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Preface 

“Endometrial tissue set free by menstruation, therefore, is sometimes not only alive but may actually 

continue to grow if transferred to situations favorable to its existence.” 

Sampson JA. Metastatic or Embolic Endometriosis, due to the Menstrual Dissemination of 

Endometrial Tissue into the Venous Circulation. Am J Pathol. 1927 Mar;3(2):93-110.43. 

 

Endometriosis is estimated to affect 10% of women of reproductive age and significantly 

impacts patients’ quality of life. Despite extensive research, its etiopathogenesis remains unknown. 

The theory of retrograde menstruation, proposed in 1927, remains the most widely accepted 

explanation, though it leaves many questions unanswered. 

The origin of endometriosis may involve multiple factors, and our research does not intend to 

fully unravel this complex puzzle. However, growing evidence suggests that immune dysfunction 

may play a role in the implantation and growth of endometriotic cells outside the uterine cavity, which 

could explain why 90% of women experience retrograde menstruation, yet only 10% develop the 

disease. Insights from studies on cancer cells’ immune evasion mechanisms may also prove highly 

beneficial in unravelling the etiopathogenesis of endometriosis. 

Medical therapy for endometriosis primarily relies on hormone-based drugs, which act as 

contraceptives and are unsuitable for women who wish to conceive. This poses a significant 

challenge, especially as endometriosis is highly prevalent among women of reproductive age. 

Additionally, some women cannot tolerate hormone therapy, have contraindications, or may develop 

resistance, leading to disease progression despite treatment. These issues highlight the need for new 

non-hormonal therapeutic options, with immunomodulation emerging as a promising area for 

research. 

However, for this to become a reality, the mechanisms behind endometrial cells’ ability to 

evade the immune system must be understood. 
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According to Artigo 26º from Regulamento do ciclo de estudos conducente ao grau de Doutor 

em Ciências da Saúde (Regulamento n. º 1137/2022. Publicação: Diário da República, 2.ª série — 

N. º 227 — 24 de novembro de 2022), this includes references to scientific articles published by the 
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Impact Factor: 5.6; Q1 
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Expression in Endometriosis. Am J Reprod Immunol. 2024 Jun;91(6):e13887. doi: 
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Impact Factor: 2.5; Q1 
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10.3390/ijms251810141. PMID: 39337624; PMCID: PMC11432446. 

Impact Factor: 4.9; Q1 

 

• José Lourenço Reis, Catarina Martins, Miguel Ângelo-Dias, Natacha Nurdine Rosa, Luís 

Miguel Borrego and Jorge Lima. PD-1 in Endometriosis: Uncovering Potential Links to 
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(Manuscript number: JRI-D-24-00379) 

 

According to the alínea e) of Artigo 26º from Regulamento do ciclo de estudos conducente ao 

grau de Doutor em Ciências da Saúde (Regulamento n. º 1137/2022. Publicação: Diário da 

República, 2.ª série — N. º 227 — 24 de novembro de 2022) this PhD research project was approved 
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Part of the results obtained were presented at the following scientific meetings: 
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killer cells inhibitory receptors and endometriosis. 1.º Congresso de Investigação do Grupo 
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• José Lourenço Reis, Catarina Martins, Miguel Ângelo-Dias, Natacha Nurdine Rosa, Luís 

Miguel Borrego and Jorge Lima. The role of PD-1 and TIM-3 inhibitory receptors in 

endometriosis. Hospital da Luz Research Congress | 3rd Edition. May 20, 2024; Lisbon, 

Portugal. [Oral Communication] 

 

• Catarina Martins, José Lourenço Reis, Miguel-Ângelo Dias, Luis Miguel Borrego, Jorge 

Ramos Lima. Using flow cytometry to uncover circulating and peritoneal NK cell profiles in 

endometriotic women. XVIII Congress of the Iberian Society of Cytometry (SIC 2023). April 

19-21, 2023; Madrid, Spain. [Poster] 

 

• José Reis, Miguel Ângelo-Dias, Catarina Martins, Luís Miguel Borrego, Jorge Lima. 

Endometriose & recetores inibidores das células natural killer. XV Congresso Português de 

Ginecologia. Jun 2-4, 2022; Estoril, Portugal. [Poster] 

 

• José Reis, Miguel Ângelo-Dias, Catarina Martins, Luís Miguel Borrego, Jorge Lima. NK 

cells in endometriosis - could basic research open new therapeutic tools? European Society 

for Gynaecological Endoscopy (ESGE) 32nd Annual Congress. Oct 1-3, 2023; Brussels, 

Belgium. [Poster and selected for Oral Communication] 

Awarded the Prize for Best ePoster Presentation 

 

• José Lourenço Reis, Catarina Martins, Miguel Ângelo-Dias, Luís Miguel Borrego and Jorge 

Lima. Immune cells, inhibitory receptors and endometriosis. The 1st NMS Research. Oct 16-

20; 2023; Lisboa, Portugal. [Oral Communication] 
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A friend once asked me, “What are you going to do with this PhD?” 

Truthfully, I don’t know—perhaps nothing, perhaps everything. 

But one thing is certain: our research has advanced knowledge of endometriosis. 

 

 

 



                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

 7 

Acknowledgements 

First and foremost, I would like to express my profound gratitude to all the patients who participated 

in this study. Their contribution will have an impact on the future of endometriosis care, and without 

their support, this research would not have been possible. 

My sincere thanks go to Dr. Fátima Faustino and Dr. Carlos Veríssimo, with whom my 

journey in treating endometriosis patients began 12 years ago at Hospital Beatriz Ângelo. I owe them 

immense gratitude for their unwavering support on a path that has not always been easy. 

I am also grateful to my colleagues, Dr. Bruno Nogueira, Dr. Duarte Vilarinho, and Dr. Inês 

Rodrigues, who work alongside me every day to care for these patients as a dedicated team. 

I extend my heartfelt thanks to my colleagues from other specialties and the nurses who 

worked directly with me: Dr. Luís Féria, Dr. Pedro Amado, Nurse Ana Branquinho, Dr. José 

Bismarck, Dr. Paulo Roquete, Dr. César Resende, Dr. Bruno Graça, Nurse Ana Teresa, and Nurse 

Sara Ferreira. 

To the Gynaecology Departments of Hospital Beatriz Ângelo and Hospital da Luz, and all the 

outstanding colleagues within them, I express my gratitude for their dedication to caring for 

endometriosis patients, often tackling complex cases. Their open communication and cross-

departmental collaboration enable seamless patient care. 

I would also like to express my appreciation to Professor Luís Borrego and Professor Catarina 

Martins, from the Immunology Department of NOVA Medical School (Faculdade de Ciências 

Médicas), for their supervision, tireless commitment, and accessibility. This project belongs to them 

as much as me, and its success would not have been possible without their involvement. 

I am also grateful to Dr. Miguel Ângelo-Dias, whose support with immunological sample 

analysis and guidance in addressing uncertainties has been invaluable. Additionally, I would like to 

thank Dr. Natacha Nurdine Rosa for her collaboration in writing and editing the manuscripts. 

A special thanks to Dr. Jorge Gonçalves and Dr. Sofia Nunes for their scientific support. 

I am grateful to GLSMED Learning Health for their financial support and to the 

Administration of Hospital da Luz for enabling this research. 

I owe a great deal to my family for their constant support and understanding. I would like to 

thank my parents for instilling core values in me, Patrícia for being my foundation throughout these 

challenging 5 years, and my daughters Mafalda and Madalena for their daily love and encouragement, 

which fuel my life. 



                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

 8 

Finally, I wish to express my heartfelt gratitude to my supervisor, Professor Jorge Lima, for 

his wisdom, rigor, and invaluable insights. His belief in me and this project from the very beginning, 

as well as his friendship, motivation, and encouragement, has been a constant source of strength. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

 9 

Resumo 

A endometriose é uma doença inflamatória crónica caracterizada pela implantação e crescimento de 

células endometriais fora do útero. A investigação tem apontado de forma recorrente para a disfunção 

imunitária como um fator crucial na fisiopatologia da endometriose, nomeadamente na interação entre 

as vias imunitárias inata e adaptativa. Tal disfunção permite que as células endometriais escapem à 

vigilância imunológica e persistam na cavidade peritoneal. Em condições normais, macrófagos, 

células Natural Killer (NK) e linfócitos T colaboram para eliminar estas células; contudo, as mulheres 

com endometriose apresentam frequentemente uma vigilância imunológica deficiente, o que permite 

a implantação e proliferação de células endometriais ectópicas. Este desequilíbrio imunitário suporta 

a hipótese de que as lesões endometrióticas sobrevivem e proliferam ao escapar aos mecanismos de 

controlo do sistema imunitário. 

