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ARTICLE INFO ABSTRACT

Keywords: In vitro maturation (IVM) of oocytes is clinically used in horses to produce blastocysts but current conditions used
Horse for horses are suboptimal. We analyzed the composition of equine preovulatory follicular fluid (FF) secretome
Ooc.yte . and tested its effects on meiotic competence and gene expression in oocytes subjected to IVM. Preovulatory FF
Isr;:rl;‘:mr?:mranon was obtained, concentrated using ultrafiltration with cut-off of 10 kDa, and stored at —80 °C. The metabolic and

proteomic composition was analyzed, and its ultrastructural composition was assessed by cryo-transmission
microscopy. Oocytes obtained post-mortem or by ovum pick up (OPU) were subjected to IVM in the absence
(control) or presence of 20 or 40 pg/ml (S20 or S40) of secretome. Oocytes were then analyzed for chromatin
configuration or snap frozen for gene expression analysis. Proteomic analysis detected 255 proteins in the Equus
caballus database, mostly related to the complement cascade and cholesterol metabolism. Metabolomic analysis
yielded 14 metabolites and cryo-transmission electron microscopy analysis revealed the presence of extracellular
vesicles (EVs). No significant differences were detected in maturation rates among treatments. However, the
expression of GDF9 and BMP15 significantly increased in OPU-derived oocytes compared to post-mortem oocytes
(fold increase + SEM: 9.4 + 0.1 vs. 1 + 0.5 for BMP15 and 9.9 + 0.3 vs. 1 + 0.5 for GDF9, respectively; p <
0.05). Secretome addition increased the expression of TNFAIP6 in S40 regardless of the oocyte source. Further
research is necessary to fully understand whether secretome addition influences the developmental competence
of equine oocytes.

Meiotic competence
Gamete quality

1. Introduction improvable, with only 9.85-39.2% of initially injected oocytes reaching
the blastocyst stage, depending on the mare’s breed (Lazzari et al., 2020;

Assisted reproductive techniques (ARTs) are in high demand for Brom-de-Luna et al., 2021). In vitro maturation (IVM) of equine imma-
producing equine blastocysts in vitro. Intracytoplasmic sperm injection ture oocytes obtained clinically in vivo by ovum pick up (OPU) or post-
(ICSD) is the preferred technique for horses, but the results are mortem, is a crucial step in equine embryo production (Hinrichs, 2018).
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Different conditions and additives, such as follicle-stimulating hormone,
epidermal growth factor (Sanchez-Calabuig et al., 2021), luteinizing
hormone, or sodium pyruvate (Lewis et al., 2020), have been used to
improve IVM, but success rates are limited, ranging between 50% and
60%, regardless of the oocyte source (OPU or post-mortem) (Hinrichs,
2018; Claes and Stout, 2022). This is partially related to the fact that
oocytes are matured under non-physiological conditions, as the media
used for maturation differs greatly from the follicular environment
(Fernandez-Hernandez et al., 2020).

Previous studies have shown that follicular fluid (FF) contains nine
metabolites not present in the commonly used media for equine oocyte
IVM (TCM-199 and DMEM/F-12), and the concentrations of core me-
tabolites like lactate or glucose vary vividly among FF and these media
(Fernandez-Hernandez et al., 2020). FF is a complex and variable milieu
that provides for the oocyte’s needs during the follicular wave, pro-
moting its progression to metaphase II to resume meiosis. This biological
fluid contains proteins, lipids, extracellular vesicles (EVs), metabolites,
hormones, enzymes, DNA, and mRNA, among other components, and its
cargo varies with the changing phases of the estrous cycle (Spacek and
Carnevale, 2018). Although oocyte maturation in 100% equine FF is
known to be the best physiological condition for successful maturation,
this approach has not significantly improved oocyte meiotic or devel-
opmental competence in horses (Caillaud et al., 2008; Dell’Aquila et al.,
1997; Douet et al., 2017; Hinrichs et al., 2002). The FF is a transudate
from the thecal cell layer vasculature that also contains the “secretome”
(Deftu et al., 2020). The term “secretome” was first used in the context of
proteins secreted by Bacillus subtilis (Tjalsma et al., 2000), and is
composed of all the proteins secreted by the cells and includes cytokines,
growth factors, hormones, enzymes, glycoproteins, coagulation factors,
and EVs. EVs are a type of membrane-encapsulated particles, including
exosomes and microvesicles, that carry regulatory molecules, such as
RNA species (microRNAs, long non-coding RNAs, mRNAs), lipids, me-
tabolites or DNA fragments, among other factors, from the donor to
recipient cells, facilitating cell-to-cell communication (Mishra and
Banerjee, 2023; Harmati et al., 2021). These bioactive compounds play
an essential role in oocyte maturation, determining the oocyte’s meiotic
and developmental fate (Cakmak et al., 2016).

In equine oocytes, the addition of EVs retrieved by ultracentrifuga-
tion from FF obtained from small follicles (< 20 mm) to the IVM medium
has been shown to increase oocyte maturation rate in compact cumulus
oocyte complexes (COCs) (Gabrys et al., 2022). However, EVs only
represent a fraction of the secretome and are challenging to obtain,
thereby leading to the disadvantage of leaving behind important
bioactive molecules such as cytokines that can have an impact not only
on nuclear maturation but also on cytoplasmic maturation of the oocyte
(Cakmak et al., 2016). Therefore, the objective of our study was to
characterize the homologous secretome retrieved from preovulatory FF
and investigate the effect of its addition on IVM of equine oocytes ob-
tained in vivo or post-mortem.

2. Materials and methods

Unless stated otherwise, all chemicals were purchased from Merck-
Sigma Aldrich Quimica (Barcelona, Spain). Heparin (H3393); FBS
(12103C); TCM 199 Earle’s salts (M4530); TCM Hank’s salts (M0393);
Recombinant FSH from porcine pituitary (F2293); Hyaluronidase from
bovine testis (H3506); Hoechst 33258 (14530); Poly; Polivinyl alcohol
(363138).

