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ABSTRACT

Kidney cystic protein (KCP) is a critical regulator of renal homeostasis, modulating kidney development, epithelial
transport, and ion balance. KCP influences transforming growth factor-beta (TGF-f) signaling and interacts with various
cellular pathways, including Wnt and BMP signaling, impacting renal fibrosis and fluid regulation. Despite its
importance, a comprehensive analysis of KCP’s interactions and functional roles remains limited. This study aims to (1)
construct a protein-protein interaction (PPI) network for KCP, (2) perform Gene Ontology (GO) enrichment analysis to
elucidate its biological roles, (3) assess disease-gene associations to determine its involvement in mitochondrial and
renal disorders, and (4) analyze tissue-specific expression patterns to infer its physiological significance. The PPI
network was constructed using STRING v11.5 under high-confidence interaction conditions (>0.7 score). GO enrichment
analysis identified biological processes, molecular functions, and cellular components associated with KCP. Disease
associations were analyzed using the DISEASES database, and tissue-specific expression was examined through
bioinformatics tools. The PPI network revealed 11 key interacting proteins with 29 edges (p-value = 9.5e-07), supporting
significant functional associations. GO analysis identified KCP’s involvement in ion transport, response to osmotic stress,
and BMP receptor binding. Disease enrichment linked KCP to chronic kidney disease and mitochondrial dysfunction. KCP
plays a pivotal role in renal physiology and pathology, particularly in ion transport and fibrosis. Future studies should
focus on validating these findings experimentally to explore therapeutic potentials.
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INTRODUCTION

The kidney cystic protein (KCP) is a crucial regulator of renal physiology and cellular homeostasis. It
plays an essential role in modulating kidney development, epithelial transport, and volume regulation.
KCP has been identified as a key modulator of transforming growth factor-beta (TGF-) signaling,
influencing processes such as fibrosis, fluid balance, and ion transport in the kidney [1,2]. Additionally,
KCP interacts with various cellular pathways, including Wnt and BMP signaling, further highlighting its
regulatory significance in kidney function and disease [3,4].

Recent structural and functional studies have provided insights into the molecular mechanisms of KCP.
Cryo-electron microscopy (cryo-EM) analyses have revealed distinct domains responsible for its
regulatory function and interaction with key signaling molecules [5]. KCP has been shown to enhance
BMP signaling while inhibiting TGF-8 pathways, contributing to protective effects in renal fibrosis and
chronic kidney disease (CKD) [6,7]. Moreover, its role in chloride homeostasis and cross-talk with other
ion transporters suggests a broader regulatory network influencing renal epithelial physiology and
systemic fluid balance [8].

The interplay between KCP and renal ion channels underscores its importance in kidney homeostasis.
Studies have demonstrated that KCP modulates ion transport through epithelial sodium channels (ENaC)
and chloride channels, impacting sodium balance and extracellular fluid regulation [9,10]. Additionally,
KCP has been implicated in cystic kidney diseases, where its dysfunction contributes to the formation of
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renal cysts and impaired fluid regulation [11]. These discoveries have expanded potential therapeutic
applications targeting KCP for treating renal disorders, fibrosis, and polycystic kidney disease (PKD)
[12,13].

KCP represents a key regulatory protein in renal physiology and pathology, particularly in modulating ion
transport, fibrosis, and kidney cyst formation. Its diverse roles in physiological and pathological contexts
underscore the need for continued research to unravel its molecular mechanisms and therapeutic
potential. As new structural and functional insights emerge, targeted interventions aimed at modulating
KCP activity may offer promising strategies for treating kidney-related diseases, including CKD, PKD, and
renal fibrosis.

Objectives

1. To construct a comprehensive protein-protein interaction (PPI) network for KCP using
bioinformatics tools to understand its interaction landscape.

2. To perform Gene Ontology (GO) enrichment analysis to identify biological processes, molecular
functions, and cellular components associated with KCP.

3. To analyze disease-gene associations of KCP using the DISEASES database to determine its
potential involvement in mitochondrial-related disorders.

4. To examine tissue-specific expression patterns of KCP to infer its physiological significance and
role in metabolic regulation.

MATERIAL AND METHODS

Data Collection and Network Construction

To construct the protein-protein interaction (PPI) network of KCP, the STRING database (v11.5) was
utilized. The KCP protein was searched using its official gene name to retrieve its interaction partners.
The search was performed under stringent conditions, including an interaction confidence score
threshold of >0.7 to ensure high-confidence associations. The network was limited to experimentally
validated interactions and strong predicted associations based on computational methods. STRING
integrates data from multiple sources, including high-throughput experiments, curated databases, and
text mining, providing a comprehensive map of molecular interactions.

