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Endometriosis

Endometriosis is an estrogen dependent inflammatory 
disease that is thought to affect up to 10% of all women 
between menarche and menopause. It is characterized 
by endometriosis lesions growing in different locations 
outside the uterus most commonly in the ovaries or the 
pelvic peritoneum, leading to cyclical and non-cyclical 
symptoms, i.e. pelvic pain, dysmenorrhea and infertility 
[1]. Owing to the variety and complexity of the presented 
symptoms, diagnosis is often delayed while symptoms are 
misinterpreted. Today laparoscopy is still the gold stan-
dard for diagnosing endometriosis hence non-invasive 
biomarkers are urgently needed and present a current 
scientific challenge.

What are mRNAs?

MicroRNAs are small, non-coding RNA molecules that 
play a major role in gene expression. They are transcribed 
and processed as precursor DNAs inside the cell nucleus 
comprising of 19-24 nucleotides. In the cytoplasm 
microRNAs bind the 3’ end of the target messenger RNAs 
(mRNA) and hence are able to interfere in translation or 
induce the deterioration of mRNAs via the “RNA-induced 
silencing complex” (RISC). This way microRNAs are able 
to influence cell migration, proliferation, angiogenesis, 
inflammation and apoptosis via negative regulation of 
gene expression (Figure 1.) [2, 3]. Among epigenetic 
markers microRNAs have distinguished themselves as 
powerful regulators of gene expression. MicroRNAs target 
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MikroRNS-ek az endometriozisban  – új, nem hormonális módszer a korai diagnosztizálásban
Az endometriosis a reproduktív korú nők körében gyakori betegség, amely legyengítő fájdalomhoz és meddőséghez vezet, 
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positive regulatory motifs that are three or four proteins 
positively regulating each other, highly connected scaffolds 
and downstream network components such as signaling 
transcription factors or genes with promoter regions 
including a large number of putative transcription factor 
binding sites [4]. As microRNAs are tissue specific, do 
not undergo posttranslational modifications, are of low 
complexity and are stable in blood, urine or tissues they 
promise to potentially be useful as future biomarkers in 
early diagnosis of endometriosis [5].

For detection and profiling of microRNAs RT-PCR 
presents the gold standard due to its high accuracy and 
sensitivity [6].

Various studies have examined the role of mRNA in the 
pathogenesis of endometriosis, however they obtain varying 
results probably due to heterogeneity of cell types or use of 
varying techniques to detect microRNAs [7].

MicroRNAs and Endometriosis

40 microRNAs were found to possibly play a role in the 
pathogenesis of endometriosis, as they were found to be 
regulated differently in various studies during the past 
years. Agrawal and colleagues worked out the significance 
of these circulatory microRNAs and its role in the aethio-
pathogenesis of endometriosis.

In the fore there are different subgroups of microRNAs 
(miR) that may play a pivotal role: the miR-17-5p, miR-20a, 
the miR-200 family, miR-199a, miR-143 and miR-145 [8].

Ohlsson-Teague and colleagues proposed a model for 
microRNA regulation in endometriotic lesion development. 
The authors put in the foreground that hypoxic cell injury 
and the up-regulation of hypoxia inducible transcription 
factors such as CREB binding protein is modified by 
microRNAs, in particular miR-20a and miR200b [9]. This 
is thought to result in increased angiogenesis, better oxygen 
delivery to tissues and perhaps improved survival of ectopic 
endometriotic lesions [10].

Secondly, pro-inflammatory conditions with elevated 
levels of inflammation markers leading to enhanced COX-2 
 transcription are described in literature [11]. COX-2 
suppressor’s miR-199a and miR-16 are shown to be 
downregulated in endometriosis. It is hence conjectural 
that the upregulation of COX-2 leads to an inflammatory 
environment and as a result promotes neoangeogenesis, 
increased prostaglandin production and estradiol mediated 
cellular proliferation of endometriotic lesions [10].

As a number of angiogenesis-related transcripts seem to 
be targets of microRNAs it can be surmised that microRNAs 
play a significant role in regulation of angiogenesis. In the 
literature a variety of microRNAs are described, i.e. miR-
126, enhancing VEGF and fibroblast growth factor signaling 
[9].

Tissue repair and TGFß-regulated pathways are central 
components of molecular signaling networks associated 
with endometriosis [12, 13]. TGFß-1 and -2 regulation 
is subject to miR-21 and miR-141, that are shown to be 
downregulated in endometriosis [9]. Ohlssen-Teague and 
colleagues propose the dysregulation of miR-1, miR-21, 
miR-141 and miR-194 may synergistically enhance TGFß 
signaling in endometriosis lesions by increasing TGFß 
expression and restraining TGIF’s suppressive activity [10].

Lastly, cell growth, proliferation and apoptosis as well as 
extracellular matrix remodeling are thought to be regulated 
by a multitude of microRNAs thus leading to enhanced 
survival of endometrial cells in endometriosis [10].

Major microRNAs examined by current 
studies

Considering the subject matter from the other side of 
the medal one can reflect upon the major microRNAs 
currently or recently being examined in studies. Agrawal 
and colleagues from the University of Oxford published a 
thorough review on presently studied microRNAs. They 
describe a total of 40 dysregulated microRNAs among 
which miR-17-5p, miR-20a, miR-200, miR-199a, miR-
143, and miR-145 are suggested to play a major role in the 
pathogenesis of endometriosis [8].

