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Abstract

The aim of the present case-control study was to develop a noninvasive adjuvant tool
for the diagnosis of endometriosis. Serum samples from 100 patients undergoing
intracytoplasmic sperm injection were split into two groups according to the cause of
infertility: an endometriosis group (n=50), consisting of samples derived from
patients with Grade Il and IV endometriosis, and a control group (n = 50), comprising
samples derived from patients with isolated male factor infertility. The metabolomic
profile of each sample was obtained, through mass spectrometry. Partial least squares
discriminant analysis was able to clearly classify the endometriosis and control
groups. Ten potential biomarkers were selected based on their importance for model
prediction. These ions were used to build the receiver-operating characteristic curve,
which presented an area under the curve of 0.904 (95% confidence interval:
0.796-0.985). To validate the model, 30 other samples from infertile women without
any evidence of endometriosis were tested. Considering these ions as possible
biomarkers, the model was able to correctly classify 84% of the patients. Finally, a
similar prediction potential was observed in the model validated set, when samples
from the disease-free group were tested. Serum metabolomics may be useful as a
noninvasive adjunct tool for the selection of patients who must undergo laparoscopy

for definitive endometriosis diagnosis.
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establishing the diagnosis of endometriosis by invasive approaches,
empirical medical treatment for pain symptoms may be prescribed,

Although the first studies of endometriosis were conducted more
than 150 years ago, many aspects of the disease, including its
pathogenesis, are still unknown. It is generally accepted that
endometriosis is a heterogeneous disease defined as the presence
of endometrial-type mucosa outside the uterine cavity (Vercellini,
Vigano, Somigliana, & Fedele, 2013). Despite the fact that
endometriosis significantly reduces quality of life, endometriosis-
induced pain can often be confused with menstrual cramps, and
because a complete diagnosis requires laparoscopic surgery
(Ahn, Singh, & Tayade, 2017; Dunselman et al., 2014), instead of

and the diagnosis is usually postponed (Hudelist et al., 2012;
Nnoaham et al,, 2011). It was reported that adolescent girls who
suffer from the symptoms of endometriosis delay seeking medical
attention by 4.6 years, and by the time they do, it takes another 4.7
years to obtain a diagnosis (Greene, Stratton, Cleary, Ballweg, &
Sinaii, 2009).

Even though laparoscopy has been considered the gold standard
diagnostic technique for pelvic pain, a visual diagnosis of
endometriosis during laparoscopy has been demonstrated to be

unreliable. While endometriosis may be present in an apparently
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normal peritoneum (Khan et al., 2014), a positive finding through the
use of laparoscopy is of limited value without histological confirma-
tion (Wykes, Clark, & Khan, 2004). It has been reported that
laparoscopy positive for endometriosis will not be confirmed by
histology in 50% of cases (Walter, Hentz, Magtibay, Cornella, &
Magrina, 2001). Moreover, laparoscopy has been pointed out as an
invasive, expensive, and potentially risky procedure (Surrey, Soliman,
Yang, Du, & Su, 2017).

Approximately 5-10% of reproductive-age women are affected
by endometriosis, and at least one-third of these are infertile
(de Ziegler, Borghese, & Chapron, 2010). Hormone treatments can
alleviate the symptoms of the disease, but it is not a choice for
infertile patients trying to conceive (Practice Committee of the
American Society for Reproductive, 2012). Therefore, the remaining
possibilities for these patients are laparoscopy or assisted
reproductive technology (ART; de Ziegler et al, 2010). However,
concerns remain about elevated oestradiol levels caused by
controlled ovarian stimulation (COS), which might negatively affect
estrogen-dependent endometriosis (Giudice & Kao, 2004).

To clarify this issue, Santulli et al. (2016) evaluated 264 matched
pairs of endometriosis patients and disease-free women undergoing
in vitro fertilization. The authors concluded that ART does not
aggravate the symptoms of endometriosis or negatively impact the
quality of life in endometriosis-related infertility patients.

In light of this, what would be the rationale for subjecting patients
with endometriosis-related infertility to laparoscopy to confirm the
diagnosis of endometriosis, as ART may be performed, and pregnancy
may be achieved? Nonsurgical methods for the diagnosis of
endometriosis could potentially improve the quality of life of these
patients (Surrey et al., 2017).

Imaging examinations such as ultrasound and magnetic
resonance may suggest endometriosis and effectively guide surgical
intervention for patients with suspected endometriosis; however, alone,
these techniques have limited utility in the diagnosis of endometriosis,
as it lacks adequate resolution to identify adhesions or superficial
peritoneal implants (Hsu, Khachikyan, & Stratton, 2010).

Several studies have demonstrated the utility of CA-125 for the
diagnosis of endometriosis and its correlation with disease severity
(Mabrouk et al., 2012; Socolov et al., 2011). However, CA-125 is not
specific for endometriosis, being an ovarian cancer marker. In
addition, the specificity and sensitivity to detect all endometriosis
stages are low (Hirsch et al., 2016; Mol et al., 1998).

In the postgenomic era, several studies have put forward efforts
to stimulate the concept of molecular profiling in biological systems.
Metabolomics enables the characterization of endogenous small
molecules, referred to as metabolites, that are the products of
biochemical reactions, revealing connections among different
pathways that operate within a living cell (Wang et al., 2011). Thus,
metabolomics emerges as a powerful tool to identify biomarkers for
given conditions in different types of biological samples.

