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                        ORIGINAL ARTICLE    

 Biomarker development in endometriosis      

    RICHARD O.     BURNEY    

  Departments of Obstetrics and Gynecology and Clinical Investigation, Madigan Healthcare System, Tacoma, 
Washington, USA                             

  Abstract 
 Endometriosis is a common gynecologic disorder histologically characterized by the displacement of endometrial tissue to 
extra-uterine locations. A signifi cant cause of infertility and pelvic pain, the global socioeconomic burden of endometriosis 
is staggering. Laparoscopy remains the gold standard for the diagnosis of the condition. However, the invasive nature of 
surgery, coupled with the lack of a laboratory biomarker for the disease, results in a mean latency of 6 – 7 years from onset 
of symptoms to defi nitive diagnosis. Unfortunately, the delay in diagnosis may have signifi cant consequences in terms of 
disease progression. The discovery of a suffi ciently sensitive and specifi c biomarker for the non-surgical detection of 
endometriosis promises earlier diagnosis and prevention of deleterious sequelae, and remains a top research priority. The 
enigmatic pathophysiology of endometriosis presents unique challenges to biomarker development that are now well 
outlined. Within the past decade, signifi cant advancements in understanding the molecular hallmarks of endometriosis 
have occurred, and promising biomarker candidates are emerging.  

  Key Words:   Biomarker  ,   endometriosis  ,   proteomics   

  Introduction 

 Endometriosis is a debilitating gynecologic disease 
characterized by the implantation of endometrial 
tissue in ectopic locations, including the pelvic peri-
toneum, ovaries and bowel. The prevalence of endo-
metriosis in reproductive age women is 6 – 10 % and 
as high as 35 – 50 % in women with pain and/or 
unexplained infertility [1]. A heritable component 
to endometriosis is well supported, though the spe-
cifi c genes involved remain an area of active inves-
tigation. The risk for fi rst degree relatives of women 
with severe endometriosis is six times higher than 
for relatives of unaffected women [2], and monozy-
gotic twin studies demonstrate high concordance 
rates not only for histologically confi rmed endo-
metriosis but also for disease stage [3]. Though 
incomplete in accounting for the entirety of reported 
clinical manifestations of the disease, Sampson ’ s 
theory of retrograde menstruation is the most widely 
accepted description of endometriosis pathogenesis 
[4]. This theory holds that endometriosis originates 
from the implantation of sloughed endometrial tis-
sue refl uxed into the pelvis via the fallopian tube(s) 
during menstruation. 

 The survival and implantation of endometrial 
tissue in ectopic locations involves inhibition of 
apoptosis and escape from immune clearance, appo-
sition and cell-substratum interactions, invasion via 
matrix degradation, local cellular proliferation and 
neuroangiogenesis [5]. Nascent peritoneal implants 
typifi ed by the red vesicular phenotype are com-
prised of functional endometrial glands and stroma 
that are responsive to sex steroids, as evidenced by 
the observation of lesional menstruation [6]. Repet-
itive episodes of menstrual shedding and attendant 
local infl ammatory reaction may predispose toward 
fi brosis and adhesion formation. Collectively, these 
processes set conditions for the pain and infertility 
associated with endometriosis. Considerable evi-
dence exists to support the conceptualization of 
endometriosis as an estrogen-dependent disorder. 
More recently, endometriosis has been associated 
with infl ammation, attenuated progesterone action 
at the level of the endometrium and neuroangiogen-
esis. The elucidation of the molecular mechanisms 
associated with these processes has provided new 
perspectives in disease pathophysiology toward 
novel diagnostic and treatment approaches. 
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 The gold standard for the diagnosis of endo-
metriosis remains direct visualization of lesions at 
surgery preferably coupled with histologic confi rma-
tion of endometrial glands and stroma in biopsies of 
suspected lesions. The requirement for invasive 
surgery for the diagnosis of peritoneal implants 
likely contributes to an average latency of 6.7 years 
from onset of symptoms to defi nitive diagnosis [7]. 
Delayed diagnosis and treatment may have signifi -
cant consequences, as endometriosis is more 
advanced in women whose diagnostic laparoscopy is 
delayed, supporting progression of disease over time 
[8]. Indeed, longitudinal placebo-controlled trials 
with second look laparoscopy have demonstrated 
that 71 – 83 % of untreated lesions will progress or 
remain stable over a 12-month period [9]. Conse-
quently, the discovery of a non-surgical biomarker 
for the diagnosis of endometriosis is considered a 
main priority and an area of active research.   