2.1. Follicular fluid collection

Follicular fluid (FF) was retrieved from six research mares by flank
aspiration after stimulation of a preovulatory follicle (> 35 mm and
uterine oedema 2-3 in a 1-3 scale) with 3000 IU of hCG intravenous
(Veterin Corion, DFV, Spain). After 32 h if uterine oedema had dropped,
the follicle was smooth on palpation and some discomfort was observed
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in the mare upon follicle palpation, the mare was assumed to had
responded to hCG and the FF was aspirated by the flank as previously
reported (Hinrichs et al., 1998); if the follicle did not show signs of
clinical response to hCG the follicular fluid was not aspirated. Briefly,
the flank ipsilateral to the preovulatory follicle was shaved and scrubbed
as for surgery. After, the flank was infiltrated with one ml of local
anesthetic (Xylazine at 1%), a scalpel blade was used to open the skin
and muscle, and an equine trochar was placed through the skin and
muscles of the flank into the peritoneal cavity. The ovary was held in
place against the end of the trochar cannula manually per rectum using
one hand, and the 12 g needle was introduced through the trochar into
the preovulatory follicle using the other hand. The content of the follicle
was then aspirated using a 50 ml syringe attached to a plastic tube. The
aspirated FF was centrifuged at 4 °C at 700g for 10 min, the supernatant
was placed in a clean tube and centrifuged again at 2000g for 10 min at
4 °C to discard cell debris. Clean FF was then divided into aliquots (5 ml)
and frozen at —80 °C until use.

2.2. Secretome obtention

FF from six different mares was used (30 ml in total). Five ml of FF of
each individual mare were thawed at room temperature (RT; 22-25 °C)
until thawing was visually observed, diluted 1:3 in sterile phosphate-
bufferedsaline (PBS) and filtered through a 0.22 pm syringe filter
(Frisenette, Knebel, Denmark). The obtained fluid (15 ml each) was
placed onto 10 K Amicon® Ultra-15 Centrifugal Filter Units (Merck-
Millipore) and centrifuged at 4000g for 1 h at 4 °C as previously reported
(Ormazabal et al., 2022). Secretome (1000 pl approximately) was
retrieved from the top funnel of the Amicom filter and placed into a
sterile Eppendorf tube using a sterile pipette. After thorough resus-
pension of the obtained secretome by gentle pipetting, protein concen-
tration of fresh secretome was measured using a Bio-Rad DC protein
assay following the manufacturer’s instructions. Secretome of each mare
was then aliquoted and frozen at —80 °C until use for secretome analysis.
For oocyte IVM experiments, secretome from 2 mares (Alba and Nuna)
was used based on their age (4 years) and their clinical response to the
hCG (notable oedema decrease by ultrasound and vivid follicle softening
by rectal palpation). After thawing, the aliquots were discarded, and a
new aliquot was used for each experiment.

2.3. Oocyte collection

Oocytes were collected in vivo by ovum pick up (OPU) or post-mortem
from a commercial slaughterhouse (Incarsa, Burgos, Spain).

2.3.1. OPU procedure

OPU was performed on a research mare herd hosted at the University
of Extremadura (seven mares in total aged 3-14 years) housed in group
paddocks with free-choice hay and water. All experimental procedures
were performed according to Institutional, National and European reg-
ulations and were approved by the Institutional Animal Care and Use
Committee at the University of Extremadura and Junta de Extremadura
(Ref. MAM/JSR). Aspiration of all follicles over 5 mm was performed
once every 14 days in a given mare through OPU as described previously
(Choi et al., 2016) disregarding the cycle stage. OPU sessions were
scheduled so that two mares underwent OPU on a given day. In general,
aspiration was not performed unless more than eight follicles over 5 mm
diameter were present. Briefly, mares were tranquilized and held in
stocks. The operator positioned a transvaginal ultrasound probe with a
needle guide and held the ovary per rectum. The diameter of each fol-
licle was recorded before the follicle was punctured by passing a 12-
gauge double-lumen needle (Minitub Ibérica, Tarragona, Spain)
through the needle guide through the vaginal wall into the follicle.
When possible, each follicle was flushed six to eight times with Equiflush
medium (Minitub Ibérica, Tarragona, Spain) added with 4 IU/ml hep-
arin and the follicle was curetted by repeated rotation of the needle. The
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aspirated fluid was filtered through a nylon cell strainer with 70 pm
pores (Falcon, Durham, NC, USA) and the collected cellular material was
rinsed into a Petri dish. Oocytes were searched under a dissection mi-
croscope and located oocytes were washed twice in M199 Hanks’ salts
medium (Gibco, Madrid, Spain) added with 10% fetal bovine serum or
FBS (v/v; Thermo Fisher, Madrid, Spain). Once all the oocytes were
retrieved, they were immediately subjected to in vitro maturation. The
oocytes were obtained in 19 different OPU sessions.

2.3.2. Post-mortem collection

Ovaries were collected at a slaughterhouse (Incarsa, Burgos, Spain)
and transport was performed within 5 h from slaughter at 15 °C.
Immature cumulus-oocyte complexes (COCs) were obtained by follic-
ular scraping or using a vacuum pump (Cook, Limerick Ireland) in
Equiflush medium (Minitub Ibérica, Tarragona, Spain) added with 4 TU/
ml heparin. The oocytes were collected and maintained in a holding
medium [HM: TCM-199 supplemented with Earle’s salts (40%; v/v) +
TCM-199 supplemented with Hank’s salts (40%; v/v) + FBS (20%; v/v)
and 25 pg/ml gentamicin (Gibco, Madrid, Spain)] for a maximum of 18
h at RT in the dark. The next morning, the oocytes were subjected to
IVM. The oocytes were obtained on 5 different days.

2.4. In vitro maturation

COCs were cultured in M-199 with Earle’s salts and 10% FBS (v/v;
Gibco, Madrid Spain), 5 pU/ml FSH and 25 pg/ml of gentamicin, being
this medium the control group. Secretome was added at 20 pg/ml (S20)
or 40 pg/ml (S40) as previously reported (Marinaro et al., 2019) and
COCs were cultured in groups (maximum of 25 COCs) in 500 pl wells
when retrieved post-mortem or in droplets at a rate of 20 pl/oocyte if
retrieved by OPU. The IVM droplets were covered with mineral oil
(NidOil, Nidacon, Sweden), allowed to equilibrate for a minimum of 3h
and IVM was conducted for 26-28 h at 38.5 °C under an atmosphere of
5% COg in air with maximum humidity.