Following data retrieval, key network parameters such as the number of nodes, number of edges, average
node degree, and clustering coefficient were analyzed. The PPI enrichment p-value was calculated to
determine whether the observed interactions were statistically significant or a result of random chance.
The number of expected edges was also computed as a control measure to compare with the actual
number of observed interactions. A significant PPl enrichment p-value would indicate that KCP’s
interactions are functionally relevant and not due to random background connections.

Gene Ontology (GO) Enrichment Analysis

To determine the biological significance of KCP and its interacting partners, Gene Ontology (GO)
enrichment analysis was performed. GO terms were classified into three major categories: biological
processes, molecular functions, and cellular components. The analysis was conducted using STRING’s
functional annotation tool, and the statistical significance of enrichment was determined using the false
discovery rate (FDR), with an adjusted threshold of <0.05.

The biological process enrichment analysis identified pathways in which KCP is significantly involved. GO
terms related to transmembrane transport, osmotic stress response, and cellular differentiation were
examined in detail. The strength and significance of each GO term were evaluated to determine the
primary biological roles of KCP.

Molecular function enrichment analysis focused on identifying the biochemical activities of KCP,
particularly its involvement in ion transport and channel activity. Specific functional annotations related
to chloride ion transport, BMP receptor binding, and volume-sensitive anion channels were analyzed to
infer KCP’s physiological relevance.

The cellular component analysis provided insight into the subcellular localization of KCP and its protein
network. This step confirmed whether KCP is predominantly associated with ion channel complexes,
lysosomal membranes, or other cellular structures. The enrichment results were visualized to depict
KCP’s primary sites of function within the cell.

Pathway Enrichment Analysis

To gain a broader understanding of KCP’s role in cellular processes, pathway enrichment analysis was
conducted using Reactome and WikiPathways. Reactome analysis focused on transport-related pathways,
including small molecule transport and stimuli-sensing channels. The statistical enrichment of each
pathway was assessed based on its signal strength and FDR values.
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WikiPathways analysis provided an additional perspective by examining KCP’s involvement in
neuroinflammation and glutamatergic signaling. The presence of KCP in pathways associated with neural
communication suggested a potential link to neurological disorders and stress responses. The
significance of pathway enrichment was determined using multiple statistical correction methods to
ensure reliable results.

Subcellular Localization Analysis

To verify KCP’s precise localization within the cell, the COMPARTMENTS database was utilized. This tool
integrates data from immunocytochemistry studies, proteomics experiments, and computational
predictions to determine protein localization. The analysis focused on KCP’s association with the ion
channel complex, chloride channel complex, and lysosomal membrane. The strength and statistical
significance of each localization category were evaluated to confirm KCP’s primary cellular sites of action.

Protein Domain and Structural Analysis

Protein domain analysis was conducted using Pfam, InterPro, and SMART databases to identify conserved
structural features within KCP. The presence of the pannexin-like transmembrane region of LRRC8 and
Tweety domains was analyzed in detail. These domains are known to be crucial for ion transport and
intercellular communication, and their enrichment provided structural insights into KCP’s functional
mechanisms.

Additionally, leucine-rich repeat (LRR) motifs were examined to assess their role in potential protein-
protein interactions. The presence of multiple LRR motifs suggested that KCP might interact with other
proteins via these conserved domains. The statistical significance of each domain enrichment was
calculated using FDR correction methods.

Statistical Analysis and Data Interpretation

All enrichment analyses were subjected to statistical evaluation to ensure robustness. The significance of
GO terms, pathways, and protein domains was determined using the hypergeometric test, and multiple
testing corrections were applied to control for false positives. The network topology was assessed using
clustering coefficient and node degree distribution metrics to determine the structural properties of
KCP’s interaction network.

To validate the reliability of computational predictions, comparative analyses were performed against
published experimental data. Findings were cross-referenced with existing literature on ion transport
proteins and BMP receptor-binding proteins to support the inferred functions of KCP. Additionally,
network visualization tools were used to generate interaction maps for intuitive interpretation of KCP’s
biological roles.

