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ABSTRACT RESUMO

Introdução: Perturbações na composição e funcionalidade da 
microbiota intestinal têm sido implicadas em diversas doenças 
autoimunes, incluindo aquelas que afetam a glândula tireoide, 
mas os mecanismos exatos ainda não estão claros, apesar dos 
avanços recentes na pesquisa. Objetivo: Investigar a influência 
da microbiota intestinal nas respostas imunes da tireoide usando 
ferramentas bioinformáticas. Métodos: O estudo utilizou dados de 
sequências genômicas e proteômicas do banco de dados NCBI 
para avaliar a influência da microbiota intestinal nas respostas 
imunes da tireoide. Foram realizadas análises taxonômicas e 
metagenômicas, e ferramentas de anotação funcional foram 
usadas para identificar sequências e vias envolvidas na resposta 
imune. Redes biológicas foram construídas para entender as 
interações biológicas complexas. Resultados: Um total de 944 
sequências de microrganismos específicos para a resposta imune 
da tireoide foi obtido do NCBI. A composição taxonômica consistiu 
em Agathobacter rectalis, Bacteroides stercoris, Bifidobacterium 
faecale, Clostridium coccoides, Clostridium leptum, Lactobacillus 
iners, Prevotella jejuni e Roseburia. Bacteroides stercoris repre-
sentou 35% da composição, Agathobacter rectalis representou 
25%, Prevotella jejuni representou 15% e Roseburia representou 
10%. O índice de diversidade taxonômica foi de 0,85, indicando 
alta diversidade. Redes biológicas foram construídas, revelando 
8 módulos significativos. A via de sinalização NF-kB e MAPK foi 
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Introduction

In recent years, an increasing body of evidence 
has highlighted the intricate interplay between gut 
microbiota and host immune systems. The gut 
microbiota, a complex ecosystem of microorganisms 
residing in the intestinal tract, actively influences 
immune response and plays a crucial role in 
maintaining overall health and homeostasis.1,2 
Perturbations in the composition and functionality of 
the gut microbiota have been implicated in various 
autoimmune diseases, including those affecting the 
thyroid gland.3

Autoimmune thyroid diseases, such as Hashimoto's 
thyroiditis and Graves' disease, are characterized 
by dysregulated immune responses targeting 
self-antigens in the thyroid gland.4,5 While genetic 
predisposition and environmental factors contribute 
to the development of autoimmune thyroid diseases, 
emerging evidence suggests that gut microbiota 
may exert a significant influence on the initiation and 
progression of these disorders.6 Alterations in the 
composition and metabolic activities of gut microbiota 
can affect immune tolerance, leading to a breakdown 
of self-tolerance mechanisms and subsequent 
autoimmunity.7

Bioinformatics has revolutionized our ability to 
decipher complex biological systems by integrating 
and analyzing vast amounts of multi-omics data.8 In 
the context of investigating the relationship between 
microorganisms and their hosts, bioinformatics 
allows for the comprehensive analysis of microbiome 
data, the identification of microbial taxa, and 
the prediction of functional pathways involved in 
disease pathogenesis.9 By harnessing the power of 
bioinformatics, we can unravel the intricate network 
of interactions between gut microbiota and thyroid 
immune response.

thyroid immune response. Conclusions: We identified a diverse 
set of microorganisms specific to thyroid immune response, and 
through biological network analysis we identified a critical signaling 
pathway in modulating thyroid immune response.

Keywords: Gastrointestinal microbiome, thyroid gland, autoimmune 
diseases, computational biology.

identificada como a via específica que influencia a microbiota 
intestinal nas respostas imunes da tireoide, desempenhando 
um papel crítico na modulação da resposta imune da tireoide. 
Conclusão: Identificamos um conjunto diversificado de mi-
crorganismos específicos para a resposta imune da tireoide e, 
por meio da análise de redes biológicas, identificamos a via de 
sinalização como sendo essencial na modulação da resposta 
imune da tireoide.

Descritores: Microbioma gastrointestinal, glândula tireoide, 
autoimunidade, biologia computacional.

Despite advancements in our understanding 
of the gut microbiota's role in health and disease, 
there remains a notable research gap in the specific 
relationship between gut microbiota and thyroid-
related autoimmune conditions, particularly through 
bioinformatics analysis. Existing studies have primarily 
focused on clinical and experimental investigations, 
often lacking the integrative analysis necessary to 
comprehensively characterize the intricate interplay 
between gut microbes and immune response. 
This gap must be bridged to unlock the potential 
for personalized treatment strategies targeting the 
gut microbiota-immune axis in autoimmune thyroid 
diseases.

This study assessed the relationship between gut 
microbiota and thyroid immune response by employing 
bioinformatics tools and approaches.