2.4.1. Evaluation of oocyte degeneration and maturation status

Oocyte maturation was evaluated after 26-28 h. All IVM experiments
were performed in the laboratory located at the Veterinary Clinical
Hospital of the University of Extremadura (Caceres, Spain) from October
of 2021 to November of 2022. For the OPU assays, the oocytes were
retrieved in 19 different sessions while in the post-mortem oocytes, 5
different sessions were included. First, cumulus cells were removed from
the oocytes by meticulous pipetting using stripper capillary tubes of
decreasing diameter (175-125 pm; Cooper Surgical, Barcelona, Spain)
with PBS supplemented with 0.01% PVA (PBS + PVA) until no granulosa
cells were visualized on the zona pellucida. Prior pipetting, hyaluroni-
dase was used at 0.1% (w/v) for 1 min. Denuded oocytes were then fixed
in 4% formaldehyde in PBS + PVA for 24 h at 4 °C. Then, oocytes were
thoroughly washed in PBS + PVA and stained with 2.5 pg/ml Hoechst
33342 (Thermo Fisher, Madrid) in PBS + PVA at 37 °C for 10 min in the
dark. Oocytes were then mounted on slides using glycerol and a cover-
slip, sealed with nail polish and allowed to air dry. Oocytes were clas-
sified based on DNA integrity and conformation as: germinal vesicle
(GV), metaphase I (MI) or MII using a Nikon Eclipse 50i fluorescence
microscope equipped with an ultraviolet lamp and a 60x objective
following previously validated criteria (Gonzalez-Fernandez et al.,
2018). Oocytes were considered as degenerated when no DNA was
present or if unidentifiable chromatin configurations were observed.

2.5. Nuclear magnetic resonance (NMR) secretome sample preparation
and measurements

2.5.1. Secretome sample preparation

On the day of analysis, samples were thawed for 30 min slowly in ice.
A total of 10 pl of sample was diluted in 189 pl of 0.2 M potassium
phosphate buffer in deuterium oxide (D,0) with a pH of 7.4 + 0.5 and
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1.11 pl of TSP-d6 (3-(Trimethylsilyl)propanoic acid), to reach a final
volume of 200 pl. Samples were vortexed for 10 s and added into a 3 mm
NMR tube.

2.5.2. Secretome NMR measurements

Samples were measured at 300 K on a 600 MHz IVDr (Bruker Bio-
Spin, Germany), with a thermostatized automatic sample changer
(SampleJet) and a double resonance broadband probeheadprobe head
(BBI) with a z gradient coil and BOSS-III shim system.

Before sample acquisition, the spectrometer was calibrated with two
different samples: methanol and sucrose to check the temperature
(300K) and optimal shimming respectively. Three main spectra were
acquired for all the samples. Standard one-dimension 'H NOESY spec-
trum (noesygpprld) with water presaturation was acquired with 4
dummy (DS) and 32 accumulated (NS) scans. A 1D 1 carr-Purcell-
Meiboom-Gill (CPMG) experiment (cpmgprld) was acquired with 4 DS
and 256 NS, and a two-dimensional J-resolved experiment (jresgpprqf)
was acquired to help on the signal multiplicity identification. Spectra
were acquired and processed using the TopSpin 3.6.2 software (Bruker
Biospin GmbH). Free induction decays were multiplied by an expo-
nential function equivalent to 0.3 Hz line broadening before applying
Fourier transform. All transformed spectra were corrected for phase and
baseline distortions and referenced to the TSP singlet at O ppm.

The concentrations of the identified metabolites are expressed in
micromolar units. The calculation of metabolites’ concentration was
done relatively to integrate the signal of each metabolite and the number
of protons associated with that signal. Metabolite concentration was
then extrapolated using TSP singlet at 0 ppm. The metabolites found are
presented in Table 1 and were determined following previously vali-
dated methods (Fernandez-Hernandez et al., 2020).

2.6. Hybrid trapped ion mobility spectrometry — Quadrupole time of flight
mass spectrometer assays (timsTOF assay)

Secretome samples were incubated in a buffer containing 7 M urea 2
M Thiourea 4% CHAPS and 5 mM DTT and protein was digested
following the filter-aided FASP protocol described by Wisniewski et al.,
with minor modifications (Wisniewski et al., 2009). Trypsin was added
to a trypsin:protein ratio of 1:50 and the mixture was incubated over-
night at 37 °C, dried out in a RVC2 25 speedvac concentrator (Christ)
and resuspended in 0.1% formic acid (FA). Peptides were further
desalted and resuspended in 0.1% FA using C18 stage tips (Millipore).

Samples were analyzed in a hybrid trapped ion mobility spectrom-
etry — quadrupole time of flight mass spectrometer (timsTOF Pro with
PASEF, Bruker Daltonics) coupled online to an Evosep ONE liquid
chromatograph (Evosep). Two hundred ng were directly loaded onto the

Table 1
Chemical shift assignment, multiplicity, and number of contributing protons for
the identified metabolites.

Metabolites Peak for integration Multiplicity =~ Number of
(ppm) protons

Lactic acid 4.1 q 1
Glucose 5.23 d 1
Tyrosine 6.9 m 2
Glycerol 3.64 m 4
Lysine 3 t 2
Succinic acid 2.389 s 4
Pyruvic acid 2.363 s 3
Glutamic acid 2.335 m 2
Acetic acid 1.906 s 4
Alanine 1.47 d 3
Threonine 1.316 d 3
3-hydroxyisovaleric

acid 1.237 d 3
Valine 1.03 D 3
Isoleucine 1.004 D 3
Leucine 0.96 t 6
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Evosep ONE and resolved using the 30 samples-per-day protocol. Pro-
tein identification and quantification were carried out using PEAKS
software (Bioinformatics solutions). Searches were carried out against a
database consisting of horse entries (Uniprot) with precursor and frag-
ment tolerances of 20 ppm and 0.05 Da.

2.6.1. Proteomic analysis

Gene names for the Uniprot accession numbers of the identified
proteins were obtained from UniProt release 2023_03 (https://www.uni
prot.org/) (The UniProt Consortium, 2023) and the DAVID Bioinfor-
matics “Gene ID Conversion Tool” (https://david.nciferf.gov/conve
rsion.jsp) (Sherman et al., 2022). Enrichment and pathway analyses
were performed on unique gene symbols to avoid redundancy. The
enrichment analysis was performed with the “Functional Annotation
Tool” provided by DAVID Bioinformatics (https://david.nciferf.gov/
tools.jsp), using Benjamini-Hochberg False Discovery Rate (FDR) for
multiple test correction. The overrepresentation pathway analysis was
carried out with the Analysis Tools of Reactome (https://reactome.
org/PathwayBrowser/#TOOL=AT) (Gillespie et al., 2022), exploring
the gene names associated with the identified equine proteins in the
Homo sapiens database. Finally, to identify protein-protein interaction
networks, multiple equine proteins belonging to pathways of interest
were analyzed with STRING (https://string-db.org/) (Szklarczyk et al.,
2015).

