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Neurogenin2-d4Venus and Gadd45g-d4Venus transgenic mice: 
Visualizing mitotic and migratory behaviors of cells committed 

to the neuronal lineage in the developing mammalian brain 
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⣽ࡢࡾ࠿ࡤࡓࡋ⏕ㄌࠋࡿ࠶ࡶሙ࡛ࡿࢀࢃ⾜ࡀ⣽⬊㐠࿨㑅ᢥ࡟᫬ྠࠊࡾ࠶ሙ࡛ࡿࢀࡉ⏘

࣮ࣟࣗࢽࠊࡣ࠸ࡿ࠶ࠊᮍศ໬ࠖ≧ែࠕࡢᵝྠ࡜⬊ẕ⣽ࡓࡋ⏕⏘ࢆ㌟⮬ࠊ࡚ࡀࡸࠊࡣ⬊

⬊ᮍศ໬⣽ࡣᐊᖏ࡛⬻࡟࠼ࡺࠋࡴ㐍࡜࡬࠿ࡽࡕ࡝ࡢศ໬㏵ୖࠖ≧ែࠕࡢᡭ๓ࡿ࡞࡜ࣥ

ࡓࢀࡲ⏕ࠋࡿࡍΰᅾࡀ⣽⬊㸧ࡓࡋỴᐃࡀ࡜ࡇࡿධ࡟ศ໬㏵ୖ⣽⬊ 㸦=⚄⤒⣽⬊⣔㆕࡜

Notchࠕࡽ࠿ᚤᑠ⎔ቃࠖࠕࡢ࿘ᅖࠊࡣ࡟ࡿࡅഴ࡜࡬ᮍศ໬ࠖࠕࢆ㐠࿨ࡢࡑࡀ⬊⣽ࡢ࡚
㸧ࠖࢱࣝࢹ㸦ࢻࣥ࢞ࣜ ࡽ▱ࡽ࠿௨๓࡜ࡿ࠶㔜せ࡛ࡀ࡜ࡇࡿࡍᐜཷࢆࢀࡑࠊࢀࡉ♧ᥦࡀ

ࡉ၀♧࡜࠺ࢁ࠶ᥦ♧୺࡛ࢱࣝࢹ࡞୺せࡀࠖ⬊ศ໬㏵ୖ⣽ࠕࠊ࡛✲◊ࡢ㏆᭱ࠋࡓࡁ࡚ࢀ

ࡿࡵỴࢆ㐠࿨ࡀ⬊⣽࡚ࡓࢀࡲ⏕ࠊࡎࡏ㊊‶࡟㇟ᢳ࠺࠸࡜ᚤᑠ⎔ቃࠖࠕࠊ࡛ࡢࡓࡁ࡚ࢀ

ᢕᥱ࡟ලయⓗࢆࠖ࠿ࡢࡿࡍ᥋ゐ࡜㸧࠿ྰ࠿⬊ᡭ㸦ศ໬㏵ୖ⣽┦࡞ࢇ࡝ࠊࡘ࠸ࠕ࡟࡛ࡲ

ࡘ࠿᥋ⓗ┤ࢆ⬊ศ໬㏵ୖ⣽ࡿࡍᙧែኚ໬࡜ࠎ้ࠎ᫬ࠊࡋ࠿ࡋࠋࡿࢀࡽࡵồࡀ࡜ࡇࡿࡍ

⥙⨶ⓗࣈ࢖ࣛ࡟ほᐹࢆࢀࡇࠋࡓࡗ࠿↓࡛ࡲࢀࡇࡣ⾡ࡿࡍᡴ㛤ࠊࡃ࡭ࡍᮏ◊✲࡛୕ࠊࡣ

ḟඖ⤌⧊୰࡛ࡓࡁ⏕ࡢศ໬㏵ୖ⣽⬊ࡢ⥙⨶ⓗྍど໬ࠋࡓࡋࡊࡵࢆ 
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� ศ໬㏵ୖ⣽⬊ࡢᙧែື࡜ែࢆ㗦ᩄࡘ࠿⥙⨶ⓗ࡟ほᐹࠊ࡟ࡵࡓࡿࡍศ໬㏵ୖ⣽⬊୍࡟

