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Abstract

Purpose The aim of the present study was to analyze the lipid

profile of follicular fluid from patients with endometriosis and

endometrioma who underwent in vitro fertilization treatment

(IVF).

Methods The control group (n=10) was composed of women

with tubal factor or minimal male factor infertility who had

positive pregnancy outcomes after IVF. The endometriosis

group consisted of women with endometriosis diagnosed by

videolaparoscopy (n=10), and from the same patients, the

endometriomas fluids were collected, which composed the

endometrioma group (n=10). From the follicular fluid and

endometriomas, lipids were extracted by the Bligh and Dyer

method, and the samples were analyzed by tandem mass

spectrometry.

Results We observed phosphatidylglycerol phosphate, phos-

phatidylcholine, phosphatidylserine, and phosphatidylnositol

bisphosphate in the control group. In the endometriosis group,

sphingolipids and phosphatidylcholines were more abundant,

while in the endometrioma group, sphingolipids and phospha-

tidylcholines with different m/z from the endometriosis group

were found in high abundance.

Conclusion This analysis demonstrated that there is a differen-

tial representation of these lipids according to their respective

groups. In addition, the lipids found are involved in important

mechanisms related to endometriosis progress in the ovary. Thus,

the metabolomic approach for the study of lipids may be helpful

in potential biomarker discovery.
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fluid . Metabolomics . Mass spectrometry, lipids

Introduction

Endometriosis is a chronic gynecological and inflammatory dis-

ease affecting approximately 10%ofwomen of reproductive age

[1]. This disease is characterized by the presence of endometrial

tissue outside the uterine cavity, which can cause pelvic pain,

dysmenorrhea, and infertility [2].

An important and severe form of endometriosis is

endometrioma, occurring in approximately 17 to 44%ofwomen

affected by the disease. Endometrioma presents as a cyst of non-

neoplastic cells on the surface of the ovary [3]. The impact of

endometriomas on fertility in women with endometriosis is un-

clear. The gold standard for endometrioma excision and treat-

ment is through videolaparoscopy; however, this treatment has

been shown to cause follicle loss and a consequent reduction of

the ovarian reserve [4, 5].

In addition, endometriosis may have an impact on

folliculogenesis, resulting in poor oocyte quality, low fertilization

rates, and poor embryo quality [6]. In order to evaluate this
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impact, follicular fluid (FF) analyses may give valuable insight

regarding potential biomarkers of endometriosis and of oocyte

competence, given that FF provides the microenvironment for

the oocyte development [7].

Although extensive research has been performed to identify

potential biomarkers to diagnose endometriosis, the diagnostic

importance of the majority of the biomarkers identified by sev-

eral “omics” approaches, such as genomics, transcriptomics, and

proteomics, remains unclear. Moreover, studies based on bio-

marker discovery have not been consistent in proposing a single

and/or panel of biomarkers with clinical application [8].

Current studies have focused on metabolomic approaches to

find biomarkers for endometriosis, using electrospray tandem

mass spectrometry (ESI-MS/MS) and nuclear magnetic reso-

nance (NMR) in blood plasma. The results from both techniques

indicate that metabolomics is a powerful diagnostic tool for the

identification of molecules related to the disease [9, 10].

For this purpose, metabolomic profiling is a powerful and

reliable tool for total metabolite identification in a biological

system under a particular physiological condition [11]. In the

present study, the metabolomic profile of follicular fluid and

endometrioma fromwomen with endometriosis was analyzed,

with an aim of identifying a panel of potential biomarkers

related to ovarian endometriosis evolution. The ESI-MS/MS

experiment allowed us to elucidate lipid subclasses of poten-

tial biomarkers through an experiment of molecule fragmen-

tation that determined the polar portion of the lipid structures

identified in the MS/MS spectra [12]. By furthering our un-

derstanding of this disease through metabolomic methods, the

development of better treatment plans and pregnancy out-

comes for these patients may be achieved.

Materials and methods

The study was approved by the Institutional Ethics Review

Board from the Sao Paulo Federal University. Written in-

formed consent was provided by each patient prior to the

study beginning.

Study design and sample processing

This study included follicular fluid samples collected from

patients who underwent in vitro fertilization treatment (IVF)

at the Human Reproduction Department at Sao Paulo

Hospital. All patients received a similar hormonal ovarian

stimulation protocol for IVF, which was performed as follows.

Initially, exogenous gonadotrophins (225 IU FSH/day)

were administered starting on cycle day 2. When the leading

follicle reached 13mm in diameter, a GnRH antagonist analog

(0.25 mg/day; cetrorelix, Cetrotide, Merck Serono) was used

to suppress endogenous luteinizing hormone (LH) release

until the day of human chorionic gonadotropin (hCG)

administration. When the leading follicle reached 17 mm in

diameter, a total dose of 250 mg of hCG was administered.