2.7. Gene expression analysis

Pools of COCs were used for RNA extraction. In post-mortem samples,
25 oocytes per experimental group (control, S20 and S40; 75 oocytes in
total) retrieved on 3 different days were used. In the OPU group, 20
COCs for control, 26 for S20 and 23 for S40 retrieved in 5 different
sessions were used (69 COCs in total). COCs were pooled and three
replicates per experimental group were used for RNA extraction. Poly
(A) RNA was extracted using the Dynabeads® mRNA DIRECT™ Micro
Kit (Ambion®, Thermo Fisher Scientific Inc., Norway) following the
manufacturer’s instructions. Immediately after RNA extraction, reverse
transcription (RT) reaction was carried out using a Moloney murine
leukaemia virus (MMLV) Reverse Transcriptase 1st-Strand cDNA Syn-
thesis Kit following the manufacturer’s instructions (Epicentre Tech-
nologies Corp., USA) in a total volume of 40 pl to prime the RT reaction
and produce cDNA. Tubes were heated to 70 °C for 5 min to denature the
secondary RNA structure and then the RT mix was completed with the
addition of 50 units of reverse transcriptase. Next, the tubes were
incubated at 25 °C for 10 min to promote the annealing of random
primers, followed by 60 min at 37 °C to allow the RT of RNA and finally
an incubation for 5 min at 85 °C to denature the enzyme.

All mRNA transcripts were quantified using quantitative polymerase
chain reaction (QPCR) and were run in the following conditions: 95 °C
for 3 min, 35 cycles of 94 °C for 15 s, 56 °C for 30 s and 72 °C for 15 s,
followed by a final extension step for 10 s and carried out in duplicate for
all genes of interest in the Rotorgene 6000 Real-Time Cycler TM (Corbett
Research, Sydney, Australia) by adding a 2-ml aliquot of each sample
(~60 pg/ul) to the PCR mix (GoTaq qPCR Master Mix, Promega Cor-
poration, Madison, WI, USA) containing the specific primers selected to
amplify the selected genes. Primer sequences and the approximate sizes
of the amplified fragments of all transcripts are given in Supplementary
Table 1. The comparative cycle threshold (CT) method was used to
quantify expression levels. All primers were designed using Primer-
BLAST software (http://www.ncbi.nlm.nih.gov/tools/primer-blast/) to
span exon-exon boundaries when possible. Primers were previously
validated for adequate primer efficiency and the specificity of their PCR
products was confirmed by electrophoresis on a 2% agarose gel. The
PCR conditions were tested to achieve efficiencies close to 1. Each RT-
gPCR reaction was performed in a final volume of 20 pl, containing
0.25 mM of forward and reverse primers, 10 pl of GoTaq RT-qPCR
Master Mix (Promega) and 2 pl of each ¢DNA sample using a
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Rotorgene 6000 Real-Time Cycler (Corbett Research, Sydney, Australia)
and SYBR Green as double-stranded DNA-specific fluorescent dye. All
mRNA transcripts were quantified in duplicate. The comparative
quantification cycle (Cq) method was used to quantify expression levels
(Sanchez-Calabuig et al., 2021).

In this study, we examined the quantitative expression of candidate
genes associated with oocyte quality (BMP15, TNFAIP6, and GDF9),
cytokine and growth factor expression (VEGFA, IGF1, and TNF), and
developmental competence (HSP90AA1) in post-mortem and OPU-
retrieved oocytes that were matured with or without added secretome.
To identify the most suitable housekeeping gene for normalizing mRNA
levels, we first evaluated the expression of three housekeeping genes
(H2AFZ, RN18S, and GAPDH) and found that H2AFZ was the most stable
under our experimental conditions. We then used H2AFZ for the
normalization of mRNA transcripts since its expression was directly
proportional to the amount of mRNA present in non-normalized reverse
transcription reactions.

2.8. Cryo-transmission electron microscopy

Freshly glow-discharged 200-mesh grids (R2/1; QUANTIFOIL) were
placed inside the chamber of an EM GP2 Automatic Plunge Freezing
(Leica Company), which was maintained at 8 °C temperature and rela-
tive humidity close to saturation (90%). Four microliters of the sample
were dropped onto the grid for 30 s. After incubation, most of the liquid
on the grid was removed by blotting (blot time was 2 s, the number of
blots was set to 1 and no extra movement was applied) with absorbent
standard filter paper (@ 55 mm, Grade 595, Hahnemiihle). After the
blotting step, the grid was abruptly plunged into a liquid ethane bath
automatically set to —184 °C. Once the specimen was frozen, the vitri-
fied grid was removed from the plunger and stored under liquid nitrogen
inside a cryo-grid storage box. Cryo-TEM analysis of the samples was
performed on a JEM-2200FS/CR (JEOL Europe, Croissy-sur-Seine,
France) transmission electron microscope. This microscope is equip-
ped with a field emission gun (FEG) operated at 200 kV and an in-
column Q energy filter.

During imaging, no-tilted zero-loss two-dimensional (2D) images
were recorded under low-dose conditions, utilizing the ‘Minimum Dose
System (MDS)’ of Jeol software with a total dose on the order of 30-40
electrons/A? per exposure, at defocus values ranging from 1.5 to 4.0 pm.
The in-column Omega energy filter of the microscope helped us to re-
cord images with improved signal-to-noise ratio (SNR) by zero-loss
filtering, using an energy selecting slit width of 20 eV centered at the
zero-loss peak of the energy spectra. Digital images were recorded in
linear mode on a 3840 x 3712 (5 pm pixels) Gatan K2 Summit direct
detection camera (Gatan Inc.) using DigitalMicrograph™ (Gatan Inc.)
software at nominal magnifications of 2000x and 20,000 x with a pixel
size of 1.8 nm and 0.2 nm respectively.

