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ABSTRACT

Endometriosis (EMS) is a chronic, estrogen-dependent, and progesterone-resistant inflammatory 
condition in which endometrial-like tissue is found outside the uterus, affecting 6-10% of reproductive-
age women. Research has emerged on the genetic and biological associations of EMS, identifying 
biological pathways such as sex steroid hormone pathways and specific genes that may contribute to 
the disease phenotype. Despite this, there is uncertainty on how different findings across different 
scientific disciplines compare and inform the public on EMS pathogenesis. This paper synthesizes 
findings from the emerging genetic research and hormonal-associated studies and discusses how these 
findings contribute to our existing knowledge of EMS causes and progression. Understanding the 
intersectionality of biological mechanisms from different regulatory systems, relevant pathways, and 
how they contribute to the chronic and inflammatory nature of EMS, will deepen our knowledge of the 
disease pathology. Thus experts should also consider examining EMS from a more interdisciplinary 
perspective, such as conducting multi-system EMS studies and including diverse populations in EMS 
research as novel approaches for studying EMS and other reproductive-related diseases.
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INTRODUCTION

EMS is a chronic, systemic condition in which 
endometrial-like tissue grows outside the uterus, 
presenting as heterogenous lesions with multiple 
phenotypes, leading to pain, potential infertility, 
and a significantly reduced quality of life (1). The 
disease is estrogen-dependent and progesterone-

resistant, affecting approximately 10% of reproductive 
age women, around the ages of 12 to 51 (1). This 
increases to up to 20-30% of women with subfertility, 
and 40-60% of women with pain and infertility (2). 
EMS is notoriously underdiagnosed due to disease 
heterogeneity and systemic barriers, where most 
women can have endometriosis for up to 7-10 years 
before diagnosis, often with symptoms present (3). 
Due to the elevated levels of estrogen in EMS patients 
compared to healthy patients, anti-estrogen therapies 
can serve to decrease abnormally high estrogen levels 
and manage symptoms.  Anti-estrogen therapies 
decrease lesion growth and although they reduce 
symptoms, depending on age and severity, hormonal 
treatments such as anti-estrogen therapies are not 
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always available as they can have a negative impact 
on menstruation, pregnancy, and bone health-- often 
causing bone density loss after 6 months (4). The cause 
of EMS remains unknown, and multiple theories have 
been suggested (5). The most widely accepted theory, 
proposed by Sampson in 1921, states that endometrial 
tissue fragments move retrograde through the fallopian 
tubes during menstruation, implanting into the pelvic 
cavity (6). Despite this, there is still a need to further 
characterize EMS pathology, especially as EMS remains 
overwhelmingly underdiagnosed. Understanding the 
prevalence and severity of EMS highlights the need 
for deeper investigation into the biological mechanisms 
and genetic basis of EMS, especially as they relate to 
current diagnostic and treatment struggles.  

EMS is a highly heterogeneous condition, presenting 
in a range of anatomical subtypes and severities-- 
ranging from patients being asymptomatic to 
debilitating pain. The substantial disease heterogeneity 
prevents the use of a universal set of biomarkers for 
EMS diagnosis, leading to a barrier in the diagnosis 
process. This has been shown through the failed 
validity of prior candidate biomarkers and diagnostic 
techniques, including the biomarker CA-125, originally 
identified from a study in 1998 and later in 2004, with 
2,692 patients and 1,646 patients respectively (7-9). 
Nisenblat et al. performed a large systematic review of 
141 studies assessing 122 blood biomarkers for EMS, 
and among the few biomarkers with sufficient data 
for meta-analysis, CA-125 was the most extensively 
studied, yet its diagnostic performance proved 
unreliable with reported sensitivities and specificities 
varying widely depending on the cut-off threshold 
(7). Higher sensitivity rankings are indicative of the 
biomarker being more effective at assessing whether 
women have EMS, whereas higher specificity rankings 
indicate the biomarker being more effective at correctly 
ruling out women who do not have EMS (7). The 
authors classified results as positive or negative  against 
the reference standard of surgical visualization of EMS, 
and then applied a bivariate random-effects meta-
analysis model to report summary values of specificity 
and sensitivity, which is a widely used and accepted 
statistical technique to assess the accuracy of clinical 
biomarkers as it accounts for study size and variability. 
At >10-14.7 U/mL dose, sensitivity, which is ranked out 
of 1, for CA-125 was 0.70 and specificity was 0.64, while 
at the more commonly used >35 U/ml dose, sensitivity 
dropped to 0.40 despite specificity rising to 0.91. This 
showed large variability for the CA-125 blood biomarker 

