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➨➨➨➨1❶❶❶❶    ⥴ㄽ⥴ㄽ⥴ㄽ⥴ㄽ 

 

⚄⤒⣔䛾ṇᖖ䛺ᶵ⬟䛿䠈⚄⤒⣔䛾ศᏊⓗ䞉⣽⬊ⓗᇶ┙䜢ゎ᫂䛩䜛䛣䛸䛜㔜せ䛷䛒

䜛䚹䜎䛯䠈⬻䛿⣽⬊㛫䛷」㞧䛺䝛䝑䝖䝽䞊䜽䜢ᙧᡂ䛧䛶䛚䜚䠈⤌⧊ホ౯䛸ྜ䜟䛥䜛䛣䛸䛷

⑌ᝈ䜈䛾᪂䛯䛺἞⒪ἲ㛤Ⓨ䛻⧅䛢䜛䛣䛸䛜䛷䛝䜛䚹⑌ᝈ䛻䛿䚸䝙䝳䞊䝻䞁⏘⏕䞉๓䝙䝳

䞊䝻䞁㐟㉮䛾␗ᖖ䞉୙㐺ษ䛺䝅䝘䝥䝇ᙧᡂ䞉㧊㠧つไ୙඲䛺䛹⚄⤒⣔䛾Ⓨ⏕␗ᖖ䛛

䜙⏕䛨䜛ඛኳⓗ⑌ᝈ䛸䚸䝙䝳䞊䝻䞁䛾ᶵ⬟䛜⸆๣䜔䜴䜲䝹䝇䛺䛹እᅉⓗせᅉ䚸䜒䛧䛟䛿

䝩䝹䝰䞁䛺䛹䛾ෆᅉⓗせᅉ䛻䜘䛳䛶䝙䝳䞊䝻䞁䛾⏕⌮Ꮫⓗᶵ⬟䛜ኚ䜟䜛ᚋኳⓗ⑌ᝈ

䛜䛒䜛䚹 

⚄⤒⑌ᝈ䛷䛒䜛ㄆ▱⑕䛿䠈ᝈ⪅ᩘ䛜ቑຍ䛧䛴䛴䛒䜚䠈2015 ᖺ䛻䛿 250 ୓ே䠈2025

ᖺ䛻䛿 323୓ே䛾ᝈ⪅䛜ண 䛥䜜䛶䛔䜛 1)䚹ㄆ▱⑕䛾ቑຍせᅉ䛸䛧䛶䛿䠈㧗㱋໬ேཱྀ

䛾ቑຍ䛚䜘䜃⏕ά⩦័⑓䛜⪃䛘䜙䜜䜛䚹ㄆ▱⑕䛾⏕䛨䜛ཎᅉ䛻䛿2✀㢮䛒䜚䠈䠍䛴䛿䠈

⬻᱾ሰ䛺䛹䛾⬻⾑⟶ᛶㄆ▱⑕䠈䜒䛖୍䛴䛿⚄⤒䛜ⴎ⦰ኚᛶ䛧䛶䛔䛟ኚᛶᛶㄆ▱⑕䛷

䛒䜛䚹⬻᱾ሰ䛾⬻䜔䠈⚄⤒ኚᛶㄆ▱⑕䛾୍䛴䛷䛒䜛䝝䞁䝏䞁䝖䞁⑓䛾⬻䛷䛿䠈䜻䝜䝸䞁

㓟⃰ᗘ䛜ୖ᪼䛩䜛䛣䛸䛛䜙䚸䜻䝜䝸䞁㓟(QA)䛜ཎᅉ䛾୍䛴䛸䛩䜛ㄝ䛜⪃䛘䜙䜜䛶䛔䜛䚹 

⚄⤒⣽⬊(䝙䝳䞊䝻䞁)䛿䠈䝙䝳䞊䝻䞁䛸䜾䝸䜰䛷ᵓᡂ䛥䜜䜛䚹䝙䝳䞊䝻䞁䛿䠈ᶞ≧✺㉳䛺

䛹䛻䜘䜛᝟ሗ䛾ཷಙฎ⌮䛸䠈㍈⟇䛾⚄⤒ᮎ➃䛻䛚䛔䛶ಙྕ䛾Ⓨಙฎ⌮䜢⾜䛔䠈⚄⤒

⣽⬊ྠኈ䛷᝟ሗఏ㐩䜢⾜䛳䛶䛚䜚䠈᪉ྥᛶ䜢ᣢ䛳䛶䛔䜛䚹䜾䝸䜰䛿䠈⚄⤒⣔䛾ᨭᣢ⣽

⬊䛷䛒䜚䠈⚄⤒⣽⬊㛫䛾㛫㝸䜢ᇙ䜑䛶䛔䜛䛣䛸䛸䝙䝳䞊䝻䞁䛻ᰤ㣴ᅉᏊ䜢୚䛘䛶䛔䜛䚹 

䝙䝳䞊䝻䞁䛿䠈⚄⤒๓㥑య䛾ቑṪ䠈㐟㉮䠈ศ໬䛻䜘䛳䛶Ⓨ⏕䛩䜛䛸䛥䜜䠈㍈⟇✺㉳

䜢ఙ䜀䛧ඛ➃䛾ᡂ㛗෇㗹䛷௚䛾䝙䝳䞊䝻䞁䛸䝅䝘䝥䝇䜢ᙧᡂ䛩䜛䚹䝙䝳䞊䝻䞁㛫䛾᝟

ሗఏ㐩䛿୺䛻䝅䝘䝥䝇䜢௓䛧䛶⾜䜟䜜䛶䛔䜛䚹䝅䝘䝥䝇䛻䛿ఏ㐩≀㉁䜢䜾䝹䝍䝭䞁㓟

䛷⾜䛖⯆ዧᛶ䛸γ-䜰䝭䝜㓗㓟䛷⾜䛖ᢚไᛶ䛜䛒䜛 2)䚹ᚋ䝅䝘䝥䝇⚄⤒⣽⬊䛾⯆ዧᛶ䜢

┤᥋Ỵᐃ䛧䛶䛔䜛䛾䛿䜾䝹䝍䝭䞁㓟ཷᐜయ䛷䛒䜚䠈Table 1䛻♧䛩䜘䛖䛻」ᩘ✀Ꮡᅾ䛧䠈

ὶධ䜲䜸䞁䛜␗䛺䜛 3)䚹NMDA ཷᐜయ䛿่⃭䜢ཷ䛡䜛䛸 Na
+䠈K+䠈Ca2+䜢⣽⬊ෆ䛻ὶ