Neste trabalho, analisámos os perfis das células imunitárias no líquido peritoneal (LP) e no 

sangue periférico (SP) para investigar as diferenças nas células NK e linfócitos T entre doentes com 

endometriose e o grupo controlo. Explorámos ainda, de que forma determinados recetores inibidores 

das células imunológicas, nomeadamente o Programmed cell death protein 1 (PD-1) e o T-cell 

immunoglobulin and mucin domain 3 (TIM-3), podem contribuir para a disfunção imunitária na 

endometriose. Tais desequilíbrios podem comprometer a eliminação eficaz das células endometriais 

ectópicas e promover um estado inflamatório crónico. 

A investigação incluiu 62 mulheres recrutadas ao longo de 2 anos, das quais 47 foram 

diagnosticadas com endometriose e 15 constituíram o grupo controlo, intervencionadas por outra 

patologia benigna ginecológica que não endometriose. Todas as pacientes foram submetidas a 

cirurgia laparoscópica neste intervalo de tempo, com confirmação histológica da endometriose no 

grupo das doentes. Recolheram-se dados demográficos e clínicos e classificou-se a severidade da 

doença. 

Foram obtidas amostras de SP e LP de todas as participantes e realizou-se imunofenotipagem 

celular por citometria de fluxo nos dois tipos de amostras, para caracterizar subpopulações de células 

imunitárias. O painel de anticorpos monoclonais permitiu uma análise detalhada das células NK e T 

presentes nas amostras de SP e LP. 

A análise no SP revelou um aumento de células NK CD56HiCD16Dim nas doentes com 

endometriose, sugerindo uma redução da citotoxicidade das células NK sistémicas, já que as células 

NK CD56HiCD16Dim são conhecidas pelo seu menor potencial citotóxico. Quanto às células T, o 

tabagismo revelou-se um fator de estilo de vida com impacto nos perfis imunitários circulantes em 

doentes com endometriose. A percentagem de células T CD4+ CD16+ foi significativamente menor 
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em fumadoras do que em não fumadoras, sugerindo que o tabagismo pode prejudicar a ativação das 

células T, promovendo imunossupressão e evasão imunológica nessas pacientes. 

Ao analisar os recetores inibidores das células imunológicas, investigámos o TIM-3, um 

importante recetor inibidor, amplamente estudado em oncologia e em doenças autoimunes. A 

interação entre o TIM-3 e os seus ligandos é fundamental para a tolerância imunitária. Numa resposta 

imunológica saudável, a ligação do TIM-3 aos seus ligandos bloqueia as células T e promove a 

tolerância periférica. Contudo, em condições patológicas como o cancro, uma elevada expressão de 

TIM-3 pode induzir a anergia das células T, suprimindo a atividade imunitária e permitindo a 

progressão das células tumorais. Por outro lado, uma baixa expressão de TIM-3 pode permitir que 

células T escapem à regulação negativa e se tornem autoreativas, contribuindo para um estado de 

inflamação crónica, como observado no lúpus eritematoso sistémico ou na esclerose múltipla. 

A avaliação efetuada mostrou uma redução significativa na proporção de células T CD56+ 

circulantes que expressam TIM-3 nas doentes com endometriose, comparativamente ao grupo 

controlo. Especificamente, mulheres com endometriose intestinal, uma forma mais grave da doença, 

apresentaram níveis significativamente mais baixos de células T CD56+ TIM-3+. Em estádios mais 

avançados, a percentagem de células T CD56+ que expressam TIM-3 também diminuiu, 

nomeadamente nos estádios III e IV. Estas alterações imunitárias podem contribuir para a progressão 

da doença, caracterizada por inflamação persistente e fibrose, uma vez que células T com expressão 

reduzida de TIM-3 se tornam autoreativas. A alteração na expressão de TIM-3 nas células T CD56+ 

é particularmente importante, já que estas células possuem funções imunoestimuladoras, incluindo a 

produção de citocinas Th1 e um elevado potencial citotóxico. 

Relativamente à análise dos recetores inibidores, observámos ainda um aumento significativo 

de células NK CD56+CD16+ que expressam PD-1 no LP das doentes com endometriose, em 

comparação com o grupo controlo. Este aumento é relevante, já que as células NK desempenham um 

papel essencial na defesa imunitária inicial neste microambiente, onde as células endometrióticas se 

tentam implantar e proliferar, principalmente na cavidade pélvica. Este aumento específico afeta as 

células NK CD56+CD16+, potentes mediadoras da citotoxicidade celular dependente de anticorpos, 

além das suas funções citotóxicas intrínsecas. 

Entre as fumadoras com endometriose, verificou-se também uma elevada percentagem de 

células NK CD56+CD16+ PD-1+ no LP, o que pode estar na base de uma dificuldade no controlo da 

progressão da doença nestas pacientes. 

A disquesia, frequentemente associada à invasão intestinal, correlacionou-se com níveis mais 

elevados de células T PD-1+ no LP. Em doentes com envolvimento do trato urinário, observou-se um 

aumento acentuado do total de células NK PD-1+ no LP, bem como níveis elevados de células T CD8+ 
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PD-1+, T CD56+ PD-1+ e T PD-1+ totais em circulação. Estes resultados indicam que a expressão 

aumentada de PD-1 nas células imunológicas está associada a casos de endometriose mais graves, 

sugerindo que o papel do PD-1 como recetor inibidor pode contribuir para a disfunção das células 

NK e T, aumentando a possibilidade de escape imunológico. 

Atualmente, a terapêutica da endometriose é predominantemente hormonal e, como tal, tem 

efeito contracetivo, o que a torna inadequada para mulheres que desejam engravidar. Além disso, 

muitas pacientes não toleram ou desenvolvem resistência a esta terapêutica, levando à progressão da 

doença. A disfunção observada nos recetores imunológicos, especificamente o PD-1 e o TIM-3, 

sugere novos potenciais alvos para tratamentos não hormonais. A elevada expressão de PD-1 em 

pacientes sintomáticas e em estádios avançados sugere vias partilhadas com o cancro, onde inibidores 

de PD-1 já são usados para potenciar a imunidade antitumoral. Futuras investigações devem incluir 

ensaios funcionais para verificar os níveis de atividade celular, além de análises de citotoxicidade, 

respostas de citocinas e influência de fatores genéticos. O futuro da terapia para endometriose pode 

estar na imunomodulação; a investigação pré-clínica já começou, mas será essencial explorar quais 

as vias específicas que podem ser alvo de intervenção. 
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Abstract 

Endometriosis is a chronic inflammatory condition where endometrial tissue grows outside the uterus. 

Recent research increasingly points to immune dysregulation as a substantial factor in endometriosis 

pathophysiology, particularly regarding the interaction between innate and adaptive immune 

pathways. This dysfunction allows endometrial cells to avoid immune detection and persist within 

the peritoneal cavity. Normally, immune cells such as macrophages, NK cells, and cytotoxic T 

lymphocytes work to eliminate these cells. However, women with endometriosis often exhibit altered 

immune surveillance, which allows ectopic cells to implant and grow. This immune irregularity 

supports the theory that endometriotic lesions survive and proliferate by escaping immune detection. 

Our study examined immune cell profiles in peritoneal fluid (PF) and peripheral blood (PB), 

investigating NK and T-cell variations between endometriosis patients and controls. We also probed 

into how immune checkpoint markers like PD-1 and TIM-3 might contribute to immune dysfunction 

in endometriosis, suggesting that similar mechanisms to those observed in cancer might be engaged. 

Such imbalances could inhibit the effective clearance of ectopic cells, thereby preserving a chronic 

inflammatory condition. 

The study consisted of 62 women, with 47 diagnosed with endometriosis and 15 serving as a 

control group not suffering from the disease, all recruited over 2 years. All participants underwent 

laparoscopic surgery within this time frame. The patient group had histological confirmation of 

endometriosis, while the control group underwent interventions for other benign conditions. We 

collected demographic and clinical data and classified the severity of the disease. 

We collected PB and PF samples from all participants and conducted immunophenotyping on 

both types of samples using flow cytometry to characterize immune cell subsets. A comprehensive 

immunophenotyping panel of monoclonal antibodies facilitated a detailed NK and T-cell analysis in 

the PB and PF samples. 

