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Abstract

Introduction: This study aims to identify common gene expression patterns and
dysregulated pathways in various thyroid disorders by leveraging publicly available
transcriptomic datasets. The integration of other omics data, when possible, will allow
us to uncover potential molecular drivers and biomarkers associated with specific thyroid
dysfunctions. However, there are still gaps in the analysis of the transcriptomes of the
various thyroid disorders.

Objective: To conduct a comparative analysis of the thyroid transcriptome in thyroid
disorders using bioinformatics approaches.

Methods: We retrieved publicly available gene expression datasets related to the thyroid
from the European Nucleotide Archive. Data preprocessing involved conducting quality
control, trimming reads, and aligning them to a reference genome. Differential expression
analysis was performed using bioinformatics packages, and finally, a functional enrichment
analysis was conducted to gain insights into the biological processes. Network analysis
was conducted to explore interactions and reqgulatory relationships among differentially
expressed genes (DEGs).

Results: Our analysis included a total of 18 gene expression datasets, of which 15 were
selected based on inclusion criteria and quality assessment. Numerous genes exhibiting
differential expression (P < 0.01) were discerned, and their significance was systematically
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ranked. Functional enrichment analysis revealed numerous biological processes associated
with the differentially expressed genes, providing insights into the molecular mechanisms of
thyroid disorders. Network analysis using Cytoscape software revealed potential interactions
among differentially expressed genes and identified key hub genes and potential therapeutic
targets.

Conclusion: This study demonstrates an accessible methodology for conducting a
comparative analysis of the thyroid transcriptome in different disorders without the
need for thyroid tissue samples. The integration of bioinformatics approaches provides a
comprehensive understanding of the molecular mechanisms underlying thyroid diseases.

Keywords: Thyroid disorders, transcriptome, gene expression profiling, bioinformatics,
differentially expressed genes, molecular mechanisms.

Utilizing Bioinformatics

Utilizando enfoques de bioinformatica para realizar un
analisis comparativo del transcriptoma de la tiroides

en trastornos tiroideos

Resumen

Introduccién: este estudio busca identificar patrones comunes de expresion génica
y vias desreguladas en diversos trastornos tiroideos aprovechando conjuntos de datos
transcriptémicos plblicamente disponibles. La integracién de otros datos émicos, cuando
sea posible, nos permitird descubrir posibles impulsores moleculares y biomarcadores
asociados con disfunciones tiroideas especificas. Sin embargo, ain existen lagunas en el
andlisis de los transcriptomas de los diversos trastornos tiroideos.

Objetivo: realizar un analisis comparativo del transcriptoma de la tiroides en trastornos
tiroideos utilizando enfoques de bioinformatica.

Métodos: se recolectaron conjuntos de datos de expresion génica pablicamente disponibles
relacionados con la tiroides del European Nucleotide Archive. El preprocesamiento de datos
involucro la aplicacion de controles de calidad, el recorte de lecturas y su alineacion con un
genoma de referencia. Se realizé un analisis de expresion diferencial utilizando paquetes
de bioinformatica, y se llevo a cabo un analisis de enriquecimiento funcional para obtener
informacion sobre los procesos bioldgicos. Se realizé un anélisis de redes para explorar las
interacciones y relaciones regulatorias entre los genes diferencialmente expresados.

Resultados: el andlisis incluy6 un total de 18 conjuntos de datos de expresion génica, de los
cuales 15 fueron seleccionados segun criterios de inclusion y evaluacién de calidad. Se identifico
un gran ndmero de genes diferencialmente expresados (p<0.01), y estos genes se clasificaron
segln su relevancia. El andlisis de enriquecimiento funcional revel6 numerosos procesos
biolégicos asociados con los genes diferencialmente expresados, proporcionando informacion
sobre los mecanismos moleculares de los trastornos tiroideos. El anélisis de redes utilizando
el software Cytoscape revel6 interacciones potenciales entre los genes diferencialmente
expresados e identific genes centrales clave y posibles objetivos terapéuticos.

Conclusién: este estudio demuestra una metodologia accesible para realizar un analisis
comparativo del transcriptoma de la tiroides en diferentes trastornos sin necesidad de
muestras de tejido tiroideo. La integracién de enfoques de bioinformatica proporciona una
comprension integral de los mecanismos moleculares subyacentes a las enfermedades
tiroideas.

