Revista Brasileira de

_ ARTIGO DE REVISAO/REVIEW ARTICLE HlperTeﬁS@lO

30

A NETWORK ANALYSIS OF MOLECULAR INTERACTIONS TO
STUDY THE DEVELOPMENT OF NEW-ONSET DIABETES AND
HYPERTENSION AFTER COVID-19 INFECTION

USING BIOINFORMATICS TOOLS

ANALISE DE REDE DE INTERACOES MOLECULARES PARA ESTUDAR O
DESENCADEAMENTO DE DIABETES E HIPERTENSAO APOS A INFECCAO POR
COVID-19 USANDO FERRAMENTAS DE BIOINFORMATICA

Luis Jesuino de Oliveira Andrade’ (), Luisa Correia Matos de Oliveira? (), Gabriela Correia Matos de Oliveira®
Catharina Peixoto Silva* (2}, Nelson Dinamarco' (=), Luis Matos de Oliveira*

ABSTRACT

Background: The association between COVID-19 infection and the development of new-onset diabetes and hyperten-
sion is an emerging area of research. However, a comprehensive understanding of the underlying molecular mechanisms is
still lacking. Network analysis using bioinformatics tools can provide valuable insights into the complex molecular interactions
involved in these conditions after COVID-19 infection. Objective: This study aims to use bioinformatics tools to analyze the
network of molecular interactions related to new-onset diabetes and hypertension following COVID-19 infection. Methods:
Data Sources: relevant datasets were collected from NCBI databases, including gene expression profiles and protein-protein
interaction information. Data Preprocessing: the collected datasets went through pre-processing to ensure data quality and
consistency. Integration of Datasets: the gene expression profiles and protein-protein interaction information were integrated to
create a comprehensive dataset that captures the molecular interactions related to new-onset diabetes and hypertension following
COVID-19 infection. Network Construction: bioinformatics tool STRING was used to construct a network model represented
the molecular interactions identified in the integrated dataset. Network Analysis: the network analysis techniques, included
network topology analysis and module identification. Functional Annotation and Pathway Enrichment Analysis: The genes and
proteins within the network were functionally annotated using databases KEGG. Results: The network analysis revealed several
key proteins and pathways related to the pathogenesis of new-onset diabetes and hypertension after COVID-19 infection.
Notably, proteins involved in insulin signaling, glucose metabolism, inflammation, and blood pressure regulation were found
to be prominently associated. The signaling pathway and the renin-angiotensin system were identified as key pathways in this
context. Conclusion: The study demonstrated the interplay between genetics and protein-protein interactions, particularly within
signaling pathways, as pivotal factors in the onset of post-COVID-19 development of new-onset diabetes and hypertension.

Keywords: COVID-19 Infection; Diabetes; Hypertension; Network Analysis; Bioinformatics.

RESUMO

Introdugao: A associagao entre a infecgdo por COVID-19 e o desenvolvimento de diabetes e hipertensdo de inicio recente
é uma drea emergente de pesquisa. No entanto, ainda falta uma compreensao abrangente dos mecanismos moleculares subja-
centes. A andlise de rede usando ferramentas de bioinformatica pode fornecer informagées valiosas sobre as interagbes mole-
culares complexas envolvidas nessas condigoes apds a infecgdo por COVID-19. Objetivo: Utilizar ferramentas de bioinformatica
para analisar a rede de interagées moleculares relacionadas ao diabetes e hipertensao de inicio recente apés a infecgao por
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A NETWORK ANALYSIS OF MOLECULAR INTERACTIONS TO STUDY THE DEVELOPMENT OF NEW-ONSET DIABETES AND HYPERTENSION AFTER COVID-19
INFECTION USING BIOINFORMATICS TOOLS

COVID-19. Métodos: Fontes de Dados: conjuntos relevantes de dados foram coletados no banco de dados do NCBI, incluindo
perfis de expressdo génica e informagées de interagdo proteina-proteina. Pré-processamento de Dados: os conjuntos de dados
coletados passaram por pré-processamento para garantir a qualidade e consisténcia dos dados. Integragao de Dados: os perfis de
expressao génica e as informagées de interagao proteina-proteina foram integrados para criar um conjunto de dados abrangente
que captura as interagées moleculares relacionadas ao diabetes e hipertensao de inicio recente apés a infecgdo por COVID-19.
Construgao de Rede: a ferramenta de bioinformdtica STRING foi utilizada para construir um modelo de rede representando as
interagbes moleculares identificadas no conjunto de dados integrado. Andlise de Rede: as técnicas de andlise de rede incluiram
andlise de topologia da rede e identificagdo de mddulos. Anotagao Funcional e Andlise de Enriquecimento de Vias: os genes
e proteinas dentro da rede foram funcionalmente anotados usando os bancos de dados KEGG. Resultados: A andlise de rede
revelou vdrias proteinas e vias-chave relacionadas a patogénese do diabetes e hipertensao de inicio recente ap6s a infecgao por
COVID-19. Notavelmente, proteinas envolvidas na sinalizagdo da insulina, metabolismo da glicose, inflamacao e regulagao da
pressdo sanguinea foram encontradas associadas de forma proeminente. A via de sinalizagao e o sistema renina-angiotensina
foram identificados como vias-chave nesse contexto. Conclusdo: O estudo demonstrou a interagdo entre genética e interagées
proteina-proteina, particularmente dentro das vias de sinalizagdo, como fatores determinantes para o desenvolvimento de dia-

betes e hipertensdo de inicio recente apés a infecgao por COVID-19.

