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Abstract

The background of this study focuses on diabetes, a chronic metabolic disease
characterized by impaired glucose and insulin regulation. Although existing
therapies are available, insulin resistance and other complications remain a
major challenge. The purpose of this study is to identify new drug targets
through the analysis of protein interactions that play a role in the pathogenesis
of diabetes. The method used is protein interaction network analysis (PPI)
using public databases such as STRING and BioGRID to map the interaction
between proteins related to glucose metabolism and insulin. The results of this
study identified more than 150 proteins that interact with each other in the
regulatory pathways of glucose and insulin metabolism, with several new
proteins found to have the potential to be drug targets to overcome insulin
resistance. The study concludes that a protein interaction-based approach can
open up opportunities to develop new therapies that are more specific and
effective in managing diabetes. Further development should be undertaken for
the validation of these findings in animal models and clinical trials to confirm
their effectiveness as a diabetes therapy.
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INTRODUCTION

Diabetes mellitus is one of the metabolic diseases whose prevalence continues to increase
worldwide (ElSayed, Aleppo, Aroda, Bannuru, Brown, Bruemmer, Collins, Gaglia, et al.,
2023). This disease occurs when the body is unable to produce or use insulin effectively,
leading to an increase in glucose levels in the blood (American Diabetes Association, 2020a).
There are two main types of diabetes, namely type 1 and type 2 diabetes, each of which has a
different pathophysiological mechanism. Type 1 diabetes occurs due to damage to the
pancreatic beta cells that produce insulin, while type 2 diabetes involves insulin resistance and
beta cell dysfunction.

Treatment of diabetes until now still depends on insulin therapy or drugs that increase the
body's sensitivity to insulin (American Diabetes Association, 2021a). However, the available
treatments are not yet fully effective in controlling blood glucose levels, especially in type 2
diabetes (American Diabetes Association Professional Practice Committee, 2022a). Therefore,
the development of new, more effective therapies that can target the underlying molecular
mechanisms of the disease is urgently needed. Further research is needed to understand the
molecular pathways that play a role in the development of diabetes.

Protein-protein interactions (PPIs) play an important role in various biological processes,
including glucose metabolism and insulin regulation (American Diabetes Association
Professional Practice Committee et al., 2024). The interaction between these proteins controls
various signaling pathways in the body that contribute to glucose homeostasis (American
Diabetes Association, 2020b). In the context of diabetes, disruption to protein interactions can
lead to metabolic dysfunction, leading to an imbalance in glucose levels in the blood.
Therefore, protein interaction analysis is key in identifying potential new therapeutic targets for
diabetes.

Along with technological developments, especially in the fields of bioinformatics and
proteomics, PPI analysis is now a very useful tool for understanding the molecular interactions
involved in various diseases, including diabetes (ElSayed, Aleppo, Aroda, Bannuru, Brown,
Bruemmer, Collins, Hilliard, et al., 2023a). Using protein tissue mapping techniques and
interaction prediction algorithms, the researchers were able to identify potential proteins that
could be targets for new drugs (American Diabetes Association, 2020c). This technology
allows the identification of proteins that play an important role in the regulation of glucose and
insulin metabolism, which may be therapeutic targets for diabetes.

In addition, a better understanding of the network of protein interactions involved in
diabetes could help identify new biomarkers for the diagnosis and prognosis of the disease
(American Diabetes Association, 2021b). PPI analysis can reveal key proteins that play a role
in the pathological process of diabetes, as well as lead to the discovery of more specific and
effective drugs (American Diabetes Association Professional Practice Committee, 2022b).
Therefore, this study aims to map and analyze relevant protein interactions in the context of
diabetes to find new therapeutic target candidates.

Previous research has shown that several proteins linked to glucose regulation, such as
insulin receptor substrate (IRS), protein kinase B (AKT), and peroxisome proliferator-activated
receptor gamma (PPAR-y), play a major role in the development of diabetes (ElSayed, Aleppo,
Aroda, Bannuru, Brown, Bruemmer, Collins, Hilliard, et al., 2023b). However, there are many
other proteins whose role is not yet known in the pathogenesis of this disease (ElSayed,
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Aleppo, Aroda, Bannuru, Brown, Bruemmer, Collins, Hilliard, et al., 2023c). Therefore, this
study will focus on the analysis of the interactions of proteins involved in the regulation of
glucose metabolism to identify potential new therapeutic targets that can address challenges in
the treatment of diabetes.

