Exploring human bromodomain-containing protein 2 (BRD2) genetic variants in juvenile myoclonic epilepsy (JME): Insights from genetic and gene enrichment analysis

Jyothinath Kothapalli1*, Manne Munikumar2*, Venkateswara prasad Uppu3, 
B Sowjanya4, Shaikh Afshan Jabeen5, Gopalam Sivanarayana6


1Department of Anatomy, Sri Venkateswara Medical College, Tirupati, Andhra Pradesh, India. Email: kjyothinath@gmail.com 
2Clinical Division, ICMR-National Institute of Nutrition, Hyderabad, Telangana, India. Email: mannemunikumar.bioinfo@gmail.com 
3Assistant Professor, School of Life sciences, B S Abdhur Rahman Crescent Institute of Science and Technology, Vandalur, Chennai, Tamilnadu, India. 
Email: bioprasad.uppu666@gmail.com 
4Department of Anaesthesia, Tomo Riba Institute of Health and Medical Sciences, Naharlagun, Arunachal Pradesh, India. Email: sowjanyabhagavatula54@gmail.com 
5Department of Neurology, Nizam’s Institute of Medical Sciences, Hyderabad, Telangana, India. Email: drjabeennims@gmail.com 
6Girija Neuro Centre, Vijayawada, Andhra Pradesh, India. 
Email: drgopalamsivannarayana@gmail.com















Corresponding authors

1. Dr. Jyothinath Kothapalli, Assistant Professor, Department of Anatomy, Sri Venkateswara Medical College, Tirupati, Andhra Pradesh, India. Email: kjyothinath@gmail.com 
2. Dr. Manne Munikumar, Data Manager, Clinical Division, ICMR-National Institute of Nutrition, Hyderabad, Telangana, India. Email: mannemunikumar.bioinfo@gmail.com 