Descritores: Infeccdo por COVID-19; Diabetes; Hipertensao; Andlise de Rede; Bioinformatica.

INTRODUCTION

Diabetes and hypertension are two health conditions that
continue to present significant challenges to public health
worldwide."? These diseases involve interactions of pathways
making their understanding and management quite intricate.?

The COVID-19 pandemic caused by the severe acute
respiratory syndrome coronavirus 2 has led to a global health
crisis with wide-ranging implications. As research progresses,
it is becoming evident that COVID-19 infection can have
long-term impacts on various organ systems, including the
development of new-onset diabetes and hypertension.* The
association between COVID-19 infection and the onset of
these metabolic disorders has sparked significant interest
among researchers worldwide, as understanding the underly-
ing molecular mechanisms is crucial for effective management
and prevention strategies.’

Emerging evidence suggests that COVID-19 infection
can lead to dysregulation of glucose metabolism and blood
pressure control, resulting in the manifestation of new-onset
diabetes and hypertension in susceptible individuals.* How-
ever, the precise molecular interactions responsible for this
phenomenon remain poorly understood. In recent years,
network analysis using bioinformatics tools has emerged as a
powerful approach to unravel complex molecular interactions
and pathways involved in various diseases.®

Several studies have already highlighted the potential role
of specific pathways and molecules in the pathogenesis of new-
onset diabetes and hypertension after COVID-19 infection.
For instance, insulin signaling abnormalities and dysregulation
of glucose metabolism has been implicated in COVID-19-
associated diabetes development.* Moreover, inflammation,
a hallmark feature of COVID-19 infection, has shown to play
a crucial role in the pathogenesis of both hypertension and
diabetes.” Additionally, the renin-angiotensin system, which
plays a crucial role in blood pressure regulation, has also been
implicated in COVID-19-associated hypertension.®

The application of network analysis in the study of molecular
interactions related to diabetes and hypertension offers numer-
ous advantages. It allows researchers to identify key molecules
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and pathways involved in disease progression, providing poten-
tial biomarkers and therapeutic targets.® Furthermore, network
analysis can reveal hidden relationships between seemingly un-
related genes or proteins, shedding light on novel mechanisms
underlying disease pathogenesis.’® By integrating information
from different sources and incorporating various data mining
algorithms, network analysis facilitates the discovery of mo-
lecular signatures associated with specific disease phenotypes,
improving the accuracy of diagnosis and prognosis.

The network analysis using bioinformatics tools has revo-
lutionized our ability to evaluate the intricate molecular in-
teractions underlying diabetes and hypertension, and moving
forward, continued advancements in network analysis meth-
odologies and the incorporation of multi-omics datasets will be
a great promise for improving the management and prevention
of diabetes and hypertension. Thus, overall objective of this
study is to evaluate the molecular mechanisms responsible for
new-onset diabetes and hypertension following COVID-19
infection, using network analysis and bioinformatics tools.

MATERIALS AND METHODS

1. Data Sources: Relevant datasets were collected from NCBI
databases, including gene expression profiles and protein-
protein interaction information. These datasets consisted
of samples from individuals with new-onset diabetes and
hypertension after COVID-19 infection.

2. Data Preprocessing: The collected datasets went through
pre-processing to ensure data quality and consistency. This
step included normalization of gene expression data, removal
of any outliers or missing values, and standardization of data
formats across different databases. Gene expression data were
normalized using methods such as Reads Per Kilobase per
Million mapped reads.

3. Integration of Datasets: The gene expression profiles and
protein-protein interaction information were integrated to
create a comprehensive dataset that captures the molecular
interactions related to new-onset diabetes and hypertension
following COVID-19 infection.

4. Network Construction: Bioinformatics tool such as STRING
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was used to construct a network model represented the
molecular interactions identified in the integrated dataset.
This network was providing a visual representation of the
complex relationships among genes and proteins involved in
these conditions.

5. Network Analysis: Various network analysis techniques,
including network topology analysis and module identification,
were applied to the constructed network. This analysis was
helping identify key genes, proteins, and pathways that play
a significant role in the development of new-onset diabetes
and hypertension after COVID-19 infection.

6. Functional Annotation and Pathway Enrichment Analysis:
The genes and proteins within the network were functionally
annotated using databases and tools, such the Kyoto Encyclo-
pedia of Genes and Genomes (KEGC)."" Pathway enrichment
analysis was performed to determine the biological pathways
that are significantly enriched in the molecular interactions
associated with these conditions.

According to National Research Ethics Committee, the
present study did not require submission to the Ethics Com-
mittee for evaluation because, as stated by the resolution,
“the exemption from submission to the CEP/Conep System
is limited to cases where the data is already provided in an
aggregated form.”