in its sensitivity and specificity, reflecting poor clinical 
utility (7). Additionally, abnormal menstrual symptoms 
can often be normalized, which also contributes to the 
delay in diagnosis (10). EMS phenotypes can manifest 
in three pelvic cavity subtypes: superficial peritoneal 
lesions, ovarian endometriomas, and deep infiltrating 
EMS (1). Some patients with extensive lesions can 
remain asymptomatic, while others with minimal 
disease can experience debilitating pain (11), suggesting 
that lesion burden and likely EMS phenotypes may not 
predict symptom severity. A better understanding of 
this heterogeneity through further research on EMS 
subtypes can help to progress subtype testing and 
tailored clinical approaches (12).   

The 7–10-year delay of EMS diagnosis between 
symptom onset and diagnosis is partially due to the 
current diagnostic gold standard- laparoscopy- which 
is invasive, costly, and can be inaccessible due to 
resource limitations and socioeconomic barriers (13). 
While EMS has been primarily viewed as a hormone-
driven disease, emerging research suggests it must 
be characterized as a multifaceted disorder involving 
immune dysregulation, genetic susceptibility, and 
inflammation (14). Genome-Wide-Association Studies 
(GWAS), familial aggregation studies, and twin studies 
have all provided compelling evidence that genetic 
susceptibility contributes towards EMS pathogenesis 
(15, 16). Specific genes such as Estrogen Receptor 
Alpha 1 (ESR1) and vezatin adherens junctions 
transmembrane protein (VEZT) associated with 
hormone regulation and inflammatory characteristics 
have been identified in previous studies (17). Thus, 
this paper aims to explore the biological mechanisms 
and pathways that contribute to EMS and synthesize 
genetic findings to better understand how these 
contribute to our current understanding of the chronic 
and inflammatory nature of the disease. This research 
review can ultimately provide insight into the need for 
studying EMS in more interdisciplinary contexts, such 
as examining whether a multi-system EMS study is 
required to obtain a more comprehensive perspective 
on biological mechanisms underlying EMS and possibly 
other reproductive diseases. 

 
EMERGING GENETICS RESEARCH IN EMS

There is increasingly prevalent evidence suggesting 
that genetic susceptibility may contribute towards 
an increased risk of EMS. Monozygotic twin studies 
estimate that genetic factors account for ~50% of 
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the variance in EMS susceptibility (18, 19). Familial 
aggregation studies have also supported this idea 
through showing that first-degree relatives of diagnosed 
EMS patients have an elevated risk of developing 
EMS, suggesting a genetic predisposition (14). GWAS 
studies, used to identify genomic variations and 
finding genetic markers, have identified multiple risk 
loci associated with EMS in a diverse group of multi-
ethnic individuals from countries including the United 
Kingdom and Japan, implicating genes involved in 
sex steroid hormone pathways (15, 17). This gene 
mapping technique uses SNPs to evaluate the genome 
for risk-associated variations (15). Recent studies 
have also explored the role of epigenetic changes and 
non-coding RNAs in EMS disease development (20-
22). Altered expressions of long non-coding RNAs 
(IncRNAs) have been linked to progesterone resistance 
and inflammation regarding EMS pathophysiology 
(23). These findings give strong insight into how gene 
regulatory mechanisms may contribute to hormonal 
and inflammatory characteristics of EMS. 

Familial studies have provided further evidence 
of heritability in EMS (18, 19, 24). For example, 
Treloar et al. surveyed 3,298 female monozygotic and 
dizygotic twins and found that 215 of 3,096 respondents 
reported endometriosis (≈7%) (18). Concordance was 
significantly higher in monozygotic twins (r = 0.46–
0.52) than in dizygotic twins (r = 0.19–0.28), indicating 
that roughly half of the variance in liability can be 
attributed to genetic factors (18). These findings provide 
evidence of EMS heritability. Additionally, during 
1977-1982, Dalsgaard et al. conducted a controlled 
historical cohort study of women from an age group of 
15-49 years old in Denmark with a 33-year-follow up 
(24). There were 24,591 women diagnosed with EMS 
who were compared with 98,764 women without EMS 
(24). With a nearly 100% follow-up rate, disregarding 
the 4-6% of women who emigrated, daughters of the 
women with EMS had a 2.12-fold (95% confidence 
interval 1.89-2.37, P<0.0001) increased rate of 
diagnosis with EMS in comparison to the daughters 
of the women without EMS, strengthening evidence 
for a heritable predisposition to EMS (24). EMS that 
occurs in families tends to be more phenotypically and 
symptomatically severe than sporadic cases of EMS, 
showing that those with these severe manifestations 
of EMS are more likely to have affected offspring or 
siblings, indicating that EMS risk increases if there is a 
history of EMS in relatives (20). Thus, there is stronger 
genetic predisposition in individuals with severe EMS 

