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How is asymmetry determined in the embryo?
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Figurel Mouse pre-implantation development (E0.5-E3.5). (a) The zygote at E0.5; (b) two-cell stage embryo at E1.5; (c) three-cell embryo resulted
from the asynchronic division of blastomeres; (d) the four-cell stage embryo; (€) the compacted morula at E2.5; (f) the blastocyst with trophectoderm

and ICM at E3.5

/N BRSBTS iR EL A AR SR W] 98 1 (plasticity), fig
8 305 I FIRR 2 20 07 B RSO I B AR Ak 2k R .
an, YRR AN A RS A B N B, AT ARSI 1
PR 55 8 8 o3 Ak U MR T 25 5 /0 40 i )
IR At REAE AR S R 7 B AR Best, T —
i [h 4325 2 A IR AR AT LA TSR Y & B4, i LT
— RIS [ S A0 74 PR 3 K AR P 5 T REAS
I, RO G ) 5 5 (heterogeneity) 9. /N B30
U6 %y T A R S O A5 R O A A A O SR s
Ji A 38 P 8 S5 DR

2 WHFLZ PSS — R AN o a8 U I 8 L

it

A BB 240 i p 224 3 - - 55 I 4 A 3 (zygotic ge-
nome activation, ZGA) LA, PR s ik TUUBRE,
IR RIG % 7 5 22 R PR 00 3 PN s 0 7
REZAEMFLsh b, BN 3 P T 28 — k4l
Ji 33 2R ity ke 7 T2 AR AR DTG S5 A K A v W 5 3
X Fh LS, Daleqt M 42 T L Sh A R IR IG5
— VR 41 0 iy 328 PR S 17%) O 9 A Y B 48 ik AR 7Y (prepattern
model 2 mosaic model) (/&1 2(a)). %A KA Jy UL 40 it
ZHi G, BRI E T 76 40 43 48 43 5 3 AR [
F)F- 4 M, B I A M S T A, A A i Ak
R FEIR P 5E N T B AR, 2T A ] ) 40 g T,
AN, BEERION 3 KA T AR R RNARE fi . DNA K i
MIMOIEE, LA T RN R 8% 24 i e,
1 ELAR 2B 5 3650 1 o PR 7 S R R 3 8 R 1) 41 )22
PR U2 406 A A AR [ 22240 VR 0 e D
S — RIS R A A AERE. T
SIS UF R SZ A GBI AL, B % S50 M iR 2 1 K R
T, AR AR PR e

19594F, Tarkowskit™ F SZ5641E B 1 /)N B 2- 40 Jifd i

1570

Jife v R B B L BRAE R N BB & R ST AN AR it
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Figure2 (Coalor online) Classic models for the first cell lineage specification in the early mouse embryo. (a) The prepattern model: the segregation of
trophectoderm and ICM cellsis determined by the maternal factors that are asymmetrically distributed in the oocyte. After fertilization, these factors are
inherited from zygote division by the daughter cells, thus determining their fate of the cells; (b) the positional model: the cell fate is determined by the
cell position in the morula stage embryo, the cells inside of the morula form the ICM, while cells outside form the trophectoderm; (c) the polarization
model: the cell will differentiate into trophectoderm when it inherits the apical membrane domain, otherwise, the cell will develop into ICM at blastocyst
stage embryos
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Bl 3 (M4 RUR () Hippofs 5 il /N UG IR AN 2 5 e 4 i A
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Figure 3 (Color online) Specification of the TE and ICM mediated by
Hippo signaling. In mouse blastocyst embryos, Hippo (homologous
protein Stk3/Mst in mice) can only be activated in the inner cells that
interact with other cells completely, while it is not active in the outer
cells. In the inner cells, the Hippo pathway is activated, Lats and other
factors phosphorylates Y ap, and then the phosphorylated Y ap cannot be
transported into the nucleus to activate this pathway, therefore blocking
Tead activity and maintaining the totipotency of the ICM. In the outer
cells, however, Hippo signaling is down-regulated, and the unphosphor-
ylated Yap trandocates to the nucleus and interacts with Tead, thus
promoting the expression of TE specific genes, such as Cdx2, and in-
ducing the TE differentiation
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First cell lineage specification in mammalian early
development
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Mouse pre-implantation embryogenesis is featured by several rounds of sequential cleavages, followed by the first cell
lineage formation, specification of the inner cell mass (ICM) and trophectoderm (TE) at blastocyst stage. Establishment
of the first cell lineage through asymmetric cell division is a longstanding question in developmental biology. Based on
analogy to other lower model organisms or early achievements in mammalian development, three classic models of the
first cell lineage specification are proposed to address this question: The prepattern or mosaic model, the inside-outside or
positional model, and the polarization model. However, none of these models could well explain the highly regulatory
nature of early mammalian embryos. During the past decades, great efforts have been made to elucidate when and how
the pre-implantation blastomeres become different and finally segregate from each other. Mounting evidences show that
the fate of trophectoderm is regulated by the Hippo/Yap/Tead signaling cascade in mouse early embryogenesis. In
addition, single cell profiling and living imaging illustrate the great heterogeneity between blastomeres, providing some
explanations for the regulatory nature of mammalian early embryos. Accompanying these progresses, a self-organization
model was recently proposed to explain the blastocyst patterning in mammalian early embryos. This new model
reconciles the experimental findings that seem to be contradictory to the three classic models and thus is regarded as a
reformulation but improvement of classic models. Even so, however, the exact molecular mechanisms underlying this
highly dynamic, complex and self-regulative process remain enigmatic. In this review, using mouse as the model system,
we firstly summarize the preimplantation development and the classic models of the first cell lineage specification. Then,
we highlight recent progresses, especialy, the contributions of molecular regulators and heterogeneity of blastomeresin
orchestrating the segregation of ICM and TE in mouse early embryos. At last, we summarize the current view on the first
cell lineage specification in mammalian early embryogenesis and provide some clues for the future investigations.
Altogether, the molecular basis of first cell lineage specification in mammals not only promotes the understanding for the
beginning of life, but also contributes to stem cell biology and reproductive medicine.

mammals, mouse, early embryonic development, first cell lineage specification, asymmetric division, cell fate
determination

doi: 10.1360/N972017-00094

1577




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 650
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