 Important considerations and potential 
confounders in endometriosis biomarker 
development  

 Disease heterogeneity 

 Endometriosis is a phenotypically heterogeneous 
condition, appearing as superfi cial peritoneal 
lesions, endometriotic cysts within the ovary, and/
or deeply infi ltrative lesions with extension into 
adjacent pelvic organs to include bowel, bladder 
and ureter. Though each of these lesional types 
shares the histologic features of endometrial glands 
and stroma, increasing evidence supports their con-
sideration as three separate subtypes: peritoneal, 
ovarian, and rectovaginal [10]. These disease sub-
types may arise by distinct pathogenic mechanisms. 
Peritoneal endometriosis, by virtue of superfi cial 
and relatively transient localization, is best sup-
ported by retrograde menstruation with subsequent 
implantation, whereas ovarian endometriosis may 
originate from coelomic metaplasia of superfi cial 
epithelium in an estrogen rich microenvironment. 
Finally, deep infi ltrating endometriosis (DIE) affect-
ing the rectovaginal space may represent direct 
extension from subserosal adenoymotic lesions of 
the lower uterine segment. Preclinical and molecu-
lar lines of evidence support the classifi cation of 
endometriosis as three separate anatomic subtypes. 
The anatomic distinctions are important in the 
context of biomarker development. Currently, ultra-
sound and magnetic resonance imaging provide 
adequate diagnostic accuracy for ovarian endo-
metriosis and to a lesser extent DIE, but no reliable 
detection method exists for the more prevalent peri-
toneal form of the disease. Therefore, the popula-
tion for whom a biomarker is most relevant is 
women with pain and/or infertility and without 
radiologic evidence of ovarian or deep infi ltrating 

endometriosis. This population is thought to repre-
sent the majority of women with the disease. 

 Like anatomic distribution, a temporal compo-
nent to disease heterogeneity complicates efforts at 
biomarker development, particularly for the perito-
neal endometriosis subtype. Over time, a stagewise 
phenotypic progression is observed with peritoneal 
endometriotic lesions progressing from red vesicular 
to black powder-burn and culminating in a fi brotic 
appearance (Figure 1). The sequence is likely a con-
sequence of cyclic infl ammatory reaction to the peri-
toneal endometriotic lesion. The earliest lesion is the 
red vesicular subtype cytoarchitecturally defi ned as 
a cluster of communicating glands that are more 
biochemically active than black powder-burn lesions 
[11]. Of the peritoneal lesional subtypes, the red 
vesicular lesion most closely resembles the endome-
trial tissue of origin, as refl ected by their responsive-
ness to cyclic ovarian steroid hormones. Laparoscopy 
timed to menstruation observed these lesions to be 
focally hemorrhagic in response to progesterone 
withdrawal [6]. Lesional bleeding could be the pre-
cursor to the development of fi brin mediated adhe-
sions. As a consequence of cyclic infl ammatory 
reactions, lesions eventuate to cicatrization. A tem-
poral progression of peritoneal lesions from red 
vesicular to fi brotic stages is supported by a large 
prospective surgical study fi nding red vesicular 
lesions predominantly in younger (20 – 25 year old) 
women and white plaques predominantly in older 
(41 – 45 year old) women [12].   