In the last decade, studies have focused on the identification of
potential metabolic biomarkers of endometriosis in follicular fluid
(Cordeiro et al., 2015; Karaer, Tuncay, Mumcu, & Dogan, 2018;

Marianna et al., 2017), blood (Dutta et al., 2012; Letsiou et al., 2017;
Vicente-Munoz et al.,, 2016; Vouk et al., 2012; Zheng, Pan, & Liu,
2011), urine (Vicente-Munoz et al, 2015), and even endometrial
tissues (Li et al., 2018); however, these potential biomarkers have not
been properly validated. Therefore, the goal of the present study was
to make use of the analytical power of mass spectrometry (MS) to
develop an adjuvant tool for the diagnosis of Grades Il and IV
endometriosis in infertile patients.

2 | RESULTS

Except for the pregnancy rate, the patient and cycle characteristics
did not differ between groups (Table 1).

A total of 429 and 484ions for the positive and negative
ionization modes were analyzed, respectively. Considering
components one, two and three, the PLS-DA was able to clearly
distinguish the Endometriosis Group from the Control Group for
both positive (Figure 1a) and negative (Figure 1b) ionization modes.

Ten potential biomarkers were selected based on their
importance for model prediction, five in the positive and five in the
negative ionization mode. Two metabolites were identified by the
database. Triacylglycerols and a-amino acids were overs abundant in
the serum of positive endometriosis patients, whereas the other ions
were not identified by the currently available database. The relative
abundance of individual biomarkers, the average abundance of the
compounds in each group and metabolite identification are described
in Table 2.

These ions were used to build the ROC curve, which presented an
area under the curve (AUC) of 0.904 (95% confidence interval [CI]:
0.796-0.985, Figure 2a), indicating the accuracy of the biomarkers
for sample classification in the Control or Endometriosis groups.
Considering these ions as possible biomarkers, the model was able to
correctly classify 84% of the patients (Figure 2b). A similar prediction
potential was observed in the statistical validation set, when 30 more
samples from infertile women without evidence of endometriosis, the
disease-free group, were tested (Table 3).

When individual ROC curves were constructed, all 10 potential

biomarkers presented AUCs between 0.70 and 0.88.

3 | DISCUSSION

The “omics” revolution led to the introduction of metabolomics,
an emerging field that speeds up the understanding of global
metabolic characteristics, elucidation of metabolic mechanisms, and
identification of metabolic biomarkers (Peng, Li, & Peng, 2015). For
the present study, the analytical application of MS was successfully
tested as an adjuvant tool to diagnose Grades Ill and IV
endometriosis in infertile patients. The data revealed 10 potential
biomarkers of endometriosis, with a prediction potential of 90.4%.
Diagnosing endometriosis is challenging because symptomatol-

ogy may vary widely and the disease course is unpredictable.
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TABLE 1 Patient and cycle characteristics for the endometriosis and control groups
Variables Endometriosis (n = 50) Control (n=50) p value
Maternal age (years) 33.6+3.3 344+25 176
Paternal age (years) 39.0+8.2 37.2+53 .198
Maternal BMI 245+44 24.604+3.1 .904
Total dose of FSH 2554.9 £ 634.7 2580.9 + 669.5 .845
Oestradiol level 3279.2+23415 2475.7 +2058.5 .183
Follicles 16.1+8.2 14.7 £ 10.3 .178
Oocytes 11.9+7.8 100+7.7 .140
Oocyte yield (%) 752+21.6 73.1+23.6 .160
Mature oocytes 83+64 7.7+57 .138
Mature oocytes rate (%) 73.3+21.6 78.5+18.5 144
Fertilization rate (%) 81.4+20.3 85.2+158 .300
High-quality embryos on Day 3 (%) 57.2+24.1 54.0+24.7 747
Blastocyst formation rate (%) 40.7+34.7 43.2+28.3 787
Transferred embryos 2.1+£0.6 20+0.6 .385
Clinical pregnancy rate (%) 16/50 (32.0) 36/50 (72.0) .007
Miscarriage rate (%) 2/16 (12.5) 5/36 (13.8) 347
Implantation rate (%) 30.7+39.8 32.8+27.9 121

Note: Values are means + standard deviation unless otherwise noted.
Abbreviations: BMI, body mass index; FSH, follicle-stimulating hormone.

A thorough history and careful physical examination are imperative.
According to the European Society of Human Reproduction and
Embryology (ESHRE) guidelines for the management of women with
endometriosis, symptoms that are predictive of the diagnosis of
endometriosis are dysmenorrhea, noncyclical pelvic pain, deep
dyspareunia, infertility, and fatigue (in the presence of any of the
above), as well as other nongynaecological cyclical symptoms such as
dyschezia, dysuria, hematuria, rectal bleeding, and shoulder pain
(Dunselman et al., 2014). These symptoms may be a clue to the
presence of the disease and may help to identify which patients
should undergo video laparoscopy.

Laparoscopy has been considered the gold standard method for
endometriosis diagnosis; however, in a recently published study
including 24,915 women who underwent a hysterectomy and 37,308
who underwent a laparoscopy, it was concluded that both of these
treatments are associated with a substantial burden of negative
outcomes, including significant health care resource use. It was
described that endometriosis patients are at considerable risk of
surgical complications, subsequent surgeries and hospital admissions,
both during and after their initial therapeutic laparoscopy or
hysterectomy (Surrey et al., 2017).

This, associated with the fact that laparoscopy is far from 100%
accurate (Khan et al., 2014; Walter et al., 2001; Wykes et al., 2004),
raises the question of whether laparoscopy should be indicated in all
suspected cases of endometriosis. Laparoscopy obviously has its
merit in both diagnosis and treatment of endometriosis (Schipper &
Nezhat, 2012); however, it could be argued that better screening of

patients to be submitted to laparoscopy, not only for the presence of

specific symptoms and by physical examination but also for the
presence of serum biomarkers, may benefit patients.