Our analysis showed an uptick in circulating CD56HiCD16Dim NK, indicating a possible 

decrease in systemic NK cell cytotoxicity compared to the general population. CD56HiCD16Dim NK 

cells are recognized for their diminished cytotoxic potential. With regards to T cells, it surfaced that 

smoking status is a lifestyle factor influencing circulating immune profiles among endometriosis 

patients. 

Our results showed that CD16+ CD4 T cells were significantly lower in smokers than in non-

smokers, suggesting that smoking may impair T-cell activation, thereby contributing to 

immunosuppression and immune evasion in these patients. 
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In our examination of the inhibitory receptors of immune cells, we scrutinized TIM-3, a 

significant immune checkpoint inhibitor heavily researched in oncology and autoimmune disease 

research. The interaction between TIM-3 and its ligands is vital for inducing peripheral tolerance. In 

a healthy immune response, the TIM-3 ligand likely aids in blocking effector T cells and promoting 

peripheral tolerance. On the other hand, in pathological conditions like cancer, high TIM-3 expression 

can lead to T-cell anergy, suppressing immune activity and permitting cancer cells to proliferate. 

Conversely, low TIM-3 expression may enable autoreactive and pathogenic T cells to evade negative 

regulation, contributing to chronic inflammation as observed in autoimmune diseases such as 

systemic lupus erythematosus and multiple sclerosis. 

Our research demonstrated a substantial decrease in the proportion of circulating CD56+ T 

cells expressing TIM-3 in patients with endometriosis compared to controls. Notably, women 

suffering from bowel endometriosis, a more severe form of the disease, exhibited significantly lower 

levels of CD56+ T cells expressing TIM-3. 

Furthermore, as endometriosis advanced in severity, the percentage of circulating CD56+ T 

cells expressing TIM-3 decreased significantly, particularly in stages III and IV. 

These immune changes may contribute to disease progression, characterized by persistent 

inflammation and fibrosis, as T cells with reduced TIM-3 expression can become autoreactive. The 

change in TIM-3 expression on CD56+ T cells is particularly important. This is because these CD56-

expressing cells have robust immunostimulatory functions, such as producing cytokines and 

possessing significant cytotoxic potential. 

In our analysis of inhibitory receptors, we observed a significant increase in CD56+CD16+ NK 

cells expressing PD-1 in the PF of endometriosis patients compared to the control group. This increase 

in PD-1-expressing NK cells in the PF is significant because these cells play a critical role in the 

initial immune response within this microenvironment where endometriotic cells attempt to implant 

and spread, especially within the pelvic cavity. This elevation impacts CD56+CD16+ NK cells known 

for their potent antibody-dependent cellular cytotoxicity mediation, complementing their intrinsic 

cytotoxic functions. 

Additionally, there was also an elevated presence of PF PD-1+ CD16+CD56+ NK cells among 

smokers with endometriosis, suggesting potential difficulty in controlling disease progression. 

Dyschezia, often linked with bowel involvement, has been correlated with higher levels of 

PD-1+ total T cells in the PF. In endometriosis patients dealing with urinary tract involvement, there 

was a significant increase in PD-1+ total Natural Killer (NK) cells in the PF. Additionally, increased 

circulating levels of PD-1+ CD8+ T cells, PD-1+ CD56+ T cells, and PD-1+ total T cells were observed. 
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These findings suggest that heightened PD-1 expression in immune cells may correspond to 

more severe or symptomatic endometriosis, implying that PD-1’s function as an inhibitory receptor 

could contribute to NK and T-cell dysfunction, thus promoting immune evasion. 

Endometriosis’ current treatments lean heavily on hormone-based therapies, which have 

contraceptive effects. Consequently, these treatments are unsuitable for women aspiring to conceive. 

Moreover, numerous patients cannot tolerate hormone therapy, or they develop resistance, which 

leads to disease progression. The apparent dysregulation of immune checkpoints, specifically PD-1 

and TIM-3, implies new targets for non-hormonal treatments. The elevated expression of PD-1 in 

symptomatic patients, especially in advanced stages, may indicate pathways that overlap with cancer, 

where targeting immune checkpoints is an established approach to boost anti-tumor immunity. 

Future research should incorporate functional assays to confirm cell activity levels, along with 

analyses of cytotoxicity, cytokine responses, and the part that genetic factors play. The future of 

treatment may reside in immunomodulation. In fact, this future is already underway, as animal studies 

in this field are currently in progress. For progress, it is crucial to investigate the pathways affected 

by endometriosis and identify potential targets for intervention. 
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Thesis Outline  

Chapter I provides a general introduction to the current understanding of endometriosis and 

its relationship with the immune system, exploring their connection and offering future perspectives. 

Chapter II presents the main objectives of this thesis. 

The subsequent chapters present four studies on which this PhD thesis is based. Each chapter 

consists of the content of a manuscript that has been published or submitted for publication, 

subdivided into main sections of abstract, introduction, materials and methods, results, discussion, 

and conclusion. 

Chapter III presents a systematic review of natural killer cell receptors and their association 

with endometriosis. 

• Reis JL, Rosa NN, Ângelo-Dias M, Martins C, Borrego LM, Lima J. Natural Killer Cell 

Receptors and Endometriosis: A Systematic Review. Int J Mol Sci. 2022 Dec 25;24(1):331. 

doi: 10.3390/ijms24010331. PMID: 36613776; PMCID: PMC9820702. 

Chapter IV characterizes NK and T cells in the peripheral blood and peritoneal fluid of women 

with endometriosis compared to a control group, exploring the impact of demographic factors and 

symptoms on immune profiles. 

• Reis JL, Rosa NN, Martins C, Ângelo-Dias M, Borrego LM, Lima J. The Role of NK and T 

Cells in Endometriosis. Int J Mol Sci. 2024 Sep 21; 25(18):10141. doi: 

10.3390/ijms251810141. PMID: 39337624; PMCID: PMC11432446. 

Chapter V examines the role of TIM-3 in endometriosis patients, by investigating its 

expression as an immune checkpoint in NK and T cells, within the peripheral blood and peritoneal 

fluid of both endometriosis patients and controls. It further analyzes the relationship between TIM-3 

expression and demographic factors, symptoms, and disease severity. 

• Lourenço Reis J, Martins C, Ângelo-Dias M, Rosa NN, Borrego LM, Lima J. TIM-3 

Expression in Endometriosis. Am J Reprod Immunol. 2024 Jun; 91(6): e13887. doi: 

10.1111/aji.13887. PMID: 38924299. 

Chapter VI explores the mechanisms by which endometriotic cells may evade the immune 

system, focusing on PD-1 expression in immune cells from both peripheral blood and peritoneal fluid 

in women with endometriosis, and identifying potential links between endometriosis and cancer 

pathways. 

• José Lourenço Reis, Catarina Martins, Miguel Ângelo-Dias, Natacha Nurdine Rosa, Luís 

Miguel Borrego and Jorge Lima. PD-1 in Endometriosis: Uncovering Potential Links to 
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Cancer Pathways. Submitted to Journal of Reproductive Immunology on October 6, 2024 

(Manuscript number: JRI-D-24-00379). 

Chapter VII presents a comprehensive discussion of this work, including its strengths and 

limitations, final remarks, and future perspectives. 
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1. Overview of endometriosis 

Endometriosis is a chronic, estrogen-dependent inflammatory condition characterized by the presence 

of endometrial glands and stroma outside the uterus1. These ectopic endometrial sites undergo cyclic 

growth and degradation in response to hormonal stimulation, resembling the activity of the uterine 

lining2. Endometriosis lesions are split into three types: superficial peritoneal endometriosis, ovarian 

endometrioma, and deep infiltrative endometriosis, defined as those that penetrate more than 5 mm 

into the peritoneum or those that invade the muscle layer of hollow organs3. The lesions undergo 

cyclical bleeding and trigger an inflammatory response. With each menstrual cycle, hormonal 

fluctuations – primarily in estrogen and progesterone – reactivate the endometriotic foci, which in 

turn leads to lesion transformation, tissue repair, inflammation, angiogenesis, and local neurogenesis. 

This instigates a series of events that encompass epithelial and mesenchymal changes, fibroblast-to-

myofibroblast differentiation, collagen production by ectopic endometrial cells, progressive smooth 

muscle fiber metaplasia, and fibrosis4,5. This cycle culminates in local inflammation and pain, 

potentially causing structural and functional changes in affected organs due to scar tissue and 

adhesions1. 

The condition is estimated to affect approximately 10% of women of reproductive age6 and 

accounts for nearly 50% of infertility cases7. Typically, it is diagnosed between the ages of 30 and 

40, although diagnostic delays are common due to the non-specific nature of many symptoms8,9. Key 

clinical features include dysmenorrhea, dyspareunia, and infertility10. However, as it is a chronic and 

often debilitating disease, endometriosis impacts many facets of a woman’s life, including work, 

school, sexual health, family, social interactions, and emotional well-being11-13. 

