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Abstract

Endometriosis is a complex and chronic estrogen-dependent disease, affecting a significant proportion of women of reproductive
age. Despite the long interest and extensive research, the pathogenesis of the disease is still debated. Although available non-
invasive diagnostic methods have adequate accuracy, an invasive approach by laparoscopy is often necessary to obtain histo-
logical confirmation. In this scenario, the search for an accurate, reliable, cost-effective, clinically applicable non-invasive
biomarker plays a crucial role in a potentially early diagnosis and, in this way, shape the future management of the disease.
Considering these elements, the current review aims to summarize the most significant and novel results about biomarkers for the

diagnosis and follow-up of women affected by endometriosis.
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Introduction

Endometriosis is a common, chronic, hormone-dependent, in-
flammatory disease affecting 2—18% of women of reproduc-
tive age and over 40% of infertile patients [1]. The presence of
endometrial-like tissue outside the uterine cavity characterizes
the disease.
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Retrograde menstruation with transplantation of shaded en-
dometrium is considered the primary etiopathogenetic mech-
anism [2]. However, after more than a century of intensive
research, we are still far from understanding endometriosis
etiopathogenesis with multiple proposed molecular, genetic,
and epigenetic mechanisms [3]. Indeed, the endometrium is a
dynamic tissue with numerous molecular pathways activated
and cyclically involved in cell proliferation, invasion, attach-
ment, and possible migration [4]. All these mechanisms may
participate in endometriosis development and represent tar-
gets for therapy and markers for diagnosis [4-6].

Understanding the endometriosis pathogenesis is para-
mount to develop further treatment options, given that avail-
able treatments have side effects, and not all patients benefit
from them, particularly for non-surgical strategies [7-9].
However, developing new methods for an early diagnosis is
of paramount importance as well. A median delay of § years
has been reported from the onset of symptoms to a diagnosis
of endometriosis [10]. Therefore, although clinician education
and public awareness are essential to prevent delayed diagno-
sis and decrease the long-term morbidity resulting from un-
treated endometriosis [10], identifying possible disecase
markers may help reduce this issue.

Nevertheless, despite the significant efforts in establishing
non-invasive methods to diagnose endometriosis, reliable
tests are still missing. Most of the available studies are focused
on finding a single marker in which expression would be
significantly changed in patients with endometriosis. With this
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approach, numerous non-invasive biomarkers have been sug-
gested (Fig. 1) [11]. However, none of them proceeded into
clinical practice yet.

Immunological Markers

The role of the immune system in endometriosis development
has been well-established [12]. One of the immunological
markers is a change in macrophage and lymphocyte popula-
tions’ composition, particularly Th and Treg cells. A recent
study found a high macrophage type 2 (M2) response in the
peritoneal cavity of patients with endometriosis: increased
CD68"%/CD 14" subpopulation coupled with elevated levels
of Tregs and Th cells. These results suggest that this subpop-
ulation of macrophages might be responsible for an altered
immune reaction in affected patients [13]. Moreover, a meta-
analysis found a significant increase of neutrophil and de-
creased lymphocyte counts in patients with endometriosis,
together with shortened activated partial thromboplastin time,
which is probably connected with localized inflammatory re-
sponses [14].

Treg lymphocytes are well-established to play a critical role
in controlling and modulating numerous immune responses.
Therefore, the observed premenstrual rise of Tregs in endo-
metriosis patients is a potentially important observation [15].
However, without additional confirmation, the possible role of
these cells remains hypothetical. As Tregs cells can block the
activation of the immune action, they might be involved in the
tolerance to the endometriotic tissue, although more
robust evidence is needed [16]. In this regard, the study
followed surface markers on Tregs isolated from peripheral
blood or peritoneal fluid of patients with endometriosis. The
results showed that these patients had a higher number of
TNFRII* and CTLA-4" Tregs in the blood and fewer ICOS*
and CD45RO" Tregs in the peritoneal fluid than healthy con-
trols. These data suggest different activation profiles and other
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memory markers between Tregs of healthy versus
endometriotic women, but the real meanings of these findings
are difficult to interpret [ 17]. Knowing whether the differential
expression of these markers is the direct result of endometri-
osis or the cause of endometriosis is unclear. Therefore, the
fundamental role of Tregs in the development or progression
of endometriosis remains to be elucidated.