ධ䛥䛫䜛䚹NMDAཷᐜయ䛿䝦䝔䝻䝬䞊䛷䛒䜚䠈2䛴䛾NR1 䛸 2䛴䛾NR2䛛䜙䛺䛳䛶䛚

䜚䠈NR2䛻䛿 NR2A-D䛾 4䛴䛾✀㢮䛜Ꮡᅾ䛩䜛䚹NR1䛿୰ᯡ⚄⤒䠄䜾䝹䝍䝭䞁㓟่⃭

䝙䝳䞊䝻䞁䠅䛻୍ᵝ䛻Ⓨ⌧䛧䠈NR2A-B䛿኱⬻䛸ᾏ㤿䛻䠈NR2C䛿ᑠ⬻䛻䠈NR2D䛿⬻

ᖿ䛻Ꮡᅾ䛧䛶䛔䜛 4)䚹Ca2+䜢ὶධ䛩䜛䛣䛸䛜 NMDA ཷᐜయ䛾≉ᚩ䛷䛒䜚䠈㐣๫่⃭䛻

䜘䜚ከ㔞䛾⬺ศᴟ䜢㉳䛣䛧䠈⣽⬊Ṛ䜢㉳䛣䛧䛶䛔䛟䛣䛸䛜▱䜙䜜䛶䛔䜛䚹 

Table 1 NMDA receptor 

Neural transmitter substance Receptor Subunit Ion permeability 

Glutamic acid 

AMPA receptor GluR1-4 Na+,K+ 

Kinetic acid receptor GluR5-4,KA1.2 Na+,K+ 

NMDA receptor NR1,NR2A-D Na+,K+,Ca2+ 
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ᾏ㤿䛿䠈㛗ᮇグ᠈䜢ྖ䜛⬻⤌⧊䛷䛒䜛䚹䝅䝘䝥䝇䛾ᅇ㊰䛜༢⣧䛷䛒䜚䠈㟁Ẽ⏕⌮ⓗ

䛻䝅䝘䝥䝇䛾ྍ㏫ⓗኚ໬䛜ㄏᑟ䛧䜔䛩䛔䛣䛸䛛䜙䠈⬻䛾୰䛷䜒䜘䛟◊✲䛥䜜䜛㒊ศ䛷

䛒䜛䚹ᾏ㤿య䛿኱䛝䛟ศ䛡䛶ṑ≧ᅇ䠄DG䠅䞉CA1䞉CA2䞉CA3䛾4䛴䛾㒊ศ䛛䜙ᵓᡂ䛥䜜

䛶䛔䜛䚹ᾏ㤿䜈䛾᝟ሗఏ㐩䛿Ⴅෆ⓶㉁䛛䜙ཷ䛡䛯᝟ሗ䜢 DG 㢛⢏⣽⬊䞉CA3 㗹య⣽

⬊䞉CA1䠄CA2䠅㗹య⣽⬊䞉Ⴅෆ⓶㉁䜈䛸⯆ዧᛶ䛾䝅䝘䝥䝇䜢௓䛧䛶ఏ㐩䛥䜜䛶䛔䜛

(Fig.1)
3)䚹ᾏ㤿䛿䠈䝣䝸䞊䝷䝆䜹䝹ᾘཤ๣ཬ䜃ᢠ㓟໬㓝⣲䛜ᑡ䛺䛔䛣䛸䛛䜙䝎䝯䞊䝆䜢

ཷ䛡䜔䛩䛔⤌⧊䛷䛒䜛䚹QA 䛻ᑐ䛩䜛ᦆയ䛻䛚䛔䛶ᾏ㤿䛿᭱䜒ᦆയ䜢ཷ䛡䜛㒊ศ䛸䛥

䜜䛶䛔䜛 5)䚹 

 ᡂయ䝷䝑䝖ᾏ㤿䛷䛾 B23ሗ࿌䛿 CA3䛾㗹య⣽⬊䛷୺䛻᰾ᑠయ䛻 B23ᒁᅾ䛜⏕䛨䛶

䛔䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛 6)䚹䜎䛯䠈㌿෗ไᚚᅉᏊ䛾 TIF-IA䛾䝜䝑䜽䜰䜴䝖䝬䜴䝇䛻䛚䛔

䛶䠈⫾ඣ䛾ᇶᗏ᰾㝯㉳㒊ศ䛷 B23 䛜᰾ᑠయ䛛䜙᰾㉁䛻⛣⾜䛩䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔

䜛 7)䚹 

䜻䝜䝸䞁㓟䛿䠈Fig.2 䛻♧䛩䜘䛖䛺ᵓ㐀䜢ᣢ䛳䛶䛚䜚䠈 N-䝯䝏䝹-D-䜰䝇䝟䝷䜼䞁㓟(௨ᚋ

NMDA)䛸ఝ䛶䛔䜛ᵓ㐀䜢ᣢ䛳䛶䛔䜛䚹䛭䛾䛯䜑䠈NMDA ཷᐜయ䛾䜰䝂䝙䝇䝖䛸䛧䛶స

⏝䛩䜛 8)䚹䜻䝜䝸䞁㓟䛿⬻ෆ䛷䝖䝸䝥䝖䝣䜯䞁-NAD+ᅇ㊰䛾୰㛫⏘≀䛸䛧䛶ാ䛔䛶䛔䜛䛯

䜑䠈⬻ෆ䛻ᚲせ≀㉁䛷䛒䜛䛜䠈㐣๫䛾 QA 䛿⚄⤒ẘᛶ䜢♧䛧䠈QA 䛾⚄⤒㞀ᐖ䛿䝣䝸

䞊䝷䝆䜹䝹䛾ቑຍ䛸⬡㉁㓟໬䛻䜘䜛䜒䛾䠈䛒䜛䛔䛿Na
+ὶධ䛻䜘䜛ᾐ㏱ᅽኚ໬䛻䜘䜛⣽

⬊◚⿣䛸䛥䜜䛶䛔䜛 9-11)䚹QA 䛿䝝䞁䝏䞁䝖䞁⑓ 12)䠈⹫⾑䠈ච␿୙඲䛻䛚䛔䛶⬻ෆ䛷㧗

⃰ᗘ䛻᳨ฟ䛥䜜䜛䛣䛸䛜▱䜙䜜䛶䛔䜛䚹⬻ෆ䛾QA䛿䜾䝸䜰⣽⬊䛛䜙㧗⃰ᗘ䛾QAྜᡂ

䛸ᨺฟ䛜䛥䜜䜛䛸ሗ࿌䛥䜜䛶䛔䜛 13)䚹౛䛘䜀䝝䞁䝏䞁䝖䞁⑓䛾 QAୖ᪼䛿 Fig.3䛻♧䛩

ὶ䜜䛷㉳䛝䛶䛔䜛䛸ሗ࿌䛥䜜䛶䛔䜛䚹 

 HA-1077 䠄Fasudil䠅䛿䠈⬻᱾ሰ(⬻⹫⾑)䛻䛚䛡䜛⮫ᗋヨ⸆䛸䛧䛶⾑ᾮෆ䛻ᢞ୚䛥䜜

䜛⸆๣䛷䛒䜛䚹⾑⟶ෆ⓶⣽⬊䛻 Rho 䜻䝘䞊䝊㜼ᐖ๣䛸䛧䛶ാ䛝䠈➽཰⦰స⏝䜢㉳䛣

䛩䛣䛸䛷䠈⬻ෆ䛾ᚤᑠ⾑⟶䛾⾑ὶᨵၿ䛻ຠᯝ䛜ㄆ䜑䜙䜜䛶䛔䜛 14)䚹䛧䛛䛧䠈⾑ᾮෆᢞ

୚䛿⬻䛻⸆≀䛜฿㐩䛩䜛䛻䛒䛯䜚䠈⾑ᾮ䠉⬻㛵㛛➼䛜䛒䜛䛯䜑⬻ෆ䛻ศᕸ䛧䛻䛟䛔䛯

䜑䠈⏕యෆ䛾⚄⤒⣽⬊䛷䛿䝯䜹䝙䝈䝮䛜᫂䜙䛛䛸䛺䛳䛶䛔䛺䛔䚹PC-12 ⣽⬊䛾⚄⤒ศ

໬ㄏᑟ䜔㍈⣴ᙧᡂ䛺䛹䛻䜒ാ䛝䠈Rho 䜻䝘䞊䝊䜢䛿䛨䜑䛸䛧䛶䠈Protein kinase 䛾㜼ᐖ

๣䛸䛧䛶䛾స⏝䜢᭷䛧䛶䛔䜛 15)
 (Table2) 䚹 

  

Table 2 Ki values of HA-1077 for Ser/Thr protein kinase
16)
 

Protein kinase Rho kinase PKA PKC MLCK 

HA-1077 (µM) 0.33 1 9.3 55 

  

┿᰾⣽⬊䛾᰾䛿䠈᰾⭷䠈᰾㉁䠈᰾ᑠయ䛾኱䛝䛟 3 䛴䛾㒊ศ䛛䜙䛺䛳䛶䛔䜛䚹ศ⿣ᮇ

䛾⣽⬊䜢ぢ䜛䛸䠈᰾୰䛻ᑠ䛥䛺⢏≧䛾䜒䛾䛒䜚䠈䛣䜜䛜᰾ᑠయ䛷䛒䜛䚹᰾ᑠయ䛿䠈⭷䛷

ᅖ䜎䜜䛶䛚䜙䛪᰾ෆ䛷ㄆ䜑䜙䜜䜛᭱䜒᫂☜䛺ᵓ㐀య䛷䛒䜛䚹᰾ᑠయ䛾ᩘ䜔኱䛝䛥䛿⏕
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≀䜔⣽⬊䛻䜘䛳䛶䜒㐪䛔䠈䜎䛯ྠ⣽⬊䛷䜒⣽⬊࿘ᮇ䛻䜘䛳䛶䜒␗䛺䜛䚹᰾ᑠయ䜢㟁Ꮚ