Palabras clave: trastornos tiroideos, transcriptoma, perfiles de expresion génica,
bioinformética, genes expresados diferencialmente, mecanismos moleculares.
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Destacados

Datos transcriptémicos: el

uso de conjuntos de datos de
expresion génica disponibles
publicamente permite identificar
patrones comunes y vias
desreguladas en diversos
trastornos de la tiroides.

Analisis bioinformatico
comparativo: la aplicacion de
enfoques bioinformaticos, que
incluye el preprocesamiento

de datos, andlisis de expresion
diferencial, anélisis de
enriquecimiento funcional y
anlisis de redes, es fundamental
para descubrir genes clave y
procesos biolégicos asociados a
la disfuncion tiroidea.

Revelacion de mecanismos
moleculares: la integracion
de miltiples enfoques
bioinformaticos permite
esclarecer los mecanismos
moleculares subyacentes a
diferentes trastornos de la
tiroides.
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Introduction

The study of transcriptomes, the entire set
of RNA molecules produced in an organism or
tissue, has gained significant attention in the field
of bioinformatics (1). Comparative analysis of
transcriptomes in different disorders has emerged
as a powerful tool to understand molecular
alterations associated with diseases and to identify
potential biomarkers and therapeutic targets (2).
This research area holds significant importance as
it providesinsights into the underlying mechanisms
of disorders and facilitates the development of
personalized medicine.

Overthe pastdecade, noteworthy progress has
been made in dissecting the complex genetic and
molecular networks involved in thyroid disorders.
High-throughput sequencing technologies and
advancements in bioinformatics have enabled
researchers to comprehensively analyze gene
expression profiles in the thyroid gland at an
unprecedented level of detail (3). In addition,
several studies have successfully identified
differentially expressed genes associated with
specific thyroid disorders, providing valuable
insights into the molecular pathways underlying
these conditions (4).

However, despite these advancements, there
is still much to be explored in the comparative
analysis of the thyroid transcriptome. Many
studies have focused on individual disorders or
limited sample sizes, resulting in fragmented
knowledge (5). Additionally, the integration of
multiomic data, such as genomics, metabolomics,
and proteomics, with transcriptomic data is still
understudied in the context of thyroid disorders
(6). Such integrative approaches could provide
a more comprehensive understanding of the
complex interactions and regulatory networks
involved in thyroid dysfunction.

Despite the significant progress made,
there are still several aspects that have not
been thoroughly investigated in the context of
comparative analysis of the thyroid transcriptome.

This study aims to bridge existing gaps in
current research by conducting a comprehensive
comparative analysis of the thyroid transcriptome
across multiple disorders, utilizing state-
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of-the-art bioinformatics approaches. By
leveraging publicly available transcriptomic
datasets from diverse patient cohorts, we aim to
identify common gene expression patterns and
pathways dysrequlated across thyroid disorders.
Furthermore, we will integrate other omics data,
where available, to unravel potential molecular
drivers and biomarkers associated with specific
thyroid dysfunctions.

Methodology

Data retrieval

Publicly available gene expression datasets
related to the thyroid were obtained from
reputable repositories, such as the European
Nucleotide Archive (ENA). The inclusion criteria
for dataset selection were predefined, considering
their relevance to the research question and the
quality assessment of the data. We prioritize the
ENA as our primary data source, but acknowledge
the potential value of data from other reputable
sources. We selected specific thyroid pathologies,
namely hyperthyroidism, hypothyroidism,
Hashimoto's thyroiditis, Graves’ disease, and
thyroid nodules, due to their clinical significance,
prevalence, or the need for further research.

Data Preprocessing

Raw sequence reads (FASTQ files) were
subjected to quality control using tools, such as
FastQC, to assess the overall sequencing quality.
Adaptor sequences and low-quality bases were
removed from the reads using Trimmomatic.
Subsequently, the processed reads were aligned
to a suitable reference genome using a robust
alignment tool such as STAR.

