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EFEITOS DO DIABETES NO PERFIL TRANSCRIPTOMÔNICO DO PÂNCREAS 

ENDÓCRINO: UMA REVISÃO SISTEMÁTICA 

 

RESUMO CAPÍTULO 1 

 

Contexto: O Diabetes mellitus tipo 2 (DM2) é uma doença crônica com alta prevalência e 

impacto econômico, cuja patogênese envolve resistência à insulina e disfunção das células beta 

(β) pancreáticas. Estudos têm utilizado técnicas moleculares para investigar profundamente os 

mecanismos moleculares envolvidos no desenvolvimento e progressão do DM2, porém muitas 

dessas abordagens ainda não foram exploradas no contexto do pâncreas endócrino. Objetivo: 

Revisar e avaliar sistematicamente as evidências fornecidas por estudos experimentais e 

clínicos que investigam os efeitos do diabetes no perfil transcriptômico do pâncreas endócrino. 

Fontes de dados: Foi realizada uma busca sistemática na literatura nas bases de dados PubMed 

(MEDLINE), EMBASE, Web of Science e CINAHL (Índice Cumulado de Literatura de 

Enfermagem e Saúde Aliada). Extração de dados: As características do estudo, incluindo 

delineamento, população, intervenção, desfecho e risco de viés, foram analisadas. Análise de 

dados: Dois artigos foram incluídos em uma revisão sistemática. Devido à heterogeneidade 

metodológica dos estudos incluídos e à natureza qualitativa dos desfechos avaliados, uma meta-

análise não foi possível. Os desfechos dos estudos incluídos abrangeram a análise da expressão 

gênica em diferentes contextos experimentais e clínicos, usando técnicas transcriptômicas 

como qPCR e sequenciamento de célula única. Em ratos Wistar alimentados com uma dieta 

rica em gordura e frutose (HFHF), houve expressão reduzida de GCG em células alfa; INS1 e 

RBP4 em células beta, e PPY e PYY em células PP. Uma expressão aumentada de PDX1 e 

SLC2A2 em células alfa e beta pancreáticas, e INS1 em células alfa foi observada nesses 

animais em comparação ao grupo controle. No estudo humano, baixa expressão do gene 

GPRC5C foi identificada em indivíduos diabéticos em comparação aos controles, 

independentemente do sexo. Conclusão: A disfunção das células das ilhotas no DM2 pode estar 

relacionada a alterações na expressão de genes como GCG, PPY, PYY, SLC2A2, INS1, PDX1, 

Rbp4 e GPRC5C. Registro de Revisão Sistemática: Número de Registro PROSPERO 

CRD42024599127. 

 

Palavras-chave: diabetes, células das ilhotas, pâncreas, transcriptômica, expressão gênica. 



 

 

 

 

EFFECTS OF DIABETES ON THE TRANSCRIPTOMIC PROFILE OF THE 

ENDOCRINE PANCREAS: A SYSTEMATIC REVIEW 

 

 

ABSTRACT CHAPTER 1 

 

Background: Type 2 Diabetes mellitus (T2DM) is a chronic disease with high prevalence and 

economic impact, whose pathogenesis involves insulin resistance and pancreatic beta (β)-cell 

dysfunction. Studies have used molecular techniques to deeply investigate the molecular mechanisms 

involved in the T2DM development and progression, nevertheless many of these approaches have not 

yet been explored in the context of the endocrine pancreas. Objective: To systematically review and 

evaluate the evidence provided by experimental and clinical studies investigating the effects of diabetes 

on the transcriptomic profile of the endocrine pancreas. Data Source: A systematic literature search of 

PubMed (MEDLINE), EMBASE, Web of Science, and CINAHL (Cumulated Index to Nursing and 