RESULTS

Network Analysis of KCP Protein

The protein-protein interaction (PPI) network analysis of KCP protein revealed a total of 11 nodes and 29
edges, significantly exceeding the expected number of 10 edges. The PPI enrichment p-value of 9.5e-07
indicates that the interactions within this network are statistically significant and not due to random
chance. The average node degree of 5.27 suggests that each protein in the network has a high degree of
connectivity, implying that KCP interacts with multiple partners involved in essential biological functions.
Additionally, the average local clustering coefficient of 0.896 signifies that these interactions form highly
interconnected modules, further reinforcing the functional significance of KCP in cellular processes
(Table 1).

Biological Process Enrichment Analysis

Gene Ontology (GO) biological process enrichment analysis identified key pathways in which KCP is
involved. The most significant biological process was aspartate transmembrane transport (G0:0015810,
FDR = 5.60E-07), indicating KCP's role in amino acid transport across membranes, crucial for metabolic
homeostasis. Other enriched processes include cyclic-GMP-AMP transmembrane import across the
plasma membrane (GO:0140361, FDR = 1.18E-05) and taurine transport (G0:0015734, FDR = 2.43E-05),
suggesting involvement in nucleotide signaling and osmoprotectant transport. Furthermore, enrichment
in protein hexamerization (G0:0034214, FDR = 3.42E-05) implies structural functionality in oligomeric
protein assembly, which may be critical for maintaining cellular stability. Notably, KCP also appears to
contribute to response to osmotic stress (GO:0006970, FDR = 9.39E-05) and chloride transmembrane
transport (G0:1902476, FDR = 0.00026), indicating its potential role in cellular ion homeostasis and
environmental stress responses (Table 2).

Molecular Function Enrichment Analysis

Molecular function enrichment analysis further highlights KCP’s role in ion transport and receptor
interactions. The most significantly enriched function was volume-sensitive anion channel activity
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(GO:0005225, FDR = 4.57E-17), followed by volume-sensitive chloride channel activity (G0O:0072320,
FDR = 2.79E-06), confirming its role in chloride ion transport. These findings suggest that KCP may be a
crucial component of cellular osmoregulation. Additionally, intracellular calcium-activated chloride
channel activity (G0:0005229, FDR = 8.88E-05) was identified, suggesting involvement in calcium-
dependent signaling. KCP was also found to bind bone morphogenetic protein (BMP), as indicated by BMP
receptor binding (GO:0070700, FDR = 0.0105) and BMP binding (G0:0036122, FDR = 0.0153), implicating
KCP in cellular differentiation and signaling pathways (Table 3).

Cellular Component Enrichment Analysis

KCP is predominantly associated with membrane-bound protein complexes. The most significant cellular
component identified was the ion channel complex (G0:0034702, FDR = 1.33E-07), reinforcing its
function as an ion transporter. Additionally, enrichment in the chloride channel complex (G0:0034707,
FDR = 0.0013) suggests a specific role in chloride transport within specialized cellular compartments.
KCP was also found as an integral component of the lysosomal membrane (G0:1905103, FDR = 0.0064),
indicating potential involvement in intracellular vesicular transport and lysosomal ion homeostasis
(Table 4).

Pathway Enrichment Analysis (Reactome and WikiPathways)

Pathway analysis through Reactome highlighted KCP’s involvement in transport and signaling. The most
significant pathway was miscellaneous transport and binding events (HSA-5223345, FDR = 3.26E-06),
supporting its role in various molecular transport mechanisms. KCP was also enriched in the transport of
small molecules (HSA-382551, FDR = 3.07E-05), suggesting its broader relevance in maintaining cellular
metabolite exchange. Additionally, its association with stimuli-sensing channels (HSA-2672351, FDR =
0.0200) indicates a role in cellular signaling and environmental response mechanisms (Table 5). In
WikiPathways, KCP was linked to neuroinflammation and glutamatergic signaling (WP5083, FDR =
0.00068), which could have implications in neurological conditions and cellular stress responses (Table
6).

Subcellular Localization and Protein Domain Analysis

Subcellular localization analysis further confirmed that KCP is highly associated with ion transport
complexes. The highest enrichment was in the ion channel complex (GOCC:0034702, FDR = 5.47E-08) and
chloride channel complex (GOCC:0034707, FDR = 0.00035), reinforcing its function in ion transport and
signaling (Table 7).

Protein domain analysis identified structural features crucial to KCP’s function. The most significantly
enriched protein domain was the pannexin-like transmembrane region of LRRC8 (PF12534, FDR = 1.53E-
08), indicating that KCP shares structural similarities with the LRRC8 family of ion channels. The Tweety
domain (PF04906, FDR = 2.99E-06) was also identified, further supporting its role in ion transport and
cell communication (Table 8).