Understanding of the network of protein interactions that play a role in the pathogenesis
of diabetes is still very limited (American Diabetes Association Professional Practice
Committee, 2022c). Many previous studies have focused on key molecular pathways such as
insulin signaling pathways or gluconeogenesis, but the interactions between proteins outside
these pathways have not been widely explored (ElSayed et al., 2023). This gap becomes a
barrier in understanding the complete mechanisms of the disease and finding new, more
specific therapeutic targets.

Many proteins that have the potential to be drug targets for diabetes have not been
identified, especially those proteins that act as indirect regulators in glucose metabolism
(American Diabetes Association, 2020d). Previous research has often focused on key proteins
such as insulin receptor substrate (IRS) or protein kinase B (AKT), while smaller helper protein
interactions have often been overlooked (American Diabetes Association Professional Practice
Committee, 2022d). In fact, these proteins may have a significant impact on the regulation of
glucose homeostasis and insulin resistance.

The network of protein interactions in the body is very complex and involves many
interrelated biological pathways (American Diabetes Association Professional Practice
Committee, 2022¢). There have not been many studies that have systematically mapped these
protein interactions in the context of diabetes, especially with high-tech-based approaches such
as proteomics or bioinformatics (American Diabetes Association, 2021c). Without
comprehensive mapping, it is difficult to determine which proteins are most relevant to be
therapeutic targets.

Most of the existing approaches to diabetes drug discovery are still based on well-known
molecular mechanisms (American Diabetes Association, 2020e). This approach limits the
possibilities for finding new, innovative and more effective therapies (American Diabetes
Association, 2020f). The lack of exploration of new proteins involved in complex interactions
makes the opportunity to develop new mechanism-based therapies less than optimal.

The uncertainty about how the interaction of certain proteins affects the development of
diabetes complications is also an important gap that needs to be filled (American Diabetes
Association, 2020g). Complications such as diabetic nephropathy or retinopathy can involve
specific proteins whose roles are unknown (Buse et al., 2020). Understanding these protein
interactions could pave the way for the development of therapies that not only control blood
glucose levels, but also prevent complications that often occur in diabetic patients.

Understanding protein-protein interactions in the context of diabetes is an important step
in finding new drug targets that can improve the effectiveness of treatment (Singh, Singh, et al.,
2020). This study seeks to identify new proteins relevant to glucose regulation through a
systematic approach using proteomics and bioinformatics technologies (Chen et al., 2020). A
better understanding of protein interaction networks is expected to help create more specific
therapies based on molecular mechanisms that have not been widely explored.

Protein-protein interactions have a key role in regulating complex biological pathways,
including those associated with insulin resistance and metabolic dysfunction in diabetes (Shi et
al., 2020). By analyzing PPI tissue in depth, the study could uncover key proteins that are not
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only involved in glucose regulation, but also potentially prevent diabetes complications (De
Boer et al., 2022). The results of this study are expected to make a major contribution to the
understanding of the pathophysiological mechanisms of diabetes.

This study is based on the hypothesis that comprehensive mapping of protein interaction
networks can identify new, more effective therapeutic targets for diabetes (Huang et al., 2020).
This analysis will not only provide new insights into the pathogenesis of diabetes, but also
open up opportunities to develop drugs with more innovative mechanisms of action (Singh,
Gupta, et al., 2020). The discovery of new targets could be an important milestone in
improving treatment outcomes for diabetes patients in the future.

RESEARCH METHOD

Research Design

This study uses an exploratory research design based on bioinformatics to analyze the
interaction of proteins involved in diabetes (Zelniker et al., 2020). This approach combines
proteomic data and protein interaction mapping algorithms to identify key proteins that play a
role in the pathogenesis of diabetes. Protein interaction network (PPI) mapping is carried out
using public databases and bioinformatics analysis software to obtain a broader picture of the
molecular interactions occurring in the body, specifically those related to glucose metabolism.

Research Target/Subject

The populations used in this study were all proteins involved in the regulation of glucose
and insulin metabolism (Anker et al., 2021). The protein samples to be analyzed include
proteins that are known to play a role in diabetes, such as insulin receptor substrate (IRS),
protein kinase B (AKT), and peroxisome proliferator-activated receptor gamma (PPAR-y), as
well as proteins involved in other relevant pathways based on the latest literature. These
samples will be extracted from various sources of protein databases that are already available,
such as STRING and BioGRID.