Allied Health Literature) was carried out. Data Extraction: Study characteristics, including study 

design, population, intervention, outcome, and risk of bias, were analyzed. Data Analysis: Two articles 

were included in a systematic review. Due to the methodological heterogeneity of the included studies 

and the qualitative nature of the outcomes evaluated, a meta-analysis was not possible. The outcomes 

of the included studies covered gene expression analysis in different experimental and clinical contexts, 

using transcriptomic techniques such as qPCR and single-cell sequencing. In Wistar rats fed a high-fat-

high fructose diet (HFHF), there was reduced expression of GCG in alpha cells; INS1 and RBP4 in beta 

cells, and PPY and PYY in PP cells. An increased expression of PDX1 and SLC2A2 in pancreatic alpha 

and beta cells, and INS1 in alpha cells was observed in these animals compared to the control group. In 

the human study, low expression of the GPRC5C gene was identified in diabetic individuals compared 

to controls, regardless of sex. Conclusion: Islet cell dysfunction in T2DM may be related to changes in 

the expression of genes such as GCG, PPY, PYY, SLC2A2, INS1, PDX1, Rbp4, and GPRC5C. 

Systematic Review Registration: PROSPERO Registration Number CRD42024599127. 

 

Keywords: diabetes, islet cells, pancreas, transcriptomics, gene expression. 

 

 

 

 

 



 

 

 

 

EXPRESSÃO GÊNICA EM LARGA ESCALA DA VIA DE SINALIZAÇÃO DE 

INSULINA EM CÉLULAS DAS ILHOTAS PANCREÁTICAS DE FILHAS DE 

RATAS DIABÉTICAS 

 

 

RESUMO CAPÍTULO 2 

 

Introdução: O funcionamento da via de sinalização da insulina é essencial para o controle 

metabólico da glicose. Disfunções nesta via, associadas à resistência à insulina, contribuem 

para o desenvolvimento do Diabete mellitus tipo 2 (DM2). Além das diversas repercussões do 

DM2, a hiperglicemia materna pode afetar seus descendentes, promovendo intolerância à 

glicose, resistência à insulina e alterações no perfil de expressão gênica relacionado à 

sinalização insulínica. Considerando que o diabete causa alteração no perfil de expressão 

gênica, há a necessidade de identificar os genes diferencialmente expressos para estudar e 

entender os mecanismos fisiopatológicos envolvidos nas repercussões nas ilhotas pancreáticas 

de descendentes usando modelos de animais de laboratório. Objetivo: Analisar o perfil da 

expressão gênica em larga escala da via de sinalização da insulina de células das ilhotas 

pancreáticas de ratas diabéticas e filhas de ratas diabéticas, comparando com os resultados de 

ratas não diabéticas (controle). Materiais e método: Ratas fêmeas da linhagem Sprague-

Dawley foram submetidas à indução do diabete pela administração de Streptozotocin (grupo 

Dmod) ou tampão citrato (grupo Controle) na fase neonatal e, após confirmação do diabete na 

vida adulta, as ratas foram acasaladas para obtenção de descendentes, as quais foram avaliadas 

na vida adulta (grupo Fdmod). Aos 120 dias de vida, ratas-mães diabéticas e filhas de diabéticas 

adulta foram anestesiadas para serem submetidas à laparotomia para coleta do pâncreas e 

isolamento das ilhotas pancreáticas. O RNA foi extraído das ilhotas pancreáticas e o perfil de 

transcritos foi avaliado pela técnica de microarray. O projeto foi aprovado pela Comissão de 

Ética no Uso de Animais da Faculdade de Medicina de Botucatu/Unesp (Protocolo Número: 

1461/2024).  Resultados: Ao se avaliar os DEGs em comum entre Dmod e Fdmod, foram 

encontrados 1.168 genes compartilhados, majoritariamente superexpressos (1.144). A análise 

de enriquecimento funcional (GO) revelou processos comuns entre os grupos, como 

processamento proteico no retículo endoplasmático, ribossomos, além de vias associadas a 

doenças neurodegenerativas e COVID-19. Notavelmente, tanto ratas diabéticas quanto suas 

descendentes apresentaram superexpressão de genes na via de sinalização da insulina, 

abrangendo desde o receptor de insulina (INSR) até componentes dos eixos PI3K/AKT (AKT1, 

CALM1, FBP1, PP1, PRKC1, PKA) e MAPK (NRAS, MAPK3, MAPK9, ARAF, GRB2, 

MNK). Conclusão: A análise da expressão gênica de ratas diabéticas e descendentes de ratas 

diabéticas indicou que há diferença na expressão de genes associados à sinalização da insulina, 

sugerindo um possível impacto intergeracional do diabete materno sobre a regulação de genes 

específicos. 