Some studies suggested TGF-31, COX-2, VEGF, ER-103,
and aromatase levels elevated in endometriosis [18], but their
expression is unfortunately not endometriosis-specific, which
hampers their use as diagnostic factors. The role of TGF-{31
was further supported by in vitro findings: the activation of the
TGF-f1 signaling lowered the invasive potential of endome-
trial cells; highly invasive phenotype expressed higher levels
of SDC1, SDC4, and genes involved in TGF-31 signaling
[19]. However, these findings corresponded to only one sub-
group of investigated patients and cannot be generalized.

The levels of IL-6 and IL-8 produced by endometriotic
stromal cells were elevated in the peritoneal fluid of patients
with endometriosis. In addition, in vitro experiments sug-
gested that these levels can be suppressed by treatment with
pyrvinium pamoate [20]. IL-8 is a pro-inflammatory cytokine,
but the roles of IL-6 are both pro- and anti-inflammatory;
therefore, the significance of increased production of these
two particular cytokines is unclear. Pyrvinium pamoate is an
inhibitor of several critical signaling pathways, including the
Wnt/{3-catenin pathway. Still, any suggestions of either using
IL-6 or IL-8 levels as a marker or using this compound in
endometriosis treatment are highly premature [21].

Other possible markers gaining attention recently are
alarmins. In particular, the high-mobility group box 1
(HMGBI), which is involved in the mediation of inflamma-
tion and angiogenesis, appears interesting. The use of
HMGBI1 on endometriotic stromal cells resulted in the stimu-
lation of VEGF production [22]. Another alarmin is IL-33,
which regulates inflammation. Elevated levels in the peritone-
al fluid and serum of women with endometriosis were
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reported [23]. Moreover, IL-33 supplementation was ob-
served to play a role in the growth of endometrial lesions [24].

Difficulties in searching for endometriosis biomarkers can
be demonstrated in a study based on the antibody array ap-
proach. The study initially found 280 upregulated and 29
downregulated proteins using more than one hundred plasma
samples, but a more detailed analysis confirmed only four of
them being differentially expressed. In the end, only one of
them, IL-31, demonstrated significant difference and potenti-
ality to serve as a biomarker for endometriosis [25].

Similar conclusions can be reached from the novel use of
mass cytometry, which revealed over forty distinct immune
cell types in the peritoneal cavity. Still, only the level of
CD69*T lymphocytes was increased in patients with endome-
triosis [26]. Some connection with the inflammation level can
be suggested, but what these findings mean is not clear. The
different immune environments in the peritoneal fluid be-
tween healthy and patient’s samples are established, but its
clinical utility is not.