Recently, metabolomics technology has been applied aiming to
identify endometriosis biomarkers. Although many studies have
shown remarkable changes in the metabolite profile (Dutta et al.,
2012; Dutta et al,, 2018; Li et al., 2018) of endometriosis patients’
serum, the identification of possible biomarkers is still sparse,
with insufficient sensitivity and specificity. Moreover, potential
biomarkers were not properly validated.

The model presented here revealed that triacylglycerol (TG) and
a-amino acids are metabolites overs abundant in patients presenting
with endometriosis. Intriguingly, Dominguez et al. (2017), found
reduced levels of saturated diacylglycerols and saturated TGs in the
endometrial fluid of patients with endometriosis when compared
with controls. Excessive accumulation of TGs, however, is associated
with human diseases such as obesity, diabetes mellitus, and
steatohepatitis. Although TGs are essential for normal physiology,
excessive accumulation of TG in human adipose tissue results in
obesity and in nonadipose tissues is associated with organ
dysfunction (Yen, Stone, Koliwad, Harris, & Farese, 2008).

As for a-amino acid, previous reports have detected changes in its
profile in patients with ovarian cancers (Miyagi et al, 2017),
suggesting that alterations in amino acid metabolism may be related
to the inflammation cascade leading to ovarian cancers and probably
to endometriosis. In fact, several studies have indicated an increased
risk of ovarian cancer among women with endometriosis (Aris, 2010;
Brinton et al., 2005; Heidemann, Hartwell, Heidemann, & Jochumsen,
2014; Vercellini et al, 2000). Furthermore, histopathology has
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FIGURE 1 Partial least square discriminant analysis (PLS-DA)
score plot: variance among groups (Endometriosis in red and Control
in green) according to PLS-DA considering the components 1, 2, and
3, for the positive (a) and negative (b) ionization modes

suggested atypical endometriosis as a transition between benign
endometriosis and malignancy (Wiegand et al., 2010).

The value of the model presented here was proven when samples
from infertile women without evidence of endometriosis were tested.
The achieved prediction potential was close to 80%. Nevertheless,
the study has some pitfalls. Even though the model has been tested in
another population of disease-free patients, the biomarkers should
be validated in independent sets for both endometriosis and control
groups.

Since endometrial tissue communicates with the blood directly
and through extracellular fluids, several metabolites may be secreted
into the bloodstream. Therefore, a serum marker is expected to be

reliable to diagnose endometriosis; however, for that, ion identifica-
tion is an essential step in defining the importance of the proposed
biomarker and its role in pathogenesis. There are several databases
for metabolite identification; however, these databases are limited
due to the different instruments used to generate the spectrum;
therefore, most compounds are useful but unidentified.

For the present study, 10 ions were determined to contribute the
most to the prediction model; however, only two of these were
identified. Even so, the metabolomic profiles of histologically
confirmed endometrioses patients were clearly distinct from those
of disease-free patients. The ions selected by the model presented a
high predictive power and were able to correctly classify 84% of the
samples.

These lines of evidence suggest that serum metabolomics may be
a valuable approach to the diagnosis of endometriosis and may be
used as an adjunct tool for the selection of patients who must
undergo laparoscopy to obtain a definitive diagnosis. Nevertheless,
these data must be validated in a larger patient population and in
independent sets of subjects.

4 | MATERIALS AND METHODS

4.1 | Experimental design

For this case-control study, serum samples from 100 patients
undergoing intracytoplasmic sperm injection (ICSl), from January
2017 to December 2017, in a private, university-affiliated in vitro
fertilization center, were collected.

Samples were collected from female patients aged below 38
years in whom embryo transfers were performed on Day 5. Samples
were split into two groups according to the cause of infertility: the
endometriosis group (n=50), consisting of samples derived from
patients with Grade Ill and IV endometriosis, classified according
with the American Society for Reproductive Medicine (ASRM;
Practice Committee of the American Society for Reproductive,
2012), and the control group (n=50), comprising samples derived
from patients with isolated male factor infertility. Clinical diagnosis
and classification of subjects in the endometriosis group were
performed through laparoscopic surgery followed by histology to
confirm the presence of endometriotic lesions. The metabolomic
profile of each sample was obtained and analyzed. To validate the
model, 30 other samples from infertile women without any evidence
of endometriosis (the disease-free group) were tested.

Written informed consent, in which patients agreed to share the
outcomes of their ART cycles for research purposes, was obtained,
and the study was approved by the local institutional review board.

4.2 | Controlled ovarian stimulation and laboratory
procedures

Controlled ovarian stimulation was achieved by pituitary blockage
using a GnRH antagonist (GnRH; Cetrotide®; Merck KGaA,
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TABLE 2 Relative abundance of individual biomarkers, average abundance of the compounds in each group, and metabolite identification

based on their respective m/z

m/z VIP score AUC Identification Adduct
Positive ionization
758.7234 6.58 0.70 = =
786.7585 5.44 0.71 - -
758.7155 443 0.70
782.7239 4.25 0.70 Triacylglycerol (M + NH4)*
369.4541 3.92 0.72 = =
Negative ionization
279.3316 6.65 0.87 = =
215.1182 5.18 0.82 a-amino acid (M=-H)”
255.3261 5.15 0.88 = =
281.3487 5.08 0.74 - -
283.36375 3.74 0.73 = =

Formula Error (ppm) Group average (intensity)
Control Endometriosis

= = 5523.76 23410.78

- - 2460.38 13588.32

15377.56 4519.02

C48H9206 0.00 3443.86 11624.00

- - 5054.12 11531.98

= = 3755.58 15441.52

C8H16N403 15.00 3049.46 9079.76

= = 2075.80 8039.44

- - 4868.14 14340.04

= = 2206.54 6372.40

Abbreviations: AUC, area under the curve; ROC, receiver-operating characteristic; VIP, variable influence on projection.