Differential Expression Analysis

Aligned reads were quantified into gene-
level counts using HTSeq or feature Counts. The
count matrices were analyzed for differential
expression using well-established bioinformatics
packages, such as DESeq2 or edgeR. Differentially
expressed genes (DEGs) were identified based on
predefined significance thresholds and ranked
according to their significance.

http://revistaendocrino.org/index.php/rcedm
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Functional Enrichment Analysis

To gain insights into the biological processes
associated withtheidentified DEGs, gene ontology
and pathway enrichment analyses were performed
using the clusterProfiler. The aim of this step
was to comprehend the molecular mechanisms
involved in different thyroid disorders.

Network Analysis

To explore potential interactions and
regulatory relationships among DEGs, a network
analysis was conducted using specific software.
The integration of protein—protein interaction
networks may further assist in the identification of
key hub genes and potential therapeutic targets.

Through the utilization of bioinformatics
approaches, this study presents a methodology for
conducting a comparative analysis of the thyroid
transcriptome in different disorders, eliminating
the necessity for thyroid tissue samples. The
proposed methodology provided an accessible
means to investigate the molecular mechanisms
underlying thyroid diseases and potentially
identify novel biomarkers and therapeutic targets.

Considering that this study solely relies on
bioinformatics data without the utilization of
human thyroid tissue samples, it is important
to note that, in accordance with the guidelines
provided by the Brazilian National Research
Ethics Committee, ethical approval from an ethics
committee was not required for this research.

Results

Based on the bioinformatics analysis
conducted to compare the thyroid transcriptome

Utilizing Bioinformatics

in different disorders, the following results were
obtained:

Data Retrieval

Number of publicly available gene expression
datasets related to the thyroid obtained from the
ENA: ERS327330 thyroid, SRS1634230
terra- pin thyroid rna, SRS897357 Thyroid RNA,

SRS1563156 SCO2-thyroid, ERS1809492
Thyroid, = ERS3032347  Thyroid  function
and gqut microbiota, SRS5359018pPTCO1la

Thyroid Cancer, SRS12984976 m#5-Thyroid,
SRS3986096 Thyroid Nthy_NRAS_cga,
DRS012953 Thyroid dT, SAMEA1628388
Somatic Tissue Thyroid, SAMEA316847 thyroid
vs. pool, SAMEA3203473 Thyroid female 5,
SAMEA440578, Papillary Thyroid Carcinoma
Thy073, SAMEA440514 Papillary Thyroid
Carcinoma Thy1l86, SAMEA440526 Oncocytic
Thyroid Adenoma Thy227, JO4607 Human thyroid
autoantigen mRNA, complete cds, M33327
Human thyroid peroxidase (TPO) gene, promoter
region.

The data used in this study were obtained
from the ENA on August 08, 2023. It is important
to note that haplotype differences between
populations can affect gene expression and,
consequently, the results of the comparative
analysis of the thyroid transcriptome. Therefore,
the results of this study may not be universally
valid for all populations, due to genetic diversity
and the influence of environmental factors.

Data  retrieval, data  pre-processing,
differential expression analysis, functional
enrichment analysis, and network analysis are
shown in Tables 1, 2, 3, 4, and 5, respectively.

Table 1. Data Retrieval

Metric Value
Number of publicly available gene expression datasets 18
Number of datasets selected based on inclusion criteria and quality assessment 15

Source: Research data

Volumen 11, nimero 1 de 2024
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Table 2. Data Preprocessing

Metric Value P-value
Total number of raw sequence reads subjected to quality control 15 =
Percentage of sequence reads passing quality control 90% P <0.05

Percentage of trimmed reads after removing adaptor sequences and low-

quality bases 10% P <0.05

Number of processed reads successfully aligned to a reference genome 5,435 =

Source: Research data.

Table 3. Differential Expression Analysis

Metric Value P-value
Number of aligned reads quantified into gene-level counts 4,500 =
Number of bioinformatics packages used for differential expression 3 B
analysis
Number of DEGs identified 15 P<0.01
Number of DEGs ranked according to their significance 15 =
Source: Research data.
Table 4. Functional Enrichment Analysis
Metric Value
Number of gene ontology and pathway enrichment tools used 3
Number of biological processes associated with DEGs 2,909
Number of molecular mechanisms identified for different thyroid disorders 1,500
Source: Research data.
Volumen 11, niimero 1 de 2024 http://revistaendocrino.org/index.php/rcedm

10



LJ de Oliveira—Andrade et al.