㐣ᛶⓎ⌧ࡿ࠸࡚ࢀࡽ▱ࡀ࡜ࡇࡿࡍ Neurog2 ࡧࡼ࠾ Gadd45g άᛶ౫Ꮡ࣮ࢱ࣮ࣔࣟࣉࡢ

ⓗ࡟ศゎಁ㐍ⓗ⺯ග⺮ⓑ d4Venus ࢫ࣐࢘ࢡࢵࢽ࢙ࢪࢫࣥࣛࢺࡿࡏࡉ⌧Ⓨࢆ

㸦Neurog2-d4Venus ࡧࡼ࠾ Gadd45g-d4Venus㸧ࢆసᡂࠋࡓࡋච␿⤌⧊Ꮫⓗゎᯒࡼ࡟

ᛶ㸦d4Venus␗≉ࡢ⌧ගⓎ⺯ࡾ Ⓨ⌧⣽⬊࡟࠿☜ࡀศ໬㏵ୖ࡛࡜ࡇࡿ࠶㸧࢖ࣛࡓࡲࠊࢆ

 ࠋࡓ࡭ㄪࢆ⣽⬊ᣲື࡟ࡧࡽ࡞㗦ᩄᗘࡢศ໬㏵ୖࠖ≧ែ᳨ฟࠕࠊࡾࡼ࡟ほᐹࣈ
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� సᡂࡓࡋ୧࣐࢘ࡢࢫ኱⬻ཎᇶࠊ࡚࠸࠾࡟d4Venus Ⓨ⌧⣽⬊࡟࠿☜ࡀศ໬㏵ୖ࡛ࡿ࠶

 ,㸦Fig. 1ࡓ࡭ㄪࢆ࣮ࣥࢱࣃ⌧Ⓨࡢࡑ࡚࠸⏝ࢆ㛫᥋⺯ගᢠయἲࠊ࡟ࡵࡓࡿࡍド᳨ࢆ࠿ࡢ
2㸧ࠋd4Venus  ,Fig. 1A, G) ࢀࡉฟ᳨࡚࠸࠾࡟㏆ഐᇦࡢࡑࡧࡼ࠾ᐊᖏ⬻ࡣࣝࢼࢢࢩࡢ
2A)ࠊศ໬㏵ୖ⣽⬊࣐࣮࣮࢝ࡢⓎ⌧ࡓࡋ⮴୍࡜㸦Fig. 1B, C, F, 2B㸧୍ࠋ᪉࡛ࠊศ໬ࡋ

ࡣ࡛࣮ࣥࣟࣗࢽࡓࡗࡁ d4Venus ༢ᒙࠊࡓࡲࠊ㸦Fig. 1A, 2C㸧ࡎࢀࡉฟ᳨ࡀࣝࢼࢢࢩࡢ

ᇵ㣴ࣈ࢖ࣛࡢほᐹࠊ࡚࠸࠾࡟d4Venus 㝧ᛶ⣽⬊ࡓࡋ⾜⛣࡬࣮ࣥࣟࣗࢽࡀ㝿࡟㝜ᛶ࡞࡟

࡟ࡶ࡜ࢫ୧࣐࢘ࠊࡽ࠿࡜ࡇࡢࡽࢀࡇࠋ㸦Fig. 2D㸧ࡓࢀࡽ࠼ᤊࡀᵝᏊࡿ d4Venus ࢢࢩࡢ

ศ໬㏵࡚ࡗᣢࢆᛶ⨶⥙ࡀࣝࢼ 㸦ୖ⣽⬊࣭᫬ᮇ㸧≉␗ⓗ᳨࡟ฟࡀ࡜ࡇࡿࢀࡉド᫂ࠋࡓࢀࡉ 
� d4Venus ࢆᇵ㣴ἲ㸧ࢫ࢖ࣛࢫḟඖ⤌⧊ᇵ㣴ἲ㸦୕ࠊ࡟ࡵࡓࡿ࡭ㄪࢆⓎ⌧㛤ጞ᫬ᮇࡢ