 

Palavras-chave: diabete, pâncreas endócrino, expressão gênica, programação fetal, ratas. 



 

 

LARGE-SCALE GENE EXPRESSION OF THE INSULIN SIGNALING PATHWAY 

IN PANCREATIC ISLET CELLS FROM DAUGHTERS OF DIABETIC RATS 

 

ABSTRACT CHAPTER 2 

 

Introduction: The insulin signaling pathway is essential for glucose metabolic control. 

Dysfunctions in this pathway, associated with insulin resistance, contribute to the development 

of type 2 diabetes mellitus (T2DM). In addition to the various repercussions of T2DM, 

maternal hyperglycemia can affect offspring, promoting glucose intolerance, insulin 

resistance, and alterations in the gene expression profile related to insulin signaling. 

Considering that diabetes causes alterations in the gene expression profile, there is a need to 

identify differentially expressed genes to study and understand the pathophysiological 

mechanisms involved in the repercussions on the pancreatic islets of offspring using laboratory 

animal models. Objective: To analyze the large-scale gene expression profile of the insulin 

signaling pathway in pancreatic islet cells from diabetic rats and offspring of diabetic rats, 

comparing them with results from non-diabetic rats (control). Materials and methods: 

Female Sprague-Dawley rats underwent diabetes induction by administration of 

Streptozotocin (Dmod group) or citrate buffer (Control group) in the neonatal phase. After 

confirmation of diabetes in adulthood, the rats were mated to obtain offspring, which were 

evaluated in adulthood (Fdmod group). At 120 days of age, diabetic rats and offspring of adult 

diabetic rats were anesthetized and underwent laparotomy for pancreatic collection and 

isolation of pancreatic islets. RNA was extracted from pancreatic islets, and the transcript 

profile was evaluated using microarray. The project was approved by the Animal Use Ethics 

Committee of the Botucatu School of Medicine/UNESP (Protocol Number: 1461/2024). 

Results: When evaluating the DEGs common to Dmod and Fdmod, 1,168 shared genes were 

found, most of which were overexpressed (1,144). Functional enrichment (GO) analysis 

revealed common processes between the groups, such as protein processing in the endoplasmic 

reticulum and ribosomes, as well as pathways associated with neurodegenerative diseases and 

COVID-19. Notably, both diabetic rats and their offspring showed overexpression of genes in 

the insulin signaling pathway, ranging from the insulin receptor (INSR) to components of the 

PI3K/AKT (AKT1, CALM1, FBP1, PP1, PRKC1, PKA) and MAPK (NRAS, MAPK3, 

MAPK9, ARAF, GRB2, MNK) axes. Conclusion: Gene expression analysis of diabetic rats 

and offspring of diabetic rats indicated differences in the expression of genes associated with 

insulin signaling, suggesting a possible intergenerational impact of maternal diabetes on the 

regulation of specific genes. 

 

Keywords: diabetes, endocrine pancreas, gene expression, fetal programming, rats. 
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CAPÍTULO 1 

EFFECTS OF DIABETES ON THE TRANSCRIPTOMIC PROFILE OF THE 

ENDOCRINE PANCREAS: A SYSTEMATIC REVIEW 

Este capítulo será formatado de acordo com as normas para autores e submetido 

ao periódico internacional “Life Sciences” (Fator de Impacto: 5,1). 
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1. INTRODUCTION 

 
Diabetes mellitus (DM) is a serious chronic disorder that occurs when the body is unable to 

produce sufficient insulin or to effectively utilize the insulin it produces, resulting in hyperglycemia 

(IDF, 2025). In 2024, DM was responsible for an estimated 3.4 million deaths among individuals aged 

20 to 79 due to disease-related causes worldwide. For the first time, global healthcare costs attributed 

to DM exceeded one trillion USD, a figure projected to increase in the coming years (IDF, 2025). More 

than 90% of diagnosed cases worldwide are type 2 Diabetes mellitus (T2DM), which currently ranks 

as the 8th leading cause of disease burden globally and is projected to become the 2nd leading cause by 