 Inaccuracy of surgical diagnosis 

 Partially owing to the aforementioned lesional het-
erogeneity, the potential exists for inconsistency and 
inaccuracy in the laparoscopic diagnosis of endo-
metriosis. Endometriotic lesions evidence variable 
characteristics at laparoscopy, rendering their visual 
diagnosis less certain. A study involving women with 
chronic pelvic pain undergoing laparoscopy deter-
mined laparoscopic visualization of lesions to be an 
inaccurate approach [13]. Of 122 excised peritoneal 
lesions from 54 patients, only 54 % were confi rmed 

  Figure 1.     Peritoneal endometriosis lesions encountered at 
laparoscopy: (A) Red vesicular phenotype. (B) Powder burn 
phenotype.  
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to be endometriotic on histologic review. Conse-
quently, 20 patients who were surgically staged as 
having minimal to mild endometriosis at laparoscopy 
were misdiagnosed. This study highlights the value 
of histology over macroscopic inspection as the gold 
standard in defi ning specimens in clinical and molec-
ular research studies. Biopsy from each affected area 
with detailed annotation of pathologic specimens is 
important toward prevention of false negative histol-
ogy for the patient and in the accuracy of reported 
results for the progress of endometriosis research.   

 Variable symptomatology 

 A major limitation to the progress of biomarker 
development in endometriosis is the lack of correla-
tion between the extent of disease and symptoms of 
pain or infertility. The incongruence of the widely 
used rAFS staging system with pain is well docu-
mented. Endometriosis can be asymptomatic, and 
the presence of endometrial tissue in the pelvis tran-
siently may not be necessarily pathologic.   

 Clustering of endometriosis with other 
estrogen-dependent pathology 

 The estrogen (specifi cally, 17- β  estradiol) depen-
dence of endometriosis is well established. Prolonged 
intervals of unopposed estrogen predispose women, 
female primates, and even men to the disorder, 
whereas natural or surgical menopause is generally 
palliative if not curative [14]. Estradiol is the prolif-
erative signal for both eutopic and ectopic endome-
trial growth, and alterations of estrogen signaling 
have been associated with the disease. In a hypogo-
nadal athymic nude mouse model, endometrial 
explant cultures treated with estradiol secrete matrix 
metalloproteinases (MMPs) and establish ectopic 
peritoneal lesions when introduced into recipient 
animals [15]. Once established, endometriotic lesions 
evidence a molecular program designed to maintain 
local estrogen bioavailability. Specifi cally, levels of 
the ER β  isoform of the estrogen receptor and aro-
matase are signifi cantly elevated in endometriotic 
lesions relative to eutopic endometrium [16]. 

 Like endometriosis, endometrial polyps, uterine 
leiomyomata, and adenomyosis are estrogen-depen-
dent conditions, and each has been observed to 
cluster with endometriosis in affected women. A ret-
rospective study of 431 women with infertility revealed 
endometrial polyps in 68 % of women with laparo-
scopically confi rmed endometriosis as compared to a 
20 % prevalence of polyps in infertile women without 
endometriosis [17]. Similarly, adenomyosis has been 
shown to be signifi cantly associated with peritoneal 
endometriosis in infertile patients [18]. 

 These associations have important implications 
for biomarker development, particularly endometrial 

biopsy-derived candidates. Clustered pathologies 
may confound the interpretation of molecular pro-
fi les in the delineation of a biomarker that is unique 
to endometriosis. Consequently, screening for endo-
metrial polyps, leiomyomata and adenomyosis is an 
important consideration in the cataloging of biobank 
specimens used for biomarker discovery.   

 Infl uence of menstrual cycle phase in biomarker 
interpretation 

 An ideal biomarker for endometriosis would main-
tain sensitivity and specifi city regardless of when the 
sample was taken relative to the menstrual cycle. 
However, for biomarkers whose expression is estro-
gen or progesterone regulated, cyclic variation may 
exist and infl uence interpretation. Cycle-based 
laboratory assessment is not unprecedented in the 
gynecologic setting as evidenced by the requirement 
for serum follicle stimulating hormone (FSH) and 
estradiol sampling on day 3 of the menstrual cycle 
for accurate ovarian reserve assessment. 

 The cyclic variation in the endometrial molecu-
lar signature presents a signifi cant challenge with 
regard to endometrial-based biomarker develop-
ment. Whole genome molecular profi ling of normal 
endometrium demonstrated tremendous variance 
between samples taken from the proliferative, early-
secretory, mid-secretory and late-secretory phases of 
the cycle [19]. Subsequent comparison of global 
gene expression profi les in the endometrium from 
women with versus without endometriosis showed 
specimens to cluster more by cycle phase than by 
disease status [20], highlighting the importance of 
phase specifi c delineation of pipelle samples intended 
for use in endometrial biomarker development.    

