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Opinion
Since the advent of the first baby born after invitro fertilization
(IVF), clinicians and biologists are searching for reliable markers

of embryonic quality before transfer. However, are we not doing
wrong by targeting the embryo?

The answer would be easy if the embryo selection, using
direct or indirect markers, had not emerged as a form of eugenics;
in some countries, a moratorium was requested, essentially by the
biologists. At that time, when our technical means of investigation
were extremely limited but used without regulation, the civil
societies believed to have an obligation of protecting themselves
from potential manipulations. The famous precautionary principle
which suspended, all substantial progress in terms of embryo
research in several european countries for a long time.

Reproductive success, the ultimate goal of which is the
birth of a healthy baby, depends on three major factors: the
oocyte, the sperm (largely forgotten by pioneers) and the
endometrium. To date we have different tools for investigating
gametes and endometrium. Before making a list, it is important
to remember that, in the 1990s, we needed ten to fifteen oocytes
to get a birth (Testart J. et al. unpublished). On the other hand,
retrieval of >15 oocytes significantly increases the risk of ovarian
hyperstimulation syndrome (OHSS) without improving live birth
rate in fresh autologous IVF cycles [1,2]. Nowadays, we need also
10 to 15 oocytes to generate a birth [3].

A much more difficult question is whether and how
much ovarian stimulation impacts on oocyte competence.
Paradoxically, no differences between the stimulated and the
natural unstimulated cycles, in terms of pregnancy outcomes,
have been demonstrated whereas studies in laboratory animals
and IVF patients have shown deleterious effects of high doses of

gonadotropins compared with lower ones [4].

And what about embryo freezing? Before the advent of
vitrification, the so-called slow embryonic freezing was inefficient

in terms of embryo survival and pregnancy. Hence, the clinicians
tried to define ovarian reserve markers, considering the oocyte
as the “Gordian knot” of the reproduction. Indirect criteria, based
on determination of the plasma levels of different hormones, such
as FSH, estradiol [5] or inhibin B, proved to be unreliable, and
were largely questioned. Dynamic tests of ovarian response to
stimulation, (clomiphene citrate, FSH, GnRH agonists ...) intended
to refine and complement the assessment based on evaluations
carried out at the beginning of a spontaneous cycle. These
imperfect tests, were quickly abandoned. Later on, more direct
tests have been identified: anti Miillerian Hormone (AMH) and
ultrasound-based antral follicle count (AFC), although the latter is
operator dependent and thus not quite objective. These markers
are considered as complementary, but AMH is now unanimously
recognized as the most reliable because of its stability during the
menstrual cycle and its predictivity of the ovarian response to
stimulation according to the women'’s age that is the only limiting
factor [6,7]. However, except for values close to zero, plasma AMH
is not predictive of pregnancy [8]. High AMH levels urge caution
because the OHSS risk is higher. The confrontation with other
clinical or biological factors remains mandatory for a prognosis

[9].

Since recently, sperm quality has been considered not only
with regard to sperm ability to fertilize the oocyte, but also in a
broader context, including sperm-borne factors involved in the
determination of postfertilization events during early embryo
development. Accordingly, there is growing evidence for a role
of sperm-borne factors in postfertilization embryo development,
including the embryo
competence and implantation potential, the risk of miscarriage
and the appearance of epigenetic diseases, related or not to
defective genomic imprinting and potentially transmissible to
future generations [10]. This calls for additional responsibilities of
both the clinicians and the biologists involved in IVF procedures.

determination  of developmental
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We know today that genetically diverse spermatozoa coexist
in the same ejaculate, and the choice of the spermatozoa to be
used for fertilization can thus influence the fertility chances and
embryos quality of the resulting embryos [11]. Furthermore
it'’s all the more important when it comes to injecting only one
spermatozoon in ICSI.

The spectacular oocyte fertilization rate achieved by
intracytoplasmic micro-injection of a single spermatozoon (1CSI),
in cases of severe oligo-asthenoteratospermia, [12] is “the tree
hiding the forest”. Do we still miss reliable markers of epigenetics
risk factors markers, which could compromise the prognosis of
the conceptus and its descendants?

The study of sperm head morphology [13-15] at very high
magnification in real time has started the ongoing debate about the
relationship between the presence of large vacuoles in the sperm
nucleus and the fragmentation and/or decompaction of nuclear
chromatin. Simon et al. [16] think it's important to go back to the
data derived from natural sperm selection to improve our invitro
practices. Some tests have also been proposed for the oocyte and
endometrium evaluation, without having reached convincing
results so far. Sakkas and al. suggest to identify the attributes of
a spermatozoon capable of migrating through the cervical mucus.
Other investigators propose a wider use of metabolomics [17].

The currently increasing interest of biologists in various new
aspects of sperm quality contrasts with the traditional view of
the spermatozoon as a mere vehicle for male DNA transport into
the oocyte, further reinforced by the initial enthusiasm about the
success of ICSI. This overenthusiasm led to a false belief that ICSI
had definitely resolved all sperm-related problems of fertility.
However, the requirement of a “mature and competent” oocyte,
on the one hand, goes accompanied by the need for “adequate”
spermatozoa, on the other. Unfortunately, we do not know yet how
to define each of these two concepts.