Highlighted is the miR-200 family that consists of miR-
200a, miR-200b and miR-141 being dysregulated both in 
blood and tissue. The combination of the above named 
microRNAs is shown to have sensitivity and a specificity 
of 84.4% and 66.7% [9]. Ohlsson et al. point out that 
miR-200b is thought to be decreased in endometriomas 
compared to eutopic endometrium. The downregulation of 

Figure 1. Mechanism of microRNA function  
MicroRNAs can inhibit mRNA and protein expression at the 
posttranslational level via induction of RNA degradation in the 
RISC complex, of by impeding translation at the ribosome. A 
dysregulation of miRNAs leads to the misexpression of molecular 
factors that can drive the pathogenesis of endometriosis. The 
figure was drafted using elements of the free internet source 
https://smart.servier.com/
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the miR200 family may induce the epithelial-mesenchymal 
transition characteristic of endometriosis [14, 15]. Indeed, 
a dysregulation of the anti-metastatic adhesion molecule  
E-cadherin due to altered miR-200b expression was shown 
to result in altered invasive growth of endometriotic cells 
in vitro [15].

Next to the miR-200 family miR-20a is described as a 
leading biomarker for endometriosis being down-regulated 
in several studies. This leads to increased concentrations of 
TGFß and IL-8, playing an important role in inflammation 
and tissue repair and potentially explaining the growth 
of endometriotic lesions [15]. Furthermore miR-20a was 
found to be upregulated in patients with endometrioma 
leading to upregulated fibroblast growth factor-9, a potent 
mitogen that stimulates both endothelial and endometrial 
cell proliferation [17].

Several further microRNAs are described in literature 
as up- or downregulated, i.e. miR-199a or miR-145 thus 
showing controversial outcomes [18]. At the functional 
level, miR-145 was shown to influence invasive growth 
of endometriotic cells, which was due to a targeting of 
cytoskeletal elements [19]. Moreover, miR-145 regulated 
proliferation and the stem cell phenotype of endometriotic 
cells, as a prerequisite for unlimited growth at ectopic sites 
[19].

Various studies have examined the role of mRNA in 
the pathogenesis of endometriosis however they often 
obtain differing results. This limited overlap between the 
proposed disease-related microRNAs in endometriosis 
is probably due to heterogeneity of cell types or use of 
varying techniques to detect microRNAs [7]. Moreover, 
methods for data normalization are differing, as there is no 
broad consensus on housekeeping genes for miRNA-based 

studies [7]. While some miRNAs reach good values for 
sensitivity and specificity, these values are currently not 
superior to current diagnostic methods [8, 20–21]. While 
a single study reported excellent sensitivity and specificity 
values of of 95.6% and 91.4% for serum miR-122, and 
of 100% and 100.0% for miR-199a for the detection of 
endometriosis [22], these data were not in concordance 
with an earlier study. An overview on important studies 
on the diagnostic value of miRNAs in endometriosis is 
provided in table I.

Future perspective

Up to now no single microRNA seems to be applicable as a 
diagnostic marker neither has been found a combination of 
dysregulated microRNAs that could be used as diagnostic 
tool. However further progress and research on microRNAs 
is valuable and promising for future medicine. Circulating 
microRNAs could be novel targets for early diagnosis and 
treatment monitoring on the one hand as well as major 
therapeutic targets in the therapy of endometriosis.

Ohlsson-Teague and colleagues suggest that in the future 
a non-invasive blood test that identifies microRNAs secreted 
from endometriotic tissue could be a precious cornerstone 
in the non-invasive diagnosis of endometriosis.

Furthermore the authors suggest microRNAs as potential 
non-hormonal therapeutic targets. Antagonisms of 
microRNAs via anti-microRNAs, use of microRNA decoys 
or use of microRNA mimics in order to increase the degree 
of miRNA regulation and suppress transcription of mRNAs 
that promote disease activity are potential therapeutic 
strategies in future treatment of endometriosis [9].

Table I. Diagnostic value of serum miRNAs in endometriosis

microRNA Sensitivity (%) Specificity (%) Reference

miR-20a 
miR-22 
miR-17-5p 

60 
90 
60 

90 
90 
80 

Jia et al. 2013 [24]

mi-125b-5p 100 96 Cosar et al. 2016 [25]

let-7d (proliferative phase)  83.3 100 Cho et al. 2015 [26]

miR-122 
miR-141-5p 
miR-145 
miR-199a 

80 
71.69 

70 
78.33 

76 
96 
96 
76 

Wang et al. 2013 [18]

miR-16+miR-191+miR-195  88 60 Suryavanshi et al. 2013 [27]

miR-141 
miR-200a 
miR-200b 

71.9 
90.6 
90.6

70.8 
62.5 
70.8 

Rekker et al. 2015 [28]

miR-155+miR574-3p+miR139-3p 83 51 Nisenblatt et al. 2019 [20]

laparoscopy  94 79 Wykes et al. 2004 [23]

Compilation of studies summarized in references [8, 20–21]. Values for the gold standard laparoscopy are from reference [23].
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Conclusion

MicroRNAs are promising future targets for diagnosis as 
well as treatment of endometriosis. However, up to now no 
single microRNA or combination of microRNAs are found 
to meet the requirements as diagnostic marker. Thus, future 
research is promising in order to find a novel non-invasive 
way for early diagnosis or even for new non-hormonal 
treatment options of endometriosis, a debilitating and 
burdening disease that affects a great number of women in 
their reproductive years.
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