Supplementary data 
The data provides an in-depth analysis of BRD2 protein-protein interactions, highlighting how BRD2 interacts with various proteins and identifying key hub genes. These hub genes are functionally related to BRD2 and are involved in essential biological processes, as well as contributing to certain disease pathways. The functional annotation of BRD2 and its hub genes offers insights into their roles in cellular functions and their potential involvement in specific diseases.
[bookmark: _Hlk184112033]Protein-protein interaction analysis
While construction and functional analysis of the PPI Network for the BRD2 Gene encodes a member of the bromodomain and extraterminal (BET) protein family, which plays a significant role in transcriptional regulation through its interaction with acetylated histones (Trivedi et al., 2020; Xie et al., 2022). To better understand the molecular interactions and biological pathways involving BRD2, we constructed a PPI network centered on BRD2 and its closely associated proteins. This network provides critical insights into how BRD2 modulates gene expression, chromatin dynamics, and cellular processes such as cell cycle control. Underneath is a detailed analysis of the most functionally relevant proteins in this network and their roles in cellular pathways.
The BRD3 and BRD4 are the closest homologs of BRD2, sharing the conserved bromodomain structure that binds acetylated lysine residues on histone tails. Both BRD3 and BRD4 are essential transcriptional regulators involved in chromatin remodeling and transcriptional elongation (Trivedi et al., 2020). BRD4, in particular, plays a pivotal role in recruiting the positive transcription elongation factor b (P-TEFb) to phosphorylate RNA polymerase II, thereby facilitating transcription elongation (Itzen et al., 2014). BRD3, although less studied than BRD4, performs similar functions by maintaining chromatin accessibility and regulating gene expression. Their high connectivity in the PPI network with BRD2 reflects their shared biological functions, particularly in gene regulation, cell proliferation, and tumorigenesis (Deeney et al., 2016; Gao et al., 2022). 
The NSD3, also known as WHSC1L1, is a histone methyltransferase that adds methyl groups to histone H3 at lysine 36 (H3K36), a modification associated with transcriptional activation. NSD3 interacts directly with BRD2, forming a complex that regulates the transcription of genes involved in cell cycle progression and oncogenesis (Nuñez et al., 2024; Topchu et al., 2022). The functional role of NSD3 in chromatin modification is critical for BRD2-mediated transcriptional regulation, as NSD3 can modify the chromatin landscape, making it more permissive for transcriptional activation. This interaction between NSD3 and BRD2 is particularly relevant in cancer biology, where dysregulation of both proteins has been implicated in tumorigenesis (Talukdar and Chatterji, 2023).
The E2F1 is a transcription factor that regulates the expression of genes required for the G1/S phase transition during the cell cycle. It controls the transcription of a wide array of genes involved in DNA replication, cell cycle control, and apoptosis. BRD2 has been shown to interact with E2F1, thereby influencing the transcriptional output of E2F1-regulated genes (Dubrez, 2017). This interaction highlights BRD2’s role in cell cycle regulation and underscores its importance in cellular proliferation. Given E2F1’s central role in driving cell division, its association with BRD2 is particularly relevant in the context of cancer, where overexpression or dysregulation of these proteins can lead to uncontrolled cell growth (Wu et al., 2024).
The Histones (H4C3, H4C6, H4C11, etc.), particularly histone H4, are core components of chromatin and are critical for packaging DNA into nucleosomes. BRD2’s ability to bind acetylated histones, particularly acetylated lysine residues on histone H4, underscores its role in modulating chromatin structure and regulating gene expression (Hyland et al., 2005). The interaction between BRD2 and acetylated histones allows BRD2 to recruit transcriptional machinery to specific regions of chromatin, thereby facilitating gene transcription. The tight association of BRD2 with various histone H4 isoforms in the PPI network indicates its significant involvement in chromatin remodeling processes and transcriptional activation (LeRoy et al., 2008).
The BRDT is a testis-specific bromodomain-containing protein that shares structural similarities with BRD2 and is involved in the regulation of chromatin dynamics during spermatogenesis. Although BRDT is primarily expressed in the testes, it shares functional properties with BRD2 in recognizing acetylated histones and influencing transcriptional activity (Manterola et al., 2018; Wang et al., 2023). BRDT’s role in chromatin remodeling during germ cell development emphasizes the evolutionary conservation of bromodomain proteins in regulating chromatin accessibility and gene expression. Its close association with BRD2 in the network further highlights the functional redundancy and specialization of bromodomain-containing proteins in different biological contexts (Josling et al., 2012).
The ATAD2 is an ATP-dependent chromatin remodeler that facilitates the opening of chromatin to allow transcriptional machinery access to DNA. ATAD2 contains a bromodomain that interacts with acetylated histones, similar to BRD2 (Morozumi et al., 2016). It is highly expressed in proliferating cells, particularly in cancer cells, where it promotes the transcription of genes involved in cell proliferation and survival. The interaction between ATAD2 and BRD2 suggests a cooperative role in transcriptional regulation, particularly in the context of cancer, where both proteins are frequently upregulated. ATAD2’s high connectivity in the PPI network underscores its involvement in various cellular processes related to chromatin remodeling and transcriptional activation (Czerwinska et al., 2022).
The MYC is a proto-oncogene that functions as a transcriptional activator for a wide array of genes involved in cell growth, metabolism, and proliferation. Although MYC does not directly bind to BRD2, its transcriptional activity is often influenced by chromatin remodelers such as BRD2 (McAnulty and Difeo, 2020). MYC is a central player in oncogenesis, and its upregulation is a hallmark of many cancers. The interaction between BRD2 and MYC-related pathways is critical for understanding how BRD2 influences gene expression programs that drive cell proliferation and tumorigenesis. MYC’s high degree of connectivity in the PPI network reflects its role as a master regulator of cell proliferation (Gabay et al., 2014).