phenotypes. While studies have demonstrated strong 
familial clustering, indicating heritability, studies 
performed on animal models including rhesus monkeys 
show that the disease does not follow simple Mendelian 
genetic patterns (25). Thus, investigating modes of 
genetic inheritance in EMS animal models may offer 
insight into mechanisms underlying increased risk in 
families with EMS-diagnosed relatives.

GWAS has offered promising data for understanding 
potential causes of EMS (26). Studies, such as the large 
genome-wide association meta-analysis by Rahmioglu 
et al, performed on multi-ethnic groups of individuals 
have been key in identifying the specific loci associated 
with the disease, pinpointing over a dozen risk loci 
across diverse populations: ESR1 (estrogen receptor 
alpha), CYP19A1 (aromatase), and HSD17B1, all central 
to estrogen synthesis and responsiveness, aligning 
with the existing knowledge that EMS is an estrogen-
dependent disease. Other significant loci identified 
are WNT4, which plays a role in the reproductive 
tract development; VEZT, which is involved in cell 
implantation and adhesion; and GREB1, which is 
also estrogen-responsive (15, 27). Potential utilities of 
these findings from these studies include an improved 
understanding of EMS pathogenesis, discovery and 
exploration of disease subtypes, and risk prediction.  

Epigenetics has been shown to play a role in 
EMS disease phenotypes (28). Basic mechanisms 
of epigenetics include DNA methylation, which 
often silences or reduces gene expression; histone 
modification, affecting how tightly DNA is wound and 
affecting accessibility of DNA for transcription of genes 
in that specific region; and noncoding RNA (ncRNA), 
which prevents the messenger RNA (mRNA) from 
being translated into proteins. Epigenetic processes 
have been shown to contribute to other human diseases 
such as breast cancer, Huntington’s, Alzheimer’s, and 
Parkinson’s diseases, by changing gene expression 
and regulating cellular processes including apoptosis 
and immune responses (21, 29). The development of 
EMS complications such as pain and infertility have 
been linked to abnormal epigenetic modifications (28). 
Epigenetic dysfunction, which are abnormal changes 
in the epigenetic regulation of gene expression, seem 
to play a pivotal role in the pathogenesis of EMS (28). 
Women with EMS have abnormal levels of enzymes 
called DNA methyltransferases (DNMTs), especially 
in endometrial tissues, which control gene activity 
through DNA methylation (30). Additionally, the 
eutopic endometrium, the normal lining of the uterus, 
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factors such as vascular endothelial growth factor 
(VEGF) are upregulated, promoting the formation of 
new blood vessels to support lesion survival (36).   

Disruptions in the endocrine system have been shown 
to play a central role in the progression and presentation 
of EMS. The hypothalamic-pituitary-adrenal (HPA) 
axis, which regulates stress and hormonal balance, 
may be disrupted in EMS patients, linking EMS to 
broader systemic and neuroendocrine dysfunctions 
(37). Regarding endocrine changes in EMS, researchers 
utilized GWAS to pinpoint single nucleotide 
polymorphisms (SNPs) in follicle-stimulating hormone 
(FSH) and luteinizing hormone (LH), and changes in 
estrogen and estrogen receptors; progesterone and 
progesterone receptors; inhibin, activin and follistatin; 
and anti-mullerian hormone in EMS patients (37). 
These hormones are known to regulate ovarian function 
and reproductive hormone signaling, among other 
functions. Further characterizing biomarkers from 
different regulatory systems associated with EMS can 
help us to further reveal the complexity of EMS causes 
and progression, pointing towards possible candidate 
biomarkers. 