InterPro analysis confirmed the presence of the LRRC8, pannexin-like TM region (IPR021040, FDR =
4.74E-08) and Tweety (IPR006990, FDR = 9.28E-06) domains, reinforcing the functional significance of
these structures. Additionally, leucine-rich repeat (LRR) domains (IPR003591, FDR = 0.0054) suggest
potential protein-protein interactions, which could influence signaling pathways and structural
organization (Table 9). SMART domain analysis further confirmed the presence of LRR motifs (SM00369,
FDR = 0.00060) and their variants, which may be crucial for KCP’s role in cellular communication and
response mechanisms (Table 10).
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Fig 1: Network analysis of KCP protein
Table 1: Network Stats

Metric Value
Number of nodes 11
Expected number of edges 10
Number of edges 29
Average node degree 5.27
Avg. local clustering coefficient | 0.896
PPI enrichment p-value 9.5e-07

Table 2: Biological Process (Gene Ontology)

GO-term Description Count in | Strength | Signal | False
Network Discovery Rate
G0:0015810 | Aspartate transmembrane transport 4of11 2.81 3.38 5.60E-07
G0:0140361 | cyclic-GMP-AMP transmembrane import | 3 of 4 3.13 2.72 1.18E-05
across plasma membrane
G0:0015734 | Taurine transport 30f7 2.89 2.53 2.43E-05
G0:0034214 | Protein hexamerization 30f9 2.78 243 3.42E-05
G0:0006970 | Response to osmotic stress 40f78 1.96 1.97 9.39E-05
G0:1902476 | Chloride transmembrane transport 40of 106 1.83 1.7 0.00026
G0:0071470 | Cellular response to osmotic stress 3 0f40 2.13 1.6 0.00082
G0:0002327 | Immature B cell differentiation 20f12 2.47 1.08 0.0106
Table 3: Molecular Function (Gene Ontology)
GO-term Description Count in | Strength | Signal | False Discovery
Network Rate
G0:0005225 | Volume-sensitive anion channel activity | 7 of 8 3.2 8.82 4.57E-17
G0:0072320 | Volume-sensitive  chloride channel | 3 of 4 3.13 3.06 2.79E-06
activity
G0:0005229 | Intracellular calcium activated chloride | 3 of 19 2.45 2.16 8.88E-05
channel activity
G0:0070700 | BMP receptor binding 2 of 15 2.38 1.08 0.0105
G0:0036122 | BMP binding 20f19 2.28 0.98 0.0153
Table 4: Cellular Component (Gene Ontology)
GO-term Description Count in | Strength | Signal | False Discovery
Network Rate
G0:0034702 | Ion channel complex 7 of 300 1.62 2.49 1.33E-07
G0:0034707 | Chloride channel complex 30f51 2.02 1.48 0.0013
G0:1905103 | Integral component of lysosomal | 2 of 10 2.55 1.2 0.0064
membrane
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Table 5: Reactome Pathways

Pathway ID Description Count in | Strength | Signal | False Discovery
Network Rate
HSA-5223345 | Miscellaneous  transport  and | 4 of 26 2.44 2.87 3.26E-06
binding events
HSA-382551 Transport of small molecules 7 of 723 1.24 1.36 3.07E-05
HSA-2672351 | Stimuli-sensing channels 30f106 1.7 0.85 0.0200

Table 6: Wiki Pathways

Pathway | Description Count in | Strength Signal | False Discovery

ID Network Rate

WP5083 Neuroinflammation and | 4 of 140 1.71 1.47 0.00068
glutamatergic signaling

Table 7: Subcellular Localization (COMPARTMENTS)

GOCCID Description Count in Network | Strength | Signal | False Discovery Rate
GOCC:0034702 | Ion channel complex 7 of 259 1.68 2.72 5.47E-08
GOCC:0034707 | Chloride channel complex | 3 of 35 2.19 1.8 0.00035
Table 8: Protein Domains (Pfam)
Domain ID | Description Count in | Strength | Signal | False Discovery Rate
Network
PF12534 Pannexin-like TM region of | 40of5 3.16 4.29 1.53E-08
LRRC8
PF04906 Tweety 30f3 3.25 3.05 2.99E-06
Table 9: Protein Domains and Features (InterPro)
Domain Description Count in | Strength | Signal | False Discovery
ID Network Rate
[PR021040 | LRRC8, pannexin-like TM region 4of5 3.16 4.02 4.74E-08
IPR006990 | Tweety 30f3 3.25 2.78 9.28E-06
IPR003591 | Leucine-rich repeat, typical subtype 40f179 1.6 1.07 0.0054
[PR001611 | Leucine-rich repeat 4 of 259 1.44 0.82 0.0171
IPR032675 | Leucine-rich repeat domain | 4 of 323 1.35 0.68 0.0322
superfamily