㢧ᚤ㙾䛷ほᐹ䛩䜛䛸ከ䛟䛾ᚤ⣽ᵓ㐀䛜ぢ䛘䜛䚹᰾ᑠయ䛿୺䛻᰾䛻ᩓᅾ䠈࿘㎶䛾୍㒊

ศ䛻㞟䜎䛳䛶䛔䜛㢛⢏≧ᡂศ䠈᰾ᑠయ඲య䛻ᗈ䛜䜛⧄⥔≧ᡂศ䜔ᰁⰍయᡂศ䛜䛒䜛䚹

䛣䛾⧄⥔≧䛸㢛⢏≧ᡂศ䛿 RNA䛸䝸䝪᰾㓟䝍䞁䝟䜽㉁䛛䜙䛺䜛䚹᰾ᑠయ䛾࿘㎶㒊䛻䛿

จ㞟䜽䝻䝬䝏䞁䛜௜㝶䛧䛶䛚䜚䠈rRNA 䜢ྵ䜣䛰䜽䝻䝬䝏䞁䛜᰾ᑠయᵓ㐀䛾୰䜈౵ධ

䛧䛯ᙧ䛻䛺䛳䛶䛔䜛䚹᰾ᑠయ䛿䝸䝪䝋䞊䝮䛾ྜᡂ䠈⵳✚䛥䜜䜛ሙ䛷䛒䜛䚹᰾ᑠయ୰䛷

rDNA䛛䜙 rRNA䛻㌿෗䛥䜜䠈䝸䝪䝋䞊䝮ᵓᡂ䝍䞁䝟䜽㉁䜔᰾ᑠయ䝍䞁䝟䜽㉁䛜」ྜⓗ

䛻㛵୚䛧䛶䛔䜛䛸䛥䜜䜛 17)䚹 

 ᰾ᑠయ䝍䞁䝟䜽㉁ B23 䛿䠈1973ᖺ,Orrick 䜙䛿䚸Novikoff⭡Ỉ䛜䜣⣽⬊䜔䝷䝑䝖⫢⣽

⬊䛛䜙᰾ᑠయ䜢༢㞳䛧䛶᰾ᑠయ䝍䞁䝟䜽䜢ᢳฟ䛧䚸2ḟඖ䝫䝸䜰䜽䝸䝹䜰䝭䝗䝀䝹㟁ẼὋ

ື䜢⾜䛔䠈䝍䞁䝟䜽䛾䝇䝫䝑䝖䜢ศᏊ㔞䛾ᑠ䛥䛔㡰䛻A,B,C䛾 3䛴䛾㡿ᇦ䛻ศ䛡䚸㡰䛻

␒ ྕ 䜢 ௜ 䛡 䠈 ẚ ㍑ ⓗ ከ 䛟 Ꮡ ᅾ 䛧 㖟 䛷 ᰁ Ⰽ 䛥 䜜 䜛 2 ✀ 㢮 䛾 䝍 䞁 䝟 䜽 䜢 B23 

(nucleophosmin, NPM, numatrin, NO38)䛸 C23 (nucleolin)䛸䛧䛯 18)䚹B23 䛿 B 㡿ᇦ䛾

23 ␒┠䛾䝇䝫䝑䝖䛸䛧䛶Ⓨぢ䛥䜜䚸⌧ᅾ䜎䛷䛻䝷䝑䝖䚸䝬䜴䝇䚸䝠䝖䚸䝙䝽䝖䝸䚸䜰䝣䝸䜹䝒䝯

䜺䜶䝹䛷 B23 䛾୍ḟᵓ㐀䛜ሗ࿌䛥䜜䛶䛔䜛 19-23)䚹䝠䝖䚸䝷䝑䝖䚸䝬䜴䝇䛷䛿ᑡ䛺䛟䛸䜒 2

✀㢮௨ୖ䛾䜲䝋ᆺ䛜Ꮡᅾ䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛶䛚䜚䚸B23.1 䛸 B23.2 䛸䛥䜜䛶䛔䜛 24)䚹

