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Morphogenesis of the mammalian blastocyst

The first four days of mouse pre-implantation development is characterized by a period of segmentation including morphogenetic events that are required for the divergence of embryonic and extra-embryonic lineages. These extra-embryonic tissues are essential for the implantation into the maternal uterus and for the development of the foetus. In this review, we first discuss data showing unambiguously that none essential axis of development is set up before the late blastocyst stage, and explain why the pre-patterning described during the early phases (segmentation) of development in other vertebrates cannot apply to mammalian pre-implantation period. Then, we described important cellular and molecular events that are required for the morphogenesis of the blastocyst.

1) An overview of mammalian pre-implantation development

During most part of mammalian development, the embryo is attached to the maternal uterine epithelium. Thus, a special feature of mammalian development is that the zygote generates two groups of cells with distinct fates: embryonic and extraembryonic tissues (see Figure). Therefore, the first period, called preimplantation development, is devoted to the formation of extra-embryonic tissues that will be required for the implantation of the embryo into the uterus. It has been suggested to use the term of conceptus rather than embryo from fertilization until implantation, which takes place 4.5 days later [START_REF] Johnson | Nomenclature of early development in mammals[END_REF].

Fertilization marks the beginning of pre-implantation development that corresponds to the cleavage of the zygote into smaller and smaller blastomeres. In mammals, the segmentation is total, asynchronous with long cell cycles (see below). Due to the small amount of maternal stores, the zygotic genome of the mouse is activated at the end of the 1-cell stage by a minor burst followed by a major burst at the end of the 2-cell stage [START_REF] Aoki | Regulation of transcriptional activity during the first and second cell cycles in the preimplantation mouse embryo[END_REF][START_REF] Hamatani | Dynamics of global gene expression changes during mouse preimplantation development[END_REF]. The maternal mRNAs are degraded at the 2-cell stage [START_REF] Bachvarova | Autoradiographic studies on the distribution of labeled maternal RNA in early mouse embryos[END_REF][START_REF] Paynton | Changes in state of adenylation and time course of degradation of maternal mRNA during oocyte maturation and ealy embryonic development in the mouse[END_REF][START_REF] Schultz | Regulation of zygotic gene activation in the mouse[END_REF].

A c c e p t e d M a n u s c r i p t -2 -Epigenetic and morphogenetic events lead to the formation of two different cell types at the 16-cell stage (E 3.0): apolar inner blastomeres and polar outer blastomeres. The outer blastomeres will give rise mainly to the trophectoderm (TE) while the inner blastomeres will form the inner cell mass (ICM) of the blastocyst (E 3.5). At E 4.5, a third tissue differentiates on the surface of the ICM facing the blastocoele cavity: the primitive endoderm (PE). The remaining ICM cells forming the epiblast (EPI) contributes exclusively to the formation of the embryo proper. The extra-embryonic tissues derive from the TE and PE.

2) Setting up asymmetries in the conceptus

Morphological asymmetries are visible in the female gamete and at the blastocyst stage (see Figure ). In the mature oocyte, which is blocked in metaphase of the second meiotic division (MII oocyte), the meiotic spindle is located off-center. Upon fertilization, this leads to the extrusion of a small polar body, which has been proposed to mark the animal pole. At the blastocyst stage, the conceptus displays a clear polarity axis known as the embryonic-abembryonic (Em-Ab) axis: the ICM is located to one pole called the embryonic pole while the trophectoderm facing the cavity defines the abembryonic pole. This Em-Ab axis corresponds to the dorso-ventral (D-V) axis of the post-implantation embryo (review in [START_REF] Beddington | Axis development and early asymmetry in mammals[END_REF].

Over the past decade, several groups have tried to correlate the animal-vegetal axis of the zygote to the Em-Ab axis of the blastocyst but theses studies lead to a controversy. The reasons of the discrepancy are presented in two recent reviews [START_REF] Hiiragi | Where do we stand now? Mouse early embryo patterning meeting in Freiburg, Germany[END_REF][START_REF] Zernicka-Goetz | The first cell-fate decisions in the mouse embryo: destiny is a matter of both chance and choice[END_REF] and will not be exposed here.