MicroRNAs

MicroRNAs (miRNAs) are short, single-stranded non-coding
RNA molecules involved in various biological processes.
Among their biological activities, they are considered both a
marker and a regulating factor of endometriosis. A study iden-
tified 23 microRNAs differentially expressed in patients with
endometriosis and healthy control. Subsequently, plasma
miRNA expression patterns were suggested as a highly spe-
cific and reliable diagnostic biomarkers [27]. Some reports
further hypothesized that more detailed miRNA studies would
offer new treatments of endometriosis [28]. A PCR retrospec-
tive study found several miRNAs able to serve as a marker of
endometriosis. The specificity of the panel was comparable to
laparoscopy [29]. miRNA-451 was identified as a potential
biomarker and is considered significantly contributing to
endometriosis’s pathogenesis [30]. With potential target
genes, such as OSR1, CDKN2D, and TTN, and clear data
on promoting proliferation and inhibiting apoptosis,
miRNA-451 might be a potential target for the endometriosis
treatment. Another study found that miR-96-5p is strongly
downregulated in ectopic endometrial tissue. Experimental
overexpression of this miRNA resulted in the inhibition of
endometrial cell viability and migration. Besides, the direct
target of miR-96-5p is TGFBR1. miR-96-5p regulates
TGF-3/SMAD signaling pathway [31]. If confirmed,
this might lead to potential reversion of endometriosis. As this
miRNA is also a tumor suppressor, it might help inhibit ovar-
ian cancer development in endometriotic patients [12].
However, many studies on miRNAs and endometriosis
suffered from limited consistency and offered conflicting re-
sults despite the promising data. Another problem with

miRNA in endometriosis originates from too high numbers
of them. The careful combination of several candidates might
yield better sensitivity. A genome-wide miRNA profiling sug-
gested the presumption that the link between endometriosis
and some miRNAs might exist. Still, it might be helpful in
some groups only, as numerous factors such as infertility will
significantly decrease its utility [32].

Other Markers

The remodeling of the extracellular matrix represents an es-
sential condition for tissue implantation. In addition, matrix
metalloproteinase (MMP) and its inhibitor TIMP-1 are present
in shed endometrium cells and regulate the degradation of the
extracellular matrix. The levels of MMP-9 were found higher,
and the levels of TIMP-1 lower in patients with endometriosis
[33]. Both levels, mainly when combined, might be helpful
for the prediction of endometriosis. The possible role of
MMP-9 was supported by findings showing the strong poten-
tial of MMP-9 as a biomarker of this disease [34]. A histo-
chemical analysis investigated the expression of MMP-2 and
MMP-9 in invasive colorectal endometriosis and superficial
peritoneal endometriosis. This evaluation showed significant
differences in expression patterns of these two markers,
allowing them to be used to determine the invasiveness and
aggressiveness of endometriosis [35].

An interesting possibility is the use of estrogen-related re-
ceptor alpha (ERR«x). An RT-PCR study found that expres-
sion of ERR« correlated with the pathological stages of ovar-
ian endometriosis [36], suggesting a potential use to determine
the disease progression.

After some suggestions that cell adhesion molecules might
be used as possible biomarkers of endometriosis, a detailed
longitudinal study found no significant differences in the case
of SICAM-1, sVCAM-1, and P- and E-selectin levels [37].
Similarly, a promoter of the neovascularization glycodelin A
as a biomarker for endometriosis is questionable. Some ana-
lysts suggested high sensitivity [38]; other studies found no
specificity at all [39].

Other potential markers are circulating non-coding RNAs.
Individual studies did not get behind suggestions, but a meta-
analysis of current literature allowed detailed subgroup anal-
ysis and meta-regression and found that these RNAs have a
high potential to be a new non-invasive marker [40].

Another option is the genomic approach to the develop-
ment of non-invasive markers. The expression of numerous
genes has been found to differ between women with and with-
out endometriosis, but this range was too broad, probably due
to endometriosis’s polygenic nature. Recently developed en-
dometriosis knowledgebase allowed better comparison,
narrowing genes’ plethora to 13 candidates [41]. However,
the use of gene expression for biomarkers of endometriosis
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is still far away. Although these microRNAs look promising,
their limitations result from the fact that no endometriotic
lesion-specific microRNA has been identified yet.