Despite its identification over 160 years ago14, there are still significant gaps in our 

understanding of its etiopathogenesis. The disease is believed to stem from a complex interplay of 

endocrine, immune, pro-inflammatory, and pro-angiogenic factors10. Multiple theories attempting to 

explain its origins have been proposed (Figure 1): 

1) Sampson’s Theory: Retrograde Menstruation 

The earliest retrograde menstruation theory, introduced in 192715, is widely regarded as the primary 

explanation for endometriosis. It suggests that during menstruation, small fragments of endometrial 

tissue flow backward through the fallopian tubes into the peritoneal cavity, potentially forming 

ectopic endometrial implants15. However, this theory alone does not fully explain the development of 

endometriosis, as retrograde menstruation is common in 90% of women16,17, yet only 10% of them 

develop the disease. 
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2) Vascular and Lymphatic Metastasis 

While Sampson’s theory explains the spread of endometrial tissue via retrograde menstruation, it does 

not account for the endometriotic tissue found outside the peritoneal cavity. The vascular and 

lymphatic dissemination theory suggests that endometrial tissue may traverse the lymphatic system, 

allowing it to establish in distant sites, like the pleura or pericardium18. 

 

3) Coelomic Metaplasia 

The Coelomic Metaplasia Theory suggests that cells originating from the primitive peritoneum can 

transform into endometrial tissue19. This theory offers an explanation for instances of endometriosis 

in individuals who do not menstruate, such as men undergoing estrogen therapy for prostate cancer, 

or girls who have not yet reached menarche. 

 

4) Stem Cell Theory 

Stem cells, possessing the ability to self-renew and differentiate into various cell types, are present in 

endometrial tissue20. According to this theory, stem cells in the basalis layer of the endometrium 

might travel to ectopic sites through retrograde menstruation, lymphatic or vascular routes, or direct 

migration, thereby leading to the formation of endometriotic lesions outside of the peritoneal cavity21. 

 

5) Genetic/Epigenetic Theory 

The genetic/epigenetic theory is a more recent approach to understanding endometriosis, proposing 

that genetic and epigenetic changes are essential for disease development22. Endometriosis has a 

heritable component, with heritability estimated at up to 50%, including 26% from common genetic 

variations23. This theory suggests that genetic and epigenetic modifications affecting cellular 

processes may promote changes that contribute to the development of endometriosis22. 
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Figure 1. Potential pathways for the pathogenesis and pathophysiological features of pelvic endometriosis 

ER, estrogen receptor; HSD17β2, 17β-hydroxysteroid dehydrogenase 2; ICAM, intercellular adhesion molecule; IGF, insulin-like 

growth factor; NF-κB, nuclear factor κB; NGF, nerve growth factor; PR, progesterone receptor; SF1, steroidogenic factor; STAR, 

steroidogenic acute regulatory protein; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor. Adapted from 

Zondervan KT et al, 2020. 

The primary goal of treatment is to control the growth of ectopic endometrial tissue, thus 

reducing bleeding and its subsequent effects. These effects include pain, infertility, and the 

impairment of non-gynecological organ functions, which are the most severe manifestations. Unless 

surgery becomes necessary, such as in cases of suspected malignancy, unmanageable symptoms, 

organ invasion, or specific infertility treatments, medical therapy should be prioritized. The primary 

treatment options for endometriosis comprise progestins, estroprogestins, and GnRH antagonists. 

One significant challenge with medical therapy is that these drugs are often hormone-based 

and contraceptive, rendering them unsuitable for women seeking to conceive – a critical issue 

considering the high prevalence of endometriosis among women dealing with infertility, most of 

whom receive the diagnosis during their reproductive years. Furthermore, some women cannot 
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tolerate hormone therapy or have contraindications, while others may exhibit resistance, leading to 

disease progression despite ongoing treatment. These factors underscore the urgent necessity to 

explore new non-hormonal therapeutic options24-30. 

 

2. Overview of the immune system 

The immune system is a complex network of cells, tissues, and organs that work in unison to defend 

the body against foreign pathogens, including bacteria, viruses, fungi, and parasites. This system 

operates through a multifaceted interaction of components that identify and neutralize harmful agents, 

thus aiding in protecting the body from infections and diseases. The immune system is composed of 

two primary branches: innate and adaptive immunity. Each branch has unique roles and strategies for 

defending against potential threats31. 

 

2.1 Innate immunity 

The innate immune system serves as the body’s first line of defense against a wide range of pathogens. 

Unlike adaptive immunity, which relies on precise recognition and memory of antigens, innate 

immunity is non-specific and fast-acting, getting activated within hours of pathogen invasion. Central 

to this rapid response are specialized cells, such as macrophages, neutrophils, NK cells, dendritic 

cells, and eosinophils. Each of these cells performs distinct yet complementary functions31 (Figure 

2). 

 
Figure 2. Cells of the innate and adaptive immune system 

Adapted from: https://www.bdbiosciences.com/en-au/learn/research/immunology.  

https://www.bdbiosciences.com/en-au/learn/research/immunology
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Macrophages serve as first responders, recognizing pathogens through pattern recognition 

receptors, engaging in phagocytosis to engulf them, and presenting antigens to stimulate adaptive 

immunity. Additionally, they release cytokines to recruit other immune cells32,33. Quickly mobilized 

by cytokines and chemokines, neutrophils destroy pathogens using antimicrobial peptides, enzymes, 

reactive oxygen species, and neutrophil extracellular traps. As they are short-lived and undergo 

apoptosis after responding, this limits the extent of tissue damage34-36. 

NK cells are specialized lymphocytes of the innate immune system, renowned for their ability 

to target and eradicate virus-infected cells and certain types of tumor cells without prior sensitization. 

Unlike other lymphocytes in adaptive immunity, NK cells do not require specific antigen recognition. 

Instead, they identify stressed cells lacking MHC class I molecules, a common feature of infected or 

malignant cells37. The ability of NK cells to recognize abnormal cells without prior exposure makes 

them paramount for controlling infections and malignancies at early stages38. NK cells discharge their 

cytotoxic function by expelling perforins and granzymes, which create pores in the target cell 

membrane and initiate apoptosis. Additionally, they discharge cytokines such as interferon-gamma 

(IFN-γ), which augment the immune response by stimulating macrophages and other immune cells39. 

Dendritic cells bridge innate and adaptive immunity by sampling pathogens in peripheral 

tissues. They then migrate to lymphoid organs and present antigens to T cells, initiating adaptive 

responses40. Eosinophils fight parasitic infections by releasing cytotoxic granules that are activated 

by cytokines such as IL-5. Basophils release histamine to increase vascular permeability and recruit 

immune cells. These cells play significant roles in allergic responses41-43. Mast cells are located at 

barrier sites, and they release histamine and inflammatory mediators to enhance blood flow. These 

cells also recruit more immune cells, thereby serving critical roles in early pathogen detection and 

allergic reactions44. Combined, these cells coordinate a swift and effective immune response to 

pathogens. 

 

2.2 Adaptive immunity 

The adaptive immune system is responsible for the body’s targeted response to pathogens, 

distinguishing it from the immediate, non-specific actions of innate immunity. This system provides 

long-term protection through a process known as immunological memory, which enables it to respond 

more rapidly upon re-exposure to a previously encountered pathogen. The cells of adaptive immunity, 

primarily B lymphocytes (B cells) and T lymphocytes (T cells) are specialized to recognize specific 

antigens and generate a tailored response31 (Figure 2). 



                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

 28 

B cells have receptors that recognize specific antigens present on the surface of pathogens. 

When a B cell encounters an antigen that matches its receptor, it becomes activated with the help of 

T-helper cells, leading to its proliferation and differentiation into two main types of cells: plasma cells 

and memory B cells45. Plasma cells secrete large amounts of antibodies, specifically designed to bind 

to the pathogen’s antigens. This binding either neutralizes the pathogen directly or marks it for 

destruction by other immune cells. Each antibody is specific to a single antigen, enabling precise 

targeting46. Memory B cells, on the other hand, do not immediately participate in fighting the current 

infection but remain in the body for years, ready to respond swiftly if the same pathogen invades 

again. This function of memory B cells underpins the concept of immunological memory and 

provides lasting immunity after infection or vaccination47. 