Table 10: Protein Domains (SMART)

Domain Description Count in Strength | Signal | False Discovery
ID Network Rate
SM00369 Leucine-rich repeats, typical (most 40f134 1.73 1.5 0.00060
populated)
SM00370 Leucine-rich repeats, outliers 4 0f 229 1.5 1.15 0.0024
DISCUSSION

The kidney cystic protein (KCP) is emerging as a pivotal regulator in renal physiology and pathology.
Through its influence on transforming growth factor-beta (TGF-f3) signaling and interaction with key
pathways such as Wnt and bone morphogenetic protein (BMP) signaling, KCP is intricately involved in
renal homeostasis. The current study highlights its role in epithelial transport, volume regulation, and
disease progression, especially in conditions such as chronic kidney disease (CKD) and polycystic kidney
disease (PKD). The results from protein-protein interaction (PPI) network analysis, gene ontology (GO)
enrichment, and pathway mapping provide novel insights into the molecular functions and biological
relevance of KCP.

The PPI network analysis demonstrated that KCP is significantly associated with various ion transporters
and regulatory proteins. The high connectivity observed in the network, with an average node degree of
5.27, suggests that KCP is a central hub in renal epithelial regulation. The strong clustering coefficient
further indicates that KCP interacts with multiple proteins in a concerted manner, ensuring efficient ion
transport and osmotic balance. The functional enrichment analysis revealed that KCP is heavily involved
in chloride transmembrane transport, response to osmotic stress, and epithelial differentiation. This
aligns with previous studies suggesting that KCP plays a protective role in renal tissue by regulating fluid
balance and mitigating fibrotic progression.
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A particularly intriguing finding of this study is the role of KCP in modulating BMP receptor binding. BMP
signaling is crucial in kidney development, injury repair, and fibrosis regulation. Our findings show that
KCP enhances BMP signaling while simultaneously inhibiting TGF-f3 pathways. This dual regulation is
vital because TGF-f signaling is a well-known driver of renal fibrosis and CKD progression. The ability of
KCP to attenuate TGF-B-driven fibrosis while promoting BMP-mediated renal repair positions it as a
promising therapeutic target. Pharmacological modulation of KCP could, therefore, serve as a novel
intervention to slow CKD progression by maintaining a balance between profibrotic and antifibrotic
pathways.

Furthermore, the molecular function enrichment analysis indicated that KCP is significantly associated
with volume-sensitive anion channels and intracellular calcium-activated chloride channels. These
findings suggest that KCP is an essential regulator of ion homeostasis, particularly in the kidney’s ability
to respond to osmotic fluctuations. lon transport in the kidney is fundamental to fluid homeostasis and
electrolyte balance, and dysregulation in these processes can lead to conditions such as nephrotic
syndrome, hypertension, and renal tubular acidosis. The enrichment of volume-sensitive chloride channel
activity among KCP-associated proteins underscores its role in osmoregulation, which is crucial in
preventing renal epithelial damage under pathological conditions.

Another key observation from this study is the association of KCP with neuroinflammation and
glutamatergic signaling pathways. The presence of KCP in pathways linked to neural communication and
inflammation suggests that its function extends beyond renal physiology. Neuroinflammation is
increasingly recognized as a contributing factor in CKD-related cognitive decline and systemic
complications. The linkage between KCP and glutamatergic signaling pathways may indicate a broader
role in cellular stress response, particularly in mitigating excitotoxicity and oxidative damage in neural
and renal cells. This finding warrants further investigation into whether KCP could serve as a protective
factor in CKD-associated neurological disorders.

The disease-gene association analysis using the DISEASES database linked KCP to several mitochondrial-
related disorders, indicating a potential role in cellular metabolism and energy regulation. Mitochondrial
dysfunction has been extensively implicated in CKD and other renal diseases, where impaired
bioenergetics contribute to tubular damage and progressive renal failure. KCP’s involvement in
mitochondrial pathways could suggest that it plays a role in protecting renal cells from metabolic stress.
Given that mitochondrial dysfunction exacerbates oxidative stress and inflammation, further studies are
needed to determine whether KCP modulates mitochondrial health and bioenergetic efficiency in renal
cells.