Human Epididymis Protein 4

Human epididymis protein 4 (HE4) has been found elevated
in endometriosis and hypothesized as a potential marker [42].
However, other studies showed no elevation of HE4 at all
[43], making the diagnostic use of this biomarker question-
able. Conversely, another study proposed the HE4 serum con-
centration as a marker for the differentiation of ovarian cancer
from ovarian endometriotic cysts [44]. Consistently, a large
study performed by four European centers showed that HE4 is
a valuable biomarker for excluding malignant disease in pa-
tients with endometriosis [45]. From the current data, it is
more likely that this marker is probably better suited for a
diagnostic role in epithelial ovarian cancer [46], similar to
other proposed markers such as CA-125, kallikrein 6, or
osteopontin than as a marker of endometriosis. Despite nu-
merous multicentric studies, the current lack of specificity
suggests that the idea of HE4 as a biomarker of endometriosis
should be abandoned.

CA-125

Tumor marker CA-125 is one of the most studied biomarkers
[47]. CA-125 is a high molecular weight glycoprotein initially
studied as a marker for ovarian tumors [48]. Its use in endo-
metriosis is limited by a low specificity, as multiple conditions
are associated with high levels of CA-125 [49].

The elevated levels of serum CA-125 in endometriosis cor-
relate with the disease severity [50]. Studies comparing levels
of CA135, CA19-9, and Ki-67 in late stages of endometriosis
did not find strong correlation between serum levels and his-
tochemical staining. However, the authors hypothesized that
serum CA-125 levels might correlate with the proliferative
activity of endometriotic epithelial cells [51]. The usefulness
of the CA-125 marker was further supported by a study using
164 women, with CA-125 significantly increased levels.
Further analysis revealed a good correlation with hsCRP and
with the severity of endometriosis [52]. However, the prob-
lems with specificity, allowing us to distinguish between ovar-
ian tumor and endometriosis, remain. They might be partially
overcome by the simultaneous use of a panel of tumor
markers, including CEA and CA19-9 [53], but CA-125 re-
mains better suited for differentiation between ovarian clear
cell carcinoma and endometrioid ovarian carcinoma [54].

Additional studies found that when used together with the
neutrophil/lymphocyte ratio, CA-125 can be used to diagnose
endometriosis [55]. Similar results were achieved when CA-
125 was used simultaneously with fibrinogen level [56]. A
recent study suggested that the CA-125 marker might be more
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important for predicting infertility associated with endometri-
osis than predicting endometriosis itself [21]. However, it is
essential to note that this marker is currently not recommended
as a biomarker for endometriosis. In addition, the possible use
of this marker divides the community of researchers into two
groups—one believing in clear correlation, and the second is
convinced that the specificity and/or sensitivity is not enough.

Stem Cells

Stem cells are currently one of the proposed causes of endo-
metriosis. It is not surprising that stem cells were also evalu-
ated as a possible marker. One marker option is ABCG2 and
CD133, with a known association with this disease’s patho-
genesis [57]. However, most of the markers associated with
stem cells can be found in vitro only or differ based on stem
cell origin, with extensive problems to valid stem cell-related
markers [58]. Similar to the eutopic endometrium, epithelial
and mesenchymal stem cells were isolated and proved to have
high clonogenic and self-renewal capacities [59, 60]. The ep-
ithelial stem cells express epithelial cell adhesion molecule
(EpCAM), cytokeratin, and alpha-6 integrin; conversely, stro-
mal stem cells express CD133, Musashi RNA binding protein
1 (Msi-1), and spalt-like transcription factor 4 (SALL4) [60].
The endometriotic mesenchymal stem cells, similar to their
eutopic endometrial counterparts, were found to retain the
ability to differentiate in multiple mesodermal lineages, in-
cluding adipocytes, chondrocytes, myocytes, and osteocytes
[60]. The ability of the suspected epithelial progenitors to
differentiate into mesodermal cellular lineages was not tested
to the best of our knowledge. Even though the eutopic and
ectopic mesenchymal stem cells are similar, many functional
studies found essential differences that could explain much of
the endometriosis characteristics. Indeed, ectopic mesenchy-
mal stem cells have higher growth and proliferation rates than
their eutopic counterparts [59]. Additionally, many investiga-
tors found increased migration and angiogenesis capacities of
ectopic mesenchymal stem cells compared with eutopic stem
cells [61]. These behavioral differences are attributed mainly
to the altered expressions of genes related to growth, prolifer-
ation, migration, and self-renewal between these two cell
groups: in particular, stage-specific embryonic antigen 3
(SSEA) and SRY-Box transcription factor 9 (SOX9)—express-
ing mesenchymal stem cells were detected; additionally,
SSEA-expressing endometriotic cells were found to have in-
creased telomerase activity when it was grown in cultures
[62]. Stem cell-related markers look promising, and we can
assume that they might be developed into clinically relevant
markers.