 Candidates for an endometriosis biomarker  

 Properties of an ideal biomarker 

 In view of the above considerations and potential 
confounders, critical properties of a biomarker for 
endometriosis include high sensitivity, high speci-
fi city, simplicity, reproducibility and minimal inva-
siveness (Table I ) . The acceptable sensitivity and 
specifi city of radiologic approaches to detect ovar-
ian endometriosis (i.e. endometrioma or  ‘ choco-
late cysts ’ ) and deep infi ltrating endometriosis (i.e. 
rectovaginal nodules) focus the need for a test to 
detect the peritoneal form of the disease. Women 
with only peritoneal endometriosis are typically 
staged at rAFS stage I – II, but may evidence more 
advanced stages depending on the extent of peri-
toneal involvement and associated adhesions. 
Given the tendency for endometriosis to cluster 
with other estrogen-dependent conditions, a bio-
marker must be suffi ciently specifi c to delineate 
among them. The chronic infl ammatory nature of 
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endometriosis further challenges the specifi city of 
tests based on mediators of infl ammation. Opti-
mally, a biomarker for endometriosis will offer the 
convenience of sampling at any point during the 
menstrual cycle. However, a cycle phase specifi c 
test frame is acceptable toward maximizing the 
sensitivity and specifi city of the assay. A non-inva-
sive test in the form of a peripheral blood or urine 
sample is preferred, though a semi-invasive 
approach such as an offi ce-based endometrial 
pipelle biopsy is a reasonable alternative to sur-
gery. Finally, a biomarker for endometriosis must 
produce consistent results across a spectrum of 
geographic, ethnic and biometric demographics. 
To date, an ideal biomarker meeting these criteria 
has not been validated.   

 Approaches to biomarker discovery 

 Myriad approaches to biomarker discovery in endo-
metriosis have been applied to include both unbiased 
and targeted. Unbiased discovery methods leverage 
the power of high throughput genomic or proteomic 
platforms and systems biology principles toward the 
identifi cation of candidate molecules. In targeted 
approaches, biologically plausible molecules are 
screened for biomarker candidacy either as a single 
molecule or as a panel of molecules. Importantly, the 
two approaches are not mutually exclusive, as unbi-
ased methods may unveil biological processes or even 
candidates for orthogonal and targeted testing. 

 A thorough understanding of disease pathogen-
esis provides a solid foundation for targeted bio-
marker discovery. Though often regarded as an 
enigmatic disease, the molecular features that under-
pin the pathophysiology of endometriosis are clarify-

ing. Biological categories investigated for association 
with endometriosis include glycoproteins, cytokines 
and chemokines, growth factors, apoptosis markers, 
cell adhesion markers, hormones, autoantibodies 
and cell populations. A brief list of selected endo-
metriosis biomarker candidates is provided in Table 
II. For a thorough description of over 100 peripheral 
(serum, plasma and urinary) biomarker candidates 
reported in the 25 years prior to mid-2009, the reader 
is referred to the excellent systematic review pro-
vided by May et   al. [21]. The same group consoli-
dated endometrial candidates from studies published 
over a 25-year interval prior to mid-2010 [22]. In 
both systematic reviews, studies were scored (0 – 11 
in the former and 0 – 10 in the latter) using a modi-
fi cation of the QUADAS (Quality Assessment of 
Diagnostic Accuracy Studies) criteria. Unfortunately, 
a fair number of the studies included in these reviews 
are challenged by the aforementioned confounders, 
are underpowered and/or lack suitable controls. For 
purposes of this review, biomarker candidates will be 
grouped by the route of sampling.   

 Peripheral blood 

 A serum or plasma biomarker, though attractive, 
remains elusive. Perhaps the most extensively stud-
ied molecule for endometriosis detection is the gly-
coprotein, Cancer Antigen 125 (CA-125). Though 
CA-125 may have value in the detection of advanced 
stage disease, particularly endometriomas [23], the 
absolute level of the analyte appears to lack suffi -
cient sensitivity to be useful in the diagnosis of 
peritoneal endometriosis. Relative changes in the 
CA-125 level over the menstrual cycle evidenced 
promise. In a cohort presenting for infertility, 

  Table II. Summary of selected endometriosis biomarker candidates.  