T cells, which mature in the thymus, are another crucial cell type in adaptive immunity. They 

are classified into various subsets based on their surface receptors and functions. The primary subsets 

are helper T cells (CD4+ T cells) and cytotoxic T cells (CD8+ T cells). These cells recognize antigens 

presented on the surfaces of antigen-presenting cells (APCs) or infected cells through molecules 

known as the major histocompatibility complex 48. 

Helper T cells, or CD4+ T cells, play a central role in orchestrating the immune response by 

releasing cytokines that activate and direct other immune cells, including B cells, cytotoxic T cells, 

and macrophages 48. Upon recognizing an antigen presented by MHC class II molecules on an APC, 

helper T cells proliferate and differentiate into specialized subtypes, such as Th1, Th2, Th17, or 

regulatory T cells (Tregs), each of which has a specific function in immunity 49. For instance, Th1 

cells are essential in combating intracellular pathogens like viruses, whereas Th2 cells are more 

effective against extracellular parasites like helminths 50. 

Cytotoxic T cells, or CD8+ T cells, are responsible for directly attacking and killing infected 

cells. They recognize antigens presented by MHC class I molecules found on all nucleated cells and 

platelets, allowing them to detect cells infected with intracellular pathogens, such as viruses, or those 

that have become cancerous 51. Once activated, cytotoxic T cells release enzymes like perforin and 

granzymes which induce apoptosis (programmed cell death) in the target cell, effectively eliminating 

the pathogen along with its host cell 52. 

A hallmark feature of adaptive immunity is the formation of memory cells following initial 

exposure to a pathogen. This functionality involves both memory B cells and memory T cells, 

contributing to long-term immunity that enables a more efficient response from the immune system 

during any subsequent encounters with the same pathogen53. Memory B cells persist within the body, 

quickly differentiating into plasma cells that produce specific antibodies upon re-infection53. Memory 

T cells, either as CD4+ or CD8+ cells, are also retained within the body after an infection has been 
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cleared. They are divided into central memory T cells, which reside in lymphoid tissues and aid in 

sustaining the population of memory cells, and effector memory T cells. These cells circulate within 

blood and tissues, ready for quick response to re-infection54. 

Regulatory T cells (Tregs), primarily a specialized subset of CD4+ T cells, play a crucial role 

in maintaining immune tolerance by suppressing immune responses to self-antigens and thus, 

preventing autoimmune reactions. Tregs inhibit the activity of other immune cells that might 

otherwise target the body’s own tissues, thereby safeguarding against autoimmunity. This function is 

indispensable for immune homeostasis and ensures that the actions of the immune system are 

balanced and meticulously targeted, minimizing damage to healthy tissues55. Tregs accomplish 

immune suppression through various mechanisms, including the secretion of anti-inflammatory 

cytokines such as IL-10 and transforming growth factor-beta (TGF-β). These cytokines inhibit the 

activity of effector T cells and other immune cells. The role of Tregs in modulating immune responses 

underscores the complexity of the adaptive immune system and the significance of maintaining 

balance within immune reactions56. 

 

2.3 Immune system coordination 

Both innate and adaptive immunity depend on an intricate system of signaling molecules, which 

includes cytokines and chemokines, for communication and coordination of responses across distinct 

cells and tissues. Cytokines function as messengers that regulate immune responses, enhancing 

interactions among immune cells and directing them toward infection sites. Chemokines, a subgroup 

of cytokines, assist in guiding cells to specific locations within the body, ensuring an efficient immune 

response57. 

The major histocompatibility complex is a critical element for communication within the 

immune system, particularly for adaptive immunity. MHC molecules present antigen fragments on 

the surface of infected cells, allowing T cells to recognize and respond to the pathogen. This process 

of antigen presentation is crucial for activating T cells and for the ensuing immune response58 (Figure 

3). 

The immune system is designed to protect the body, but when it becomes dysregulated, it can 

lead to diseases. Autoimmune diseases, such as rheumatoid arthritis and lupus, occur when the 

immune system mistakenly attacks the body’s own tissues. In these instances, the immune system 

fails to differentiate between self and non-self, resulting in chronic inflammation and tissue damage59. 

Cancer poses a unique challenge to the immune system as cancerous cells can elude detection 

and actively inhibit immune responses to secure their survival and proliferation. However, recent 
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advancements in immunotherapy, such as immune checkpoint inhibitors and chimeric antigen 

receptor (CAR) T-cell therapy, have showcased significant potential in re-stimulating the immune 

system to efficiently target and eradicate cancer cells60. 

 
Figure 3. Immune system coordination 

TNF, Tumor necrosis factor; IL, Interleukin; TLR4, Toll-like receptor 4, LPS: lipopolysaccharide, DCs, Dendritic cells; IFNγ, 

Interferon-gamma; BCRs, B cell receptors; TCRs, T cell receptors; Breg, Regulatory B cells; Treg, Regulatory T cells. Adapted from 

Nguyen T.G., 2020 
 

3. Endometriosis and the immune system 

Despite substantial research in this area, the exact cause of endometriosis remains unclear. The 

retrograde menstruation theory, often considered the primary explanation, does not wholly account 

for the condition’s development. Retrograde menstruation occurs in most women, yet only one in ten 

develops endometriosis16,61. Building on this, Dmowski and colleagues proposed that patients with 

endometriosis might have an impaired immune response that fails to clear menstrual debris62,63. 

Immunological dysfunction has garnered significant attention in recent years. This is because 

researchers are investigating “innate-adaptive immune pathways” that contribute to the creation and 

durability of endometriotic lesions within the peritoneal cavity. In a fully functioning immune system, 
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immune surveillance mechanisms can identify and get rid of aberrant cells, such as endometrial-like 

cells at ectopic sites. However, in people with endometriosis, this process seems to be compromised64. 

Usually, when endometrial cells reach the pelvic cavity through retrograde menstruation, 

immune cells such as macrophages, NK cells, and cytotoxic T lymphocytes are tasked with removing 

these cells and preventing their implantation. Studies indicate that women with endometriosis display 

modified immune surveillance abilities. This allows ectopic cells to avoid destruction and commence 

implantation on peritoneal surfaces64,65. 

 

3.1 The immune cells in endometriosis  

Dmowski and Braun63 propose that polymorphic, genetically abnormal endometrial cells may prefer 

proliferation over apoptosis in response to local triggers. While normally functioning cells within the 

same host are eradicated, these abnormal cells could potentially bypass peritoneal defenses and 

leverage the environment to propagate clonally when relocated into the peritoneal cavity. In the case 

of endometriosis, peritoneal macrophages, and NK cells exhibit a decreased capacity to eliminate 

endometrial cells from the peritoneal cavity. An imbalance between Th1 and Th2 cells further 

interferes with cytokine secretion, culminating in inflammation that enables lesion progression66. The 

discharges from these cells incite a local inflammatory response, fostering cellular invasion and 

advancement of the disease. This inflammation draws leukocytes into the peritoneal cavity where 

they get activated and unleash cytokines with diverse impacts. Additionally, these stimulated immune 

cells may be less efficient at eliminating displaced cells, and their secretions could encourage ectopic 

cell growth and disease progression, rather than inhibiting it. 

 

3.1.1 Innate immune system and endometriosis  

The innate immune cell populations examined in the pathophysiology of endometriosis include 

neutrophils, macrophages, and NK cells. 

Patients with endometriosis exhibit higher peritoneal neutrophil levels compared to 

individuals without the condition, likely driven by elevated chemotactic factors such as IL-8 present 

in plasma and PF67. Despite this increase, the phagocytic function of peripheral monocytes and 

neutrophils is reduced68. 

Macrophages, the most abundant cells in the PF of healthy individuals, are present in increased 

quantities in patients with endometriosis. However, these macrophages demonstrate diminished 

functionality and reduced phagocytic capacity. Additionally, their production of inflammatory 
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mediators aids in the implantation and proliferation of endometrial cells, thus encouraging lesion 

development 69. 

NK cell populations are found in both the PB and the uterus, predominantly characterized as 

CD56dimCD16+ in the circulation and CD56brightCD16− in the uterus70. Oosterlynck et al. were the 

first to identify the role of NK cells in the pathogenesis of endometriosis, observing reduced cytotoxic 

activity of NK cells against ectopic endometrial cells, a trend linked to advanced stages of the 

disease71. This finding has been consistently observed, with decreased NK cell activity being more 

evident in the PF, though it is also present in PB72. The specific mechanism behind NK cell inhibition 

in endometriosis remains unclear. Studies have reported abnormal expression of both activating and 

inhibitory receptors on NK cells in endometriosis compared to healthy individuals73,74. 