RESULTS

In total, 2,399 genes related to diabetes and 1,283 genes
related to hypertension were found to construct the protein-
protein interaction network of diabetes and hypertension
with COVID-19. The data collected was pre-processed and a
protein-protein interaction was established between 304 genes
related to diabetes and COVID-19, and 211 genes related to
hypertension and COVID-19.

The gene expression profiles and protein-protein interac-
tion information are shown in intersection targets. (Figure 1)

The visual representation of the complex relationships
between genes and proteins involved in these conditions is
presented in Figure 2.

The main genes related to diabetes, hypertension, and
COVID-19 that were found are as follows: the ACE2 (Angio-
tensin-converting enzyme 2) gene. The expression of ACE2 is
upregulated in response to SARS-CoV-2 infection. Variations

Diabetes Hypertension

COVID-19

187

Source: Survey results

Figure 1. Interintersection of diabetes and hypertension overlap with
COVID-19.
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Source:https://string-db.org/cgi/network?taskld=bO0JUIYIE5C) &sessionld=biwngRTXo6 TG
Figure 2. Relationships among diabetes, hypertension and COVID-19 genes.

in this gene may influence susceptibility to COVID-19 and
subsequent comorbidities. The SLC30A8 (Zinc transporter
8) gene, which has been associated with an increased risk
of type 1 diabetes, and its expression may be influenced by
SARS-CoV-2 infection. Additionally, the TCF7L2 (Transcription
Factor 7-Like 2) gene has consistently been associated with
an increased risk of type 2 diabetes.

The protein-protein interactions that are associated with
the onset of new-onset diabetes and hypertension post-CO-
VID-19 are as follows: cytokines, such as interleukin-6, and
tumor necrosis factor-alpha, are released during COVID-19
infection and can lead to insulin resistance and hypertension.
Additionally, dysregulation in the Renin-Angiotensin System
pathway, includingrenin, ACE, and angiotensin Il receptor type 1,
can contribute to hypertension and diabetic complications.

The signaling pathways related to the onset of recent
diabetes and hypertension post-COVID-19 is the following:
the Insulin Signaling Pathway (Figure 3), where the disrup-
tion of insulin signaling due to inflammation and cytokine
release leads to insulin resistance, hyperglycemia, and
subsequent diabetes. Additionally, the Oxidative Stress Path-
way (Figure 4) is relevant as COVID-19 infection induces
oxidative stress, which contributes to the development of
insulin resistance, vascular dysfunction, and endothelial
damage leading to hypertension.

The findings from the network analysis and pathway en-
richment analysis were further validated and integrated with
existing literature and experimental data. This step was en-
hancing the confidence in the identified molecular interactions
and pathways related to new-onset diabetes and hypertension
following COVID-19 infection.

DISCUSSION

Our study demonstrated that the network analysis of
molecular interactions can be used to study the development
of new-onset diabetes and hypertension after a COVID-19
infection using bioinformatics tools.

Research has indicated that individuals who have recov-
ered from COVID-19 face an increased likelihood of devel-
oping diabetes and hypertension. This heightened risk can
be attributed to the physiological changes that occur during
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infection with the SARS-CoV-2 virus.'*" Specifically, it is be-
lieved that pancreatic injury caused by the virus’s interaction
with ACE2, a protein involved in regulating insulin secretion
and glucose metabolism, plays a significant role in these meta-
bolic alterations.’*"> Furthermore, studies have detected the
presence of SARS-CoV-2 in pancreatic cells, suggesting that the
virus may reprogram beta cells to produce glucagon, thereby
triggering diabetes mellitus.’® In our research, we observed a
strong association between the ACE2 gene and the SLC30A8
gene in relation to the response to SARS-CoV-2 infection.
The ACE2 gene was found to have a positive regulatory ef-
fect on this response, while the SLC30A8 gene was found to
be linked to an elevated risk of developing type 1 diabetes.
Additionally, we identified the TCF7L2 gene, which has been
previously associated with type 2 diabetes. These findings
further contribute to our understanding of the genetic factors
involved in diabetes susceptibility and the immune response
to viral infections.

The Angiotensin system is implicated in the pathogenesis of
COVID-19. Primarily, ACE2 functions as the cellular receptor
for SARS-CoV-2, and the expression of the ACE2 gene could
potentially regulate an individual’s susceptibility to infection."”
Additionally, ACE2 is considered a counterbalancing element
in determining the risk of developing hypertension.” Func-
tional variations in the ACE2 genes have been associated with
the risk of cardiovascular and pulmonary diseases, which could
also potentially contribute to the outcome of COVID-19." Our
study identified 211 genes that are associated with the con-
nection between arterial hypertension and COVID-19, with
the ACE2 gene being the primary gene involved in triggering
post-COVID-19 hypertension.

It has been demonstrated the significance of understand-
ing the protein-protein interactions involved diabetes and
COVID-19.%° One such interaction of interest is the binding
of the spike protein of SARS-CoV-2 to the ACE2 receptor,
which is known to be regulated by the SLC30A8 gene. This
interaction not only plays a crucial role in viral entry into
cells but also raises concerns about the impact on glucose
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