Meanwhile, confident in the effect of chance, clinicians
continue to transfer at least two embryos taking the risk of
multiple pregnancies and their procession of complications.
Aware that the age of the oocyte alters its competence at least by
the loss of a quarter of the mitochondrial DNA genome [18], many
clinics practice the transfer of more than two embryos in women
over 40, leading to a perverse effect of more multiple pregnancies
in elderly women.

As to the evaluation of embryo quality, in addition to the
conventional static observations on embryonic cell morphology
observations on embryo developmental dynamics (Time Lapse
Technology) and karyotype study have been suggested. However,
these examinations are not possible in certain countries, and the
“Time Lapse “ at the best, only rarely allowed deselection of some
embryos before transfer [19], because of the lack of definitely
validated evaluation criteria. Other studies tended to demonstrate
a relationship between embryo cleavage velocity and ploidy.
The purpose of these works was to establish an algorithm likely
to choose the best blastocyst for transfer; which implies that

these authors recommend a prolonged embryo culture until the
blastocyst stage, trophectoderm biopsy, and more single vitrified/
thawed blastocyst transfers, during a spontaneous cycle, with
faster access to a pregnancy from an euploid embryo.

We letyou imagine the heaviness and the price of such a course
! Moreover, serious and justified doubts as to the reliability of the
current preimplantation genetic screeening techniques, based on
analysis of trophectoderm cells, have recently been formulated by
various and independent groups of experts [20,21,22]. Moreover,
even some of the initially aneuploid embryos appear to convert to
euploid ones by selective elimination of the aneuploid cells through
a mitotic spindle checkpoint control leading to multinucleation of
the affected cells and preventing them from further development
[22]. In view of the serious gaps of the current techniques for
determination of preimplantation embryo ploidy, a combination
of pronuclear morphology at the zygote stage [23-24], shown to
predict embryo ploidy [25], with repeated static evaluation of
embryos at the cleavage stages appears to be the best and cheapest
way of selecting embryos for transfer.

The real needs of the in vitro human embryo culture have
been largely studied for decades. Convincing demonstrations
put forward the variable glucose requirements during prolonged
culture, serum adjunction, amino acids, and other growth factors
[26].

Accordingly, so-called sequential media, then “Globals”, were
launched on the market , adjusting medium composition to the
current needs of the developing embryo. These culture media
make it possible to obtain, at best, 43% of blastocystes, nearly half
of them aneuploid, on the 5% day of culture [27]. The seductive
idea (80s) to co-culture human embryos on heterologus epithelial
cells ( monkey kydney cells : vero cells, tubal and granulosa cells)
and then autologous endometrial cells have been successful: more
fresh and frozen blastocysts, and, better cumulative pregnancy
rates rate per cycle were obtained [28]. However, the risk of
prion contamination by, among others, the addition of fetal calf
serum, introduced the concept of the precautionary principle,
interrupting the practice of prolonged embryo co-culture.

Nevertheless, these culture systems improved the regulation of
embryo glucose metabolism, and embryonic waste detoxification,
in addition to providing many essential growth factors. In the best
of all worlds, there should be opportunities to explore genetic
and biomolecular substratum from synthetic prolonged culture
media, integrate microfluid systems in the « time lapse », study
metabolomics proteins and free nucleic acids [29] in plasma,
follicular, culture media, seminal fluids ...; and the list of potential
markers not yet totally validated is not exhaustive. If endometrial
functional assays are added, to better evaluate its receptivity,
you can imagine the cost of an attempt and potential margin of
errors; without forgetting mitochondrial DNA which is nothing
else as “fire in the chimney” and energy supplier for growth and
embryonic development. Few authors proposes to study it. The
building site is so huge!
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It is still necessary to assess the safety of all our explorations
and their clinical effectiveness. No clinical study to date has
demonstrated a convincing increase of live birth rate on selected
large series. The concept of ideal embryo should be added the
concept of ideal endometrium; several teams have determined,
by genomic studies, the genes overexpressed during the window
of embryo implantation [30] but each author gave different list of
overexpressed or under expressed genes. Others studied simply
IL6 and LIF and other inflammatory cytokines in the endometrium
or in the medium of cocultured embryos [31-32].

Finally, associated pathologies such as endometriosis,
adenomyosis or some uterine fibroids can interfere. There are
no biological or histochemical markers of endometriosis and
the presence of nerve fibers in the endometrium would not be
specific [33]. Many of the identified cytokines only reflect an
“inflammatory or immuno inflammatory state “ that is believed
to be necessary for embryo implantation, but may turn out to be
deleterious in some conditions.

In conclusion, there are currently no reliable prognostic
markers for human reproduction. Sperm is more accessible to
exploration than the oocyte. The morphological or even genetic
evaluation of an embryo does not prejudge its developmental
potential and its ability to implant. In addition, the implantation
is a dynamic phenomenon that is ethically impossible to explore.
We must continue to establish non-invasive criteria, in the
plasma or serum, the seminal plasma, the follicular fluid and
the endometrium. Promising tracks are under study but not yet
validated. Further ambitious studies are needed.
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