B23 䛾୍ḟᵓ㐀䛾≉ᚩ䛿䚸ศᏊ୰ኸ㒊䛾 120䡚132䚸158䡚187 ṧᇶ䛻䜾䝹䝍䝭䞁㓟䛸

䜰䝇䝟䝷䜼䞁㓟䛛䜙䛺䜛㓟ᛶ䝗䝯䜲䞁䛜Ꮡᅾ䛧䚸䛣䛾䜘䛖䛺㓟ᛶ䝗䝯䜲䞁䛿C23䛻䜒ぢฟ䛥

䜜䛶䛔䜛䚹䛣䛾㓟ᛶ䝗䝯䜲䞁୰䛾 Ser125䛜 Casein kinaseII (CKII)䛻䜘䛳䛶䝸䞁㓟໬䜢ཷ

䛡䚸䛭䛾Cᮎ➃ഃ䛻 cdc2 kinase䛻䜘䛳䛶䝸䞁㓟໬䜢ཷ䛡䜛㒊ศ䛜 3䛛ᡤሗ࿌䛥䜜䛶䛔

䜛 25-27)䚹䜎䛯䚸Thr198䛜 cdk2/cyclinE䛻䜘䛳䛶䝸䞁㓟໬䜢ཷ䛡䜛䛣䛸䛜ศ䛛䛳䛶䛔䜛 28)䚹

᰾ᑠయ䛿᰾ෆ䛻Ꮡᅾ䛩䜛䛯䜑䚸᰾ᑠయ䝍䞁䝟䜽䛿⣽⬊㉁䛷ྜᡂ䛥䜜䛯ᚋ䚸᰾ෆ䜈⛣

⾜䛩䜛䝅䜾䝘䝹㓄ิ䛜ᚲせ䛸䛺䜚䠈B23䛿䠈㓟ᛶ䝗䝯䜲䞁䛻㞄᥋䛩䜛 2䛴䛾᰾ᒁᅾ㓄ิ 

(NLS)䛜Ꮡᅾ䛩䜛 29)䚹B23䛿䚸᰾䛸⣽⬊㉁䜢 ᚟䛩䜛䝅䝱䝖䝹䝍䞁䝟䜽㉁䛷䜒䛒䜚䚸᰾⭷

䛻䛒䜛 PKC䛾ᇶ㉁䛸䛺䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛶䛔䜛 30)䚹 B23䛾⣽⬊ෆᒁᅾ䛿䚸᰾ᑠయ

୰䛾㢛⢏≧㡿ᇦ䛻Ꮡᅾ䛩䜛䛸⪃䛘䜙䜜䛶䛔䛯䛜 31)䚸Binniogera 䜙䛜 B23 䛿⃰⧄⥔≧

㡿ᇦ䛻䜒Ꮡᅾ䛩䜛䛣䛸䜢♧䛧䚸䝥䝻䝉䝅䞁䜾䜈䛾㛵୚䛾ྍ⬟ᛶ䛜♧၀䛥䜜䛯 32)䚹䜎䛯䠈

B23 䛿⣽⬊࿘ᮇ S ᮇ䛻᰾ᑠయ䛛䜙᰾㉁䛻ᒁᅾ䛩䜛䛣䛸䜔䠈RNA ྜᡂ㜼ᐖ๣䛷䛒䜛䜰

䜽䝏䝜䝬䜲䝅䞁 D 䛷ฎ⌮䛻䜘䜚䠈B23 䛜᰾ᑠయ䛛䜙᰾㉁䛻⛣⾜䛩䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔

䜛䛣䛸䛛䜙䚸B23 䛾᰾ᑠయᒁᅾ䛜 rRNA 䛾Ꮡᅾ䛻㛵୚䛧䛶䛔䜛䛣䛸䛜♧၀䛥䜜䛯 33,34)䚹

䝷䝑䝖䛾 B23.1 䛿᰾ᑠయ䛻䠈B23.2 䛿⣽⬊㦵᱁䛻Ꮡᅾ䛩䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛 35)䚹

B23.1 䛾᰾ෆᒁᅾ䛻䛿 C ᮎ➃䛾 286 ␒┠䛸 288 ␒┠䛾୧᪉䛾䝖䝸䝥䝖䝣䜯䞁䛜᰾ᑠయ

ᒁᅾ䛻㔜せ䛷䛒䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛶䛔䜛 36)䚹 

B23 䛿⭘⒆⣽⬊䜔ቑṪᮇ䛾⣽⬊䛻ከ䛟Ⓨ⌧䛧䛶䛔䜛䚹䝠䝖ᛴᛶ๓㦵㧊ⓑ⾑⑓⣽⬊

HL-60䛻䛚䛔䛶䚸B23䛾Ⓨ⌧䜢ᢚไ䛧䛯⭘⒆⣽⬊䛷䛿䜰䝫䝖䞊䝅䝇ㄏᑟ๣䛾ᙳ㡪䜢ཷ

䛡䜔䛩䛟䛺䜚䚸B23䜢㐣๫Ⓨ⌧䛥䛫䜛䛸䜰䝫䝖䞊䝅䝇䜈䛾᢬ᢠᛶ䛜㧗䜎䜛䛸䛔䛖ሗ࿌䛜䛒
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䜛 37)䚹䜎䛯䠈䝬䜴䝇⓶⭵ୖ⓶⣽⬊䛻䛚䛔䛶䛿䚸B23 䛾㐣๫Ⓨ⌧䛿 p53 䛾ᒁᅾ䜢ኚ໬䛥

䛫䚸䜰䝫䝖䞊䝅䝇䜢㜼ᐖ䛩䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛 38)䚹 

㠀ቑṪ⣽⬊䛷䛾ሗ࿌䜒䛺䛥䜜䛶䛚䜚䠈䝷䝑䝖๪⭈㧊㉁⏤᮶〓Ⰽ⣽⬊⭘ PC䠉12 䛻䛚

䛔䛶䠈B23 䛸 ATP䛜⤖ྜ䛩䜛䛣䛸䛜 B23䛾ᒁᅾ䜢⥔ᣢ䛧䠈Caspase3䛻䜘䜛 B23ศゎ䜢

ᢚไ䛩䜛䛣䛸 39)䠈B23 䛸 CAD䛾┦஫స⏝䛻䜘䜚䜰䝫䝖䞊䝅䝇㜼ᐖ䜔䠈PI(3,4,5)P3䛸 B23

䛾 lysine263 䛸≉␗ⓗ⤖ྜ䛷 DNA ᩿∦໬ᢚไ䜢䛧䛶䛔䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛 40)䚹䜘

䛳䛶䚸B23 䛿⣽⬊ቑṪ䛰䛡䛷䛿䛺䛟䚸䜰䝫䝖䞊䝅䝇䛾䜘䛖䛺⣽⬊䛾⏕Ṛ䛻㛵䜟䜛㔜せ䛺

ാ䛝䜢ᣢ䛴䝍䞁䝟䜽㉁䛷䛒䜛䛸⪃䛘䜙䜜䛶䛔䜛 2)
 䚹 
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➨➨➨➨2❶❶❶❶    ᐇ㦂ᮦᩱᐇ㦂ᮦᩱᐇ㦂ᮦᩱᐇ㦂ᮦᩱ䛸䛸䛸䛸᪉ἲ᪉ἲ᪉ἲ᪉ἲ 