Darmstadt, Germany); ovarian stimulation was performed using
recombinant follicle-stimulating hormone (FSH; Gonal-F®; Serono).

Follicular growth was monitored using transvaginal ultrasound
examination starting on Day 4 of gonadotropin administration. When
adequate follicular growth and serum E2 levels were observed,
recombinant hCG (Gonal-F®; Merck KGaA, Darmstadt, Germany)
was administered to trigger final follicular maturation. Oocytes were
collected 35hr after hCG (Ovidrel®; Merck KGaA, Darmstadt,
Germany) administration through transvaginal ultrasound ovum
pickup.

The recovered oocytes were assessed to determine their nuclear
status, and those in metaphase Il were submitted to ICSI following
routine procedures (Palermo, Colombero, & Rosenwaks, 1997).
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4.3 | Embryo culture and morphology evaluation

Approximately 16 hr after ICSI, fertilization was confirmed by the
presence of two pronuclei and the extrusion of the second polar
body. The embryos were maintained in a 50ul drop of culture
medium (Global®; LifeGlobal, CT) supplemented with 10% protein
supplement and covered with paraffin oil in a humidified atmosphere
under 6% CO, at 37°C for 3 days.

The embryo morphology was assessed 16-18 hr post ICSI and on
the mornings of Days 2, 3, and 5 of embryo development using an
inverted Nikon Diaphot microscope (Eclipse TE 300; Nikon, Tokyo,
Japan) with a Hoffmann modulation contrast system under x400

magnification.
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(a) ROC curve considering the ions selected by PLS-DA. (b) Sample classification based on the ROC curve analysis, in which 84%

of samples were correctly classified. AUC, area under the curve; Cl, confidence interval; ROC, receiver-operating characteristic
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Sample Probability Classification
1 .89 Control
2 .89 Control
3 .89 Control
4 .89 Control
5 .89 Control
6 .89 Control
7 .78 Control
8 .89 Control
9 .89 Control
10 .88 Control
11 .89 Control
12 .89 Control
13 .89 Control
14 .89 Control
15 .89 Control

To evaluate the cleavage-stage morphology, the following
parameters were recorded: the number of blastomeres, the
percentage of fragmentation, the variation in blastomere symmetry,
the presence of multinucleation, and the defects in the zona pellucida
and cytoplasm. The high-quality cleavage-stage embryos were
defined as those with all of the following characteristics: four cells
on Days 2 or 8-10 cells on Day 3, less than 15% fragmentation,
symmetric blastomeres, the absence of multinucleation, colorless
cytoplasm with moderate granulation and no inclusions, the absence
of perivitelline space granularity and the absence of zona pellucida
dysmorphism. Embryos lacking any of these characteristics were
considered to be of low quality.

To evaluate the blastocyst morphology, embryos were given a
numerical score from one to six based on their degree of expansion and
hatching status as follows: (a) an early blastocyst with a blastocoel that
was less than half of the volume of the embryo; (b) a blastocyst with a
blastocoel that was greater than half of the volume of the embryo; (c) a
full blastocyst with a blastocoel that completely filled the embryo; (d) an
expanded blastocyst; () a hatching blastocyst; and (f) a hatched
blastocyst. Full, expanded, hatching, and hatched blastocysts were
classified as complete blastocysts.

Full blastocysts onwards, presenting morphologically normal
inner cell mass (ICM) and trophectoderm (TE) were defined as
high-quality blastocysts. A tightly packed ICM presenting many cells
was defined as a high-quality ICM. Similarly, the TE was classified as
high quality by the presence of many cells forming a cohesive

epithelium.

4.4 | Embryo transfer and clinical follow-up

Embryo transfers were performed on Day 5 of embryo development.

Up to three embryos were transferred per patient, according to the

Sample Probability Classification
16 91 Endometriosis
17 .89 Control
18 .89 Control
19 .89 Control
20 .89 Control
21 .89 Control
22 .89 Control
23 .89 Control
24 .60 Endometriosis
25 .96 Endometriosis
26 .89 Control
27 .89 Control
28 .89 Control
29 .78 Endometriosis
30 .89 Control

ASRM and Society for Assisted Reproductive Technology guidelines
for the number of embryos to transfer (Practice Committee of the
American Society for Reproductive Medicine. Electronic address &
Practice Committee of the Society for Assisted Reproductive, 2017).
A pregnancy test was performed 10 days after embryo transfer. All
women with a positive test had a transvaginal ultrasound scan 2
weeks after the positive test. Clinical pregnancy was diagnosed when
the fetal heartbeat was detected. Pregnancy rates were calculated
per transfer. The implantation rate was calculated by dividing the
number of gestational sacs with fetal heartbeats by the number of
transferred embryos. Miscarriage was defined as clinical pregnancy

loss before 20 weeks.

4.5 | Endometrial preparation

On the day of ovum pickup, patients received 600mg of
progesterone vaginally per day divided into three doses, until
embryo transfer. Progesterone was suspended in the presence of a
negative B-hCG test or maintained until 6 to 12 weeks of gestation in
the presence of a positive f-hCG test.