SMARCA4, also known as BRG1, is a key ATPase subunit of the SWI/SNF chromatin-remodeling complex. SMARCA4 facilitates the restructuring of chromatin to allow transcription factors access to DNA (Mardinian et al., 2021). The interaction between SMARCA4 and BRD2 suggests that these proteins cooperate in regulating gene expression by altering chromatin architecture. SMARCA4 is involved in the regulation of a variety of cellular processes, including differentiation and tumor suppression. Its high connectivity in the PPI network with BRD2 highlights its importance in chromatin dynamics and transcriptional regulation (Mardinian et al., 2021).
CREBBP, or CBP, is a histone acetyltransferase (HAT) that acetylates histones and transcription factors, facilitating chromatin accessibility and transcriptional activation (Korzus et al., 2004). BRD2 recognizes these acetylated histones through its bromodomains, promoting the recruitment of transcriptional machinery to acetylated chromatin regions. CREBBP’s function in acetylating histones and non-histone proteins places it at a central position in regulating gene expression. Its interaction with BRD2 underscores the critical role of acetylation in transcriptional regulation and epigenetic control. CREBBP is highly connected in the PPI network due to its involvement in multiple transcriptional pathways and cellular processes(Chen et al., 2001; Korzus et al., 2004).
MED1 is a key component of the Mediator complex, which bridges transcription factors such as BRD2 with RNA polymerase II, facilitating the initiation of transcription. MED1’s interaction with BRD2 highlights its role in assembling the transcriptional machinery necessary for gene expression (Belakavadi et al., 2008). As part of the Mediator complex, MED1 plays a central role in transcriptional regulation by integrating signals from multiple transcription factors and chromatin remodelers. MED1’s high connectivity in the PPI network reflects its involvement in the regulation of a broad spectrum of genes, making it a critical hub in transcriptional networks (Belakavadi et al., 2008).
In summary, the PPI network of the BRD2 gene reveals a complex web of interactions involving proteins that regulate chromatin structure, transcriptional activation, and cell cycle progression. Proteins such as BRD3, BRD4, NSD3, E2F1, and histones (H4) are highly connected to BRD2, underscoring their critical roles in transcriptional regulation and epigenetic modification. These interactions are central to understanding BRD2’s function in normal cellular processes and its dysregulation in diseases such as cancer. Further exploration of the BRD2 PPI network could provide new insights into therapeutic targets, particularly in the context of cancer and other diseases characterized by aberrant gene expression and chromatin remodeling.
Protein functional interactomes
The functional interactome of the BRD-2 protein, representing a complex network of interactions that BRD-2 maintains with various other significant proteins in the cellular environment. These often referred to as a PPI network, serves to delineate both physical associations, where proteins directly bind to each other, and functional relationships, where proteins participate in the same biological processes. The green nodes in this graph symbolize individual proteins, while the gray lines (edges) that interconnect these nodes signify the interactions or relationships between them. The extensive web of connections suggests that BRD-2 plays a central or "hub" role in this network, implying its critical influence over numerous cellular processes.
BRD-2 is primarily involved in regulating gene expression which recognizing and binding to acetylated lysine residues on histone tails. This bromodomain-mediated interaction alters chromatin structure, thereby facilitating or repressing transcription. The connections illustrated in the network are likely reflective of BRD-2's involvement in several vital biological pathways, particularly those related to transcriptional regulation, cellular proliferation, and potentially immune response mechanisms (Josling et al., 2012). The proteins directly connected to BRD-2 may either be physically associated with it in complexes or play a role in complementary biological functions, suggesting that BRD-2 operates as a central regulator in cellular homeostasis.
A feature of the interactome is the apparent clustering or modular organization of proteins, which indicates that BRD-2 is not acting in isolation but rather as part of a highly interconnected system. These clusters of proteins may represent specific functional groups or pathways, such as chromatin remodeling complexes, transcription factors, or components involved in cell cycle regulation. The prominence of BRD-2 as a central node in this network highlights its potential as a critical mediator of gene expression programs, with implications for cellular differentiation, proliferation, and programmed cell death (Wang et al., 2023). Moreover, the association of BRD-2 with proteins involved in these processes hints at its potential role in oncogenic pathways, as dysregulation of these processes is a hallmark of cancer.
The interactome also sheds light on the methods by which these protein-protein associations are likely to have been identified. High-throughput experimental techniques such as yeast two-hybrid screening, co-immunoprecipitation (Co-IP), and mass spectrometry-based proteomics are commonly employed to systematically map protein interactions. These approaches allow for the identification of direct physical interactions, such as those where BRD-2 may form part of a larger transcriptional regulatory complex, as well as functional associations, where proteins work in concert to control specific cellular outcomes. The depth of this network, with its multiple points of connection, not only provides insight into BRD-2's biological roles but also suggests potential targets for therapeutic intervention, particularly in diseases where BRD-2's regulatory functions are disrupted, such as cancer and inflammation (Baig et al., 2016; Boyson et al., 2021).
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