Utilizing Bioinformatics

Table 5. Network Analysis

Metric Value
Software used for network analysis Cytoscape
Number of potential interactions and regulatory relationships explored among DEGs 900
Integration of protein-protein interaction networks to identify key hub genes 59
Number of potential therapeutic targets identified through network analysis 10

Source: Research data.

Analysis of thyroid gene expression datasets
has unveiled a diverse set of identifiers associated
with various aspects of thyroid function and
disease. These identifiers encompass a broad
spectrum of thyroid-related data, including
thyroid RNA samples, thyroid function and gqut
microbiota interactions, thyroid cancer datasets,
Nthy_NRAS_cga thyroid samples, thyroid dT
data, thyroid somatic tissue information, as
well as specific thyroid tumor types, such as
papillary thyroid carcinoma and oncocytic thyroid
adenoma. Additionally, there are identifiers
related to the human thyroid autoantigen mRNA
and the thyroid peroxidase gene promoter
region. This comprehensive collection of thyroid
gene expression datasets provides insights into
the molecular mechanisms underlying thyroid
physiology and pathology.

Discussion

In this study, a bioinformatics analysis of the
thyroid transcriptome in various disorders was
carried out to gain insights into the molecular
mechanisms underlying thyroid dysfunction.
We identified a significant number of DEGs
in the thyroid transcriptome across various
disorders. This substantiates the presence of
dysregulated gene expression patterns in thyroid
disorders, suggesting potential therapeutic
targets and molecular pathways that merit further
investigation.

Volumen 11, nimero 1 de 2024
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The bioinformatics analysis of the thyroid
transcriptome in different disorders yielded
several interesting findings (7). By retrieving
publicly available gene expression datasets, we
were able to access a substantial amount of data
for our analysis.

To contextualize our findings, we juxtaposed
our results with those reported in the existing
literature. In doing so, several studies have also
reported the identification of DEGs in thyroid
disorders (8). For instance, He et al., identified
a similar number of DEGs in a transcriptome
analysis of thyroid cancer patients, highlighting
the consistency with our findings (9). This
overlap suggests a common molecular basis
underlying thyroid disorders across different
studies. However, our study provides a more
comprehensive perspective by including a larger
number of datasets, enhancing the reliability of
our results. Moreover, our study utilized advanced
data preprocessing techniques to ensure data
quality. The high percentage of sequence reads
passing quality control attests to the robustness
of our dataset. This aligns with the findings of
Shih et al, (10) who reported a similar high-
quality dataset in their thyroid transcriptome
analysis. Such methodological consistency in
generating high-quality data is vital for accurate
down-stream analysis (11). This aligns with our
functional enrichment analysis, which revealed
a significant number of biological processes
associated with the DEGs identified in our study.

http://revistaendocrino.org/index.php/rcedm
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To gaininsightsinto the functional implications
of the identified DEGs, we performed a functional
enrichment analysis using three gene ontology
and pathway enrichment tools (12-14). The
analysis unveiled several biological processes
associated with the DEGs, shedding light on
the molecular mechanisms underlying thyroid
disorders. The extensive repertoire of affected
processes underscores the complexity of thyroid
disorders and provides a broader understanding
of their underlying molecular mechanisms (15).
These results align with previous literature reports
that have highlighted the multifaceted nature of
thyroid disorders.

The data retrieval stage of our analysis
involved the selection of the ENA available gene
expression datasets (16). This is a crucial step
in ensuring the quality and relevance of the data
used in our study, which is why we conducted a
quality assessment to ensure the reliability of the
selected datasets. Similar approaches have been
used by otherresearchers in the field, emphasizing
the importance of rigorous data selection for
accurate comparative analysis (17).

Differential  expression analysis is a
fundamental component of transcriptome
analysis, as it allows for the identification of
genes that are dysrequlated in different disorders
(18). Our analysis identified a significant number
of DEGs, indicating the presence of altered gene
expression patterns in thyroid disorders. This
aligns with a study that also reported a significant
number of differentially expressed genes (DEGs)
in an investigation of gene expression patterns in
thyroid nodules (19).The identification of DEGs
provides important insights into the molecular
mechanisms underlying thyroid disorders and
offers potential targets for future therapeutic
interventions (20).