2.9. Statistical analysis

All statistical tests were performed using SigmaStat (Jandel Scienti-
fic, San Rafael, CA, USA) and Sigma Plot 12.0 for windows (Systat
Software, Chicago, IL, USA). To test normality, a Saphiro-Wilk test was
used and to test the equality of variances, a Levene’s test was performed.
Data for oocyte’s chromatin configuration showed normal distribution
and homogeneous variances, thus, they were compared using a one-way
analysis of variance ANOVA followed by Dunn’s post hoc test. Data for
relative mRNA abundance that followed a normal distribution and had
homogeneous variances were compared using one-way analysis of
variance ANOVA followed by Fisher LSD method post hoc test. If data
followed a normal distribution but failed the equal variance test or
presented a non-gaussian distribution, they were compared using the
non-parametric Kruskal Wallis test. Values were considered significantly
different when the p-value was <0.05.
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3. Results
3.1. Secretome metabolite identification

We used NMR spectroscopy to quantitatively interrogate the meta-
bolism of the secretome, from a cohort of six individual secretomes,
obtained from 6 different mares. First, we assigned the chemical shift for
each metabolite by using a randomly selected secretome sample. We
then compared the spectra of the follicular fluid secretome to the me-
tabolites identified in our previous studies in horses (Fernandez-
Hernandez et al., 2020; Gonzalez-Fernandez et al., 2020). Table 2 shows
the concentrations of the 14 detected metabolites in pM. Data are pre-
sented as mean =+ Standard Error of the Mean (SEM) and, importantly,
only the 14 metabolites that were detected in all the samples are shown.

3.2. Secretome proteomic analysis

Protein identification and quantification were carried out using
PEAKS software (Bioinformatics solutions). After spectra analysis, a
total of 343 proteins was found in the pool of secretome from six mares
though UHPLC-TOF/MS. Only the identified proteins with at least two
spectral counts annotated to the organism name Equus caballus (organ-
ism identifier: 9796) were considered for this study (n = 255) and are
listed in Supplementary Table 2.

The secretome proteins were associated to official gene symbols and
125 unique genes were used for the enrichment and pathway analyses.
For the enrichment analysis, Gene Ontology (GO) and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) were used as annotation databases,
revealing enriched terms as extracellular space (GO:0005615, 61 pro-
teins), innate immune response (GO:0045087, 13 proteins), and serine-
type endopeptidase inhibitor activity (GO:0004867, 21 proteins) (Supple-
mentary Table 3 and Fig. 1A). To complete the enrichment analysis, the
125 unique gene names corresponding to the initial 255 equine proteins
were analyzed with Reactome for a high-level pathway overview
(Fig. 1B). According to the KEGG and GO analysis, many proteins were
involved in lipid, phospholipid and lipoprotein metabolism (ecb04979,
GO0:0010873, GO:0042157), activity (GO:0051006, GO:0060228), ex-
change (GO:0033344, GO:0043691), clearance (G0:0034382) and
binding (G0:0005543, GO:0034380, GO:0034375, G0:0031210,
GO0:0070653, GO:0010903). This was corroborated by the Reactome
analysis, where the category Plasma lipoprotein assembly, remodeling, and
clearance (R-HSA-174824) were overrepresented (data not shown).
Similarly, the enrichment of the KEGG category Complement and coag-
ulation cascades (ecb04610) was confirmed by the overrepresentation of
the Reactome pathways Innate Immune System (R-HSA-168249), Hemo-
stasis (R-HSA-109582), Platelet activation, signaling and aggregation (R-
HSA-76002), and Complement cascade (R-HSA-166658). Lastly, to un-
derstand the interaction between the proteins included in these events,

Table 2
List of the metabolites detected in the secretome of equine preovula-
tory FF.
Metabolite Concentration (pM)
Acetate 21.0 £ 2.2
Alanine 22.0 £ 2.5
Glucose 115.0 + 13.8
Glycerol 4228.0 £+ 512.0
Glutamic acid 30.0 +5.3
Isoleucine 10.0 £ 1.3
Lactate 136.0 + 5.6
Leucine 153 +1.3
Succinate 55+1.0
Pyruvate 28 +0.4
Threonine 2.0+ 0.4
Valine 12.7 £ 1.8
Tyrosine 347 £ 3.4
3-hydroxyisovaleric acid 49+1.0
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STRING analyses were performed, revealing high-confident interactions
between many follicular fluid proteins (Fig. 1C and D).

3.3. Transmission electron microscopy

In our samples, CryoTEM experiments extracellular vesicles pre-
senting a clear plasmalemma could be observed. Other non-identified
particles could also be visualized (Fig. 2).

3.4. Chromatin configuration

Oocyte maturation was evaluated after 26-28 h but no significant
differences were found within in MII, MI, GV or DEG despite secretome
addition (p > 0.05; Table 3A and B) when oocytes were retrieved by OPU
or post-mortem. However, when OPU vs. post-mortem oocytes sources
were compared statistically significant differences were observed in
control for germinal vesicle stage (27.8 vs. 8.7% OPU vs. post-mortem
respectively; p < 0.05) and degenerated oocytes (16.7 vs. 33.3% OPU vs.
post-mortem respectively; p < 0.05). In the S40 treatment, more degen-
erated oocytes were observed in the post-mortem group than in the OPU
group (35.7 vs. 17.8% respectively; p < 0.05). Hence, secretome addi-
tion, at least at the concentrations used in the present work, does not
affect the nuclear maturation of equine oocytes obtained by OPU or post-
mortem and does not induce a deleterious effect as it could be suspected
if higher degeneration rates were observed in S20 or S40 groups
compared to control. Interestingly, a tendency for increased metaphase
II (MII) and lower metaphase I (MI) was observed in post-mortem and
ovum pick-up (OPU) groups when secretome was added at 40 pg/ml to
IVM medium (Table 3).

3.5. Relative mRNA expression of genes related to oocyte quality, embryo
competence, growth factors and cytokines

Although maturation rates did not differ in the presence or absence
of secretome, significant differences were observed in genes related to
oocyte quality, such as BMP15, GDF9, and TNFAIP6. We found statisti-
cally significant differences in BMP15 and GDF9 expression between
OPU and slaughterhouse groups (Fold increase + SEM: 9.4 £ 0.1vs. 1 +
0.5 for BMP15 and 9.9 + 0.3 vs. 1 + 0.5 for GDF9, respectively; p <
0.05). However, secretome addition did not have any effect within
either group (OPU or slaughterhouse) despite secretome addition at 20
or 40 pg/ml in BMP15 or GDF9 expression (Fig. 3).

In contrast, we observed an enhancement in TNFAIP6 expression in
OPU-retrieved oocytes with secretome addition compared to the control
group (Fold increase + SEM: 1.0 + 0.3 for control, 8.3 + 0.2 for S20,
and 16.8 + 0.3 for S40; p < 0.05). This increase was also seen in the
slaughterhouse group for control and S40, and between S20 and S40, but
not between control and S20 (Fold increase + SEM: 1.7 + 0.5 for con-
trol, 2.0 £+ 0.3 for S20, and 5.2 + 0.1 for S40; p < 0.05). HSP90AA1, a
gene previously shown to be related with embryo quality in horses
(Smits et al., 2011), did not vary despite secretome addition at any of the
dosages tested or the group (OPU vs. slaughterhouse) (Fig. 3).