Ultrasound-guided transvaginal oocyte retrieval was per-

formed 35 h after hCG administration. Finally, FF was obtain-

ed from the group of follicles present in each ovary for all

patients.

The inclusion criterion for all groups was a maximum age of

35 years, and the exclusion criteria were as follows: patients with

a history of polycystic ovary syndrome, cancer, premature ovar-

ian failure, or other gynecologic factors leading to infertility.

The tubal patients group (n=10) was composed of patients

who had tubal factor as an infertility factor or no evidence of

female infertility and were treated mainly due to a male infer-

tility factor (at least 3 million sperms per milliliter and over

5% strict morphology) [13]. The endometriosis patients group

was composed of women with endometriosis grade III or IV

with the presence of endometriomas (n=10). From this study

group, FF and endometriomas were obtained from both ova-

ries of the same patient and divided into two groups, consid-

ering endometrioma as a separated sample (endometriosis, n=

10 FF; and endometrioma, n=10 endometriomas).

The FF aspirated was centrifuged at 800×g for 10 min to

remove erythrocytes and leukocytes. The supernatant was col-

lected and maintained frozen at −20 °C until processing.

Lipids analysis—ESI-MS

Lipids were extracted from the FF according to the Bligh and

Dyer method, with modifications [14]. First, volumes of

50 μL of FF, 50 μL of water, 125 μL of chloroform (Synth,

Diadema, SP, Brazil), and 250 μL of methanol (Synth,

Diadema, SP, Brasil) were placed in a 2-mL microtube. This

mixture was vortexed for 30 s. Next, the polar and apolar

phases were separated by the addition of 100 μL of water

and 125 μL of chloroform. The lower phase containing the

lipids were recovered by pipetting and transferred to a 0.5-mL

microtube that was stored at −20 °C until analysis. For the

ESI-MS experiment, samples were dissolved in 300 μL of

methanol with 0.1 % formic acid.

ESI(+)-MS/MS

Each sample was analyzed in triplicate, and this assay was

performed in the positive mode using a hybrid mass spec-

trometer quadrupole time-of-flight (Q-TOF) from

Micromass (Manchester, UK). The conditions of the exper-

iment were as follows: source temperature of 100 °C,

desolvation temperature of 100 °C, capillary voltage of

3 kV, and cone voltage of approximately 35 V. The samples

were injected by an infusion pump (Harvard Apparatus) at

a flow rate of 10 μL min−1. Data was acquired in the m/z

700–1200 range. MS/MS was performed by the collision

induced dissociation (CID) for lipid ions with a significant
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difference among the groups, using argon as the collision

gas. The collision energy ranged from 4 to 50 V.

Statistical analysis

The MassLynx 4.1 software (Waters, Manchester, UK)

was used for pre-processing the mass spectra obtained

by ESI-MS. Each spectrum was processed to remove

the background, for smoothing and for centralization of

ions. The spectra were processed to remove isotopes con-

sidering a maximum load of +1. The list of ions was

transferred to an Excel spreadsheet, and relative abun-

dances from 0.0 to over 50 % of the samples from each

group were removed.

Pareto scaling normalized the relative abundances.

Statistical processing was performed using MetaboAnalyst

2.0 (http://www.metaboanalyst.ca) software. The principal

component analysis (PCA), which detects intrinsic clusters

based on the lipid profile, and partial least squares

discriminant analysis (PLS-DA), which maximizes the group

discrimination, were applied to the data set, and an alpha of

5 % was adopted. The R2 values (representing the variation

within the data set explained by the model components) and

Q2 (power projection model) found by cross-validation were

used to determine the quality of the models built by PLS-DA.

In order to validate the robustness of the model, a receiver

operating characteristic (ROC) curve analysis was performed

considering the group comparison two by two.

After the construction of the PLS-DA models, the variable

importance in the projection (VIP) was used to identify 15 ions

that had greater discrimination between the groups in the com-

ponent with the highest power projection. Of the 15 ions differ-

entially expressed in each group, fragmentation analyses were

performed by MS/MS individually, aiming to identify lipid sub-

classes. For ions that had intensities that were too low for detec-

tion, it was not possible to identify the lipid byMS/MS, but these

lipids were identified via the human metabolome database

(HMDB) databank search (http://www.hmdb.ca/spectra/ms/

search), assuming a maximum error of 50 ppm.