It is rather important to understand whether theses putative axes have any influence on later development, and several essential simple experimental manipulations of the conceptus performed recently and more than 30 years ago, indicate unambiguously that none essential axis of development is set up before the blastocyst stage :i) removal of the animal or vegetal pole of the zygote has no deleterious effect on development [START_REF] Zernicka-Goetz | Fertile offspring derived from mammalian eggs lacking either animal or vegetal poles[END_REF], (ii) a single 2-or 4-cell blastomere can give rise to a normal and fertile mouse [START_REF] Kelly | Studies of the potency of early cleavage blastomeres of the mouse blastomeres[END_REF][START_REF] Kelly | Studies of the developmental potential of 4-and 8-cell stage mouse blastomeres[END_REF][START_REF] Tarkowski | Development of blastomeres of mouse eggs isolated at the 4-and 8-cell stage[END_REF]) (iii) finally, chimerae resulting from the fusion of two normal 4-or 8-cell conceptus lead to the formation of a blastocyst with a single axis of development [START_REF] Fujikura | Differentiation of embryonic stem cells is induced by GATA factors[END_REF]. These experiments indicate that no essential developmental cue is heterogeneously localized in the zygote, and all blastomeres are equivalent until the 8-cell stage. This flexibility is maintained until the early blastocyst stage since aggregation of two blastocyts leads to the formation of normal adult chimerae when the orientation of the blastocyts enables the two ICM to integrate into a single ICM [START_REF] Tarkowski | Mouse chimaeras developed from electrofused blastocysts: new evidence for developmental plasticity of the inner cell mass[END_REF]. All theses data show that mouse early development is very regulative and cannot be compared to the development of either vertebrates (Xenopus) and non vertebrates (Drosophila) embryos. Indeed, one fundamental difference is that the A c c e p t e d M a n u s c r i p t -3 -product of fertilization is not equivalent in these species since in Xenopus and Drosophila all the cells derived from the zygote will form the embryo. According to this point, P. O' Farell et al. (O'Farrell et al., 2004) have suggested that the "use of fertilization as a reference point misaligns the earliest stage and masks parallels that are evident when development is aligned at conserved stages". They have proposed that "during evolution of mammals, fertilization was advanced to an earlier stage such that events that occurred late in the cell lineage of the oocyte in the progenitors of mammals were displaced and modified to become earliest events of post-fertilization development in mammals". Which arguments lead to this proposition?

First, the comparison of early cell cycles characteristics indicates that the Xenopus blastula corresponds to the mouse gastrula. Indeed, in Xenopus and Drosophila embryos, segmentation is characterized by rapid cell cycles (30 min and 8.3 to 23 min respectively) with no gap phases and a lack or modification of most checkpoint controls. In the mouse conceptus, the first cell cycle is very long, 18 hrs, and the duration of the next four cycles is 12 hrs. These cycles possess gap phases and a G1/S checkpoint control.

Interestingly, during development of mammals, cells with the characteristic features of embryonic cell cycle are present during gastrulation in the egg cylinder (E 6.5): embryonic ectoderm cells have a short cell cycle (2.2 hrs) with short gap phases (0-30 min) [START_REF] Mac Auley | Characterization of the unusually rapid cell cycles during rat gastrulation[END_REF][START_REF] Snow | Gastrulation in the mouse: assessment of cell populations in the epiblast of tw18/tw18 embryos[END_REF] and lack a G1/S checkpoint [START_REF] Heyer | Hypersensitivity to DNA damage leads to increased apoptosis during early mouse development[END_REF].

Second, the comparison of the expression pattern of conserved signaling molecules involved in body plan formation leads also to put the the mouse gastrula into the same category as the Xenopus blastula. In the mouse embryo, the morphological distinction of the antero-posterior axis (A/P) is marked by the formation of the primitive streak at the posterior end of the epiblast at E 6.5. However, molecular asymmetries in the visceral endoderm identify a proximal-distal axis (P/D) at E 5.5. The migration of the distal visceral endoderm toward the future anterior side at E 6.0 converts the P/D to an A/P axis [START_REF] Ang | A gene network establishing polarity in the early mouse embryo[END_REF]). We will consider two signaling pathways important for axis determination: Wnt and TGFβ. In Xenopus, dorso-ventral polarity is established after fertilization, by a canonical Wnt signal that leads to the accumulation of maternal ß-catenin on the prospective dorsal side of the embryo [START_REF] Heasman | Beta-catenin signaling activity dissected in the early Xenopus embryo: a novel antisense approach[END_REF]. The Wnt11 mRNA crucial for the activation of Wnt pathway, is already localized at the vegetal cortex of the oocyte [START_REF] Tao | Maternal wnt11 activates the canonical wnt signaling pathway required for axis formation in Xenopus embryos[END_REF]. In the mouse embryo, the Wnt pathway is responsible for the A/P axis determination. At E 5.5, Wnt3 mRNA is first detectable in the posterior visceral endoderm before the movements of anterior visceral endoderm (AVE) [START_REF] Rivera-Perez | Primitive streak formation in mice is preceded by localized activation of Brachyury and Wnt3[END_REF]. Moreover, at E the opposite side to β-catenin (Chazaud and Rossant, 2006). This means that Wnt signaling and asymmetries leading to later axis development may begin as early as E 4.5 and might be driven by extra-embryonic tissues. The same parallel could be done with members of the TGFβ family: Xenopus Vg1, required for the formation of the dorso-ventral axis is localized at the vegetal cortex of the oocyte and is then enriched in the dorsal vegetal quadrant of the embryo [START_REF] Birsoy | Vg 1 is an essential signaling molecule in Xenopus development[END_REF]. While in mouse, Nodal expression is initiated in the proximal epiblast at E5.5 [START_REF] Brennan | Nodal signalling in the epiblast patterns the early mouse embryo[END_REF].