Regarding the relative mRNA expression of cytokines, insulin-like
growth factor 1 (IGF1) did not show significant differences among
groups (OPU vs. slaughterhouse) or in the presence or absence of
secretome at the different dosages tested (p > 0.05). The mRNA
expression of vascular endothelial growth factor (VEGFA) significantly
differed among groups (OPU vs. slaughterhouse; p < 0.05) but not within
the same group despite secretome addition (p > 0.05; Fig. 4). Finally, the
mRNA relative expression of tumor necrosis factor alpha (TNF)
increased in the OPU group when secretome was added at 20 and 40 pg/
ml compared to the control (Fold increase: 1.0 + 0.1 for control, and 2.7
+ 0.1 for S20 and 5.2 + 0.1 for S40; p < 0.05). This increase was also
observed in the slaughterhouse group when comparing the control
group to the group treated with 40 pg/ml of secretome (Fold increase:
2.3 £+ 0.1 for control and 5.0 £ 0.6 for S40; p < 0.05) (Fig. 4).
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Fig. 1. Proteomic analysis of the secretome obtained from preovulatory equine follicular fluid. Panel (A) displays significant Gene Ontology (GO) and KEGG an-
notations of the identified proteins from equine follicular fluid secretome, obtained through the Functional Annotation Tool provided by DAVID Bioinformatics. The
most representative terms with FDR < 0.01 are shown, and “Count” represents the number of proteins within the corresponding category annotation. Panel (B) shows
a Voronoi pathway visualization (Reacfoam) for all proteins (n = 255, see Supplementary Table 1) associated with gene symbols (n = 125), where a Reactome
overrepresentation pathway analysis was performed by exploring the corresponding gene names in the Homo sapiens database. Significantly enriched pathways are
shown in bright yellow (p ~ 0) or grayish yellow (0.05 < p < 0). Panels (C) and (D) display protein-protein interaction networks among the proteins found in equine
follicular fluid secretome belonging to the KEGG categories Cholesterol metabolism (ecb04979) and Complement and coagulation cascades (ecb04610), respectively.
Lines between nodes indicate edges (representing protein-protein associations) with the highest confidence (0.900). (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. CryoTEM of the secretome obtained from equine preovulatory follicular fluid. Extracellular vesicles (*) and other non-identified particles (arrowhead) were

observed in the different samples analyzed.

Table 3
Chromatin configuration after IVM in oocytes retrieved by OPU or post-mortem.

A. OPU Maturation stage

Treatment group MIL MI GV DEG
CONTROL (n = 126) 47 (37.3) 23 (18.2) 35 (27.8)* 21 (16.7)*
$20 (n = 109) 45 (41.3) 19 (17.4) 19 (17.4) 26 (23.8)
S40 (n = 107) 46 (43.0) 18 (16.8) 24 (22.4) 19 (17.8)*
B. POST-MORTEM Maturation stage

Treatment group MIL MI GV DEG
CONTROL (n = 69) 27 (39.1) 13 (18.8) 6 (8.7)° 23 (33.3)°
S20 (n = 75) 28 (37.3) 10 (13.3) 10 (13.3) 27 (36.0)
$40 (n = 70) 33 (47.1) 7 (10) 5(7.1) 25 (35.7)°

Values show the total number of oocytes in each group, with percentages in
parentheses. Total number of oocytes used per treatment is reported in the first
column. Within columns, values bearing different letters in the OPU assays differ
significantly with the homologous treatment post-mortem (p < 0.05). MII,
metaphase II; MI, metaphase I; GV, germinal vesicle; DEG, degenerated.

4. Discussion

In this study, we demonstrate for the first time the effects of adding
secretome retrieved from equine preovulatory FF during in vitro matu-
ration on equine oocytes. Previous studies have shown that the
composition of current oocyte IVM media differs widely from that of
preovulatory FF in equids (Fernandez-Hernandez et al., 2020; Miro
et al., 2022). This difference may partly explain the low efficiency of in
vitro embryo production in horses, where high maturation (> 60%) and
cleavage rates (> 70%) are achieved but development to the blastocyst
stage is still low, varying between 11% and 40% (Lazzari et al., 2020;
Brom-de-Luna et al., 2021; Choi et al., 2016; Galli et al., 2016). The
initial oocyte quality and the attainment of nuclear and cytoplasmic
maturation are known to be determinant for the developmental
competence of the female gamete, and variations in media used for
oocyte IVM can influence embryo development and blastocyst cell
number (Watson, 2007). In horses, attempts have been made to enhance
the meiotic and developmental competence of equine oocytes by using
native FF in the maturation media, but these attempts have not resulted
in significant improvements in maturation rates or developmental
competence (Spacek and Carnevale, 2018; Douet et al., 2017). These
results can be explained by the fact that the follicular environment is a
rapidly changing milieu that is constantly renewed, eliminating by-
products. Therefore, when native reproductive fluids are added, even
at low concentrations, during in vitro culture (over 5% v/v), these

molecules can cause oocyte and embryo damage, as previously
demonstrated in bovine embryos when oviductal fluid was added during
culture (Lopera-Vasquez et al., 2017).

In this sense, secretome is known to influence cell function in both
healthy and diseased cells. Therefore, a thorough investigation of the FF
secretome in horses has the potential to provide novel insights into the
mechanisms regulating oocyte meiotic and developmental competence,
and could also help to identify new biomarkers of disease, as has been
described in humans (Bonetti et al., 2019). Regarding the metabolic
composition of the equine secretome, previous studies have shown that
it differs significantly from preovulatory FF (PFF) (Fernandez-Hernan-
dez et al., 2020; Gérard et al., 2015). Acetyl carnitine, acetate, alanine,
aspartate, carnitine, choline, citrate, creatine, creatine phosphate,
fumarate, glycine, histamine, and histidine are all detected in PFF, but
are not present in the secretome. Furthermore, our group’s previous
results have shown that the detected metabolites are present at lower
concentrations in the secretome compared to PFF (in pM vs. mM,
respectively) (Fernandez-Hernandez et al., 2020). The lower concen-
tration of metabolites in the secretome may be explained by the fact that
metabolites have low molecular weight, and the molecular weight cut-
off of 10 K used to obtain the secretome may influence their enrichment.