Biomarker System CP Cut-off
Sens 
(%)

Spec
 (%) Pathway Q score Ref

CA-125 S All 35 U/mL 50 72 Glycoprotein N/A [23]
CCR1/HPRT S Pro Ratio    �    1.16 90 74 Chemokine 5 [24]
IL-6 S All 1.9 ng/L 71 66 Infl ammation 8 [25]
Osteopontin P All 168  μ g/L 93 72 Glycoprotein 6 [26]
Panel a S Pro Various 92 82 Various 7 [27]
Panel b P Me Various 81 81 Various 10 [28]
Nerve fi ber E All  � 98 83 Nociception 8 [29]

    Abbreviations; CP, menstrual cycle phase; Sens, sensitivity; Spec, specifi city; Q score, modifi ed QUADAS 
score for study quality from May et   al. [21,22].   
 System: S, serum; P, plasma; E, endometrial.   
  a Panel consisted of CA-125, MCP-1 and CCR1/HPRT mRNA ratio.   
  b Panel consisted of CA-125, Annexin V, VEGF and Glycodelin.   

  Table I. Properties of an ideal biomarker for endometriosis.  

High sensitivity  –  ability to detect peritoneal endometriosis
High specifi city  –  ability to discriminate from other estrogen-dependent conditions
Simplicity  –  sampling independent of cycle phase
Non-invasive or offi ce-based
Reproducibility  –  independent validation and consistency among a variety of study populations
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CA-125 elevation during menses was more pro-
nounced in women with endometriosis, with an 
83 % increase in the CA-125 level showing 93 % 
sensitivity and 92 % specifi city for the diagnosis of 
the disorder [30]. This study was relatively small and 
requires independent validation. More recently, a 
panel of plasma analytes which included CA-125, 
VEGF, Annexin V and Glycodelin sampled during 
the menstrual phase of the cycle demonstrated 
81 % sensitivity and 81 % specifi city for the detec-
tion of ultrasound negative endometriosis based on 
a multivariate logistic regression analysis [28]. 

 Technological advances in mass spectrometry 
and biocomputational analysis have accelerated the 
proteomic search for a non-surgical biomarker. Dif-
ferential protein expression in the serum, plasma, 
urine or endometrium of women with endometriosis 
relative to women without the disease may provide 
candidates for biomarker development.   

 Urinary 

 Relative to serum, urine evidences a signifi cantly 
narrower dynamic range of proteins, allowing more 
rapid preparation of specimens for proteomic inter-
rogation. Using MALDI-TOF MS, several groups 
have reported differential peptide profi les in the 
urine of women with endometriosis relative to that 
of women without endometriosis at surgery [31,32]. 
MALDI-TOF does not allow direct identifi cation 
of peptides or proteins that are differentially 
expressed. The development of a urinary diagnostic 
is in the early stages. Like serum, urine refl ects an 
amalgam of systemic processes, and it will be impor-
tant to assess the ability of a urinary assay to dif-
ferentiate endometriosis from other infl ammatory 
conditions.   

 Endometrial 

 Though more invasive than serology, endometrial 
tissue is accessible via biopsy in the offi ce setting 
and offers the potential advantage of improved 
specifi city. Devices such as the Pipelle suction-based 
sampler are commonly used in the offi ce without 
the need for anesthesia. An endometrial diagnostic 
assay is preferably obtained in the proliferative 
phase, as this avoids interruption of an unantici-
pated pregnancy that would be undetectable by cur-
rent pregnancy tests in the mid-to-late secretory 
phase. This diagnostic assay is predicated on reli-
able differential expression of a biomarker between 
women with and without endometriosis during the 
proliferative phase of the menstrual cycle. 

