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ABSTRACT

Objective: To identify lipid markers of blastocyst implan-
tation and ongoing pregnancy by day three culture medi-
um mass spectrometry (MS) fingerprinting.

Methods: For this study, 33 culture media samples were
harvested on day three, from 22 patients undergoing day
five embryo transfers. All embryos achieved the blastocyst
stage and were split into groups based on their implanta-
tion (Negative Implantation, n= 14 and Positive Implanta-
tion, n= 19). The positive implantation cycles resulted in
successful ongoing pregnancies. The lipid extraction was
performed by the Bligh-Dyer protocol and mass spectra
were obtained with a direct infusion into a Q-Tof mass
spectrometer. The data obtained was analyzed by Principal
Component Analysis (PCA) and Partial Least Square Dis-
crimination Analysis (PLS-DA). The statistical analysis was
performed using the Metabo-Analyst 2.0.

Results: The variable importance in the projection (VIP)
plot of the PLS-DA provided a list of four ions, in the posi-
tive mode, with an area under the curve (AUC) of 73.5%;
and eight ions, in the negative mode, with and AUC of
72.0%. For both positive and negative modes, possible
biomarkers for the negative implantation were identified
by the lipidmaps: phosphoethanolamine, dicarboxylic ac-
ids, glycerophosphoglycerol, glycerophosphocholine, glic-
erophosphoinositol, phosphoethanolamine and unsaturat-
ed fat acids. The other ions were not identified. These lipids
are involved in the GPI anchor biosynthesis and synthesis
of lycerophospholipids and phosphate inositol.
Conclusion: MS fingerprinting is useful to identify blas-
tocysts that fail to implant, and therefore this technique
could be incorporated into the laboratory routine, adjunct
to morphology evaluation to identify embryos that should
not be transferred.
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INTRODUCTION

In vitro fertilization (IVF) success rates have been
remarkably improved since the first successful birth in
1978 (Steptoe & Edwards, 1978). However, its efficiency,
measured as live birth rate, is usually well below 50%.

This low efficiency contributes to the practice of multiple
embryo transfer, which frequently leads to multiple preg-
nancies (Pandian et al., 2009; Setti & Bulletti, 2011). In vi-
tro fertilization has been associated with a 30-fold increase
in multiple pregnancies, compared with the rate of sponta-
neoustwin pregnancies (ACOG 2005) anditisassociated with
a broad range of negative consequences for both the moth-
er and the fetuses (ESHRE Capri Workshop Group, 2014).

Indeed, the need to decrease assisted reproduc-

tion-induced iatrogenic multiple pregnancies has become
a health, economic, and legal issue in several countries
(Adashi et al., 2003). The most effective approach to min-
imize the risk of multiple pregnancies is single-embryo
transfer (SET). Nevertheless, there are concerns, that the
use of only one embryo can reduce success rates (Grady
et al., 2012; Steinberg et al., 2013). Therefore, successful
implementation of SET depends on the ability to select the
most viable embryo from a cohort, which remains a chal-
lenge despite the current use of numerous scoring systems

Prolonging the embryo culture period enables a better
selection of embryos for transfer, because laboratory as-
sessment is performed after the embryonic genome has
begun to be expressed. However, due to the continuing
inability to predict which blastocyst presents the higher
implantation potential, the development of reliable and
non-invasive methods of embryo evaluation is crucial.

Non-invasive approaches for embryonic development
potential assessment have the advantages of increas-
ing the knowledge regarding embryo physiology; there-
fore, enabling the development of methods to predict
developmental competence and viability (Hamel et al.,
2008). These approaches include genomic and proteom-
ic profiling, analytical evaluation of the embryonic me-
tabolome (Botros et al., 2008; Bromer and Seli 2008;
Katz-Jaffe et al., 2009, Aydiner et al., 2010; Ferreira et
al., 2010; Seli et al., 2010; Cortezzi et al., 2011), and
most recently: lipidomic profiling (Braga et al., 2015).

Modern approaches for lipidomic analysis are dominat-
ed by mass spectrometry (MS) (Want et al. 2005). The nov-
el MS-based lipidomics methods enable the study of intact
lipid molecular species from very small amounts of samples
and such methods, due to their wide dynamic range, enable
quantitative or relative determination of compounds across
a broad range of concentrations (Schwudke et al., 2006).

Therefore, the goal for the present study is to iden-
tify lipid markers of blastocyst implantation and ongoing
pregnancy by day three culture medium MS fingerprinting.