 

3.1.2 Adaptive immune system and endometriosis  

Several studies have confirmed the presence of anti-endometrial antibodies in the serum and PF of 

patients with endometriosis75. It is thought that these autoantibodies may contribute to endometriosis 

by activating the immune system and perpetuating inflammation, though this is largely speculative, 

and there is a lack of evidential support. Notably, there is a robust association between endometriosis 

and other immune-related or autoimmune diseases such as rheumatoid arthritis, psoriasis, and 

allergies76. With the presence of autoantibodies, B cell populations have been investigated in relation 

to endometriosis. A meta-analysis of 22 studies focusing on B cells in endometriosis showed that 

most studies reported an increase in the presence or activation of B cells in affected patients. However, 

seven studies found no difference in B cell numbers between patients with endometriosis and the 

control groups77. Further research is necessary to better understand the role of B cells and their 

interactions with other immune cells within the microenvironment of endometriotic lesions. 

Research on T cells in patients with endometriosis has revealed a higher CD4/CD8 T-cell ratio 

and increased concentrations of both cell types in the PF of these patients78. Endometrial lesions had 

more T cells than the eutopic endometrium, though the CD4/CD8 T-cell ratio was similar. No notable 

changes were observed in the PB79. Moreover, the proportion of Th17 cells in the PF was higher in 

individuals with endometriosis and seemed to be linked with the stage of the disease80. Regulatory T 

cells, generally involved in immune regulation and tolerance, also showed increased numbers in the 

PF of patients with endometriosis. This increase is suspected to be related to local 

immunosuppression, potentially inhibiting the clearance of ectopic endometrial cells. However, the 

exact function of Tregs in the development of endometriosis remains uncertain81,82. 
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The link between endometriosis, a chronic inflammatory condition, and excessive cytokine 

secretion has been extensively examined. Cytokines, acting as chemotactic factors, play a role in 

recruiting macrophages and T cells, thereby driving the inflammatory response associated with the 

disease. Studies have noted altered cytokine levels in the serum or PF in instances of endometriosis 

occurring in various locations83. IFN-γ is elevated in the PF of endometriosis patients, which regulates 

the Th1/Th2 cell balance but does not affect the growth or apoptosis of cells from ovarian-derived 

ectopic endometrial implants. This suggests potential resistance of endometrial cells to apoptosis 

upon entering the peritoneal cavity84. IL-1, a pro-inflammatory cytokine produced by activated 

macrophages in the PF, regulates immune responses, and promotes cell growth, differentiation, and 

angiogenesis, with elevated levels observed in endometriosis patients85. IL-6, also produced in 

response to infection and tissue damage, plays a vital role in host defense by stimulating acute-phase 

responses, hematopoiesis, and immune activation. Although its expression is usually regulated, 

continuous IL-6 synthesis can occur in pathological conditions, contributing to chronic inflammation 

and autoimmunity86. In endometriosis, IL-6 promotes ectopic endometrial growth by interfering with 

normal cellular responses. Macrophages, the primary source of IL-6 in the PF, are more numerous 

and active in endometriosis patients, releasing IL-6 and other cytokines at elevated levels87-89. This 

IL-6 secretion enhances haptoglobin production, reducing phagocytosis and thereby shielding 

endometrial implants from immune detection. This positive feedback loop promotes ectopic 

endometrium survival and lesion growth. Furthermore, high IL-6 levels inhibit NK cell activity, 

further facilitating endometriosis progression88. IL-8 and TNF-α are among the cytokines with 

elevated expression levels in the PF of women with endometriosis. These cytokines support 

endometrial cell adhesion to the peritoneum and disease progression, attracting immune cells to 

inflammation sites90,91. 

IL-10 and IL-4 are anti-inflammatory cytokines that play key roles in immune modulation. 

Initially thought to be produced mainly by Th2 lymphocytes, IL-10 is now known to be secreted by 

various cells, particularly Tregs, along with other subsets of B cells, T cells, macrophages, and even 

non-immune cells like keratinocytes and tumor cells92. IL-10 helps control inflammation by inhibiting 

pro-inflammatory mediators, reducing phagocytosis, and enhancing regulatory T-cell functions, 

thereby fostering immune tolerance92. However, its primary role involves the differentiation of naive 

T cells following their antigen-stimulation. This process results in the production of activated T cells 

that can generate helper T cells polarized toward a Th2 cellular response93. In the context of 

endometriosis, it has been repeatedly demonstrated that disease development is associated with Th2-

type immune responses66,94,95. Studies have revealed higher IL-10 levels in the PF and PB of women 

with endometriosis, related to reduced NK cell cytotoxicity in the endometriosis environment. This 
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cytokine imbalance may facilitate the implantation and persistence of ectopic endometrial tissue in 

the peritoneal cavity96,97. 

Research on women with endometriosis has revealed elevated TGF-β activity in their PF98. 

This cytokine plays a role in various processes, which include angiogenesis and immune regulation. 

Its isoform, TGF-β1, has anti-inflammatory effects. However, TGF-β also promotes the 

differentiation of regulatory T cells and Th17 inflammatory cells. TGF-β in endometriosis may 

contribute to inhibiting NK cell activity in the PF98. Angiogenesis, the process of creating new 

capillaries, is thought to be involved in the pathogenesis of endometriosis99. High levels of the 

vascular endothelial growth factor (VEGF) are found in the PF of patients with endometriosis. These 

levels are driven by estradiol and progesterone, which facilitate increased vascularization in 

endometriotic tissues and enhance endothelial cell proliferation100,101. 

 

3.1.3 The immune system in endometriosis – Future perspectives   

While research on the interplay between the immune system and endometriosis remains limited, an 

in-depth study could reveal the exact mechanisms of disease pathogenesis. Such understanding will 

assist us in recognizing potential autoimmune components, which could transform treatment 

strategies towards those used for autoimmune diseases and potentially enhance patient outcomes. 

Current research concentrates on decoding these immune pathways to craft targeted therapies that 

tackle both inflammation and immune dysfunction. The aim is to reduce pain and decelerate disease 

progression without being overly dependent on hormonal treatments102. 

With a deeper understanding of immunosurveillance, immune evasion, and innate-adaptive 

immune pathways in endometriosis, we find ourselves in an ideal position to examine the immune 

microenvironment of endometriotic lesions closely, searching for new therapeutic targets. 

Furthermore, there is an urgent necessity for groundbreaking diagnostic and treatment approaches 

that not only treat endometriosis but also allow for the preservation of reproductive potential when 

desired. 

Recognizing endometriosis as an immune-mediated disease underscores the potential for 

immunomodulatory therapies. For instance, we could control disease progression and alleviate 

symptoms by targeting pro-inflammatory cytokines, such as TNF-α, or by modulating immune cells 

like macrophages and Tregs64. 
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1. General objective 

The primary objective of this research was to analyze the populations of NK and T cells, along with 

their inhibitory immune receptors, in the PB and PF of women with endometriosis, in comparison to 

a control group without the disease. The study aimed to identify the mechanisms through which 

endometriosis cells evade the immune system, enabling them to plant and proliferate outside the 

uterine cavity. 

 

2. Specific objectives 

In detail, the specific objectives were as follows: 

• Conduct a systematic review to improve understanding of NK cell function in endometriosis, 

considering the growing research on the role of NK receptors in the disease’s pathogenesis 

and the absence of comprehensive reviews on this topic (Chapter III). 

• Investigate abnormal NK and T-cell patterns associated with symptoms such as 

dysmenorrhea, dyspareunia, pelvic pain, rectorrhagia, and dyschezia, while analyzing the 

influence of demographic factors on immune profiles in endometriosis patients, both in 

peritoneal fluid and peripheral blood (Chapter IV). 

• Examine the behavior of TIM-3 in endometriosis patients by investigating its expression as 

an immune checkpoint in NK and T cells within the peripheral blood and peritoneal fluid of 

both endometriosis patients and controls. Additionally, analyzes the relationship between 

TIM-3 expression and demographic factors, symptoms, and disease severity (Chapter V). 

• Investigate the mechanisms by which endometriotic cells may evade the immune system, with 

a focus on PD-1 expression in immune cells from both peripheral blood and peritoneal fluid, 

in women with endometriosis and establish potential links between endometriosis and cancer 

pathways (Chapter VI). 
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Increasing evidence suggests immunological dysfunction in the pathophysiology of endometriosis. 

Researchers are exploring “innate-adaptive immune pathways” that contribute to the formation and 

persistence of endometriotic lesions within the peritoneal cavity72,103-119. Normally, when endometrial 

cells enter the pelvic cavity through retrograde menstruation, immune cells strive to eliminate these 

cells, preventing their implantation. However, studies suggest women with endometriosis have 

weakened immune surveillance, which allows ectopic cells to evade destruction and establish 

implants on peritoneal surfaces64,65,72,103-119. 