4.6 | Sample preparation and metabolite extraction

Blood samples were collected from fasted patients, on the morning of
Day 3 of the menstrual cycle, using an ethylenediaminetetraacetic
acid tube. Samples were centrifuged at 4°C and 800g for 10 min to
obtain plasma, which was immediately stored at -20°C until
metabolite extraction.

Metabolite extraction was performed by adding 250 pL of HPLC
grade methanol/chloroform (2:1v/v; both solvents were purchased
from Merck Millipore, MA, EUA) to 50 ul of serum. The mixture was

vortexed for 1min and incubated on ice for 30 min for protein
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precipitation. After incubation, samples were centrifugated at 8,000g
for 10 min at 4°C. Finally, 200 pl of the organic layer was transferred
to a 96-well plate for MS analysis. Blanks were prepared by
concentrating 200 pl of the solvent solution.

4.7 | Metabolomics

Spectra were acquired in both positive and negative ionization modes
using an Apollo Il electrospray ion source mass spectrometer
(Bruker, Billerica) coupled to a UFLC Prominence Binary Liquid
Chromatograph (Shimadzu, Kyoto, Japan). The plate was stored in a
SIL-30AC autosampler at 10°C before analysis. Each sample
(1 pl, without column) was carried to the analyzer with solvent
injection: acetonitrile/2-propanol (4:1, v/v) solution with 20 mol/L
ammonium formate (20 mmol/L; Sigma-Aldrich, St Louis), at a flow
rate of 200 ul/min during 2 min. High-resolution MS data were
acquired with the electrospray ionization (ESI) source set as follows:
nebulizer gas at 2.0 bar, dry gas at 8.0 L/min, the dry temperature at
180°C, and voltage at 4.5 kV. The mass/charge ratios were scanned
(m/z 100-1,000 Da).

Sodium formate clusters in isopropyl alcohol within the m/z
50-1,200 Da range were used as a calibration standard. Acetonitrile
and isopropyl alcohol (LC-MS grade) were purchased from Scharlau
(Barcelona, Spain).

Data from ESI-MS were calibrated with sodium formate signals in
DataAnalysis 4.1 software (Bruker Daltonics, MA). The ion list and
intensities were transferred to Excel software (version 2016) for
statistical analyses, and ions with intensity greater than 200 were
considered exclusively.

Aiming to ensure the reproducibility of the study, a pool of
samples from both groups was run alongside every 20 samples so
that quality control could be guaranteed. Moreover, hypothetical
samples containing the solution used for metabolite extraction (blank
samples) were run to generate a reference spectrum of possible noise
signals from the analysis.

4.8 | Data processing and statistical analysis

Data analyses were performed using MetaboAnalyst (version 3.0)
software (http://www.metaboanalyst.ca). A mass tolerance of
0.01Da was adopted for signal alignment, and the m/z of blank
samples were removed from the analysis. lons containing more than
50% of intensities 0,0 in both groups were also removed from the
analysis.

The intensity values were standardized by Paretto for each
ionization mode, and the supervised test, partial least square
discriminant analysis (PLS-DA) was applied to the data set to
based

combination of variable influence on projection (VIP) values.

determine the discriminatory components upon the

Five ions from each ionization mode were selected as potential
biomarkers and were used to build a single ROC curve, considering
the biomarkers as a set and individually. In addition, biomarkers were

tested by statistical model validation using 30 new samples from

ggg%Developmem

infertile women without evidence and/or diagnosis of endometriosis
(the disease-free group).

Metabolite identification was performed using the Human
Metabolite Database (https://hmdb.ca), considering the maximum
mass error as 20ppm. For the identification, only molecules
containing hydrogen (M+H)", sodium (M+Na)", and potassium
(M+K)*, and ammonium (M +NH4)* as adducts were considered.
Deprotonation (M-H)~ was considered for negative ionization.

Patient and cycle characteristics, along with clinical and
laboratory results, were analyzed using the SPSS Statistics 21 (IBM,
New York, NY) statistical program. Variables were tested for
normality distribution and group homogeneity using the Shapiro--
Wilk and Levene tests, respectively. When necessary, samples were
standardized using the z-score.

Maternal and paternal age; the total FSH dose used for COS; the
number of aspirated follicles, retrieved oocytes, and obtained
embryos; the fertilization rate and the implantation rate were
compared between groups using Student’s t test, whereas pregnancy
and miscarriage rates were compared by;(2 analysis. Variables were
described as the mean percentage *standard deviation, and the

significance level o was 5%.

CONFLICT OF INTERESTS

The authors declare that there are no conflict of interests.

ORCID

Daniela P. A. F. Braga
Daniela A. Montani

http://orcid.org/0000-0003-1333-6593
http://orcid.org/0000-0002-0637-6848

Diogo Oliveira-Silva http://orcid.org/0000-0002-0046-3502

REFERENCES

Ahn, S. H,, Singh, V., & Tayade, C. (2017). Biomarkers in endometriosis:
Challenges and opportunities. Fertility and Sterility, 107(3), 523-532.
https://doi.org/10.1016/j.fertnstert.2017.01.009

Aris, A. (2010). Endometriosis-associated ovarian cancer: A ten-year
cohort study of women living in the Estrie Region of Quebec, Canada.
Journal of Ovarian Research, 3, 2. https://doi.org/10.1186/1757-2215-
3-2

Brinton, L. A, Sakoda, L. C., Sherman, M. E., Frederiksen, K., Kjaer, S. K.,
Graubard, B. I, & Mellemkjaer, L. (2005). Relationship of benign
gynecologic diseases to subsequent risk of ovarian and uterine
tumors. Cancer Epidemiology, Biomarkers and Prevention, 14(12),
2929-2935. https://doi.org/10.1158/1055-9965.EPI-05-0394