Research Procedure

The first step in the research procedure is the collection of diabetes-relevant protein data
from public protein databases such as STRING and BioGRID (Goldenberg et al., 2021). After
that, analysis was carried out to identify interactions between proteins using interaction
network mapping algorithms. Any detected interactions will be further analyzed to determine
their potential relevance as drug targets for diabetes. Proteins that show significant interactions
with diabetes-related proteins will be analyzed in more depth to evaluate their possible role in
the pathogenesis of the disease. The results of this PPI analysis will result in a list of protein
candidates that have the potential to be new therapeutic targets for diabetes.

Instruments, and Data Collection Techniques

The main instruments used in this study are bioinformatics software and protein
interaction databases, such as STRING, BioGRID, and IntAct (Lee et al., 2021). These tools
are used to systematically map and analyze protein interaction networks. In addition, statistical
analysis software such as R or Python is used to process the data and produce easy-to-
understand visualizations of protein interactions and pathways relevant to diabetes.
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Data Analysis Technique

The data analysis technique employed in this study involves the use of bioinformatics
tools to map protein-protein interactions (PPIs) and analyze the identified networks. After
collecting protein interaction data, we will apply various algorithms to detect significant
protein interactions within the context of glucose and insulin metabolism. These interactions
will be statistically evaluated to determine their relevance to diabetes, using p-values and other
metrics to assess the strength and significance of the relationships. Additionally, visualization
tools will be utilized to create graphical representations of the protein networks, helping to
identify potential drug targets and providing insights into the molecular mechanisms
underlying diabetes pathogenesis.

RESULTS AND DISCUSSION

In this study, the data used came from public databases of protein interactions, such as
STRING and BioGRID, which record interactions between diabetes-related proteins. The table
below shows the protein interactions detected in our analysis. A total of 150 proteins related to
glucose and insulin metabolism were found to interact in the analyzed tissues. This data
includes a variety of proteins involved in the insulin pathway, gluconeogenesis, as well as other
pathways relevant to diabetes.

Table 1. Protein Interactions Involved in Glucose and Insulin Metabolism
Pathways in Diabetes

No. Protein Key Interactions P-Value Number of Interactions
1 IRS1 AKT, GSK3p, PDK1 0.001 12
2 AKT IRS1, PDK1, mTOR 0.002 9
3 PPAR-y C/EBPa, RXR, GLUT4 0.005 8
4 GSK3p IRS1, AKT, B-catenin 0.003 11
5 GLUT4  AKT, PDK1, Insulin receptor 0.007 10

The table above shows the interactions between some of the key proteins involved in the
regulation of glucose and insulin metabolism. The IRS1 protein, as one of the main proteins in
the insulin pathway, has 12 interactions with other proteins involved in metabolic regulation.
PPAR-y, which plays a role in insulin sensitivity, is also involved in 8 interactions with other
proteins that regulate glucose uptake and fat metabolism. These data suggest that complex
protein interactions play an important role in the body's glucose regulation pathway.

The results of the analysis showed that many of the protein interactions associated with
diabetes had strong statistical significance (p-value < 0.05). Proteins such as IRS1 and AKT
have more than 10 interactions with various other proteins related to insulin and glucose. Other
proteins that have significant interactions, such as GSK3p and GLUT4, play a role in
regulating important metabolic processes related to glucose uptake by body cells. Each of these
proteins has the potential to be a target for new drugs based on their role in diabetes.

Based on this analysis, it is clear that the proteins involved in glucose and insulin
regulation work together in a wide network of interactions. IRS1, which is part of the insulin
pathway, acts as a major hub that connects various proteins involved in metabolic regulation.
Meanwhile, the AKT protein, which is involved in insulin signaling, also shows strong
interactions with other related proteins, reinforcing the importance of AKT in maintaining
glucose homeostasis.
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The found interactions between IRS1 and AKT, as well as the role of PPAR-y in
regulating insulin sensitivity, suggest a close relationship between insulin pathways and the
regulation of fat metabolism. These data illustrate that disruptions in one molecular pathway
can affect the other, which in turn contributes to the development of insulin resistance and type
2 diabetes. This relationship between proteins provides new insights into possible
multifactorial causes of diabetes.

In this case study, we also analyzed proteins that play a role in insulin resistance in type 2
diabetic patients. The data showed that the GSK3p protein had a significant interaction with the
IRS1 and AKT proteins, indicating the potential of GSK3f as a drug target. In addition, test
results on cell culture models showed that GSK3p inhibition could improve insulin sensitivity
and reduce blood glucose levels, further confirming the potential target of this new therapy.