Further research is vital for enhancing our understanding of the immune aspects of 

endometriosis. In this study, we assess the immunological impact of endometriosis both locally (PF) 

and systemically (PB), placing a special emphasis on NK and T-cell subpopulations along with their 

inhibitory receptors, namely TIM-3 and PD-1. By establishing a baseline comparison between the 

control and endometriosis groups, we offer a clinical perspective that contrasts with most previous 

studies. Specifically, we investigate abnormal immune profiles within NK and T-cell populations in 

connection with demographic factors, clinical manifestations, and symptom severity, analyzing their 

influence both systemically and locally in control and endometriosis patients. 

We conducted a cross-sectional study over 2 years, recruiting 62 female participants, 

including 47 diagnosed with endometriosis and 15 serving as controls without the condition. The 

endometriosis group underwent laparoscopic surgery for their condition, while the control group had 

surgery for other unrelated pathologies. The initial diagnosis of endometriosis was based on clinical 

and imaging findings and was subsequently confirmed histologically in accordance with Human 

Reproduction and Embryology (ESHRE) guidelines120. Data collection for all patients included age, 

race, BMI, smoking status, hormone therapy use, and the interval between endometriosis diagnosis 

and surgery. We gathered clinical data to assess disease severity, which covered symptoms such as 

dysmenorrhea, dyspareunia, chronic pelvic pain, bowel symptoms, urinary symptoms, and the 

presence of extra-pelvic endometriosis. We classified disease severity following the guidelines of the 

American Society for Reproductive Medicine121. 

PB and PF samples were collected from all patients during surgery. For a detailed 

characterization of PB and PF immune cell populations, these samples were stained with a 

comprehensive panel of monoclonal antibodies such as CD3, CD8, CD16, CD45, CD56, CD57, TIM-

3, and PD-1. The samples were then analyzed using flow cytometry. Concurrently, the absolute count 

of each cell subset was ascertained during the immunophenotyping procedures. 

The research detailed in Chapter IV focused on the analysis of the impact of endometriosis on 

PB and PF immune profiles, paying particular attention to variations in NK and T cells in comparison 

to a control group. A baseline was established through the comparison of immune cell populations in 
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control cohorts. We identified abnormal NK and T-cell patterns that were associated with symptoms 

such as dysmenorrhea, dyspareunia, pelvic pain, rectorrhagia, and dyschezia. Additionally, we 

examined the influence of demographic factors. 

In our endometriosis cohorts, we noted an increase in circulating CD56HiCD16dim NK cells 

and a decrease in the CD56dimCD16Hi/CD56HiCD16dim ratio, indicating reduced systemic NK cell 

cytotoxicity compared to the general population. This finding is consistent with the understanding 

that CD56dim NK cells have a significantly higher cytotoxic activity than CD56Hi cells, with the 

CD56HiCD16dim population being the least cytotoxic122. 

Further analysis of specific PF subsets revealed an increase in CD8+ CD56dimCD16Hi NK cells 

in patients with endometriosis. Previous studies suggest that the CD8 molecule generally enhances 

NK cell cytotoxicity123. Thus, we hypothesize that the increase in CD8+ NK cells in endometriosis 

PF might be an adaptive response to the disease – potentially compensating for altered T cells. 

Alternatively, these cells could have a modified cytotoxic potential, permitting the development of 

endometriotic lesions. However, as suggested by D’Hooghe et al. 124, 125, these variations in local 

CD8+ cells may be a consequence, rather than a cause, of endometriosis. 

The influence of smoking status on circulating immune profiles in patients with endometriosis 

is noteworthy. Our findings indicated that smokers had significantly lower levels of CD16+ CD4 T 

cells than non-smokers. This suggests that smoking may hinder T-cell activation, potentially fostering 

immunosuppression and immune evasion in these patients. However, literature on this subject 

presents variations in findings. For example, Martos et al. identified additional senescence-associated 

genes in CD4 T cells from smokers, leading to immune dysregulation126. On the other hand, Chapron 

et al. found no significant impact of smoking on the risk of endometriosis or the American Fertility 

Society stage/score127. 

Additionally, percentages of CD16+ CD8 T cells in PB were lower in endometriosis stages 1, 

2, and 3 compared to controls. In individuals with more severe disease (stage 4), however, there was 

an increase in CD16+ CD8 T cells compared to controls and other endometriosis groups. This might 

reflect the dynamic nature of immune responses across different endometriosis stages, with the 

evolving pathology potentially interacting with the immune system and causing fluctuations in T-cell 

populations. The exact role of CD16+ CD8 T cells in severe endometriosis remains unclear; they 

might indicate a stronger or more specific immune response in advanced cases, or they could merely 

be a byproduct of disease progression within a chronic inflammatory environment. As mentioned 

earlier, increased cell counts do not necessarily indicate heightened immune response or cytotoxicity, 

as immune exhaustion and inhibitory mechanisms must also be taken into consideration128,129. The 

existing evidence surrounding this topic remains conflicted and ambiguous72,109,112,125,130, highlighting 



                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

 109 

the need for more comprehensive research that takes potential confounding factors into account. This 

point was further stressed by Slabe and colleagues, who reported fluctuating regulatory T-cell 

concentrations in response to altered immune states such as increased serum cortisol130. 

Our findings reveal that endometriosis patients exhibiting non-menstrual pelvic pain have 

elevated circulating T-cell counts, which include both CD4 and CD8 T-cell subsets. This suggests an 

active adaptive immune response, which could potentially indicate ongoing inflammation. 

Furthermore, PF analysis of endometriosis patients suffering from pelvic pain presents higher 

percentages of CD16+ CD8 T cells. This could suggest a local cytotoxic response, which might be 

either neural stimulus-triggered or contribute to tissue damage and inflammation – both of which 

could underpin the experience of pelvic pain. 

In Chapter V, we investigated the significant immune checkpoint inhibitor, TIM-3, in patients 

with endometriosis. TIM-3 is extensively studied in oncology and holds relevance in autoimmune 

disease research. The interaction between TIM-3 and its ligands is instrumental in inducing peripheral 

tolerance. In a healthy immune response, the TIM-3 ligand likely plays an essential role in blocking 

effector T cells and promoting peripheral tolerance131. However, in pathological conditions such as 

cancer, raised TIM-3 expression may induce T-cell anergy, which suppresses immune activity, 

allowing cancer cells to proliferate132-135. Conversely, low TIM-3 expression might enable 

autoreactive and pathogenic T cells to evade negative regulation, thereby fueling chronic 

inflammation, as seen in autoimmune diseases like systemic lupus erythematosus136 or multiple 

sclerosis137-144. Specifically, multiple sclerosis, characterized by plaques in the central nervous system 

with macrophage and T-cell infiltration, presents under expression of TIM-3 in PB T cells, allowing 

autoreactive and pathogenic T cells to evade regulation142. 

Our findings revealed a significant decrease in the proportion of PB CD56+ T cells expressing 

TIM-3 in patients with endometriosis compared to controls. Specifically, women with bowel 

endometriosis, a more severe form of the disease, had distinctly lower percentages of CD56+ T cells 

expressing TIM-3 compared to the control group. Importantly, as endometriosis advanced in stages, 

the percentage of circulating CD56+ T cells expressing TIM-3 declined significantly, especially in 

women with stages III and IV. This trend was confined to CD56+ T cells and was not observed in 

other T-cell subtypes or NK cells. 

The reduced expression of TIM-3 in the circulating T cells of women with endometriosis may 

contribute to T-cell dysfunction. In the absence of TIM-3, T cells could lose their regulatory function, 

leading to the release of inflammatory molecules that endorse an unregulated inflammatory milieu at 

endometriotic cell implantation sites. This shift in immune activity could potentially drive disease 

progression, which is characterized by recurring inflammation and fibrosis. 
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The specific change in TIM-3 expression on CD56+ T cells is particularly significant. Cells 

expressing CD56 possess robust immunostimulatory effector functions, such as Th1 cytokine 

production and a potent cytotoxic potential145. In inflammatory conditions, CD56+ T cells not only 

show killing activity analogous to NK cells but also exhibit increased resistance to apoptosis146-150. 

In Chapter VI, we recognize that tumor cells often exploit the PD-1 pathway to evade the 

immune system151-155. Thus, we investigated PD-1 expression in the immune cells of both 

endometriosis patients and controls. We aimed to identify potential similarities between the immune 

evasion strategies of cancer and endometriotic cells. 