Methods

Publicly available genomic and proteomic sequence 
data from the National Center for Biotechnology 
Information (NCBI) database were used in this study. 
Sequences related to microorganisms associated 
with thyroid immune response were collected. Pre-
processing steps, including the removal of redundant 
and low-quality sequences, were performed to ensure 
data quality. We used the NCBI Taxonomy browser, 
a powerful tool for identifying the taxonomic origin of 
sequences, which allowed taxonomic composition to 
be compared between conditions and groups.

Metagenomic analysis was conducted to investigate 
the functional aspects of immune response. Proteomic 
sequences were again collected from the NCBI 
database and underwent pre-processing. The MG-
RAST and MetaPhlAn tools were used to assess 
taxonomic diversity. Functional annotation tools, such 
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as KEGG and GO, were used to identify genes and 
pathways involved in immune response.

To understand the complex biological interactions 
underlying thyroid immune response, biological 
networks were constructed using the Search Tool for 
the Retrieval of Interacting Genes/Proteins (STRING) 
and the NCBI Gene databases. Significant modules 
within these networks were identified utilizing 
algorithms such as Louvain and Walktrap.

By using these techniques and tools, we aimed 
to gain insight into the influence of gut microbiota 
on thyroid immune response, contributing to our 
understanding of the intricate interplay between the 
microbiome and the immune system.

According to the Brazilian National Research 
Ethics Committee (CONEP), this study did not require 
submission to an ethics committee as it relied on 

publicly available databases, without involving human 
or animal subjects.

Results

Taxonomic Composition

–	 A total of 944 sequences of microorganisms 
specific to thyroid immune response were obtained 
from the NCBI Taxonomy Browser: Agathobacter 
rectalis (260 Genomes), Bacteroides stercoris (164 
Genomes), Bifidobacterium faecale (1 Genome), 
Clostridium coccoides (25 Genomes), Clostridium 
leptum (31 Genomes), Lactobacillus iners (381 
Genomes), Prevotella jejuni (22 Genomes), and 
Roseburia (59 Genomes) (Table 1).

–	 The taxonomic variation in microorganism 
genera specific to thyroid immune response was: 
Bacteroides stercoris (35%), Agathobacter rectalis 

Table 1
National Center for Biotechnology Information taxonomy browser results for specific microorganisms

Species	 Agathobacter rectalis	 Bacteroides stercoris	 Bifidobacterium faecale	 Clostridium coccoides
				  

Domain	 Bacteria	 Bacteria	 Bacteria	 Bacteria

Phylum	 Firmicutes	 Bacteroidetes	 Actinobacteria	 Firmicutes

Class	 Clostridia	 Bacteroidia	 Actinobacteria	 Clostridia

Order	 Clostridiales	 Bacteroidales	 Bifidobacteriales	 Clostridiales 

Family	 Lachnospiraceae	 Bacteroidaceae	 Bifidobacteriaceae	 Clostridiaceae

Genus	 Agathobacter	 Bacteiroides	 Bifidobacterium	 Clostridium

Species	 Clostridium leptum	 Lactobacillus iners	 Prevotella jejuni	 Roseburia
	

Domain	 Bacteria	 Bacteria	 Bacteria	 Bacteria 

Phylum	 Firmicutes	 Firmicutes	 Bacteroidetes	 Firmicutes 

Class	 Clostridia	 Bacilli	 Bacteroidia	 Clostridia

Order	 Clostridiales	 Lactobacillales	 Bacteroidales	 Clostridiales 

Family	 Ruminococcaceae	 Lactobacillaceae	 Prevotellaceae	 Lachnospiraceae

Genus	 Clostridium	 Lactobacillus	 Prevotella	 Roseburia  
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(25%), Prevotella jejuni (15%), Roseburia (10%), 
other (15%).

Taxonomic Diversity

–	 Metagenomic analysis revealed significant taxo-
nomic diversity.

–	 To calculate the taxonomic diversity index, the 
Shannon-Wiener index formula was used: H' = - ∑ 
(pi * ln(pi)), and the proportions of each species 
relative to the total species count were as follows: 
Agathobacter rectalis: 260/1,768,139 ≈ 0.000147, 
Bacteroides stercoris: 164/1,768,139 ≈ 0.000093, 
Bifidobacterium faecale: 1/1,768,139 ≈ 0.000001, 
Clostridium coccoides: 25/1,768,139 ≈ 0.000014, 
Clostridium leptum: 31/1,768,139 ≈ 0.000018, 
Lactobacillus iners: 381/1,768,139 ≈ 0.000215, 
Prevotella jejuni: 22/1,768,139 ≈ 0.000012, and 
Roseburia: 59/1,768,139 ≈ 0.000033.

–	 The taxonomic diversity index was high (0.85).

Construction of Biological Networks

–	 Integration of databases (STRING) allowed the 
construction of biological networks.