MATERIALS AND METHODS

Experimental Design

For this study, 33 culture media samples were har-
vested on day three from 22 patients undergoing day five
embryo transfers. All embryos achieved the blastocyst
stage and were split into groups based on their implanta-
tion (Negative Implantation, n= 14 and Positive Implan-
tation, n= 19). Embryo secretomes were analyzed by MS.

Patients in the positive implantation group presented
100% implantation and positive implantation cycles result-
ed in successful ongoing pregnancies and seven successful
live births, so far.

Patients signed an informed consent form, in which
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they agreed to share the outcomes of their cycles for re-
search purposes. The local institutional review board ap-
proved the study (CEP: 1095/2015).

Controlled Ovarian Stimulation and Oocyte Re-
trieval

Controlled ovarian stimulation was achieved by using
recombinant FSH (Gonal-F; Serono, Geneva, Switzer-
land), at a daily dose, starting on day three of the cy-
cle. Pituitary blockage was performed by using a GnRH
antagonist (Cetrotide, Serono, Geneva, Switzerland),
starting when at least one follicle 214 mm was visualized.

Follicular growth was monitored using transvagi-
nal ultrasound examination starting on day four of the
gonadotropin administration. When adequate follicular
growth and serum 17B estradiol levels were seen, re-
combinant hCG (Ovidrel; Serono, Geneva, Switzerland)
was administered to trigger the final follicular maturation.
The oocytes were collected 35 hours after hCG adminis-
tration through transvaginal ultrasound ovum pick-up.

Preparation of Oocytes and intracytoplasmic
sperm injection

Retrieved oocytes were maintained in culture medium
for 5 hours. Surrounding cumulus cells were removed and
oocytes were checked for oocyte maturation, and those
which had released the first polar body (metaphase II oo-
cytes - MII) were considered mature and used for Intra-
cytoplasmic sperm injection (ICSI), which was performed
using the technique described by Palermo ---(1992).

Fertilization and Embryo Quality Assessments
and Embryo Transfer

Approximately 18h after ICSI, fertilization was con-
firmed by the presence of two pronuclei and the extrusion of
the second polar body. Subsequently, embryos were trans-
ferred to new drops of culture medium to be individually
cultured for 48 hours. On day three, the culture media was
refreshed and spent culture media was collected and stored
at -209c. The embryos were transferred to another dish and
cultured until day five when embryo transfer was performed.

Sample Preparation and Mass Spectrometry

Subsequent to the confirmation of implantation, the
culture medium samples were divided according to their
implantation outcomes.

The lipids from culture medium were individually ex-

tracted using the Bligh and Dyer method (Bligh & Dyer
1959), dried and diluted in 400 pL of MeOH.

Mass spectra were obtained with a direct infusion of
both the negative and positive ion modes into a Q-Tof
mass spectrometer (LC-MS, Agilent 6550 iFunnel Q-TOF)
equipped with an automated injector.

Data Analysis

The data obtained was analyzed by Principal Compo-
nent Analysis (PCA) and Partial Least Square Discrimina-
tion Analysis (PLS-DA), combined with variable influence in
the projection (VIP) scores, to identify potential biomark-
ers of blastocyst implantation and ongoing pregnancy. Sta-
tistical analysis was performed using the Metabo-Analyst
3.0.

RESULTS

The PCA analysis was performed to identify chemical
differences between the Negative and Positive Implan-
tation groups. Figure 1 shows the graphics of principal
components (PC1 versus PC2) on the positive (Figure 1A)
and negative (Figure 1B) modes. On the positive mode
we noticed an increased difference for lipid characteristics
between the negative and positive implantation groups,
when compared with the negative mode.

Moreover, we could note a better clustering in the neg-
ative implantation group for both, positive and negative
modes.

The PLS-DA was applied to evaluate differences in
the lipidomic profile between the groups and to identify
possible biomarkers of blastocyst implantation. Graphics
on positive (Figure 2A) and negative (Figure 2B) modes
showed satisfactory separations between the Positive and
Negative Implantation groups.

The variable importance in the projection (VIP) plot
of the PLS-DA provided a list of four ions, in the positive
mode (Figure 3), with an area under the curve (AUC) of
73.5% and six ions, in the negative mode (Figure 4), with
and AUC of 72.0%. For both positive and negative modes,
possible biomarkers for the negative implantation were
identified by the lipidmaps: phosphoethanolamine, dicar-
boxylic acids, glycerophosphoglycerol, glycerophospho-
choline, glicerophosphoinositol, phosphoethanolamine and
unsaturated fatty acids. The other ions were not identi-
fied. These lipids are involved in the GPI anchor biosynthe-
sis and synthesis of glycerophospholipids and phosphate
inositol.