EMS lesions are central to its pathology, and they 
exhibit increased nerve fiber density and fibrosis which 
contributes to chronic pelvic pain. Previous studies 
have shown that EMS supports neuroangiogenesis, 
the process in which new nerve fibers and blood 
vessels form. For example, the expression of nerve 
growth factor (NGF), which plays a crucial role in 
the survival and development of nerve cells and is 
increased in EMS lesions (38). In this study they used 
immunohistochemistry and measured NGF protein 
expression, and found that NGF levels were significantly 
higher in EMS lesions compared to non-lesion 
endometrium. This can also increase the presence of 
nociceptors, specialized nerve cell endings that initiate 
the body’s sensation of pain, as well as increasing the 
density of nerve fibers (38). The pathological growth 
of nerve fibers in EMS lesions is associated with 
chronic pelvic pain in EMS patients. Due to the lack 
of an intrinsic nerve supply in ectopic EMS lesions in 
the peritoneal cavity, new nerve fibers are formed to 
transmit pain signals due to EMS lesions, leading to 
an increased density of nerve fibers as shown through 
immunohistochemical staining for GAP-43–positive 
sensory nerve fibers (39). Additionally, the expression 
of growth-associated protein 43, a protein crucial to 
neuronal growth and regeneration, is elevated in nerves 
closer to EMS lesions than in nerves that are distant 

are reported to be hypoacetylated in women with 
EMS, which occurs when a histone has fewer acetyl 
groups, compared to eutopic endometrium without 
EMS presentation. This reduces gene expression of 
inflammatory and steroid hormone signaling pathways, 
which can affect important cellular processes like 
inflammation and hormone response (31). ncRNAs 
regulate gene expression post-transcription, and in 
EMS, their abnormal regulation disrupts pathways 
involved in inflammation and hormone signaling. 
Furthermore, microRNAs (miRNAs), which play 
important regulatory roles for cleavage or degradation 
of mRNA, have been shown to be altered in both ectopic 
endometrium, endometrial tissue found elsewhere in 
the body, and eutopic endometrium tissues in women 
with EMS (32). These findings overall highlight how 
disruptions in epigenetic regulation of EMS-related 
pathways contribute significantly to EMS, pointing 
towards epigenetics as a promising area of research in 
understanding this disease.   

BIOLOGICAL PATHWAYS IDENTIFIED IN 
EMS

Endometriosis’ pathophysiology is multifaceted and 
complex. Its estrogen dependence and progesterone 
resistance play key roles in the abnormal growth of 
endometrial-like tissue outside the uterus (1, 33). 
Estrogen promotes angiogenesis, the process where 
new blood vessels form from existing ones; cellular 
proliferation, the process regarding cell growth and 
division; and the expression of inflammatory cytokines 
such as IL-1β and TNF-α, signaling molecules that 
amplify inflammation (23, 34). Progesterone functions 
in suppressing these processes, and in EMS patients, 
progesterone receptor expression is often dysregulated 
or reduced, which Reis et al. determined through a 
comprehensive screening of previously published 
research dating to 1958 (23, 34). In addition, peritoneal 
fluid samples collected during laparoscopy from EMS 
patients have shown that patients tend to present 
with elevated levels of pro-inflammatory cytokines, 
oxidative stress in the peritoneal environment, and 
macrophage activation, contributing to immune evasion 
and allowing ectopic lesions to thrive (35). This was 
demonstrated by comparing the expression of estrogen 
receptors and inflammatory cytokines in macrophages 
obtained from peritoneal fluid samples from 30 women 
with EMS to the samples of 22 women without EMS, 
serving as experimental controls (35). Angiogenic 
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from those lesions (40).  Thus, neuroangiogenesis 
within EMS lesions likely plays a central role in the 
pelvic pain experienced by EMS patients.   

Previously published research has also shown that 
one of the hallmarks of EMS progression is immune 
system dysfunction. Immune cells such as neutrophils 
and peritoneal macrophages aid in processes such 
as endometriotic cell growth and angiogenesis (41). 
Peritoneal macrophages and natural killer (NK) cells 
in EMS patients cannot eliminate endometrial cells 
as effectively in the peritoneal cavity compared to 
healthy patients due to abnormal receptor-ligand 
interactions, elevated levels of immunosuppressive 
cytokines, and dysfunction of adhesion molecules 
(42). Additionally, the imbalance between the Th1/Th2 
immune cells induces lesion progression as it leads to 
abnormal cytokine secretion as well as inflammation 
(41). The presence of anti-EMS antibodies in both 
the peritoneal fluid and patient serum has been found 
in patients diagnosed with EMS (43). Confino et al. 
demonstrated this through investigating autoantibodies 
in 14 laparoscopically diagnosed EMS and 9 control 
patients, undergoing laparoscopic tubal occlusion, in 
both peritoneal fluid and serum. Results from this 
study showed an abnormal concentration of anti-
phospholipids and anti-histones antibodies within the 
peritoneal cavity of EMS patients relative to control 
patients, demonstrating that these elevated antibodies 
may serve as a proxy for EMS pathology (43). The 
autoantibodies could potentially stimulate the immune 
system and perpetuate inflammation in women with 
EMS. Furthermore, there appears to be an increase 
in EMS occurrence correlating with immune-related 
diseases, indicating a pathophysiologic pathway shared 
between EMS and the immune system (44). As studies 
increasingly highlight a connection between EMS 
and the immune system, it is essential to establish the 
type of primary and secondary immune response cells 
such as macrophages and memory B cells in future 
EMS research, as well as their relationship to different 
phenotypes, symptoms, and stages of the disease.  