࡚࠸⏝ Neurog2-d4Venus ࡑࠋ㸦Fig. 1D㸧ࡓࡗ⾜ࢆほᐹࣈ࢖ࣛ⥆㐃ࡢ኱⬻ཎᇶࢫ࣐࢘

d4Venusࠊᯝ⤖ࡢ 㝜ᛶ࡛ㄌ⏕ࡓࡋ⣽⬊ࡀ㝧ᛶ࡜࡬ኚ໬ࡿࡍ▐㛫㸦㐠࿨㑅ᢥࡾࡼ࡟ศ໬

㏵ୖ⣽⬊ࡿࡍ⾜⛣࡜࡬ᵝᏊ㸧ࡀᤊࠊࢀࡽ࠼⣽⬊ㄌ⏕ࡽ࠿㝧ᛶ࡟࡛ࡲࡿ࡞࡟⣙㸲᫬㛫࠿

d4Venusࠋ㸦Fig. 1E㸧ࡓࡗ࠿ศࡀ࡜ࡇࡿ࠿ ⺯ග᳨ࡢࣝࢼࢢࢩฟࡣ㛫᥋⺯ගᢠయἲࡼ࡟

ࡿ Neurog2 ♧ࡣ㗦ᩄᛶࡢࡑࠊࡢࡢࡶࡿ࠶ࡣࢀ㐜ࡢ㸯᫬㛫௨ෆ࡚ࡋẚ㍑࡜ฟ᳨ࢡࣃࣥࢱ
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ࡢ⬊⣽ࡓࡋ㸲᫬㛫⤒㐣ࡽ࠿⏕ㄌࠊࡓࡲࠋࡓࢀࡉ d4Venus ࡇࡿࡍほᐹࢆ↓᭷ࡢࣝࢼࢢࢩ

ᮍศ໬㸦㝜ᛶ㸧ࠖࠕᯝ㸦⤖ࡢ㐠࿨㑅ᢥࠊ࡛࡜ ࡛ࣈ࢖ࣛࢆศ໬㏵ୖ㸦㝧ᛶ㸧ࠖ㸧ࠕࡣࡃࡋࡶ

 ࠋࡓࡗ࡞࡜⬟ྍࡀ࡜ࡇࡿࡍูุ
� 㐃⥆ࣛࣈ࢖ほᐹࠊࡾࡼ࡟ศ໬㏵ୖ⣽⬊ࡢヲ⣽࡞ᙧែ࣭ືែほᐹࡶ࡟ᡂຌࡓࡋ㸦Fig. 3, 
4㸧ࠋ㐠࿨㑅ᢥᚋࡢศ໬㏵ୖ⣽⬊ࡢከࡵࡌࡣࠊࡣࡃ⣽㛗࠸✺㉳ᵓ㐀ࢆ⬻ᐊ㠃࡟᥋ࡓࡋ≧