 

➨1⠇ In vitro䛻䛚䛡䜛 B23 ⏕⌮ᶵ⬟ 

䝬䜴䝇⚄⤒ⱆ⣽⬊⭘䠄NB2a䠅䛸䝷䝑䝖๪⭈㧊㉁⏤᮶〓Ⰽ⣽⬊⭘䠄PC12䠅䛾ศ໬ㄏᑟ

䛻䜘䜛 B23 䛸 B23/Thr
198䛾ᒁᅾ䠈NMDA ่⃭ฎ⌮䛻䜘䜛 PC-12 䛾⣽⬊Ṛㄏᑟ䛸 B23

䛾ᶵ⬟䛻䛴䛔䛶᳨ウ䛧䛯䚹 

 

➨1㡯 ヨ⸆ཬ䜃⣽⬊ 

NB2a 䠄Riken Cell Bank䠅䠈䝞䞁䝞䞁䜹䞊䠄᪥ᮏ䝆䜵䝛䝔䜱䜽䝇䠅䠈palmytcylcarnitin 

䠄SIGMA䠅䠈HA-1077 䠄᪫໬ᡂ䝣䜯䞊䝬䠅䠈MEM 䠄䝙䝑䝇䜲䠅䠈CO2 incubator 

䠄SANYO䠅䠈Anti-B23 polyclornal antibody 䠄ᙜ◊✲ᐊస〇䠅䠈Anti-B23/Thr199 

polyclornal antibody 䠄abcam䠅䠈䝥䝻䝔䜲䞁䜰䝑䝉䜲䠄BIO-RAD䠅䠈Anti-rabbit IgG 

antibody 䠄peroxidase-conjugated䠈ICN䠅䠈FITC䠄Invitrogen䠅䠈TRITC䠄SIGMA䠅䠈ECL 

䠄GE Healthcare Bioscience䠅䠈X ⥺䝣䜱䝹䝮 䠄CL-XPosure Film, Thermo䠅䠈PC-12 

䠄Riken Cell Bank䠅䠈mRNA Neuro Growth Factor 䠄Promega䠅䠈FBS 䠄Biowest䠅䠈 

Tripsin-EDTA 䠄GIBCO䠅䠈Low-Glucose DMEM 䠄SIGMA䠅䠈DeadEndTM Fluorometric 

TUNEL System 䠄Promega䠅䠈NMDA 䠄SIGMA䠅䠈Cell Counting Kit-8® 䠄DoJinDo䠅䠈

Oligo-DNA 䠄Rodent-B23-sense䠖 5’-TCCATCGAGTCTTCCATGAG-3’䠈

Rodent-B23-antisense䠖5’-CTCATGGAAGACTCTCGATGGA-3’䠈RIKAKEN䠅䠈䜴䝬

⾑Ύ 䠄Biowest䠅䠈Lipofectamine 䠄Invitirogen䠅 

 

䛭䛾௚䛾ヨ⸆䛿䠈ᅜෆእヨ⸆䛾≉⣭䠄୍⣭䠅䜢⏝䛔䛯䚹 

 

➨2㡯 ⣽⬊ಖᏑ➼ 

1) NB2a ⣽⬊䛾ಖᏑ䛸ᇵ㣴 

NB2a 䛿 10% FBS ྵ᭷ MEM 䜢౑⏝䛧䛶䠈CO2䜲䞁䜻䝳䝧䞊䝍䞊䠄5% CO2䠈37℃䠅

䛷ᇵ㣴䛧䛯䚹 

⣽⬊ಖᏑ䛿䠈⣽⬊䜢㐲ᚰศ㞳 䠄190×g䠈5min䠈4℃䠅䛧䠈ୖΎ䜢㝖ཤ䛧䛯ᚋ䠈ỿẊ䛻

1 mL䝞䞁䝞䞁䜹䞊䜢ຍ䛘ᠱ⃮䠈䝉䝷䝮䝏䝳䞊䝤䛻䛶-80℃㉸ప ᒙ䛻䛶ಖᏑ䛧䛯䚹 

⣽⬊䜢㉳䛣䛩㝿䛿䠈䝉䝷䝮䝏䝳䞊䝤䜢 37℃䛾ᜏ ᵴ䛷⣙ 80䠂ゎ෾䛧䠈ᠱ⃮ᾮ䜢 9 

mL medium 䛻ΰྜ䚹ΰྜᾮ䜢㐲ᚰศ㞳 䠄190×g䠈5min䠈4℃䠅䛧䠈ୖΎ䜢㝖ཤ䛧䛯䚹ỿ

Ẋ䛻 10 mL medium 䜢ຍ䛘ᠱ⃮ᚋ䠈100 mm dish 䛻䛶ᇵ㣴䛧䛯䚹 

⥅௦᧯స䛿䠈⣽⬊䛜䝉䝭䝁䞁䝣䝹䜶䞁䝇≧ែ䛻⾜䛳䛯䚹⣽⬊䜢㐲ᚰศ㞳 䠄190×g䠈

5min䠈4℃䠅䛧䠈ୖΎ䜢㝖ཤᚋ䠈ỿẊ䜢medium䛻䛶ᠱ⃮ 䠄8×䠅䛧䠈100 mm dish䛷ᇵ㣴

䛧䛯䚹ᇵ㣴᮲௳䛿 5% CO2䠈37℃䛷䠈3 ᪥䛻 1 ᗘ⥅௦䜢⾜䛳䛯䚹 
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2) PC-12 ⣽⬊䛾ಖᏑ䛸ᇵ㣴 