Figure 1: PCA plot of the scores for samples from the Positive and Negative implantation groups for the positive (A) and

negative (B) modes.
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Figure 2: PLS-DA plot of the scores for samples from the Positive and Negative implantation groups for the positive (A)

and negative (B) modes.
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Figure 3: List of ions provided by the variable importance
projection (VIP) scores of the PLS-DA model for the pre-
diction of embryo implantation in the positive mode.
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DISCUSSION

A key step in assisted reproduction is to identify the
embryo(s) that are most likely to result in a pregnancy. In
the present study, possible lipid biomarkers for blastocyst
implantation fail were identified.

Non-invasive determinants of embryo viability are
limited, and therefore current embryo assessment strat-
egies involve embryo morphology, which is the easiest
way to predict viability. However, the majority of studies
suggest that the morphology of embryos with high-qual-
ity morphological appearance is insufficient for predicting
a successful implantation (Katz-Jaffe et al., 2009; Assou
et al., 2011; Mastenbroek et al., 2011). This method is
highly subjective (Paternot et al., 2009; Santos-Filho
et al., 2010), and the correlation of morphological pa-
rameters and embryo implantation potential is unclear
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Figure 4: List of ions provided by the variable impor-
tance projection (VIP) scores of the PLS-DA mode for the
prediction of embryo implantation in the negative mode.
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(Kovalevsky & Patrizio, 2005). Furthermore, morpholog-
ically normal embryos can be genetically abnormal be-
cause a significant proportion of aneuploid embryos can
achieve the highest morphologic scores (Singh & Sin-
clair, 2007; Alfarawati et al., 2011; Assou et al., 2011).

Within this context, many metabolic parameters for
developing embryos have been studied using a vari-
ety of non-invasive methods (Sakkas & Gardner, 2005).
These studies demonstrate an underlying metabolic
difference between the embryos that result in a preg-
nancy and those that do not, forming the basis of a
metabolomic approach for assessing embryo viability.

More recently, studies have suggested that embryos
with positive and negative implantation outcome alter their
environment differently, which is reflected in the surround-
ing metabolites (Scott et al., 2008; Seli et al., 2008; Ver-
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gouw et al., 2008; Seli et al., 2010; Ahlstrom et al., 2011;
Sfontouris et al., 2013).

In a previous study of our group, MS associated with the
PLS-DA mode has been successfully employed for embryo
viability prediction (Cortezzi et al., 2013). In this study, MS
fingerprinting was used to predict human embryo implan-
tation potential and the metabolomic profile was achieved.

For the present study, we specifically assessed the
lipidomic profile. Although having been an intensive area
of research already in the 1960s, lipid research has re-
cently gained prominence with the emergence of lipidom-
ics (Han & Gross, 2005; Oresic et al., 2008). Lipidomics
can be defined as the large-scale study of lipid species
and their related networks and metabolic pathways that
exist in cells or any other biologic system. Lipids have
highly diverse functions other than cellular membrane
structure and energy storage. It plays an important role
in diverse biologic functions (Loizides-Mangold, 2013).

The present study was able to identify possible lip-
id involvement in cellular metabolism in culture media
samples of non-implanted embryos. It could be argued
that embryos who fail to implant may have used the
cellular machinery to prevent apoptosis to exhaustion.

So far, the diagnostic power of such patterns is not
completely conclusive since embryo implantation into
the endometrium does not depend exclusively on prop-
er embryo development, it also depends on other critical
events, which include the acquisition of a receptive en-
dometrium, and the appropriate dialogue between ma-
ternal and embryonic tissues (Dominguez et al., 2003).

Nevertheless, this technology seems to provide a fast,
reliable, and noninvasive prediction tool to help the se-
lection of the best embryo to be transferred, and should
be used as an adjunct to morphological evaluation, thus
minimizing the risks of the undesirable outcome of multiple
pregnancies.

An important limitation of this study is that MS/MS to
confirm the identification of the lipids was not performed,
but this study is to be continued to confirm our findings.

In conclusion, our evidence suggests that MS finger-
printing is a useful predictive tool for blastocysts that fail to
implant, and therefore this technique could be incorporat-
ed in the laboratory routine, adjunct to morphology eval-
uation to identify embryos that should not be transferred.
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