Results

Clinical data

Clinical data analysis demonstrated that no differences were

observed between the groups, considering the IVF treatment

(Table 1).

Lipids analysis by ESI-MS/MS

Characteristic spectra of each group were generated from the

mass spectrometry analysis, as shown in Fig. 1. It is possible

to visually observe differences in the relative intensities of the

ions in the lipid profile between groups. The raw data was

processed, and an average of 1244 ions were used for statisti-

cal analysis.

Principal component analysis is a non-supervised analysis

that is used to combine several variables, both explanatory and

unexplanatory, into a few principal components that help to

explain the variability within the experiment and to demon-

strate the tendency of group separation (Fig. 2a).

These results are reinforced by the cross-validation per-

formed by PLS-DA constructed from the PCA model, show-

ing that the first five principal components contributed posi-

tively to the model (Q2 with positive values), indicating that

the first two components were ideal for the model prediction

(Q2=60 %). Furthermore, the ions explained 75.7 % of the

variance (R2), and the model accuracy corresponds to 89.6 %

(Fig. 2b).

For the lipid identification, PLS-DA generated a list of 15

ions corresponding to VIPs, which represent potential lipids

involved in endometriosis (Fig. 2c). TheMS/MS spectra show

the ion structures in relation to the precursor ions and their

possible fragments, in which the polar group of the molecule

is observed (see supplementary figures).

In addition to the cross-validation, the ROC curve based on

the VIP scores was performed two by two. The comparison

between controls and endometriosis demonstrated that the ar-

ea under the curve was 0.98 (Fig. 3a) and the classification

Table 1 Clinical characteristics from patients included in the study

Tubal patients

Mean; SD

Endometriosis

Mean; SD

p<0.05

(95 % CI)

Age 34.30; 3.33 32.30; 2.67 0.156

BMI 24.06; 2.03 23.30; 2.57 0.521

LH (mIU/mL) 3.27; 1.65 6.23; 4.35 0.600

FSH (mIU/mL) 5.76; 2.28 6.83; 3.03 0.384

Endometrial thickness (mm) 10.08; 2.05 11.54; 1,42 0.800

Follicles (n) 15; 8.26 17.30; 10.41 0.591

Oocyte retrieval rate 0.59; 0.19 0.57; 0.29 0.906

MII (n) 6; 4.08 8; 6.32 0.412

Degenerated oocytes (n) 2.33; 1.53 2; 1.41 0.572

Intracytoplasmic issues 0.32; 0.29 0.31; 0.24 0.954

Extracytoplasmic issues 0.50; 0.27 0.52; 0.20 0.837

Inseminated oocytes (n) 5.80; 4.18 7.40; 5.97 0.496

Fertilization rate 4.70; 2.83 5.80; 5.14 0.162

Embryo day 3 (n) 4.50; 2.84 5.70; 4.90 0.511

Transferred embryos (n) 2.30; 0.48 1.78; 0.83 0.109

Good embryos rate 0.58; 0.12 0.50; 0.71 0.614

Good embryos transferred (n) 1.00; 1.04 1.00; 0.00 0.769

The variables were normalized by Z score for the Student’s t test com-

parison between the control and the study group, considering p<0.05

CI confidence interval, BMI body mass index, LH luteinizing hormone,

FSH follicle-stimulating hormone, n number, MII metaphase II
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rate was 97 % (Fig. 3b). When control was compared to

endometrioma group, the ROC curve validation showed an

area under the curve of 0.99 (Fig. 3c) and a classification rate

of 100 % (Fig. 3d). For the comparison between endometri-

osis and endometrioma group, the area under the curve was 1

(Fig. 3e) and the classification rate was 100 % (Fig. 3f).

In the tubal patients group, there were four lipids of high

abundance: phosphatidylglycerol phosphate (PtdGro), phos-

phatidylcholine (ChoGpl), phosphatidylserine (PtdSer), and

phosphatidylnositol bisphosphate (PtdIns-4,5-P2). In the en-

dometriosis group, sphingolipids and ChoGpls were ob-

served, while in the endometrioma group, sphingolipids and

ChoGpls with different m/z from the endometriosis group

were observed (Table 2).

Discussion

Alterations in lipid patterns are common in several conditions

and are the result of a response to disease, toxin exposure, and

environmental or genetic modifications [15]. Furthermore, a

comparison of the lipid profile from opposite healthy condi-

tions can be used as a diagnostic tool and may support the

development of new treatment strategies and disease

monitoring.

In this study, the lipid fingerprinting analysis of follicular

fluid of women with endometriosis and their endometrioma

compared to their healthy counterpart with pregnancy out-

comes was performed using ESI(+)-MS/MS, a robust and

efficient analysis, with minimal sample preparation that

allowed elucidating lipid subclasses by determining the

polar portion of the lipid structures identified in the MS/

MS spectra [12].