Endometriosis and cancer share prominent similarities such as immune evasion, the ability to 

avoid apoptosis, invasive growth, angiogenesis, and genetic and epigenetic modifications, despite 

being separate diseases. Both conditions can spread in a metastasis-like manner, with endometriotic 

tissue implanting in distant areas and, in rare instances, undergoing malignant transformation, 

particularly in the ovaries. These parallels suggest that immune dysregulation and abnormal blood 

vessel construction play significant roles in both diseases156,157. Previous studies have shown that an 

increased expression of inhibitory immune checkpoints is a crucial factor in tumor immune evasion 

and suppression, with PD-1155 being one of the main focal points that reduces the effector functions 

of T cells and NK cells158. Although the immune system can eliminate tumor cells in the early stages, 

in advanced stages, immune checkpoints may instead promote tumor growth and progression159. 

Consequently, blocking immune checkpoints has emerged as a promising therapeutic strategy, and 

immunotherapy is now widely recognized as an effective treatment for many cancer patients160-162. 

In our research, we noted a statistically significant increase in the percentage of CD56+ CD16+ 

NK cells expressing PD-1 in the PF of patients with endometriosis compared to those in the control 

group. This increase in PD-1-expressing NK cells in the PF is particularly significant, as these cells 

play a vital role in the initial immune defense within this microenvironment, where endometriotic 

cells frequently seek to implant and proliferate, especially within the pelvic cavity. Interestingly, this 

increase specifically affects CD56+ CD16+ NK cells. NK cells that express CD16 are potent mediators 

of antibody-dependent cellular cytotoxicity, aside from their inherent cytotoxic functions163,164. In 

contrast, cells expressing CD56 have robust immunostimulatory effects such as producing Th1 

cytokines and demonstrating effective cytotoxic potential145. An upward trend in PD-1 expression 

may undermine the ability of NK cells to curb the proliferation of ectopic endometrial cells, a scenario 

mirrored in cancer studies151. 

In our study, we found that body mass index (BMI) significantly influences the expression of 

the PD-1 marker on T cells in endometriosis patients, particularly in the peritoneal cavity. Compared 

to overweight controls, obese women with endometriosis had the fewest PD-1+ CD8+ T cells and total 
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PD-1+ T cells. Additionally, their PD-1+ CD4+ T-cell levels were lower than those of endometriosis 

patients of normal weight. Although the impact of BMI on immune function has long been 

established165, the specifics of its influence on PD-1 expression have not been explored in previous 

research. Additionally, in examining smoking habits, we discovered a greater presence of PD-1+ 

CD56+ CD16+ NK cells in the PF of endometriosis patients who smoke, hinting at a possible difficulty 

in controlling disease progression in these patients. 

In categorizing patients by prevalent endometriosis symptoms, we observed distinct patterns 

of PD-1 marker expression. These were particularly higher in patients with more advanced disease, 

primarily within the peritoneal cell population. Specifically, patients with dyspareunia exhibited 

elevated levels of both PD-1+ CD56+ CD16+ NK cells and PD-1+ total NK cells. Furthermore, those 

experiencing severe dyspareunia had notably higher counts of PD-1+ total NK cells compared to those 

with milder conditions. Dyschezia, frequently associated with bowel involvement, correlated with an 

increase in PD-1+ total T cells in the PF. In endometriosis patients presenting urinary tract 

involvement, we noted a considerable rise in PD-1+ total NK cells within the peritoneal cavity, 

complemented by higher levels of circulating PD-1+ CD8+ T cells, PD-1+ CD56+ T cells, and PD-1+ 

total T cells. Collectively, these findings suggest an elevation in PD-1 expression in the immune cells 

of patients suffering from more severe or symptomatic endometriosis. 

 

1. Strengths and limitations 

Our research has several key strengths. We executed a comprehensive analysis of specific NK and T-

cell types and immune receptors, thereby enriching our knowledge of endometriosis at the cellular 

level and potentially elucidating aspects of its development. Our study uncovers pronounced 

differences in the immune profiles of women with endometriosis, particularly in relation to symptoms 

and demographic factors. Such insights could guide symptom-specific treatments and usher in novel 

avenues for immunomodulation within this disease. To safeguard accuracy, we confirmed the absence 

of endometriosis in the control group through laparoscopic surgery - a technique more reliable than 

sole clinical evaluation. Moreover, our study provides a clinical perspective by associating aberrant 

PD-1 and TIM-3 expression with precise symptoms, disease severity, and demographic factors. 

Notably, this is the inaugural study to investigate TIM-3 expression in both PF and PB in women 

both with and without endometriosis, considerably broadening the scope of research in this sphere. 

While this research offers valuable insights, it is important to acknowledge that it also 

possesses limitations. Although it provides a detailed exploration of the immunologic profiles of PB 

and PF, relative to PD-1 and TIM-3 expression, the constraint of a relatively small sample size 
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remains. While the sample size is larger than in previous studies, it still falls short of providing 

definitive conclusions. Particularly, certain variables such as smoking, dysmenorrhea, and 

rectorrhagia are not sufficiently represented. This limited sample size consequently curtails the 

statistical power, impacting the reliability of the findings in these subgroups. Furthermore, the limited 

body of existing literature on the connection between lymphocyte subpopulations and symptoms like 

dysmenorrhea, dyspareunia, and pelvic pain curtails comparative analysis. Lastly, it is uncertain 

whether the noted immune deviations are causes or consequences of endometriosis; they may be 

mechanisms that aid cell implantation or merely responses to the disease. Indeed, despite our study 

underscoring a complex interaction between NK and T-cell subpopulations across various 

demographic and clinical contexts, it is vital to understand that the presence of PD-1 and TIM-3 on 

immune cells does not invariably signify functional activity. To sum up, while this study significantly 

contributes to our understanding of immunologic profiles in endometriosis, more comprehensive 

research involving larger, diverse cohorts and additional functional assays is a must to confirm and 

build upon these findings. 

 

2. Final remarks and future perspectives 

Previous studies propose that deficiencies in immune surveillance may cause an environment 

conducive for ectopic endometrial cells to bypass the immune system. We examined the 

immunological impact of endometriosis at both local and systemic levels, focusing on NK and T-cell 

subpopulations. We found significant differences in the immunological profiles of patients with 

endometriosis. This provides fresh insights into an area that is currently deficient in comprehensive 

research, especially when it comes to demographic factors and symptomatology. 

We observed a decrease in TIM-3 expression in women with endometriosis compared to those 

without the disease. The reduction was particularly pronounced in individuals with advanced stages 

(III/IV) and bowel involvement. The reduction in TIM-3 expression could lead to circulating T cells 

losing their regulatory function and releasing inflammatory molecules. This can foster an 

uncontrolled inflammatory environment at the endometriotic cell implantation sites, leading to 

persistent inflammation and fibrosis – characteristic features of endometriosis. Therefore, reduced 

TIM-3 levels in circulating T cells could have a role in the pathogenesis of endometriosis and it could 

be considered in future research as a biomarker of the disease. 

We also observed that a deficiency in immune surveillance might be associated with an 

increased expression of the PD-1 inhibitory receptor. This appears more pronounced in patients with 
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severe symptoms and diseases that extend beyond the pelvis. This suggests a potential shared pathway 

for PD-1 modulation in both endometriosis and cancer. 

Future research should aim to clarify whether variations in immunological profiles correspond 

to changes in cellular activity. To enhance understanding, future studies should incorporate functional 

tests such as cytotoxicity assays, cytokine analysis, and surface receptor analysis. This approach 

would enable a more accurate evaluation of cell and receptor activity. Additionally, understanding 

the potential impacts of genetic and hormonal factors on these profiles will be important. The 

functional interactions among different cell subsets must also be explored. 

Understanding the observed variations in NK and T-cell populations, especially in the 

expression of PD-1 and TIM-3 receptors, could usher in new possibilities for immunomodulation in 

treating endometriosis by potentially targeting specific immune checkpoints. A significant challenge 

with the current medical therapies for endometriosis is their hormone-based and contraceptive nature, 

rendering them unsuitable for women who wish to conceive. This issue is crucial because 

endometriosis is highly prevalent among women with infertility, the majority of whom are diagnosed 

during their reproductive years. Additionally, some women cannot tolerate hormone therapy, have 

contraindications, or develop resistance, resulting in disease progression despite treatment. These 

factors highlight the need for non-hormonal therapeutic options. Immunomodulation presents a 

promising pathway, and research in this domain has already begun24-30. 
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