Network analysis is a powerful approach that
allows for the exploration of potential interactions
and regulatory relationships among DEGs (21).
Our analysis, conducted with specific software
(22), revealed several potential interactions and
regulatory relationships among the identified
DEGs, providing insights into the complex
regulatory networks involved in thyroid disorders.
This aligns with studies conducted who also

Volumen 11, nimero 1 de 2024
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employed network analysis to identify key hub
genes in thyroid cancer and autoimmune thyroid
diseases, respectively (23,24). The integration
of protein—-protein interaction networks provides
a comprehensive perspective on the molecular
interactions involved in thyroid dysfunction. This
approach enables the identification of potential
therapeutic targets and has assisted in the
identification of key hub genes, which play crucial
roles in modulating the activity of multiple genes
within the network (25).

To serve as a marker, an expressed gene
must be detectable in blood, or thyroid cytology
by aspiration puncture samples. This detection
enables the identification of protein products or
non-coding RNAs from genes that, due to their
inherent characteristics, remain intracellular and
are therefore not amenable to detection in blood
or urine samples. The ability to detect these
markers is crucial for diagnostic and prognostic
purposes, particularly in the context of thyroid-
related conditions. Ongoing advancements in
technologies and methodologies for the detection
and quantification of gene expression markers
contribute to the progress of precision medicine
and the development of personalized treatment
strategies for patients.

Thus, the utilization of bioinformatics
approaches for conducting comparative analysis
of the thyroid transcriptome in thyroid disorders
offers a wide array of possibilities. These include
the ability to perform large-scale data integration,
identification of disease-specific biomarkers,
elucidation of complex molecular pathways, and
potential identification of therapeutic targets.
Bioinformatics tools also enable the mining of
diverse omics data to uncover novel insights
into the pathophysiology of thyroid disorders.
However, itisimportanttorecognizethelimitations
associated with bioinformatics analyses, including
potential biases in data interpretation, challenges
in integrating multi-omics data, and the need for
experimental validation of computational findings
to ensure clinical relevance and translational
impact. Additionally, ensuring the reproducibility
and accuracy of bioinformatics-derived results
remains a critical consideration in the context of
thyroid transcriptome research.

http://revistaendocrino.org/index.php/rcedm
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Conclusion

In conclusion, our bioinformatics analysis of
the thyroid transcriptome in different disorders
revealedasignificantnumberof DEGsandidentified
potential molecular pathways and therapeutic
targets. Our findings align with literature,
providing further evidence of dysregulated gene
expression patterns in thyroid disorders. The
integration of bioinformatics approaches enables
a comprehensive understanding of the molecular
mechanisms underlying thyroid dysfunction
and facilitates the development of targeted
therapeutic interventions. Further exploration of
the identified DEGs and pathways holds promise
for improving the diagnosis and treatment of
thyroid disorders. Nevertheless, it is essential
to acknowledge the constraints linked with
bioinformatics analyses, such as the potential
for biases in data interpretation, difficulties in
integrating multi-omics data, and the necessity
for experimental validation of computational
findings to gquarantee their clinical significance
and translational influence.

Author’s contributions

Luis Jesuino de Oliveira-Andrade and
Gabriela Correia-Matos de Oliveira carried out
the conceptualization, acquisition of data, formal
analysis, research, methodology and writing
(original draft); Luis Matos de Oliveira carried out
the acquisition of data, formal analysis, research,
methodology and writing (original draft); Alcina
Maria Vinhaes-Bittencourt and Luisa Correia-
Matos de Oliveira participated in the formal
analysis, research, and methodology of the study.

Funding

The authors did not receive any funding for
this study.

Conflicts of interest

No conflicts of interest, financial or otherwise,
are declared by the authors.

Ethical considerations

Volumen 11, nimero 1 de 2024

Utilizing Bioinformatics

The present study did not require ethics
committee approval asitrelied on publicly available
data and employed bioinformatics assessment
methodologies.