Several studies have identified biomarkers of endometri-

osis, and the biochemical function of these molecules has been

related to oxidative stress and malignancy characteristics;

however, these studies do acknowledge the need for further

research [10, 11].

Two important classes of lipids, the phosphatidylcholines

and sphingomyelines, have been suggested as possible bio-

markers for endometriosis as these lipids are strongly related

to apoptosis suppression [9]. However, the authors highlight-

ed a need for biomarker validation, in order to determine if

lipids can be used to discriminate between patients with endo-

metriosis and their healthy counterparts with any sort of accu-

racy [9]. Similarly, in the present study, it was possible to

observe a high representation of ChoGpl and sphingolipids,

which might be related to the same processes, although an

apoptosis analysis was not investigated.

In this study, we observed different phospholipids present

in the tubal patients group that serve in a variety of cellular

functions such as enzymatic regulation, transcription, signal

transduction, secondary messengers, and transport [16].

Among the subclasses identified, these lipids are PtdGro,

PtdSer, PtdIns-4,5-P2, and PtdCho (Table 2).

PtdGro phosphate is a precursor for phosphatidylglycerol

synthesis, through a dephosphorylation reaction by PtdGro

phosphatase enzyme (PGPP). The reduction of this lipid was

related to an increase in oxidative stress in animal tissues [17].

Likewise, the presence of this lipid in the tubal patients group

and its decrease in endometriosis and endometrioma groups

may be associated with oxidative stress in follicular fluid of

women with endometriosis, a process that has already been

described in the blood plasma [11].

We observed a higher level of PtdSer in the tubal patients

group. These PtdSer are abundant in the inner portion of the

Fig. 1 Typical ESI-MS data. a

Tubal patients group. b

Endometriosis. c Endometrioma.

The y-axis shows relative

abundances whereas the x-axis

shows m/z values

1820 J Assist Reprod Genet (2015) 32:1817–1825



a

b

c

C
o

n
tr

o
l

E
n

d
o

m
e

tr
io

m
a

E
n

d
o

m
e

tr
io

s
is

Fig. 2 a PCA 2D score plot: the

variance among the groups

according to the principal

components and without

considering the group division. b

Cross-validation chart. Black

bars: accuracy of the model; grey

bars: R2 (variations); white bars:

Q2 (prediction of the model).

Asterisk indicates the component

with higher power of projection

for the differentiation of the

groups. c Ions with higher

contribution for difference among

the groups in component 2
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plasma membrane and assist with membrane fusion [18].

Cells undergoing apoptosis display PtdSer on their surface

as a signal for phagocytosis. In contrast, viable cells maintain

this lipid on the inner portion [19]; thus, this mechanism

minimizes any inflammatory reaction, avoiding compromis-

ing healthy tissue structures [20].

The presence of this phospholipid confirms that apoptosis

is a highly regulated physiological process of cell death,

Fig. 3 ROC curve based on the VIP scores. a, b Comparison between control and endometriosis. c, d Comparison between control and endometrioma.

e, f Comparison between endometriosis and endometrioma

1822 J Assist Reprod Genet (2015) 32:1817–1825



playing an important role in the homeostasis of different tis-

sues in response to numerous stimuli. Moreover, this process

is crucial for embryonic development, maturation of the im-

mune system against viral infections, and response to cancer

[21]. The presence of PtdSer in the tubal patients group may

be associated with oocyte homeostasis, indicating that an ad-

equate response to the induction of final follicular maturation

consequently can be related to embryo quality and a proper

fetal development [22].

PtdIns-4,5-P2 was described as a secondary messenger in

the regulation of the corpus luteum. PtdIns-4,5-P2 signaling

pathway activation begins with the hydrolysis of PtdIns-4,5-

P2, generating inositol triphosphate (IP3) and diacylglycerol

(DAG). DAG activates protein kinase C, and IP3 stimulates

calcium release from intracellular stores [23]. These events are

important in the beginning of a number of physiological re-

sponses, suggesting that PtdIns-4,5-P2 pathway may be in-

volved in the luteal regression of various species, including

primates [24]. The presence of PtdIns-4,5-P2 in the follicular

fluid of the tubal patients group indicates that there may be

better control of the luteinization process induced by admin-

istration of hCG stimulation protocols in controlled ovarian.

PtdIns-4,5-P2 can also play a crucial role in cell survival,

since it mediates the trophic ligand actions in pre-implanted

embryo of mammals [25]. Therefore, we hypothesize that the

presence of PtdIns-4,5-P2 in the follicular microenvironment

has an important role in oocyte quality and support of the first

embryonic cleavages.