Theses examples illustrate the analogy of the Xenopus blastula with the pre-gastrula mouse embryo rather to the blastocyst. The first days of the mouse development is thus devoted to the divergence of embryonic (epiblast) and extra-embryonic lineages (TE and PE). Once this segregation has occurred, the conserved signalling pathways can regionalize the embryo (epiblast). It is also evident that the A/P axis of the mouse is established via interactions between the extraembryonic tissues and the epiblast (review in [START_REF] Ang | A gene network establishing polarity in the early mouse embryo[END_REF]. This is reminiscent of the establishment of the A/P axis of Drosophila oocyte by the surrounding follicle cells (review in [START_REF] Huynh | The origin of asymmetry: early polarisation of the Drosophila germline cyst and oocyte[END_REF].

3) Establishment of the embryonic and extra-embryonic lineages

3.1) Segregation between the TE and ICM

Compaction, the first morphogenetic event of the mammalian development occurs during the 8-cell stage.

For the first time all the blastomeres change their shape and their cellular organization. Each blastomere polarizes its cytoplasm and its cortex along an apico-basal axis, leading to intercellular flattening through the development of an adhesive baso-lateral cortical domain. These morphological events (asymmetrical contacts and polarity) are essential processes that contribute to the generation of trophectoderm (TE) and inner cell masse (ICM) through differentiative divisions (see Figure ).

3.1.1) Setting up asymmetries in the blastomeres

Blastomeres flattening

The blastomere flattening is due to the formation of adherent junctions between adjacent blastomeres. It occurs only when Ca 2+ ions are present in the culture medium [START_REF] Ducibella | Surface changes of the developing trophoblast cell[END_REF] since the major molecule involved is the transmembrane cell adhesion molecule E-cadherin. The first evidence for the involvement A c c e p t e d M a n u s c r i p t

-5 -of this protein comes from experimental approaches since functionally interfering anti E-cadherin antibodies inhibits the compaction of the conceptus [START_REF] Hyafil | A cell surface glycoprotein involved in the compaction of embryonal carcinoma cells and cleavage stage embryos[END_REF] [START_REF] Vestweber | Rabbit antiserum against purified surface glycoprotein decompacts mouse preimplantation embryos and reacts with specific adult tissues[END_REF]. E-cadherin is expressed on the cell surface of oocytes and early blastomeres, and during compaction homophilic interactions are established in membrane domains involved in cell-cell contacts [START_REF] Vestweber | Expression and distribution of cell adhesion molecule uvomorulin in mouse preimplantation embryos[END_REF]. To determine the precise role of E-cadherin, knock out (KO) mice have been generated [START_REF] Larue | E-cadherin null mutant embryos fail to form a trophectoderm epithelium[END_REF][START_REF] Riethmacher | A targeted mutation in the mouse Ecadherin gene results in defective preimplantation development[END_REF]. E-cadherin null conceptus compact normally but fail to form an intact trophectodermal epithelium. This late phenotype is due to the maternal store of protein that is sufficient for compaction to occur at the 8-cell stage. Indeed, in conceptus lacking maternal E-cadherin, flattening fails at the 8-cell stage but occurs at the 16-cell stage when the paternal protein is expressed [START_REF] De Vries | Maternal beta-catenin and E-cadherin in mouse development[END_REF]. The cytoplasmic region of E-cadherin binds to βor γcatenin, which binds to αcatenin and links the complex to the actin cytoskeleton [START_REF] Perez-Moreno | Sticky business: orchestrating cellular signals at adherens junctions[END_REF]. KO mice for αcatenin display a phenotype similar to that of E-cadherin KO mice [START_REF] Torres | An alpha-E-catenin gene trap mutation defines its function in preimplantation development[END_REF].