It is well known that oocyte growth and developmental competence
are supported by the varying composition of FF secretome, which reg-
ulates cumulus cell function and expansion, granulosa cell proliferation,
and influences the metabolism of somatic cells surrounding the oocyte
(Cakmak et al., 2016). Hence, a better understanding of the proteomic
and transcriptomic profile of the secretome of the FF might be the key to
improving oocyte developmental competence in horses. For this reason,
mass spectrometry was performed to explore the proteome of equine
secretome from preovulatory FF. First, the proteomic analysis revealed
that 65 proteins were listed under the term “Extracellular space”
(G0:0005615), showing the massive presence of secreted proteins in our
samples (Fig. 1). Second, most of the identified proteins were related to
the complement-coagulation cascades, coinciding with previous works
in humans (Shen et al., 2017), buffalo (Fu et al., 2016), yak (Pei et al.,
2022), pig (Paes et al., 2020), and cow (Uzbekova et al., 2020; Afedi
et al,, 2021). On the other hand, it has already been suggested that
inflammation has a key role in folliculogenesis and ovulation (Boots and
Jungheim, 2015) and that complement proteins are directly involved in
follicle and oocyte development (Jarkovska et al., 2010). Additional
enriched categories were related to lipid metabolism, binding and efflux.
Notably, our pathway analysis underscored the close interrelation and
mutual interactions among apolipoproteins. It is known that lipopro-
teins are important for oocyte meiosis and follicular cholesterol ho-
meostasis, but also that hypercholesterolemia causes oocyte cholesterol
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Fig. 3. Relative mRNA abundance of genes related to oocyte quality, meiotic competence, and embryo quality in equine cumulus-oocyte complexes (COCs) retrieved
either in vivo (OPU) or post-mortem (SLA) and matured in the absence or presence of secretome from follicular fluid at 20 pg/ml (S20) or 40 pg/ml (S40). The bars
represent the fold change, and the expression of the target genes was normalized against the housekeeping gene H2AFZ. The genes shown in the figure are TNF alpha
induced protein 6 (TNFAIP6), growth differentiation factor 9 (GDF9), bone morphogenetic protein 15 (BMP15) and heat shock protein 90 alpha family class A
member 1 (HSP90AAI). The data are the mean + SEM of three replicates. Bars representing a single gene marked with different letters indicate a significant dif-
ference (p < 0.05).

Ch =1 Control
= S20
T m S40
8
c 61
3 b
E |, :
el T
© a
<
Z 47
£
o
2 a
E a a
& o b b
| '
|l| C
SLA OPU SLA OPU SLA OPU
VEGFA IGF1 TNF
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overload and infertility in humans (Liu et al., 2022). In older mares, it
has been demonstrated that diet supplementation with specific lipids
and antioxidants increases oocytes’ metabolic activity, diminishes lipid
content, and increases the developmental potential of ICSI-derived
embryos (Catandi et al., 2022). Hence, it could be relevant to explore
if lipoproteins contained in FF secretome might be used as biomarkers to
predict the success of oocyte maturation and competence in horses.

Instead of using native FF, other approaches such as the addition of
EVs obtained from FF during oocyte IVM have been tried in bovine (da
Silveira et al., 2017), feline (de Almeida Monteiro et al., 2020), and
equine (Gabrys et al., 2022) studies. In bovine, the addition of EVs
retrieved from follicles ranging from 3 to 6 mm during IVM increased
blastocyst yield (da Silveira et al., 2017), but other studies demonstrated
that EVs addition during IVM inhibited meiosis progression at 9 h after
the beginning of IVM due to modulation of cAMP production (although
blastocyst yield was not affected when compared against control)
(Pioltine et al., 2020). In cats, the use of EVs did not influence oocytes’
meiotic competence in fresh oocytes, but increased meiosis resumption
in vitrified oocytes when warming medium was supplemented with EVs
(de Almeida Monteiro et al., 2020). In horses, only compact cumulus-
oocyte complexes (COCs) subjected to IVM in the presence of EVs
from small follicles matured using a 2-step protocol resulted in a sig-
nificant increase in their maturation rate (Gabrys et al., 2022). Although
EVs can be purified from secretomes, the isolation of EVs requires
expensive and time-consuming techniques such as size exclusion col-
umns, ultracentrifugation, etc. In our work, we aimed to confirm the
presence of EVs in the secretome using cryo-transmission electron mi-
croscopy (cryo-TEM). These experiments revealed the presence of EVs of
diverse sizes enclosed in a double membrane (Fig. 2). Besides, other
particles devoid of membrane were visualized, which, due to their size
and previous reports in horses (Gerard et al., 2002), could correspond to
lipoproteins (van Antwerpen et al., 1999).

Once the composition of the secretome was investigated, we aimed
to test if its addition during IVM to equine oocytes affected their meiotic
competence. In our experiments, the addition of secretome at the dos-
ages tested did not affect the oocyte’s meiotic competence. These find-
ings contrast with those of Gabrys et al. (2022) who found an increase in
MII after EVs addition to compact COCs (Gabrys et al., 2022), however,
we did not separate the COCs depending upon their cumulus appearance
and, considering that compact cumuli account for the 30% of the
retrieved COCs (Gonzalez-Fernandez et al., 2018; Hinrichs, 2010),
mixing compact and expanded cumuli may result in no significant dif-
ferences as observed in our experiments. In our setting, maturation rates
are low compared to other reports that reach a 60% MII of the COCs
subjected to IVM (Hinrichs, 2018) but are coincident with other reports
(47.2%) when TCM-199 was used as the base medium for IVM (Galli
et al., 2007; Lewis et al., 2016). In our case, only FSH was added to the
IVM medium. It is known that when other meiosis resumption promoters
such as epidermal growth factor are used, higher DNA maturation rates
are observed (Sanchez-Calabuig et al., 2021), in part explaining our low
maturation rates. It must be noted that our OPU-retrieved oocytes were
placed in maturation immediately, while post-mortem retrieved oocytes
were held overnight, and the proportion of oocytes reaching MII was not
significantly different. Significant differences could be observed in the
proportion of degenerated oocytes in OPU vs. post-mortem groups for
control (16.7% vs. 33.3%, respectively) and S40 (17.8% vs. 35.7%,
respectively). These differences can be explained by the post-mortem
degenerative changes occurring during storage of the ovaries for their
transport from the slaughter facilities to the laboratory (Hinrichs, 2010).
Besides, the percentage of germinal vesicle (GV) in control samples
significantly differed among OPU and post-mortem groups (27.8% vs.
8.7%, respectively, p < 0.05). This difference could also be attributed to
the use of previous holding, which has demonstrated to increase the
percentage of viable GV chromatin from 53% to 70% in the same con-
ditions and medium used in the present work (Choi et al., 2006),
although statistically significant differences were not reported by the
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authors.