Cordeiro, F. B, Cataldi, T. R., Perkel, K. J., do Vale Teixeira da Costa, L.,
Rochetti, R. C., Stevanato, J., & Turco, E. G. (2015). Lipidomics analysis
of follicular fluid by ESI-MS reveals potential biomarkers for ovarian
endometriosis. Journal of Assisted Reproduction and Genetics, 32(12),
1817-1825. https://doi.org/10.1007/s10815-015-0592-1

Dominguez, F., Ferrando, M., Diaz-Gimeno, P., Quintana, F., Fernandez, G.,
Castells, I., & Simon, C. (2017). Lipidomic profiling of endometrial fluid
in women with ovarian endometriosisdagger. Biology of Reproduction,
96(4), 772-779. https://doi.org/10.1093/biolre/iox014

Dunselman, G. A,, Vermeulen, N., Becker, C., Calhaz-Jorge, C., D'Hooghe,
T., DeBie, B., & Embryology (2014). ESHRE guideline: Management of


http://www.metaboanalyst.ca
https://hmdb.ca
http://orcid.org/0000-0003-1333-6593
http://orcid.org/0000-0002-0637-6848
http://orcid.org/0000-0002-0046-3502
https://doi.org/10.1016/j.fertnstert.2017.01.009
https://doi.org/10.1186/1757-2215-3-2
https://doi.org/10.1186/1757-2215-3-2
https://doi.org/10.1158/1055-9965.EPI-05-0394
https://doi.org/10.1007/s10815-015-0592-1
https://doi.org/10.1093/biolre/iox014

8 Moolecular Reproduction

BRAGA ET AL.

ggg%Developmem

women with endometriosis. Human Reproduction, 29(3), 400-412.
https://doi.org/10.1093/humrep/det457

Dutta, M., Joshi, M,, Srivastava, S., Lodh, I., Chakravarty, B., & Chaudhury,
K. (2012). A metabonomics approach as a means for identification of
potential biomarkers for early diagnosis of endometriosis. Molecular
BioSystems, 8(12), 3281-3287. https://doi.org/10.1039/c2mb25353d

Dutta, M., Singh, B., Joshi, M., Das, D., Subramani, E., Maan, M., &
Chaudhury, K. (2018). Metabolomics reveals perturbations in
endometrium and serum of minimal and mild endometriosis. Scientific
Reports, 8(1), 6466. https://doi.org/10.1038/s41598-018-23954-7

Giudice, L. C.,, & Kao, L. C. (2004). Endometriosis. Lancet, 364(9447),
1789-1799. https://doi.org/10.1016/50140-6736(04)17403-5

Greene, R, Stratton, P., Cleary, S. D., Ballweg, M. L., & Sinaii, N. (2009).
Diagnostic experience among 4,334 women reporting surgically
diagnosed endometriosis. Fertility and Sterility, 91(1), 32-39. https://
doi.org/10.1016/j.fertnstert.2007.11.020

Heidemann, L. N., Hartwell, D., Heidemann, C. H., & Jochumsen, K. M.
(2014). The relation between endometriosis and ovarian cancer—A
review. Acta Obstetricia et Gynecologica Scandinavica, 93(1), 20-31.
https://doi.org/10.1111/a0gs.12255

Hirsch, M., Duffy, J., Davis, C. J, Nieves Plana, M. Khan, K. S,
International Collaboration to Harmonise, O., & Measures for, E.
(2016). Diagnostic accuracy of cancer antigen 125 for endometriosis:
A systematic review and meta-analysis. BJOG, 123(11), 1761-1768.
https://doi.org/10.1111/1471-0528.14055

Hsu, A. L., Khachikyan, I, & Stratton, P. (2010). Invasive and
noninvasive methods for the diagnosis of endometriosis. Clinical
Obstetrics and Gynecology, 53(2), 413-419. https://doi.org/10.
1097/GRF.0b013e3181db7ce8

Hudelist, G., Fritzer, N., Thomas, A., Niehues, C., Oppelt, P., Haas, D., &
Salzer, H. (2012). Diagnostic delay for endometriosis in Austria and
Germany: Causes and possible consequences. Human Reproduction,
27(12), 3412-3416. https://doi.org/10.1093/humrep/des316

Karaer, A., Tuncay, G., Mumcu, A., & Dogan, B. (2018). Metabolomics
analysis of follicular fluid in women with ovarian endometriosis
undergoing in vitro fertilization. Systems biology in reproductive
medicine, 65, 1-9. https://doi.org/10.1080/19396368.2018.1478469

Khan, K. N., Fujishita, A. Kitajima, M., Hiraki, K., Nakashima, M., &
Masuzaki, H. (2014). Occult microscopic endometriosis: Undetectable
by laparoscopy in normal peritoneum. Human Reproduction, 29(3),
462-472. https://doi.org/10.1093/humrep/det438

Letsiou, S., Peterse, D. P., Fassbender, A., Hendriks, M. M., vanden Broek, N. J,,
Berger, R, & D'Hooghe, T. M. (2017). Endometriosis is associated with
aberrant metabolite profiles in plasma. Fertility and Sterility, 107(3),
699-706. https://doi.org/10.1016/j fertnstert.2016.12.032e696

Li, J, Guan, L, Zhang, H., Gao, Y. Sun, J, Gong, X, & Bi, H. (2018).
Endometrium metabolomic profiling reveals potential biomarkers for
diagnosis of endometriosis at minimal-mild stages. Reproductive Biology
and Endocrinology, 16(1), 42. https://doi.org/10.1186/512958-018-0360-z