In epithelial cell, some other transmembrane proteins are involved in adherent junctions formation.

Although they are expressed in mouse conceptus, their roles in blastomeres flattening remain elusive. It is the case of Nectin-2 that is undetectable before compaction and is recruited at the cell-cell contact during compaction [START_REF] Thomas | Contribution of JAM-1 to epithelial differentiation and tight-junction biogenesis in the mouse preimplantation embryo[END_REF]. Nectin-2 forms a complex with the cytoplasmic protein afadin [START_REF] Tachibana | Two cell adhesion molecules, nectin and cadherin, interact through their cytoplasmic domain-associated proteins[END_REF], but the role of this complex in blastomeres flattening has not been investigated.

The transmembrane protein, vezatin, is localized all around the blastomeres cortex before compaction and accumulates in adherent junctions thereafter, like E-cadherin [START_REF] Hyenne | Vezatin, a protein associated to adherens junctions, is required for mouse blastocyst morphogenesis[END_REF]. Specific inhibition of vezatin translation by morpholino-oligonuceotide induces an arrest of development and a decrease in the amount of E-cadherin at the membrane. However, the precise role of vezatin during compaction has not been clarified by this approach due to the arrest of cell cycle and needs further investigations. Epithin, a type II membrane serine protease, colocalizes with E-cadherin in mouse conceptus [START_REF] Khang | Expression of epithin in mouse preimplantation development: its functional role in compaction[END_REF].

Inhibition of its expression results in absence of blastomere flattening at the 8-cell stage and suggests that epithin may cooperate with E-cadherin. However, the mechanism of cooperation remains to be elucidated.

Regulation of flattening

Although all the known components of adherent junctions are localized all around the blastomeres by the 2-cell stage, cell flattening occurs only at the 8-cell stage. Post-translational modifications are likely to maintain the E-cadherin complex inactive and to inhibit premature flattening. Indeed, inhibition of translation does not inhibit flattening but rather induces a premature compaction [START_REF] A C C E P T E D M A N U S C R I P T -13 -Levy | Control of the timing of compaction: a major developmental transition in mouse early embryogenesis[END_REF].

Futhermore, cell flattening is associated with important phosphorylation events and premature compaction can also be achieved at the 2-cell and 4-cell stages by activators of protein kinase C (Ohsugi et al., 1993;[START_REF] Winkel | Activation of protein kinase C triggers premature compaction in the four-cell stage mouse embryo[END_REF]). β-catenin, which is phosphorylated on ser/thr residues at the time of compaction, is likely to be a target of this signaling cascade. [START_REF] Goval | Respective roles of protein tyrosine kinases and protein kinases C in the upregulation of beta-catenin distribution, and compaction in mouse preimplantation embryos: a pharmacological approach[END_REF][START_REF] Pauken | Regulation of cell adhesion during embryonic compaction of mammalian embryos: roles for PKC and beta-catenin[END_REF]. The cytoskeleton protein ezrin is another good candidate [START_REF] Louvet-Vallée | A major posttranslational modification of ezrin takes place during epithelial differentiation in the early mouse embryo[END_REF]. We have shown that phosphorylation of ezrin on T567 regulates its localization at the time of compaction and that maintenance of ezrin at the basolateral cortex at the 8-cell stage, interferes with the activity of E-cadherin and inhibits the formation of normal cell-cell contacts [START_REF] Dard | Ezrin phosphorylation on Thr567 plays a crucial role during compaction in the mouse early embryo[END_REF].