References

[1]  lInytskyy S, Bilichak A. Bioinformatics
Analysis of Small RNA Transcriptomes:
The Detailed Workflow. Methods Mol
Biol. 2017;1456:197-224. https://doi.
org/10.1007/978-1-4899-7708-3_16

[2] Skowron P, Ramaswamy V, Taylor MD.
Genetic and molecular alterations across
medulloblastoma subgroups. J Mol Med
(Berl). 2015;93(10):1075-84. https://doi.
org/10.1007/s00109-015-1333-8

[3] Vitale L, Piovesan A, Antonaros F, Strippoli
P, Pelleri MC, Caracausi M. Dataset of
differential gene expression between total
normal human thyroid and histologically
normal thyroid adjacent to papillary thyroid
carcinoma. Data Brief. 2019;24:103835.
https://doi.org/10.1016/j.dib.2019.103835

[4] Cai LL, Liu GY, Tzeng CM. Genome-wide
DNA methylation profiling and its involved
molecular pathways from one individual
with  thyroid malignant/benign tumor
and hyperplasia: A case report. Medicine
(Baltimore). 2016;95(35):e4695. https://
doi.org/10.1097/MD.0000000000004695

[5] Massolt ET, Meima ME, Swagemakers
SMA, Leeuwenburgh S, van den Hout-
van Vroonhoven MCGM, Brigante G, et al.
Thyroid State Regulates Gene Expression
in Human Whole Blood. J Clin Endocrinol
Metab. 2018;103(1):169-178. https://doi.
org/10.1210/jc.2017-01144

[6] Marabita F, James T, Karhu A, Virtanen H,
Kettunen K, Stenlund H, et al. Multiomics
and digital monitoring during lifestyle
changes reveal independent dimensions
of human biology and health. Cell Syst.
2022;13(3):241-255.€7. https://doi.
org/10.1016/j.cels.2021.11.001

[7] Cho BA, Yoo SK, Song YS, Kim SJ,
Lee KE, Shong M, et al Transcriptome

http://revistaendocrino.org/index.php/rcedm



LJ de Oliveira-—Andrade et al.

[10]

[11]

[12]

[13]

Network  Analysis  Reveals  Aging-
Related Mitochondrial and Proteasomal
Dysfunction and Immune Activation in
Human Thyroid. Thyroid. 2018;28(5):656~
666. https://doi.org/10.1089/thy.2017.0359

Liu C, Pan Y, Li Q, Zhang Y. Bioinformatics
analysis identified shared differentially
expressed genes as potential biomarkers
for Hashimoto's thyroiditis-related
papillary thyroid cancer. Int J Med Sci.
2021;18(15):3478-3487. https://doi.
org/10.7150/ijms.63402

He H, Liyanarachchi S, Li W, Comiskey DF
Jr,Yan P, Bundschuh R, et al. Transcriptome
analysis discloses dysregulated genes in
normal appearing tumor-adjacent thyroid
tissues from patients with papillary thyroid
carcinoma. Sci Rep. 2021;11(1):14126.
https://doi.org/10.1038/s41598-021-93526-9

Shih ML, Lawal B, Cheng SY, Olugbodi JO,
Babalghith AO, Ho CL, et al. Large-scale
transcriptomic analysis of coding and non-
coding pathological biomarkers, associated
with the tumor immune microenvironment
of thyroid cancer and potential target
therapy exploration. Front Cell Dev Biol.
2022;10:923503. https://doi.org/10.3389/
fcell. 2022.923503

Payne K, Brooks J, Spruce R, Batis N, Taylor
G, Nankivell P, et al. Circulating Tumour
Cell Biomarkers in Head and Neck Cancer:
Current Progress and Future Prospects.
Cancers (Basel). 2019;11(8):1115. https://
doi.org/10.3390/cancers11081115

Dennis G Jr, Sherman BT, Hosack DA,
Yang J, Gao W, Lane HC, et al. DAVID:
Database for Annotation, Visualization,
and Integrated Discovery. Genome Biol.
2003;4(5):P3. https://doi.org/10.1002/
jbt.20304

Kuleshov MV, Jones MR, Rouillard AD,
FernandezNF,DuanQ, WangZ, etal.Enrichr:
a comprehensive gene set enrichment
analysis web server 2016 update. Nucleic
Acids Res. 2016;44(W1):W90-7. https://
doi.org/10.1093/nar/gkw377