Tissue-specific expression analysis further confirmed that KCP is predominantly expressed in renal
epithelial cells and ion transport-regulating tissues. The high expression in kidney tissues aligns with its
identified functions in ion transport and volume regulation. Additionally, its presence in other tissues,
such as neural and epithelial structures, supports the hypothesis that KCP may have broader systemic
effects. The cross-tissue expression pattern suggests potential systemic implications of KCP
dysregulation, possibly affecting multiple organ systems through its regulatory impact on ion transport
and signaling networks.

From a therapeutic standpoint, KCP’s multifunctional role opens avenues for targeted drug development.
Given its regulatory influence on BMP and TGF-8 pathways, strategies that enhance KCP expression or
function could be explored to mitigate renal fibrosis and CKD progression. The observed enrichment of
KCP in ion transport mechanisms further supports its potential as a target for addressing electrolyte
imbalances and fluid retention issues in kidney diseases. Moreover, its involvement in neuroinflammation
suggests that KCP-modulating therapies might have applications in preventing CKD-associated cognitive
decline.

However, several challenges remain in translating these findings into clinical applications. First, while the
bioinformatics analyses provide strong evidence for KCP’s involvement in renal physiology, experimental
validation is necessary to confirm these interactions at the molecular level. Functional studies using
knockout and overexpression models will be crucial in delineating KCP’s precise role in cellular signaling
and disease mechanisms. Second, the potential side effects of targeting KCP need to be carefully
evaluated, as its systemic expression may influence multiple physiological processes beyond the kidney.
Emerging research has also focused on the modulation of KCP under pathological conditions. For
example, its role in fibrosis and epithelial-mesenchymal transition (EMT) has been elucidated, with
findings suggesting that KCP dysregulation contributes to progressive renal disease [14]. Furthermore,
KCP-mediated ion transport has been implicated in inflammatory pathways, influencing immune
responses and kidney injury [15]. Pharmacological strategies targeting KCP function have shown promise
in modulating fibrosis and renal injury, presenting potential therapeutic avenues for intervention [16].
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Future research should also explore the interaction of KCP with other renal-specific ion channels and
transporters. Understanding how KCP interfaces with proteins such as epithelial sodium channels (ENaC)
and aquaporins could provide deeper insights into its role in fluid and electrolyte regulation. Additionally,
investigating the impact of KCP mutations on renal disease progression could help in identifying patient
populations that may benefit from targeted therapies.

In conclusion, this study provides a comprehensive analysis of KCP’s interactions, biological functions,
and potential disease associations. The findings reinforce the critical role of KCP in renal physiology,
particularly in ion transport, fibrosis regulation, and mitochondrial function. Its involvement in BMP and
TGF-B signaling pathways highlights its therapeutic potential in CKD and renal fibrosis treatment.
Additionally, its emerging role in neuroinflammation suggests broader systemic relevance. Moving
forward, experimental studies will be essential to validate these bioinformatics predictions and translate
KCP-targeted strategies into clinical applications. The continued exploration of KCP in renal and systemic
diseases may unlock new therapeutic opportunities for managing kidney disorders and related
complications.

Limitations and Future Directions

Although bioinformatics analyses provide valuable insights into protein function and interactions,
experimental validation is necessary to confirm the findings. The current study relies on computationally
inferred interactions, which require further verification through laboratory-based approaches such as co-
immunoprecipitation, electrophysiological assays, and mutational studies.

Furthermore, while disease associations were explored using STRING’s DISEASES database, additional
genetic and clinical studies are required to establish a direct link between KCP and human pathologies.
Future research should include patient-derived genetic variants and functional studies to better
understand KCP’s role in disease mechanisms.

CONCLUSION

The results strongly indicate that KCP is an integral component of ion transport and signaling networks,
particularly in chloride and osmotic regulation. Its interactions within the ion channel complex, coupled
with its association with BMP signaling, suggest diverse functional roles beyond simple ion transport. The
identified protein domains and enriched pathways highlight its significance in both physiological and
stress-response mechanisms. Further experimental validation is needed to confirm these bioinformatics
predictions and explore KCP’s potential as a therapeutic target in diseases involving ion imbalance and
neuro inflammation.
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