Another subclass described in the tubal patients group was

ChoGpl, the most important subclass of the phospholipids

category, which plays a role in the membrane structure and

cell signaling [16]. One of the most important processes relat-

ed to ChoGpl is cell proliferation. For example, increased

ChoGpls were associated with cumulus cell expansion after

IVF treatment in patients positive for pregnancy outcomes

[26, 27]. Furthermore, it was suggested that the ovarian stim-

ulation produced by inducing LH may lead to a higher pro-

duction of ChoGpls in patients with positive pregnancy out-

comes, indicating that this effect probably occurs in the follic-

ular fluid of women included in this study.

For the endometriosis and endometrioma group, the main

lipid subclasses were ChoGpl and sphingolipids. As in the

tubal patients group, ChoGpl was higher in the endometriosis

and endometrioma groups, and this lipid is involved in cell

proliferation and the occurrence of various malignant tumors,

including ovarian cancer [28, 29]. The increase in ChoGpl

production serves as a substrate for phospholipase A2 (PA2)

enzyme, which is often overexpressed in endometriotic le-

sions. Additionally, PA2 is responsible for the production of

lysophosphatidic acid, a lipid involved in cell proliferation,

cancer, and endometriosis [30]. As the ChoGpl alone is al-

ready considered a marker of high proliferation in malignant

tissues, it can be postulated that this subclass may correlate as

a potential biomarker for endometriosis, considering its spe-

cific m/z.

Sphingolipids are important both in signal transduction and

in cell recognition [15]. Changes in the metabolism of these

lipids have been described in various biological conditions,

such as in cancer [31]. Some metabolites in the sphingolipid

biochemical pathway, such as sphingosine and ceramide,

Table 2 Ions identified in each

group Group m/z Subclass Adduct Formula

Control 851,4390 PtdGro [M+H]+ C42H76O13P2

852,4425 – – –

702,5354 ChoGpl [M+H]+ C38H72NO8P

846,4861 PtdSer [M+K]+ C42H81NO11S

1057,5482 PtdIns-4,5-P2 [M+CH3OH+H]+ C45H87O19P3

Endometriosis 759,6130 Sphingolipid [M+H]+ C43H87N2O6P

787,6496 Sphingolipid [M+CH3OH]
+ C45H91N2O6P

784,6171 ChoGpl [M+H]+ C44H82NO8P

782,6051 ChoGpl [M+H]+ C44H80NO8P

810,6425 ChoGpl [M+H]+ C46H84NO8P

786,6424 Sphingolipid [M+H]+ C45H90N2O6P

758,6064 ChoGpl [M+H]+ C42H80NO8P

Endometrioma 760,6225 ChoGpl [M+H]+ C42H82NO8P

761,6367 Sphingolipid [M+H]+ C43H89N2O6P

703,5999 Sphingolipid [M+H]+ C39H79N2O6P

The ions were classified according to their lipid subclass, adduct, and molecular formula

PtdGro phosphatidylglycerol phosphate, ChoGpl phosphatidylcholine, PtdSer phosphatidylserine, PtdIns-4,5-

P2 phosphatidylnositol bisphosphate
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induce apoptosis whereas the sphingosine-1-phosphate pro-

motes cell survival in response to apoptotic stimuli [32].

Sphingomyelin, one of the most important lipids in this

subclass, is related to the ongoing denervation and re-

innervation process that occurs in endometriosis, suggesting

that this process is also associated with suppression of apopto-

sis in patients with the disease [33]. Thus, the presence of

sphingolipids in these groups may be related to an accumula-

tion of sphingomyelin and a consequent decrease of ceramide,

favoring cell proliferation [34].

In conclusion, multivariate analysis of the ESI-MS results

provides an effective approach for the assessment of follicular

f luid of women with endometr iosis and ovarian

endometrioma. Several of the lipids identified demonstrated

differential expression among the groups and are involved in

follicle development during IVF and embryo cleavage, as well

as in apoptosis and cell proliferation. Furthermore, the results

of this study have shown the effect of endometriosis in follic-

ular fluid, suggesting substantial alterations in the ovary of

women with the disease, although the study presents a small

number of samples, indicating that the differences found rep-

resent an overview of possible alterations that must be con-

firmed in future studies. Further research of different types of

samples, such as blood plasma, is required to confirm differ-

ences observed in the current study. Successful identification

of biomarkers associated with endometriosis and

endometrioma will have a significant impact on future diag-

nostics and therapy improvement.
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