The Rho-family GTPases, required for cadherin-mediated cell-cell adhesion in culture cell lines (for review see [START_REF] Noritake | IQGAP1: a key regulator of adhesion and migration[END_REF]) are also involved in compaction. Inhibition of their function by the C3 botulinum toxin disturbs intercellular flattening, and expression of a constitutively activated form of Cdc42 induces a premature flattening [START_REF] Clayton | A role for Rho-like GTPases in the polarisation of mouse eight-cell blastomeres[END_REF]. Moreover, Rac1 shifts from the cell cortex of blastomeres during the first stages of development to the cytoplasm at the 8-cell stage [START_REF] Natale | Rac-1 and IQGAP are potential regulators of E-cadherin-catenin interactions during murine preimplantation development[END_REF]. The best-studied effector through which Rac1 and Cdc42 may regulate E-cadherin activity is IQGAP1. It is expressed in early mouse conceptus and its localization is similar to Rac1 [START_REF] Natale | Rac-1 and IQGAP are potential regulators of E-cadherin-catenin interactions during murine preimplantation development[END_REF], suggesting that the E-cadherin complex in the embryo may be regulated like in culture cell lines. Until compaction IQGAP1 may negatively regulate E-cadherin-mediated celladhesion through its interaction with β-catenin, thereby causing α-catenin to dissociate from the cadherin complex. Then activated Rac1 and Cdc42 may positively regulate flattening by inhibiting the interaction of IQGAP1 with β-catenin. Flattening is also impaired by the inhibition of the myosin light-chain kinase [START_REF] Kabir | Regulation of preimplantation development of mouse embryos: effects of inhibition of myosin light-chain kinase, a Ca2+/calmodulin-dependent enzyme[END_REF], and myosin 2, a key effector of Rho-kinase signaling, regulates cell-cell adhesion by controlling the ability of cells to concentrate cadherin molecules at contact cells [START_REF] A C C E P T E D M A N U S C R I P T -14 -Shewan | Myosin 2 is a key Rho kinase target necessary for the local concentration of E-cadherin at cell-cell contacts[END_REF].

Blastomeres polarization

The reorganization of cytoplasmic components is the first sign of blastomere polarization. It is characterized by the accumulation of endosomes and clathrin-coated vesicles under the apical membrane while the nucleus localizes more basally [START_REF] Fleming | Maturation and polarization of the endocytotic system in outside blastomeres during mouse preimplantation development[END_REF][START_REF] Maro | Changes in the distribution of membranous organelles during mouse early embryogenesis[END_REF]. The microtubule network is also modified: stable acetylated microtubules become enriched at the basal pole while a population of more dynamic microtubules is found apically (Houliston and Maro, 1989). Two parallel pathways mediate the polarization of blastomeres at the 8-cell stage: one requires flattening and can occur in absence of microtubules; the other is independent of flattening but involves a microtubulemediated interaction between the nucleus and the cell surface (Houliston et al., 1989).

Up-to-date, the molecular mechanism involved in the reorganization of microtubules network remains unknown. However, blastomere polarization is associated with a change in the distribution of a serinethreonine kinase belonging to the MARK family (Microtubules Affinity Regulating Kinases) called EMK1 in the mouse. Before polarization, EMK1 is located only in nuclei and after compaction it is A c c e p t e d M a n u s c r i p t -7 -targeted to the basolateral domain [START_REF] Vinot | Asymmetric distribution of PAR proteins in the mouse embryo begins at the 8-cell stage during compaction[END_REF]. EMK1 is a homologue of the PAR1 protein (Partitioning defective 1) involved in the regulation and/or maintenance of cell polarity in Drosophila and C. elegans. Its role in the regulation of the microtubule network has been clearly established in Drosophila oocytes [START_REF] Cox | Drosophila par-1 is required for oocyte differentiation and microtubule organization[END_REF] and in follicular epithelial cells [START_REF] Doerflinger | The role of PAR-1 in regulating the polarised microtubule cytoskeleton in the Drosophila follicular epithelium[END_REF]. It will be interesting to investigate whether EMK1 is also involved in the reorganization of microtubules in the mouse conceptus.

Compaction is also associated with a reorganization of the cell surface, characterized by the formation of a dense pole of microvilli at the apical membrane. The removal of microvilli at the basolateral membrane, is crucial to allow flattening [START_REF] Dard | Ezrin phosphorylation on Thr567 plays a crucial role during compaction in the mouse early embryo[END_REF]. Ezrin, a cytoskeleton protein linking actin to the plasma membrane in diverse types of membrane protrusions, follows exactly the distribution of microvilli: before compaction it is distributed all around the cell cortex and during polarization, it is removed from cell-cell contacts and relocates exclusively at the apical pole of blastomeres [START_REF] Louvet | Ezrin becomes restricted to outer cells following asymmetric division in the preimplantation mouse embryo[END_REF].