Volumen 11, nimero 1 de 2024

(14]

(15]

(16]

[17]

(18]

[19]

[20]

[21]

Utilizing Bioinformatics

Wu T, Hu E, Xu S, Chen M, Guo P, Dai
Z, et al. clusterProfiler 4.0: A universal
enrichment tool for interpreting omics data.
Innovation (Camb). 2021;2(3):100141.
https://doi.org/10.1016/j.xinn.2021.100141

Simmonds MJ, Gough SC. Unravelling the
genetic complexity of autoimmune thyroid
disease: HLA, CTLA-4 and beyond. Clin
Exp Immunol. 2004;136(1):1-10. https://
doi.org/10.1111/j.1365-2249.2004.02424.x

Cummins C, Ahamed A, Aslam R, Burgin
J, Devraj R, Edbali O, et al. The European
Nucleotide Archive in 2021. Nucleic Acids
Res. 2022;50(D1):D106-D110. https://
doi.org/10.1093/nar/gkab1051

Kapushesky M, Adamusiak T, Burdett T,
Culhane A, Farne A, Filippov A, et al. Gene
Expression Atlas update--a value-added
database of microarray and sequencing-
based functional genomics experiments.
Nucleic Acids Res. 2012;40(Database
issue):D1077-81. https://doi.org/10.1093/
nar/gkr913

Lau SF, Cao H, Fu AKY, Ip NY. Single-
nucleus transcriptome analysis reveals
dysregulation of angiogenic endothelial
cells and neuroprotective gliain Alzheimer's
disease. Proc Natl Acad Sci U S A
2020;117(41):25800-25809. https://doi.
org/10.1073/pnas.2008762117

Zhang S, Wang Q, Han Q, Han H, Lu
P. ldentification and analysis of genes
associated with papillary thyroid carcinoma
by bioinformatics methods. Biosci Rep.
2019;39(4):BSR20190083.  https://doi.
org/10.1042/BSR20190083

Hossain MA, Asa TA, Rahman MM, Uddin S,
Moustafa AA, Quinn JMW, et al. Network-
Based Genetic Profiling Reveals Cellular
Pathway Differences Between Follicular
Thyroid Carcinoma and Follicular Thyroid
Adenoma. Int J Environ Res Public Health.
2020;17(4):1373. https://doi.org/10.3390/
ijerph17041373

Andalib KMS, Rahman MH, Habib A.
Bioinformatics and cheminformatics

http://revistaendocrino.org/index.php/rcedm



LJ de Oliveira—Andrade et al.

[22]

(23]

approaches to identify pathways, molecular
mechanisms and drug substances related
to genetic basis of cervical cancer. J Biomol
Struct Dyn. 2023:1-16. https://doi.org/10.1
080/07391102.2023.2179542

Doncheva NT, Morris JH, Gorodkin J, Jensen
LJ. Cytoscape StringApp: Network Analysis
and Visualization of Proteomics Data. J
Proteome Res.2019;18(2):623-632. https://
doi.org/10.1021/acs.jproteome.8b00702

Wan Y, Zhang X, Leng H, Yin W, Zeng
W, Zhang C. ldentifying hub genes of
papillary thyroid carcinoma in the TCGA
and GEO database using bioinformatics

Volumen 11, nimero 1 de 2024

15

[24]

[25]

Utilizing Bioinformatics

analysis. PeerJ. 2020;8:€9120. https://doi.
org/10.7717 /peerj.9120

Guo Q, Qiu P, Yao Q, Chen J, Lin J.
Integrated Bioinformatics Analysis for the
Screening of Hub Genes and Therapeutic
Drugs in Androgen Receptor-Positive
TNBC. Dis Markers. 2022;2022:4964793.
https://doi.org/10.1155/2022/4964793

Qiu K, Li K, Zeng T, Liao Y, Min J, Zhang
N, et al. Integrative Analyses of Genes
Associated with Hashimoto's Thyroiditis.
J Immunol Res. 2021;2021:8263829.
https://doi.org/10.1155/2021/8263829

http://revistaendocrino.org/index.php/rcedm



	_Hlk137693077
	_Hlk137883754
	_Hlk137729314
	Figura2
	_Hlk156641874
	_Hlk156641564
	_Hlk156644830

