Future research needs to be conducted to explore these dynamics and consider the role of post-translational modifications in regulating BRCA1 interactions.



Conclusion
This dissertation provided an in-depth analysis of the BRCA1 protein interaction network using bioinformatics tools, revealing BRCA1’s central role in DNA repair, cell cycle regulation, transcription, and chromatin remodelling. The study identified several potential therapeutic targets within this network, which offers a promising opportunity for the development of targeted treatments for BRCA1-related cancers. Furthermore, the research highlighted the interplay between BRCA1 and the PI3K-AKT signalling pathway, indicating that altering this crosstalk may affect BRCA1 activity and impact treatment effectiveness. Also, BRCA1 operates at the intersection of endocrine, hormonal, and metabolic regulation, highlighting its pivotal role in maintaining tissue homeostasis and offering potential targets for integrated therapeutic interventions in BRCA1-associated cancers. Overall, the findings have supported the literature and the existing knowledge about our understanding of BRCA1’s multifaceted roles and support the advancement of targeted cancer treatment approaches.
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