As described in other model systems [START_REF] Ohno | Intercellular junctions and cellular polarity: the PAR-aPKC complex, a conserved core cassette playing fundamental roles in cell polarity[END_REF], cortical polarization in mouse conceptus may be regulated at the molecular level by the PAR proteins. Indeed PAR proteins are expressed in mouse conceptus and some of them become asymmetrically distributed at the onset of polarization [START_REF] Vinot | Asymmetric distribution of PAR proteins in the mouse embryo begins at the 8-cell stage during compaction[END_REF]. During the 8-cell stage, PARD6b (one homologue of the PAR6 protein) becomes associated with the apical cortex while EMK1 accumulates at the basolateral cortex [START_REF] Vinot | Asymmetric distribution of PAR proteins in the mouse embryo begins at the 8-cell stage during compaction[END_REF]. PAR6 cooperates with atypical protein kinase C (aPKC) to establish cell polarity and protein aPKCζ is also found at the apical cortex of the 8-cell compacted conceptus [START_REF] Thomas | Contribution of JAM-1 to epithelial differentiation and tight-junction biogenesis in the mouse preimplantation embryo[END_REF].

3.1.2) Asymmetric division and cell diversification

Although all blastomeres are identical until the 8-cell stage, two populations appear at the 16-cell stage.

At this stage, blastomeres differ in their position, phenotype and fate: the inner non-polarized blastomeres will give rise to the inner cell mass of the blastocyst, while the outer polarized blastomeres will form the trophectoderm. This cell diversification results from the polarization of blastomeres at compaction and from asymmetric divisions occurring in some 8-cell blastomeres. In fact, although the cytoplasmic and cytoskeletal polarities are lost during mitosis, the pole of microvilli remains stable [START_REF] Johnson | A dissection of the mechanisms generating and stabilising polarity in mouse 8 and 16-cell blastomeres: the role of cytoskeletal elements[END_REF] and experimental evidences suggest that the cyto-cortex associated with this microvillus pole acts as a stable memory [START_REF] Wiley | Induction of cytoplasmic polarity in heterokaryons of mouse 4cell/16-cell stage blastomeres heterokaryons[END_REF]. The inheritance of this pole by a blastomere permits the re-establishment of polarity and the engagement of the cell into the epithelial differentiation program. At the 16-cell stage, polarized cells tend to engulf non-polar cells because of their different adhesive properties: in polar cells, the apical surface is less adhesive than the basolateral surface while non-polar cells are uniformly adhesive and establish a maximum of contacts with other cells [START_REF] Johnson | A dissection of the mechanisms generating and stabilising polarity in mouse 8 and 16-cell blastomeres: the role of cytoskeletal elements[END_REF]. The number of polarized blastomeres that divide asymmetrically (giving rise to one polar and one apolar cell) [START_REF] Fleming | A quantitative analysis of cell allocation to trophectoderm and inner cell mass in the mouse blastocyst[END_REF] is very variable during the 8-to 16-cell stage transition, showing that spindle orientation is not controlled. Therefore in the 16-cell stage conceptus, the outer/inner cell ratio lies in the range 8/8-16:0, with being most of the time between 10/6 and 12/4 [START_REF] Johnson | Lineage allocation and cell polarity during mouse embryogenesis[END_REF]. By contrast, this ratio is much less variable at the 32-cell stage. Indeed, spindle orientation can be biased during the 16-to 32-cell stage transition, when the outer/inner cell ratio reaches extreme values (near 8/8 or 16/0). Indeed, the number of inner and outer cells influences the cell shape at the 16-cell stage, outer cells having a large apical pole when the ratio is low, and reversely, being more elongated along the apico-basal axis with a small apical pole when the ratio is higher. Then, when outer cells display a small pole and a large embedded basolateral membrane (low number of inner cells) the mitotic spindle tends to orient along the apico-basal axis and cells tend to divide asymmetrically, thereby increasing the number of inner cells. Reversely, when outer cells are flattened at the surface of the conceptus displaying a large apical domain (high number of inner cells), the mitotic spindle tends to orientate perpendicular to the apico-basal axis, and outer cells tend to divide symmetrically, thus maintaining the inner/outer cell ratio (since dividing inner cells always give rise to two inner daughter cells).