2050 (Institute for Health Metrics and Evaluation, 2024; IDF, 2025). In T2DM, cells in peripheral 

tissues, including the liver, adipose tissue, and skeletal muscle, exhibit reduced responsiveness to 

insulin, resulting in insulin resistance. This condition induces compensatory hyperinsulinemia by the 

pancreas, which, over time, may lead to exhaustion of pancreatic beta (β)-cells and, subsequently, 

impaired insulin production (Holman et al., 2020; Cheruiyot et al., 2023). Therefore, the pancreas – 

particularly its endocrine component, the pancreatic islets – plays a central role in the pathogenesis and 

progression of T2DM. The most predominant cells in the islets are the insulin-producing pancreatic β-

cells, comprising approximately 40–60% of the total cell population (Bonner-Weir et al., 2015). This 

significance of the endocrine pancreas lies in its role in secreting key hormones involved in energy 

metabolism, such as insulin and glucagon, which act in a coordinated manner to maintain blood glucose 

levels within the physiological range (Atkinson et al., 2020). 

Given the high incidence of mortality associated with T2DM, considerable research efforts have 

focused on exploring the potential mechanisms of T2DM progression and determining potential 

important biomarkers for early-stage disease detection, with the goal of developing effective 

interventions and treatment strategies to improve patient health and well-being (Kanehisa et al., 2021; 

Alur et al., 2023; Cao et al., 2023). To this end, molecular biology techniques have been extensively 

employed, significantly advancing the understanding of the mechanisms underlying complex diseases 

such as T2DM over the past decades. Technologies such as next-generation sequencing (NGS), 

transcriptomics, epigenomics, and microRNA analysis have allowed high-resolution investigation of 

gene expression changes, epigenetic profiles, and cellular processes that contribute to the metabolic 

dysfunction characteristic of T2DM (Tonyan et al., 2022; Yu et al., 2024). A recent study explored 

next-generation sequencing (NGS) datasets and identified 10 genes that showed high diagnostic 

potential for T2DM (APP, MYH9, TCTN2, USP7, SYNPO, GRB2, HSP90AB1, UBC, HSPA5, and 

SQSTM1), suggesting their possible utility as disease biomarkers (Alur et al., 2023). Despite these 

advances, many of these approaches are still unexplored in the context of the endocrine pancreas. 

Expanding the use of these tools may facilitate the identification of diagnostic and predictive 

biomarkers, as well as the discovery of novel therapeutic targets with potential applications in 

personalized treatment (Liu et al., 2021). 
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The study of the human endocrine pancreas is constrained by several ethical and practical 

barriers, including the difficulty of obtaining viable pancreatic islet samples from living individuals and 

the limited availability of high-quality postmortem human tissue suitable for molecular analysis. These 

limitations hinder the advancement of functional and mechanistic studies directly in human tissues 

(Rheinheimer et al., 2015). In this context, animal models have been widely employed as a viable 

alternative for investigating the cellular and molecular mechanisms involved in endocrine pancreatic 

dysfunction, and the development and progression of T2DM. Animal models, particularly murine 

models, are the most widely utilized in studies of the pancreas and DM due to their genetic and 

physiological similarities to humans (Kleinert et al., 2018). Supporting this translational relevance, 

Baron et al. (2016) demonstrated that the molecular profiles of alpha, beta, and delta cells are highly 

comparable between humans and rodents 

Although several studies are focusing on DM and the pancreas function, incidence, mortality, 

and costs associated with the disease remain exorbitant. This may be partly attributed to the challenges 

inherent in studying the endocrine portion of the pancreas, which limit the identification of reliable 

biomarkers. Additionally, there is lack of integrative studies that synthetize the evidence from both 

clinical and experimental researches. In this context, is essential to conduct a systematic review of the 

available evidence, integrating current knowledge to guide future intervention for diagnostic and 

therapeutic strategies. Therefore, this study aimed to systematically review and evaluate the evidence 

provided by experimental and clinical studies investigating the effects of diabetes on the transcriptomic 

profile of the endocrine pancreas. 
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