Mabrouk, M., EImakky, A., Caramelli, E., Farina, A., Mignemi, G., Venturoli,
S., & Seracchioli, R. (2012). Performance of peripheral (serum and
molecular) blood markers for diagnosis of endometriosis. Archives of
Gynecology and Obstetrics, 285(5), 1307-1312. https://doi.org/10.
1007/s00404-011-2122-4

Marianna, S., Alessia, P., Susan, C., Francesca, C., Angela, S., Francesca, C.,
& Emilio, C. (2017). Metabolomic profiling and biochemical evaluation
of the follicular fluid of endometriosis patients. Molecular BioSystems,
13(6), 1213-1222. https://doi.org/10.1039/c7mb00181a

Miyagi, E., Maruyama, Y., Mogami, T., Numazaki, R., Ikeda, A., Yamamoto,
H., & Hirahara, F. (2017). Comparison of plasma amino acid
profile-based index and CA125 in the diagnosis of epithelial ovarian
cancers and borderline malignant tumors. International Journal of
Clinical Oncology, 22(1), 118-125. https://doi.org/10.1007/s10147-
016-1035-4

Mol, B. W., Bayram, N., Lijmer, J. G., Wiegerinck, M. A,, Bongers, M. Y., van
derVeen, F., & Bossuyt, P. M. (1998). The performance of CA-125
measurement in the detection of endometriosis: A meta-analysis.
Fertility and Sterility, 70(6), 1101-1108

Nnoaham, K. E., Hummelshoj, L, Webster, P., d’'Hooghe, T., deCicco
Nardone, F., deCicco Nardone, C., & World Endometriosis Research
Foundation Global Study of Women's Health, ¢ (2011). Impact of
endometriosis on quality of life and work productivity: A multicenter
study across ten countries. Fertility and Sterility, 96(2), 366-373.
https://doi.org/10.1016/j.fertnstert.2011.05.090e368

Palermo, G. D., Colombero, L. T., & Rosenwaks, Z. (1997). The human
sperm centrosome is responsible for normal syngamy and early
embryonic development. Reviews of Reproduction, 2(1), 19-27

Peng, B., Li, H., & Peng, X. X. (2015). Functional metabolomics: From
biomarker discovery to metabolome reprogramming. Protein & Cell,
6(9), 628-637. https://doi.org/10.1007/513238-015-0185-x

Practice Committee of the American Society for Reproductive Medicine
(2012). Endometriosis and infertility: A committee opinion. Fertility
and Sterility, 98(3), 591-598. https://doi.org/10.1016/j.fertnstert.
2012.05.031

Practice Committee of the American Society for Reproductive Medicine, &
Practice Committee of the Society for Assisted Reproductive Technol-
ogy (2017). Guidance on the limits to the number of embryos to
transfer: A committee opinion. Fertility and Sterility, 107(4), 901-903.
https://doi.org/10.1016/j.fertnstert.2017.02.107

Santulli, P., Bourdon, M., Presse, M., Gayet, V., Marcellin, L., Prunet, C.,, &
Chapron, C. (2016). Endometriosis-related infertility: Assisted
reproductive technology has no adverse impact on pain or quality-
of-life scores. Fertility and Sterility, 105(4), 978-987. https://doi.org/
10.1016/j.fertnstert.2015.12.006e974

Schipper, E., & Nezhat, C. (2012). Video-assisted laparoscopy for the
detection and diagnosis of endometriosis: Safety, reliability, and
invasiveness. International Journal of Women’s Health, 4, 383-393.
https://doi.org/10.2147/1JWH.S524948

Socolov, R., Butureanu, S., Angioni, S., Sindilar, A., Boiculese, L., Cozma, L.,
& Socolov, D. (2011). The value of serological markers in the diagnosis
and prognosis of endometriosis: A prospective case-control study.
European Journal of Obstetrics, Gynecology and Reproductive Biology,
154(2), 215-217. https://doi.org/10.1016/j.ejogrb.2010.10.008

Surrey, E. S., Soliman, A. M., Yang, H., Du, E. X,, & Su, B. (2017). Treatment
patterns, complications, and health care utilization among
endometriosis patients undergoing a laparoscopy or a hysterectomy:
a retrospective claims analysis. Advances in Therapy, 34(11),
2436-2451. https://doi.org/10.1007/s12325-017-0619-3

Vercellini, P., Scarfone, G., Bolis, G., Stellato, G., Carinelli, S., & Crosignani,
P. G. (2000). Site of origin of epithelial ovarian cancer: The
endometriosis connection. British Journal of Obstetrics and Gynaecology,
107(9), 1155-1157.