Up to date, only two proteins, ezrin and PARD6b, remain associated with the apical pole of the dividing blastomeres [START_REF] Louvet | Ezrin becomes restricted to outer cells following asymmetric division in the preimplantation mouse embryo[END_REF][START_REF] Vinot | Asymmetric distribution of PAR proteins in the mouse embryo begins at the 8-cell stage during compaction[END_REF] and only EMK1 stays at the basolateral membrane when blastomeres enter mitosis. It is attractive to speculate that in the mouse conceptus PAR proteins contribute to the early lineage diversification and act as cell fate determinants like in other model systems.

This idea is reinforced by the behavior of these proteins before cell polarization since PARD6b and EMK1 are on the spindle during mitosis allowing an equal segregation of these proteins in the two daughter cells. We have also observed a correlation between the shape of the spindle and the dynamic localization of PARD6a, another homologue of the PAR6 protein [START_REF] Louvet-Vallée | Mitotic spindles and cleavage planes are oriented randomly in the 2-cell mouse embryo[END_REF]: until the third cleavage division the spindle elongates throughout the cell and reached the cortex at metaphase while PARD6a accumulates at the spindle poles and at the cortex facing the spindle poles. During the fourth cleavage divisions when the orientation of the spindle is dependent upon cell shape, the spindle never reaches the cortex and no accumulation of PARD6a at the cortex is observed.

3.1.3) Establishment and maintenance of the epithelial fate

The position of blastomeres within the conceptus at the 16-cell stage determines their fate: outer blastomeres acquire progressively epithelial features to eventually form a functional epithelium while inner blastomeres remain undifferentiated. The formation of a functional epithelium depends on a set of specialized cell junctions, especially tight junctions (TJ) and desmosomes. The formation of (TJ) in outer blastomeres is temporally and spatially regulated [START_REF] Sheth | Differentiation of the epithelial apical junctional complex during mouse preimplantation development: a role for rab13 in the early maturation of the tight junction[END_REF]: first, at the end of the 8-cell stage, [START_REF] Eckert | Relative contribution of cell contact pattern, specific PKC isoforms and gap junctional communication in tight junction assembly in the mouse early embryo[END_REF]. The desmosomes are observed by electron microscopy at the 16-cell stage onward [START_REF] Fleming | Desmosome biogenesis in the mouse preimplantation embryo[END_REF]. At the molecular level, the plakoglobin is present at the 16-cell stage while desmoplakin, desmoglein and desmocollin are detected only when the cavity forms [START_REF] Fleming | Desmosome biogenesis in the mouse preimplantation embryo[END_REF]. Moreover, the epithelial phenotype is repressed in inner blastomeres: it has been shown that inside cells can differentiate as epithelial cells as soon as they are exposed to asymmetrical cell contacts, without synthesis of new mRNAs, demonstrating that they contain a store of untranslated mRNAs coding for all the proteins required for epithelial differentiation [START_REF] Johnson | Molecular differentiation of inside cells and inner cell masses isolated from preimplantation mouse embryos[END_REF] ; [START_REF] Eckert | Specific PKC isoforms regulate blastocoel formation during mouse preimplantation development[END_REF][START_REF] Louvet-Vallée | A major posttranslational modification of ezrin takes place during epithelial differentiation in the early mouse embryo[END_REF][START_REF] Spindle | Trophoblast regeneration by inner cell masses isolated from cultured mouse embryos[END_REF] If the determination of the ICM and TE fate depends on the position of the blastomeres, the maintenance of these fates require mainly the expression of two transcription factors Cdx2 and Oct4. Cdx2 (Caudal related homeobox 2) is specifically expressed in TE blastomeres [START_REF] Yamanaka | Cell and molecular regulation of the mouse blastocyst[END_REF]. Conceptus lacking Cdx2 zygotic expression form a blastocyst but the integrity of the epithelium is not maintained and they are unable to implant [START_REF] Strumpf | Cdx2 is required for correct cell fate specification and differentiation of trophectoderm in the mouse blastocyst[END_REF]. Oct4 (called also Pou5f1) expression is restricted to the ICM after the initiation of the formation of the blastocyst. Embryos homozygous mutant for this gene develop to the blastocyst stage but their isolated ICM cells express TE markers [START_REF] Nichols | Formation of pluripotent stem cells in the mammalian embryo depends on the POU transcription factor Oct4[END_REF].

Although these transcription factors are TE (Cdx2) and ICM (Oct4) specific, they are expressed in both inner and outer cells at the morula stage in a stochastic way and become progressively restricted to their specific lineage only in the blastocyst. A negative feedback loop on each other expression associated to a positive feedback loop on themselves has been described. In addition asymmetric cell contacts favor Cdx2 expression [START_REF] Yamanaka | Cell and molecular regulation of the mouse blastocyst[END_REF]. Finally, blastocyst morphogenesis can take place in their absence but they are required to stabilize the structure and the two lineages, ICM and TE, once they are formed.