CONCLUSION 

While recent genetic and molecular breakthroughs 
in EMS have been transformative, there are several 
limitations present in the current body of research. 
One major challenge in research lies in the population 
being investigated in EMS studies. While slightly more 
European and Asian women are diagnosed compared 

to Hispanic and black women, this doesn’t necessarily 
correlate to a higher prevalence among European and 
Asian women and may highlight a barrier to diagnosis 
for groups not included in these studies (45). Though 
recent studies have tried to diversify which ethnic 
populations are included in EMS research, many of 
the major studies have been performed in European 
populations (27). As a result, many of the identified 
risk loci, while insightful, aren’t broadly applicable 
to diverse populations of women who are at risk for 
developing EMS. Additionally, despite promising 
results in recent EMS research, including an increase 
in EMS-associated genetic markers identified, very 
few biomarkers have been successfully translated 
into clinical tools. Most of these findings lack clinical 
validation, and their predictive power is insufficient 
for individual risk assessment or treatment plans. This 
highlights a significant bench-research-to-clinic gap 
and limits their immediate applicability.   

A research area that warrants increased attention 
is understanding subtype-specific and EMS disease 
heterogeneity. As demonstrated in Table 1, the current 
diagnostic and treatment strategies often ignore the 
wide range of lesion subtypes, symptom variability, 
and hormonal responsiveness. This causes severe 
delays in diagnosis, making it significantly harder for 
many women to begin treatment, in turn, likely causing 
issues from EMS-related symptoms longer. The lack 
of tailored treatment to patients with heterogenous 
symptoms often leads to inefficient treatment, making 
it crucial that this aspect of diagnostic research is 
highlighted. 

Despite these limitations, several promising 
directions could enhance the utility of genetic findings in 
clinical care. The development of polygenic risk scores 
tailored to diverse populations could help researchers 
understand the basis of disease heterogeneity across 
EMS patients, and result in an increased understanding 
of genetic susceptibility amongst specific populations 
and potentially inform early intervention (46). While 
blood-based markers and other biomarkers aren’t 
accurate yet due to a lack of knowledge regarding 
the heterogeneity of EMS, further characterization 
of regulatory systems and their associated molecular 
biomarkers in diverse populations such as specific non-
Eurocentric groups can enhance clinical applicability 
of genetics findings associated with EMS in the future. 
For example, a deeper characterization of genetic 
and hormonal underpinnings of EMS amongst 
different populations can help with understanding the 
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complexity of EMS disease progression and how it 
may differentially develop within and between different 
ethnic populations. Thus, it is important for the field to 
consider investigating whether differences in genomic 
variants such as SNPs amongst different human ethnic 
populations with EMS-related symptoms correlate 
with EMS disease heterogeneity and whether specific 
variants between populations may be responsible for 
distinct EMS-associated symptoms. Such research 
may provide insight into the identification of specific 
biomarkers associated with Eurocentric and/or 
non-Eurocentric populations and may enhance our 
understanding of how molecular components from 
different regulatory systems interact with one another 
to reinforce EMS-associated symptoms and other 
reproductive-related diseases in women. 

Endometriosis is a multi-faceted condition with 
significant genetic and biological complexity. Recent 
studies have identified risk loci and key genes, 
particularly those involved in sex steroid hormone 
pathways, inflammation, and cell adhesion, contributing 
to the disease’s pathophysiology. Advances in GWAS 
and epigenetic research studies have revealed that 
similar to other human diseases, EMS is a heritable 
disease and that challenges in understanding its 
heterogeneous symptoms persist. Moving towards a 
greater and broader understanding of EMS disease 
heterogeneity and its associated candidate biomarkers is 
of utmost importance. This is pivotal in order to move 
identified biomarkers towards clinical validation and 

subsequent testing. Overall, such findings may point 
towards the development of non-invasive diagnostic 
approaches, especially as emerging research provides 
insight into EMS-associated regulatory systems 
and novel candidate biomarkers, which may lay the 
groundwork towards improving standard of care for 
EMS-diagnosed patients.
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