PC-12䛿 10䠂 FBS+10䠂 HSྵ᭷ Low-glucose DMEM䜢⏝䛔䛶䠈CO2䜲䞁䜻䝳䝧

䞊䝍䞊䠄5%CO2䠈37℃䠅䛷ᇵ㣴䛧䛯䚹 

⣽⬊ಖᏑ䛸⣽⬊䜢㉳䛣䛩㝿䛿䠈➨ 2❶ ➨ 1⠇ ➨ 2㡯 1䠅䛸ྠᵝ䛾᪉ἲ䛷⾜䛳䛯䚹

⥅௦䛿䠈⣽⬊䛜䝉䝭䝁䞁䝣䝹䜶䞁䝇䛾≧ែ䛾䛸䛝䛻⾜䛳䛯䚹⣽⬊䛿ቨ╔ᛶ䛾⣽⬊䜢ୖ

Ύ㝖ཤ䛧䠈0.05% Trypsin-EDTA䛻䜘䜚๤䛜䛧䛯䚹Trypsin-EDTA䛸ྠ㔞䛾medium䜢ຍ

䛘䠈㐲ᚰศ㞳䠄190×g䠈5min䠈4℃䠅䛧䛯䚹ỿẊ䛻 medium 䠄3×䠅䛷ຍ䛘䠈100 mm dish 䛷

CO2䜲䞁䜻䝳䝧䞊䝍䞊䠄5%CO2䠈37℃䠅䛻䛶ᇵ㣴䛧䛯䚹⥅௦㢖ᗘ䛿 3᪥䛻 1ᗘ⥅௦䜢⾜

䛳䛯䚹 

 

➨ 3 㡯 ⚄⤒ศ໬ㄏᑟ䛸ᙧែほᐹ 

1䠅NB2a 䛻䛚䛡䜛 Palmytocylcarnitine ⚄⤒ศ໬ㄏᑟ 

 

1-1䠅 Palmytocylcarnitin-BSA ⁐ᾮ䠄PC-BSA䠅䛾ㄪᩚ 

⚄⤒ㄏᑟヨ⸆䛾 PC 䛿䜴䝅⾑Ύ䜰䝹䝤䝭䞁䠄BSA䠅䛸⤖ྜ䛥䛫䛶౑⏝䛧䛯䚹ㄪᩚ᪉ἲ

䛿 HEPES buffer Ringer’s solution 䠄Table3䠅䛻 0.5 mM BSA 䜢ຍ䛘䠈45℃䛻䛶᏶඲䛻

⁐ゎ䛥䛫䛯䚹୍᪉䠈50% EtOH䛻 1 mM PC䛸䛺䜛䜘䛖䛻⁐ゎ䛧䛯䚹BSA⁐ᾮ䛸 PC⁐ᾮ

䜢 45℃୰䛻䛶 5 min䛛䛡䛶ΰྜ䛧䠈ㄏᑟ⃰ᗘ䛾 10 ಸ䛾 PC-BSA 䠄10×䠅䜢సᡂ䛧䛯䚹

䛣䜜䜢 1 mL䛪䛴ศὀ䛧䛶䠈-20℃䛷ಖᏑ䛧䛯䚹 

 

1-2䠅PC-BSA ฎ⌮ 䠄24 hr䠅䛻䛚䛡䜛 NB2a 䛾ᙧែほᐹ 

NB2a䛾⚄⤒ศ໬ㄏᑟ䛿䜹䝞䞊䜺䝷䝇ୖ䛷⾜䛳䛯䚹䜹䝞䞊䜺䝷䝇䛿䝁䞊䝔䜱䞁䜾䜢ྲྀ

䜚㝖䛟䛯䜑䠈⃰◲㓟䛻 3 ᪥䛴䛡䛯ᚋ䠈⁛⳦Ỉ䛷Ὑί䛧䛯䜒䛾䜢౑⏝䛧䛯䚹 

䜎䛪䠈NB2a 䜢ᅇ཰䛧䠈5% FCS MEM 䛻䛶ᠱ⃮ᚋ䠈2.5×104 cell/mL 䛻ㄪᩚ䛧䛯䚹

PC-BSA 䠄10×䠅䜢 100 µM 䛻䛺䜛䜘䛖䛻ຍ䛘䠈䜹䝞䞊䜺䝷䝇 1 ᯛ䛻䛴䛝 100 µL䛾๭ྜ

䛷᧛✀䛧 24hr CO2䜲䞁䜻䝳䝧䞊䝍䞊䠄5% CO2䠈37℃䠅䛷ᇵ㣴䛧䛯䚹䛭䛾ᚋ䠈ගᏛ㢧ᚤ

㙾䛷ほᐹ䛧䛯䚹 

 