Although no significant differences were observed in nuclear matu-
ration, the cytoplasmic maturation of the oocyte can vary, deeply
influencing the quality and developmental competence of the oocytes
(Watson, 2007). Therefore, in this study, oocytes were analyzed for the
expression of candidate genes related with oocyte quality, develop-
mental competence and cytokine and growth factors expression. Growth
and differentiation factor 9 (GDF9) and bone morphogenetic protein 15
(BMP15) are known to be oocyte-secreted factors with a crucial role in
the control of ovarian function in female reproduction, modulating both
the cell fate of the somatic granulosa cells and the quality and devel-
opmental competence of the oocyte (Belli and Shimasaki, 2018).
Although other studies have reported differences among old and young
mares (Campos-Chillon et al., 2015) and mature vs. immature oocytes
(Scarlet et al., 2017) in horses, no differences have been found among
expanded and compact COCs (Gonzalez-Fernandez et al., 2018), even
though both genes are known to be related with cumulus expansion and
enhanced meiotic competence (Kidder and Vanderhyden, 2010). In our
study, the expression of GDF9 and BMP15 was significantly increased in
OPU-derived oocytes compared to those from the slaughterhouse group.
As previously stated, these differences may be related to the post-mortem
degenerative changes during storage of the ovaries for their transport
(up to 5 h in our case), which decreases initial oocyte quality. These
results agree with the statistically significant rise observed in degener-
ation rates in post-mortem vs. OPU groups in this study. However, the
addition of secretome per se did not influence the expression of BMP15
and GDF9 in our experimental conditions. Interestingly, secretome
addition enhanced the expression of TNFAIP6 in the post-mortem group
at 40 pg/ml and in the OPU group for 20 and 40 pg/ml dosages. This
gene has been demonstrated to be expressed in the extracellular matrix
of equine follicles, as well as in COCs, and has been related with cumulus
expansion and extrusion of the detached complex during ovulation in
horses (Sayasith et al., 2007). Moreover, a previous study has suggested
that this gene could be more reliable in predicting the equine oocyte’s
cumulus expansion compared to GDF9 or BMPI15, as its expression
significantly increases in expanded COCs compared to compact COCs in
horses (Gonzalez-Fernandez et al., 2018).

Conversely, the expression of HSP90AAI was not altered despite
secretome addition or retrieval method (OPU vs. post-mortem). This gene
has been demonstrated to be related to COC’s developmental compe-
tence in bovine oocytes subjected to heat stress (de Souza et al., 2022)
and has been linked to embryo quality in horses, being upregulated in in
vivo-derived embryos compared to in vitro-obtained counterparts (Smits
et al., 2011). However, to the authors’ best knowledge, no report exists
in which this gene has been linked to COC’s developmental competence
in horses, as described in bovine. Thus, we can only conclude that
secretome addition does not alter its expression, at least in our experi-
mental conditions. In addition to exploring candidate genes encoding
cytokine expression and growth factors, we investigated the role of
secretome addition on VEGFA, IGF1, and TNF expression in our exper-
imental conditions. Cytokines are small-molecular-weight glycoproteins
that act as intercellular mediators across various immune effector cells,
ovarian somatic cells, and the oocyte (Prins et al., 2020). Some cyto-
kines, such as IL1-B, have been shown to affect the developmental
competence of equine oocytes (Caillaud et al., 2008). VEGFA, initially
described as a vascular growth factor, is considered one of the most
important key regulators of angiogenesis, with a role in primary to
antral follicle selection, corpus luteum formation (Field et al., 2014), and
its addition during oocyte IVM in bovine has been shown to increase
oocyte meiotic and developmental competence (Luo et al., 2002). In our
experimental setting, VEGFA was consistently overexpressed in the post-
mortem group, compared to the OPU group, and secretome addition did
not influence its expression. Interestingly, a prospective study reported
that VEGFA concentration in FF was significantly higher when the
oocyte failed to fertilize (Malamitsi-Puchner et al., 2001), and high
VEGFA levels in FF have also been associated with poor embryo
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morphology and low conception rates in IVF (Barroso et al., 1999; Van
Blerkom et al., 1997). In addition, elevated VEGFA levels in FF are
presumed to be induced by hypoxia and are considered a negative
marker of oocyte quality (Revelli et al., 2009). As the post-mortem group
was subjected to hypoxic conditions during retrieval and transport, this
may have triggered the overexpression of VEGFA, predicting low quality
of the oocytes obtained in the slaughterhouse compared to the OPU
group. The mRNA of TNF, a proinflammatory cytokine known to be
related with poor oocyte quality and embryo development in different
species (Da Broi et al., 2018; Deb et al., 2011), was significantly lower in
OPU-derived COCs compared to the post-mortem counterparts. Surpris-
ingly, secretome addition induced TNF overexpression at 20 and 40 pg/
ml in OPU-derived oocytes but only at 40 pg/ml in the post-mortem
group. Previous reports in humans have demonstrated that FF from
Polycystic Ovary Syndrome associated with metabolic syndrome
showed higher TNF levels in FF compared to controls, and the per-
centage of top-quality embryos was decreased in these patients (Niu
et al., 2017). In mares affected with metabolic syndrome, TNF expres-
sion is also enhanced in FF compared to controls (Sessions-Bresnahan
and Carnevale, 2014), and metabolic syndrome in horses is associated
with impaired fertility (Burns, 2016). Therefore, further studies are
required to better understand if secretome addition impairs the oocyte’s
developmental competence in horses by assessing in vitro embryo pro-
duction, subsequent development, and quality. IGF1, which regulates
follicular recruitment and selection, showed no difference in expression
between the OPU and post-mortem groups, despite secretome addition.

5. Conclusion

Secretome retrieved from equine preovulatory follicles added during
IVM to equine oocytes does not affect their meiotic competence or in-
crease their degeneration rates. However, the mRNA expression of
TNFAIP6 and TNF increases when secretome is added during IVM in
OPU and post-mortem obtained oocytes. Besides, the mRNA expression of
quality-related genes is different between the OPU and post-mortem
groups, revealing divergent quality and competence depending on the
oocyte source. Further research is needed to fully understand if secre-
tome addition influences the developmental competence of equine oo-
cytes and to validate its use during IVM clinically.
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