3.2) Segregation between epiblast and primitive endoderm

The formation of the primitive endoderm (PE) is the second event differentiation occurring during mammalian pre-implantation development. The PE is an epithelial layer formed on the surface of the ICM facing the blastocoel at E 4.0. Until recently, the model suggested that the position of cells within ICM drives their fate, i.e. ICM cells facing the blastocoel differentiated into epithelial primitive endoderm cells. However, recent genetic data has shown that Nanog (homeodomain) and Gata family transcriptional factors are involved in specifying epiblast versus PE fate. In ES cells and ICM, loss of Nanog leads to an absence of epiblast specification, all cells following a PE fate [START_REF] Mitsui | The homeoprotein Nanog is required for maintenance of pluripotency in mouse epiblast and ES cells[END_REF].

A c c e p t e d M a n u s c r i p t -10 -Overexpression of Gata6 is sufficient to shift ES cells to the PE lineages [START_REF] Fujikura | Differentiation of embryonic stem cells is induced by GATA factors[END_REF] and in vivo Gata6 mutant initiate PE lineage formation but fail to form functional visceral endoderm in periimplantation embryos [START_REF] Koutsourakis | The transcription factor GATA6 is essential for early extraembryonic development[END_REF]. At E 4.5, expression of Gata6 is restricted to PE and Nanog to EPI. At E 3.5, Gata6 and Nanog proteins are present in subsets of ICM cells. The domains of Gata6 and Nanog mRNA expression are mainly exclusive suggesting that ICM is a mosaic of Nanog and Gata6 expressing cells (Chazaud et al., 2006). In Grb2 mutants (an adaptator molecule that plays an important role in signal transduction downstream of several different tyrosin kinases), all ICM cells become Nanog positive and no PE form. Consequently, the current model for the segregation of epiblast versus PE is the following. A Grb2 dependant signals induce Gata and repress Nanog in PE progenitors (although the mechanism of selective activation of this pathways in PE is unknown). The absence of Grb2-dependant signals allows Nanog expression in epiblast progenitors. In PE progenitors, Gata induces target genes such as lamin and Dab2, which modulate cellular adhesive function to initiate the sorting of the two lineages by cell movements (Gata6 expressing cels moving to the edge of the ICM facing the blastocoele). By E 4.5, the basal lamina forms and separates the 2 lineages (Chazaud et al., 2006).

Alternatively, the two factors may be expressed stochastically in all ICM cells, the expression of Gata6 being stabilized in cells facing the blastocoele and Nanog in cells surrounded by other cells.

4) Conclusion

Changes in cellular organization, cell shape and intercellular contacts all play a major role during preimplantation development: cell polarization allows the existence of asymmetric division, the divergence of the first two lineages and the formation of a structure with an outer layer of polarized cells and an inner core of non-polarized cells; cell shape influences the type of divisions, asymmetric or symmetric, and thus regulates the number of cells within the different lineages; the asymmetry of intercellular contacts allows the synthesis of epithelial proteins from stored mRNAs and the differentiation of epithelial cells leading to an epithelial seal and the formation of the blastocoele. The stochastic expression of transcription factors (Cdx2, Oct4) required for the stabilization of these cell lineages (TE, ICM) is also finally restricted by the asymmetry of intercellular contacts (inside versus outside position). Whether similar mechanisms are at work for the formation of the PE remains to be established. Dynamic studies concerning the expression of Gata and Nanog should help to solve this problem.

  6.5, β-catenin is enriched on the posterior side of the epiblast. Some recent data revealed an asymmetric nuclear localization of β-catenin in restricted cells of the trophectoderm facing the primitive endoderm during a transient phase around E 4.5. Interestingly, during the same period, the homeobox gene Hex (a marker of AVE) is strongly expressed in the PE on

  -and Rab13 assemble at the most apical part of the adherent junctions; then ZO-2 and cingulin are addressed to this domain at the 16-cell stage; finally, the recruitment of ZO-1α + and occludin at the 32cell stage leads to the formation of mature TJ as attested by the apparition of the cavity. The biogenesis of TJ requires the activities of aPKC: aPKCδ and ζ  are required for the localization of ZO-2 but only aPKCζ is involved in the localization ofZO-1α +