Vercellini, P., Vigano, P., Somigliana, E., & Fedele, L. (2013). Endometriosis:
Pathogenesis and treatment. Nature Reviews Endocrinology, 10(5),
261-275

Vicente-Munoz, S., Morcillo, 1., Puchades-Carrasco, L., Paya, V., Pellicer, A., &
Pineda-Lucena, A. (2015). Nuclear magnetic resonance metabolomic
profiling of urine provides a noninvasive alternative to the identification
of biomarkers associated with endometriosis. Fertility and Sterility, 104(5),
1202-1209. https://doi.org/10.1016/jfertnstert.2015.07.1149

Vicente-Munoz, S., Morcillo, |., Puchades-Carrasco, L., Paya, V., Pellicer, A.,
& Pineda-Lucena, A. (2016). Pathophysiologic processes have an
impact on the plasma metabolomic signature of endometriosis
patients. Fertility and Sterility, 106(7), 1733-1741. https://doi.org/10.
1016/j.fertnstert.2016.09.014e1731

Vouk, K., Hevir, N. Ribic-Pucelj, M., Haarpaintner, G., Scherb, H.,
Osredkar, J., & Adamski, J. (2012). Discovery of phosphatidylcholines
and sphingomyelins as biomarkers for ovarian endometriosis. Human


https://doi.org/10.1093/humrep/det457
https://doi.org/10.1039/c2mb25353d
https://doi.org/10.1038/s41598-018-23954-7
https://doi.org/10.1016/S0140-6736(04)17403-5
https://doi.org/10.1016/j.fertnstert.2007.11.020
https://doi.org/10.1016/j.fertnstert.2007.11.020
https://doi.org/10.1111/aogs.12255
https://doi.org/10.1111/1471-0528.14055
https://doi.org/10.1097/GRF.0b013e3181db7ce8
https://doi.org/10.1097/GRF.0b013e3181db7ce8
https://doi.org/10.1093/humrep/des316
https://doi.org/10.1080/19396368.2018.1478469
https://doi.org/10.1093/humrep/det438
https://doi.org/10.1016/j.fertnstert.2016.12.032
https://doi.org/10.1186/s12958-018-0360-z
https://doi.org/10.1007/s00404-011-2122-4
https://doi.org/10.1007/s00404-011-2122-4
https://doi.org/10.1039/c7mb00181a
https://doi.org/10.1007/s10147-016-1035-4
https://doi.org/10.1007/s10147-016-1035-4
https://doi.org/10.1016/j.fertnstert.2011.05.090
https://doi.org/10.1007/s13238-015-0185-x
https://doi.org/10.1016/j.fertnstert.2012.05.031
https://doi.org/10.1016/j.fertnstert.2012.05.031
https://doi.org/10.1016/j.fertnstert.2017.02.107
https://doi.org/10.1016/j.fertnstert.2015.12.006
https://doi.org/10.1016/j.fertnstert.2015.12.006
https://doi.org/10.2147/IJWH.S24948
https://doi.org/10.1016/j.ejogrb.2010.10.008
https://doi.org/10.1007/s12325-017-0619-3
https://doi.org/10.1016/j.fertnstert.2015.07.1149
https://doi.org/10.1016/j.fertnstert.2016.09.014
https://doi.org/10.1016/j.fertnstert.2016.09.014

BRAGA ET AL.

Moolecular Reproduction 9

Reproduction, 27(10), 2955-2965. https://doi.org/10.1093/humrep/
des152

Walter, A. J., Hentz, J. G., Magtibay, P. M., Cornella, J. L., & Magrina, J. F.
(2001). Endometriosis: Correlation between histologic and visual
findings at laparoscopy. American Journal of Obstetrics and Gynecology,
184(7), 1407-1411discussion 1411-1403

Wang, T. J,, Larson, M. G,, Vasan, R. S., Cheng, S., Rhee, E. P., McCabe, E., &
Gerszten, R. E. (2011). Metabolite profiles and the risk of developing
diabetes. Nat Med, 17(4), 448-453. https://doi.org/10.1038/nm.2307

Wiegand, K. C,, Shah, S. P., Al-Agha, O. M,, Zhao, Y., Tse, K., Zeng, T., &
Huntsman, D. G. (2010). ARID1A mutations in endometriosis-
associated ovarian carcinomas. New England Journal of Medicine,
363(16), 1532-1543. https://doi.org/10.1056/NEJM0a1008433

Wykes, C. B., Clark, T. J., & Khan, K. S. (2004). Accuracy of laparoscopy in
the diagnosis of endometriosis: A systematic quantitative review.
British Journal of Obstetrics and Gynaecology, 111(11), 1204-1212.
https://doi.org/10.1111/j.1471-0528.2004.00433.x

Yen, C. L, Stone, S. J., Koliwad, S., Harris, C., & Farese, R. V., Jr. (2008).
Thematic review series: Glycerolipids. DGAT enzymes and

ggg%Developmem
triacylglycerol biosynthesis. Journal of Lipid Research, 49(11),
2283-2301. https://doi.org/10.1194/jlr.R800018-JLR200

Zheng, N., Pan, C,, & Liu, W. (2011). New serum biomarkers for detection
of endometriosis using matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry. Journal of International Medical Research,
39(4), 1184-1192. https://doi.org/10.1177/147323001103900406

deZiegler, D., Borghese, B., & Chapron, C. (2010). Endometriosis and
infertility: Pathophysiology and management. Lancet, 376(9742),
730-738. https://doi.org/10.1016/50140-6736(10)60490-4

How to cite this article: Braga DPAF, Montani DA, Setti AS,
Lo Turco EG, Oliveira-Silva D, Borges Jr., E Metabolomic
profile as a noninvasive adjunct tool for the diagnosis of
Grades Il and IV endometriosis-related infertility. Mol Reprod
Dev. 2019;1-9. https://doi.org/10.1002/mrd.23221



https://doi.org/10.1093/humrep/des152
https://doi.org/10.1093/humrep/des152
https://doi.org/10.1038/nm.2307
https://doi.org/10.1056/NEJMoa1008433
https://doi.org/10.1111/j.1471-0528.2004.00433.x
https://doi.org/10.1194/jlr.R800018-JLR200
https://doi.org/10.1177/147323001103900406
https://doi.org/10.1016/S0140-6736(10)60490-4
https://doi.org/10.1002/mrd.23221