–	 Result: A total of 8 significant modules were identi-
fied in the networks.

Signaling Pathway Obtained from the Study 

–	 The NF-kB and MAPK signaling pathway was 
identified as specifically influencing gut microbiota 
(Figure 1).

–	 Activation of the NF-Kb and MAPK pathway regu-
lates immune response by triggering inflammation 
and adaptive immune genes.

–	 The NF-kB and MAPK signaling pathway plays 
a critical role in modulating thyroid immune 
response, highlighting the importance of the inter-
action between the microbiome and the immune 
system in thyroid function.

Figure 1
Signaling pathway for thyroid immune response
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Upon recognition, PRRs initiate
downstream signaling cascades
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released during activation attract
immune cells to the thyroid gland

Antigen-presenting cells present
microbial antigens to lymphocytes
in draining lymph nodes

NF-kB and MAPK
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detect specific bacterial molecules
in the gut microbiota
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cytokines and chemokines
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response by engulfing and destroying
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antigens to adaptive immune cells

T-cells differentiate into subsets
depending on the cytokine environment,
regulating the immune response

B-cells produce antibodies that can
recognize and neutralize
specific microbial antigens

Interaction triggers the activation
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Gut microbiota influences the
balance between pro-inflammatory
and anti-inflammatory responses

It stimulates the development and function
of regulatory T-cells (Tregs)

Tregs help maintain immune homeostasis
and prevent excessive inflammation
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Discussion

Our results provide insight into the taxonomic 
composition, diversity, and functional aspects of 
microorganisms associated with thyroid immune 
response.

The taxonomic composition analysis demonstrated 
that various microorganisms are specific to thyroid 
immune response. The dominant microorganisms in 
the database evaluated in this study were Agathobacter 
rectalis, Bacteroides stercoris, Lactobacillus iners, and 
Roseburia. Our findings are consistent with previous 
studies reporting the presence of these microbiota 
genera in the gut.10,11 However, the proportions of 
each microorganism differed among these studies, 
indicating potential variations influenced by factors 
such as geographical location, diet, and health status. 
It is worth noting that Bifidobacterium faecale and 
Prevotella jejuni were also identified, which have not 
been extensively studied in the context of thyroid 
immune response.

The taxonomic diversity of microorganisms 
associated with thyroid immune response was also 
investigated, indicating a high level of diversity 
among the microorganisms present in thyroid immune 
response. This is in line with previous studies that 
have reported gut microbiota diversity.12,13 The 
Shannon-Wiener index, which accounts for both the 
richness and evenness of species, is used to quantify 
taxonomic diversity.14 Our results indicated a high 
level of diversity among the studied microorganisms. 
This suggests that the gut microbiota could affect 
thyroid immune response through a complex 
network of interactions. This finding is consistent with 
previous studies that have reported diverse microbial 
communities in various body sites and their correlation 
with immune response.15 The high taxonomic diversity 
suggests that multiple microorganisms contribute to 
the regulation of thyroid immune response, potentially 
influencing overall immune system functionality.

Our understanding of the interactions between 
microorganisms involved in thyroid immune response 
was deepened by integrating databases, constructing 
biological networks that provided insight into 
the potential interactions between the identified 
microorganisms. The significant modules found in 
the networks indicate the presence of interconnected 
microorganisms that may work together to influence 
thyroid immune response. The identification of 
significant modules within these networks highlight the 
complex and interconnected nature of microorganism 

function.16 This finding is in line with previous research 
that has emphasized the importance of studying 
microbial interactions and community dynamics 
in various biological systems.17 Thus, biological 
network construction can be a valuable tool for 
further investigating the specific roles of individual 
microorganisms and their interactions in thyroid 
immune response.

We also found that the NF-kB and MAPK signaling 
pathway  influences gut microbiota in thyroid immune 
response. Activation of these pathways plays a critical 
role in the immune system by triggering inflammation 
and adaptive immune response.18 This finding 
supports previous literature that has demonstrated 
the impact of microbial-host interactions in immune 
signaling pathways.19,20 The identification of this 
signaling pathway further emphasizes the importance 
of the interaction between the gut microbiome and the 
immune system in thyroid regulation.

The analysis of taxonomic composition and diversity 
provided valuable insight into the microorganisms 
associated with thyroid immune response. The 
identification of specific microorganisms, the 
assessment of taxonomic diversity, the construction 
of biological networks, and the identification of key 
signaling pathways contribute to our understanding 
of the complex interactions between microorganisms 
and the immune system in thyroid regulation.21 Thus, 
by comparing our findings with the literature, we can 
better comprehend the significance of the microbial-
host interactions in the context of thyroid immune 
response.

Conclusions

We identified a diverse set of microorganisms 
specific to thyroid immune response, and through 
biological network analysis we identified a critical 
signaling pathway in thyroid immune response 
modulation.
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