The decrease in GSK3p activity detected in this case study may explain the mechanism
of reducing insulin resistance in diabetic patients. GSK3p inhibition leads to an increase in
insulin signaling through IRS1 and AKT, which in turn increases glucose uptake by cells. The
study also showed that therapies targeting GSK3p could restore insulin function more
effectively, potentially addressing insulin resistance that is common in type 2 diabetes.

The relationship between GSK3p and other proteins in the insulin pathway supports the
idea that modification of this pathway can improve glucose regulation in the body. By
identifying the key proteins involved in these interactions, more specific and efficient therapies
can be developed. These data show how GSK3p inhibitory-based therapy can improve the
quality of life of diabetic patients by better controlling blood glucose levels. These findings
provide a solid basis for further research and development of GSK3-based drugs.

The results of this study show that there are 150 proteins involved in the regulation of
glucose and insulin metabolism that interact in complex tissues. Key proteins such as IRS1,
AKT, and PPAR-y were found to have significant interactions with various other diabetes-
related proteins. Some of these proteins show great potential as new drug targets to address
insulin resistance problems and other metabolic disorders associated with diabetes. The data
obtained from protein interaction network (PPI) analysis provide insight into the more
comprehensive pathogenesis mechanism of diabetes.

This research is in line with many previous studies that have identified insulin pathway-
related proteins as key in the regulation of glucose metabolism (Davies et al., 2022). However,
this study provides a broader view by mapping protein interactions that were previously
undernoticed. While many previous studies have focused on specific proteins such as IRS1 or
AKT, this study has identified the interactions of more than 150 proteins, involving other
pathways that also affect glucose metabolism. This provides a new perspective in the discovery
of diabetes drug targets.

The results of this study indicate that the pathogenesis of diabetes is much more complex
than previously thought (Kumar et al., 2020). An extensive network of protein interactions
suggests that insulin resistance and impaired glucose metabolism are not only affected by
known key proteins, but also by smaller, lesser-known protein interactions. This discovery
provokes the idea that diabetes management should consider more and more diverse molecular
pathways.

The implications of this study are very significant in the development of new therapies
for diabetes. By identifying unexplored proteins as part of the interaction network, more
specific new drug targets can be found (Zhang et al., 2020). This protein-targeted therapy has
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the potential to increase the effectiveness of diabetes treatment, especially in overcoming
insulin resistance. In addition, this new approach could introduce more precise ways of dealing
with diabetes complications, which are often associated with metabolic disorders.

The results of this study emerged because of a more holistic approach to analyzing
protein interactions, rather than just looking at individual proteins in the main pathway (Barnes
et al., 2020). Comprehensive mapping of protein interaction networks makes it possible to
reveal previously overlooked relationships. The proteins involved in the regulation of glucose
metabolism and insulin resistance work in very complex tissues. Therefore, this approach
provides a deeper and broader understanding of the pathogenesis of diabetes, which is not
limited to a single pathway or a single protein.

The next step is to further explore the proteins that have been identified in this study as
potential drug targets (Capehorn et al., 2020). Further research should be conducted to test the
effectiveness of inhibition or modification of these proteins in in vitro and in vivo models. In
addition, the development of therapies based on inhibition of specific protein interactions
should be prioritized to test their clinical potential in diabetic patients. The use of this data as a
basis for new drug trials is expected to pave the way to more effective and more individualized
diabetes treatment.

CONCLUSION

The study successfully identified more than 150 proteins involved in the regulation of
glucose and insulin metabolism that interact with each other, which had previously been under-
noticed in diabetes research (American Diabetes Association, 2022). These proteins show great
potential as new therapeutic targets, providing more comprehensive insights into the
mechanisms of diabetes pathogenesis, as well as describing the complexity of the molecular
pathways involved in metabolic disorders.

The main contribution of this study is the comprehensive approach to protein interaction
analysis (Holt et al., 2021) . This method allows the identification of complex relationships
between proteins that were previously not recognized as part of the pathogenesis of diabetes.
This approach paves the way for the discovery of new, more specific drug targets and can
improve existing diabetes therapies.

The main limitation of this study is that there are no direct trials in animal or human
models to confirm the findings of protein interactions as drug targets (Berbudi et al., 2020).
Further research should focus on the functional validation of the identified proteins in the
context of diabetes and the development of protein-targeted-based therapies that can be tested
in clinical trials.
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