ែ࡛Ꮡᅾᩘࠊࡀࡿ࠸࡚ࡋ᫬㛫ᚋࡣ࡟⮬㌟ࡢ⣽⬊యࢆ⬻⭷ഃࠊࡘࡘࡋື⛣࡬✺㉳ࢆ⬻ᐊ

㠃ࡽ࠿㞳⬺ࠊࡏࡉ⬻ᐊᖏࡽ࠿㞳ࡀ࡜ࡇࡃ࠸࡚ࢀศࡓࡗ࠿㸦Fig. 4A-C㸧ࡢࡑࠊࡓࡲࠋᚋ

ฟ᳨࡚ࡗࡼ࡟㛫᥋⺯ගᢠయἲࡶ㸧⏘⏕ࢆ࢔࣮࣌ࣥࣟࣗࢽศ⿣㸦ࡢᐊୗᖏ࡛⬻ࡿࡇ㉳࡟

ࡢᐊ㠃࡛⬻ࡢ⬊ศ໬㏵ୖ⣽ࠕࡓࡗ࠶୙࡛᫂ࡀヲ⣽࡛ࡲࢀࡇࠊ᪉୍ࠋ㸦Fig. 3A㸧ࡓࢀࡉ

ศ⿣ࠖࢆ㇟⌧࠺࠸࡜ᤊࡓࡁ࡛ࡶ࡜ࡇࡿ࠼㸦Fig. 3B-D’㸧ࡢࡇࠋ≉Ṧ࡞ศ໬㏵ୖ⣽⬊ࠊࡣ

⬻⭷ഃ࡟✺㉳ࢆಖᣢࡓࡋ≧ែ࡛⬻ᐊ㠃࡚࡟ศ⿣ࠊࡋd4Venus 㝧ᛶࡢፉ⣽⬊࣌ࢆ࢔⏕⏘

⣽⬊࿘ࡣ࡟⣙㸱᫬㛫ᚋࡽ࠿⏕ㄌࡣ࢔࣌⬊ፉ⣽ࡢࡇࠋ㸦Fig. 3C, D㸧ࡓࡗ࠿ศࡀ࡜ࡇࡿࡍ

ᮇ㐍⾜㜼ᐖ࣐࣮࣮࢝㝧ᛶ࡛ࡽ࠿࡜ࡇࡓࡗ࠶㸦Fig. 3D’㸧ࡢࡑࠊᚋศ⿣ࣗࢽࡃ࡞࡜ࡇࡿࡍ

 ࠋࡿࢀࡉ၀♧ࡀ࡜ࡇࡿ࠶࡟㐠࿨ࡿࡍ⾜⛣࡜࡬࣮ࣥࣟ
� ࠾࡟ᚋ᰿⚄⤒⠇ࠊ⟶⤒⚄ࠊ⭷⥙ࠊ⬻ᑠࠊ࡟ᵝྠ࡜኱⬻ཎᇶࠊ࡟ࡶ࡜ࢫ୧࣐࢘ࠊࡓࡲ

⤒⚄ࠊ⭷⥙ࠊ⬻ᑠࠋ㸦Fig. 5㸧ࡓࡗ࠿ศࡀ࡜ࡇࡿ࠶࡛⬟ྍࡀほᐹࡢ⬊ศ໬㏵ୖ⣽ࡶ࡚࠸

⣽⬊ศ࠺క࡟ࢀࡑࡧ᰾㐠ືཬࡢ⬊ศ໬㏵ୖ⣽ࠊ࡚ࡗࡼ࡟ほᐹࣈ࢖ࣛ⥆㐃ࡣ࡚࠸࠾࡟⟶

⿣ࢆᤊࡶ࡟࡜ࡇࡿ࠼ᡂຌࡓࡋ (Fig. 5B, F, J, L㸧ࠋ 
�  
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� స〇ࡓࡋ୧࣐࢘࡞ࣟࢸ࣊ࠊࡣࢫ⣽⬊㞟ᅋ࡛ᵓᡂࡿࢀࡉ⬻ᐊᖏࠊ࡛࠿࡞ࡢศ໬㏵ୖ⣽

࡟⬟ྍ࡚ࡵึࢆ࡜ࡇࡿࡍほᐹࣈ࢖࡚ࣛࡗࡶࢆᙧែᥥ෗ᛶࡓࢀࡄࡍࠊࡃ࡞ࢀ₃ࢆࡳࡢ⬊

࠶࡟㐠࿨㑅ᢥࠊࡸ⣽⬊ືែࡢಶูࡢ࡛⛬Ⓨ⏕㐣ࡢ⬻኱ࠊࡣࢫᮏ࣐࡚࢘ࡗࡀࡓࡋࠋࡓࡋ

ࡽࡓࡶࡀࢫ୧࣐࢘ࠊࡓࡲࠋࡿ࠶࡛⏝᭷࡚ࡋ࡜࣮ࣝࢶࡿ࡭ㄪࢆᒚṔࡢ⣽⬊㛫᥋ゐࡿ࠿ࡎ

ࠊࡀ⣽⬊㞟ᅋ࠺࠸࡜ᐊᖏ⬻ࠊࡣᢕᥱࡢ㛫ศᕸ✵ࡢ⬊඲ศ໬㏵ୖ⣽ࡓࡋ࠿⏕ࢆᛶ⨶⥙ࡍ

㝈ࡢࢫ࣮࣌ࢫࡓࢀࡽ୰࡛࡞࠺ࡼࡢ࡝⣽⬊ΰᅾ࣭㞄᥋ࠊࡋ❧☜ࢆ࣮ࣝࣝࡢ⣽⬊⏕⏘ࡢሙ

ኚ໬ࡣࡓࡲᣢ⥔࠺࡝࡛⛬㐣ࡢங㢮㐍໬့ࡀᵝᏊࡢࡑ࡚ࡋࡑࠊ࠿ࡢࡿ࠸࡚ࡋ❧ᡂ࡚ࡋ࡜

ᮏ࣐࡟ࡽࡉࠋࡘᣢࢆព࿡ࡶ࡚ࡋ࡜┙ᇶ࠺ྜࡁྥ࡟Ꮫⓗၥ㢟≀⏕࣒ࢸࢫࢩ࠺࠸࡜࠿ࡓࡋ

ࡇࡿ࠶࡛⏝᭷ࡶ࡟ᣲືゎᯒࡢ⬊ศ໬㏵ୖ⣽ࡢ⯡⣔඲⤒⚄ࠊࡎࡽࡲ࡝࡜࡟⬻኱ࠊࡣࢫ࢘

⧊⤌࡜⣽⬊㐠࿨㑅ᢥࡿࡅ࠾࡟⏕⣔Ⓨ⤒⚄ࠊࡀぢ▱ࡿࢀࡽᚓ࡚࠸⏝ࢆࢫᮏ࣐࢘ࠊࡽ࠿࡜

ᙧᡂ࡟㛵ࡿࡍᬑ㐢ⓗࡢ࣮ࣝࣝ࡞⌮ゎࡀ࡜ࡇࡿࡀ࡞ࡘ࡟ᮇᚅࠋࡿࢀࡉ 
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