 At the transcriptomic level, signifi cant differences 
in gene expression exist in eutopic endometrium 
from women with versus without endometriosis. 
Such differences suggest a heritable or acquired 
abnormality of the endometrium may provide a 

selective survival and implantation advantage toward 
the formation of endometriotic lesions. Both array-
based global [20] and targeted gene expression 
studies [22] of the endometrial transcriptome have 
identifi ed genes and pathways that may be involved 
in disease pathogenesis and reveal potential candi-
dates for the development of an endometrial-based 
biomarker. 

 Several groups have reported unique proteomic 
profi les using the SELDI-TOF MS platform in the 
endometrium of women with endometriosis com-
pared to women without the disease [33,34]. Impor-
tantly, the SELDI-TOF MS methodology provides 
differential proteomic profi les in the form of mass/
charge (m/z) peaks without attendant characteriza-
tion of the peptides or proteins. Nonetheless, the 
more recent of these studies described a panel of 
differentially expressed (m/z) peaks in the endometrial 
proteome of women with versus without endome-
triosis as diagnostic of endometriosis with 89 – 91 % 
sensitivity and 80 – 90 % specifi city [33]. 

 Clarifi cation of the role of neuroangiogenesis in 
endometriosis has translated to potential as a bio-
marker. Initial independent studies involving immu-
nohistochemical detection of the PGP9.5 marker for 
nerve fi bers in the endometrium proved highly sen-
sitive (95 % and 98 %) and specifi c (100 % and 
83 %) for the identifi cation of endometriosis [29,35]. 
The latter study determined the diagnostic potential 
of the test to be independent of menstrual cycle 
phase at the time of endometrial sampling. The 
specifi city of nerve fi ber assays is challenged by the 
fi nding of similar endometrial innervation and neu-
ronal growth fi ber expression in women with adeno-
myosis, with expression reported to be more 
correlated with pelvic pain than diagnosis [36]. 
Studies involving larger populations are needed to 
validate the utility of endometrial nerve fi ber density 
as a biomarker for endometriosis.    

 Conclusion 

 Endometriosis is a chronic infl ammatory disorder for 
which novel diagnostic and therapeutic approaches 
are urgently needed. The past decade has witnessed 
an explosive increase in molecular and clinical stud-
ies aimed at addressing these needs. The develop-
ment of a reliable biomarker for the early detection 
of endometriosis is challenged by clinical heteroge-
neity, inaccuracy of visual inspection in the diagnosis 
of early stage endometriosis [13], clustering of endo-
metriosis with other estrogen-dependent disorders, 
and the potential confounding effect of menstrual 
cycle phase in biomarker interpretation. These con-
founders highlight the importance of proper collec-
tion and meticulous curation of tissue bank specimens 
used in biomarker development and validation. 
Well-developed protocols for the standardization of 
biobank procedures in endometriosis research have 
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been published [37]. Unbiased and targeted bio-
marker discovery approaches using large, well curated 
biorepositories offer promise in the identifi cation of 
a biomarker for endometriosis.   

 Questions and answers 

  Q (Diamanti):  Is the infertility in patients with endo-
metriosis secondary to the pathology or is there some 
genetic basis? 

  A (Burney):  A meta-analysis showed that the 
presence of endometriosis decreased IVF pregnancy 
rate by 50 % and depended on the stage of the dis-
ease. Endometriosis caused impairment of several 
aspects; egg and embryo development, transit across 
fallopian tubes and implantation. The reason for 
implantation problems may be a delay in progester-
one action on the endometrium, creating dyssyn-
chrony between embryo availability and endometrial 
receptivity. 

  Q (Anderson):  Does adenomyosis have a com-
pletely different pathophysiology? 

  A (Burney):  We consider them related conditions 
to an extent. Endometriosis may represent three dif-
ferent entities, with rectovaginal disease an extension 
of adenomyotic disease. 

  Q (Villa):  My question is an extension of the 
previous discussion. In some cases we have diag-
nosed intestinal endometriosis. Is this an indepen-
dent condition? 

  A (Burney):  Deeply infi ltrative endometriosis 
affecting the rectosigmoid colon is a particularly 
aggressive form of the disease, possibly the adeno-
myotic form.          
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for the content and writing of the paper. 
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