Endometriosis was found to express the pluripotency gene
triad highly: NANOG, SOX2, and octamer-binding transcrip-
tion factor 4 (OCT-4) [63, 64]. The expression of NANOG
and SOX2 was remarkably much higher than their expression
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in the eutopic endometrium [63, 64]. Conversely, OCT-4 was
found to be less expressed by endometriosis when compared
with eutopic endometrium [63]. Chang et al. [65] also reported
the upregulation of OCT-4 in ectopic lesions and suggested its
possible involvement in lesion progression by stimulating the
migration of endometrial cells. Moreover, two studies report
the upregulatory influence of estrogen on SOX2 and NANOG
[66, 67]. Based on these elements, overexpression of these
two genes may maintain the self-renewal capacity and in-
crease cell survival in endometriosis [63].

Conclusion

Despite decades of intensive research, endometriosis remains
a significant health problem. The nature of this disease is
highly complex, and despite decades of intensive research,
the fast diagnosis, prediction, and most of all, treatment op-
tions remain elusive. Use or sensitivity of individual markers
might also depend on the type and stage of endometriosis,
further hindering the research.

The search for endometriosis biomarkers offered numerous
promising markers, but none is used in clinical practice. Some
markers are purely based on a known association between
endometriosis and other biological reaction. In addition, many
proposed markers are based more on the fact that some sys-
tems are involved in endometriosis and the subsequent as-
sumption that its parts might serve as a marker. One example
might be the hypotheses about the expression of CD200 and
CD200R [68], which is based on the involvement in inflam-
matory diseases.

Most, if not all, biomarkers mentioned in this review have a
common problem—unknown clinical cutoffs for sensitivity
and specificity, which are usually low. Based on these set-
backs, none of the possible biomarkers mentioned in this re-
view has been recommended for clinical diagnosis. miRNAs
might be an exception, but even they are not without prob-
lems. Severe discrepancies among expression levels and the
vast number of different miRNAs make the usability question-
able [69]. Therefore, our search for the diagnostic marker for
the development and progression of endometriosis is still on.

Many, if not the majority, studies on markers in endome-
triosis suffer from numerous setbacks, including often being
retrospective, often using a low-resolution technique, different
diagnostic techniques, and low numbers of patients. In addi-
tion, the number of meta-analyses about non-invasive diagno-
sis and diagnostic markers is very low [70].

The current literature on potential biomarkers is already
vast. However, no conclusion can be made. Some studies
remind more of a fishing expedition testing one possible mol-
ecule after another, often without a clear explanation of the
hypothesis behind the study. This hypothesis-free approach
might rarely result in significant achievements. Just to expect

the development of biomarker on the observation of differ-
ences between healthy women and patients with endometri-
osis is geared to fail.

However, the ever-improving palette of the newest tech-
nologies, including and combining metabolomics, genomics,
and proteomics, offers promising tools for investigating a
complete panel of molecules and genes. The use of a new
generation of techniques and a better combination of possible
markers might be a way to go [71]. A careful combination of
individual biomarkers and evaluating a whole comprehensive
panel instead of individual markers might open a new window
[72].

In addition, most of the studies of biomarkers in endome-
triosis suffer from limitations caused by small numbers of
patients. More extensive and long-term multicenter studies
are necessary.
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