2䠅 NB2a 䛻䛚䛡䜛 HA-1077 ⚄⤒ศ໬ㄏᑟ 

Rho-䜻䝘䞊䝊㜼ᐖ๣䛷䛒䜛 HA-1077 䜢⏕⌮㣗ሷỈ䛷 1 mM 䛻ㄪᩚ䛧䛶౑⏝䛧䛯䚹 

NB2a䛾⚄⤒ศ໬ㄏᑟ䛿➨ 2❶ ➨ 1⠇ ➨ 3㡯 1-2䠅䛸ྠᵝ䛻䜹䝞䞊䜺䝷䝇ୖ䛻⣽

⬊䜢᧛䛔䛯䚹䛭䛾ᚋ䠈30 µM 䛸䛺䜛䜘䛖䛻 HA-1077 䜢ຍ䛘䠈24hr CO2䜲䞁䜻䝳䝧䞊䝍䞊

䠄5%CO2䠈37℃䠅䛷ᇵ㣴䛧䛯䚹䛭䛾ᚋ䠈ගᏛ㢧ᚤ㙾䛷ほᐹ䛧䛯䚹 

 

3) mNGF ฎ⌮ 䠄24hr䠅䛻䛚䛡䜛 PC-12 䛾ᙧែほᐹ 
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3-1䠅 mNGF 䛾ㄪᩚ 

 mNGF 䠄෾⤖஝⇱䠅䜢⁛⳦Ỉ䛻䛶䠈1 mg/mL 䛾⃰ᗘ䛻䛧䛶-80℃䛻෾⤖ಖᏑ䚹౑⏝

᫬䛻䛿 1 mg/mL mNGF䜢 10% FBS+10% HS Low-glucose DMEM䛷 100ಸᕼ㔘䛧䛯

mNGF 䠄100×䠅䜢స〇䛧䛯䚹 

 

3-2䠅 PC-12 䛻䛚䛡䜛 mNGF ⚄⤒ศ໬ㄏᑟ䛸ᙧែほᐹ 

PC-12䛾ศ໬ㄏᑟ䛿➨ 2❶ ➨ 1⠇ ➨ 3㡯 1-2䠅䛸ྠᵝ䛻䜹䝞䞊䜺䝷䝇ୖ䛷⾜䛳䛯䚹

PC-12 䜢 Trypsin-EDTA 䛷๤䛜䛧䠈ྠ㔞䛾 10% FBS+10% HS Low-glucose DMEM 䜢

ຍ䛘㐲ᚰศ㞳 䠄190×g䠈5min䠅䜢⾜䛳䛯䚹ୖΎ䜢㝖䛝䠈10×104 cell/mL 䛸䛺䜛䜘䛖 10% 

FBS+10% HS Low-glucose DMEM 䜢ຍ䛘ᠱ⃮䛧䛯䚹mNGF 䠄100×䠅䜢 100 ng/mL䛻

䛺䜛䜘䛖䛻ῧຍ䛧䛯䚹䜹䝞䞊䜺䝷䝇 1ᯛ䛻䛴䛝 100 µL䛾๭ྜ䛷᧛✀䛧䛶䠈48hr CO2䜲䞁

䜻䝳䝧䞊䝍䞊䠄5%CO2䠈37℃䠅䛷ᇵ㣴䛧䛯䚹䛭䛾ᚋ䠈ගᏛ㢧ᚤ㙾䛷ほᐹ䛧䛯䚹 

 

 

➨ 4 㡯 ቑṪᢚไヨ㦂 

NB2a 䜢 96 well plate 䛻 5,000 cell/well 䛷᧛䛝䠈䛥䜙䛻 100 µM PC 䛻䛺䜛䜘䛖䛻ຍ䛘

䛯䚹24 ᫬㛫䜎䛯䛿 48 ᫬㛫 CO2 䜲䞁䜻䝳䝧䞊䝍䞊䠄5%CO2䠈37℃䠅䛷ᇵ㣴ᚋ䠈Cell 

Counting kit-8
®䜢ῧຍ䠈3 ᫬㛫ᚋ䛾྾ගᗘ䠄450 nm䠅䜢 ᐃ䛧䛯䚹 

 

➨ 5 㡯 ⣽⬊ᰁⰍ 

1䠅 NB2a ⚄⤒ศ໬䠄PC-BSA䠅䛻䛚䛡䜛 B23 䛸 B23/Thr198 䛾ᒁᅾ 

➨ 2 ❶ ➨ 1 ⠇ ➨ 1 㡯 1-2䠅䛾 sample 䜢 PBS 䛷ᕼ㔘䛧䛯 4% 䝟䝷䝩䝹䝮䜰䝹䝕䝠

䝗䜢䛾䛫䛶 4℃䛷୍ᬌᅛᐃ䛧䛯䚹䛭䛾ᚋ䠈PBS 䛻䛶Ὑί䛧䠈0.1% TritonX-100 䜢ῧຍ䠈

ᐊ  䠄RT䠅䛷 10min㏱ᚭฎ⌮䜢᪋䛧䛯䚹PBS䛷Ὑί䛧䠈10% ∵⾑Ύ/PBS 䠄CS䠅䜢RT

䛷1hr䠈Blocking䜢⾜䛳䛯䚹CS䜢ᣔ䛝ྲྀ䜚䠈Anti-B23 polyclonal antibody䜢䠄PBS䠈500×䠅

䜢஌䛫䛶䠈RT䛷 1hr཯ᛂ䛥䛫䛯䚹PBS䛷 15 min䜢Ὑί䜢 3ᅇ䛷⧞䜚㏉䛧⾜䛳䛯䚹⥆䛔

䛶䠈Anti-rabbit IgG antibody 䠄FITC䠅䜢஌䛫䛶䠈45min䠈RT 䛷཯ᛂ䛥䛫䛯䚹PBS 䛷

15minὙί䜢 4ᅇ⧞䜚㏉䛧䛶䠈䝬䜴䞁䝖๣ 䠄Gold antifade reagent䠈Invitrogen䠅䛷ᑒධ䛧

䛯䚹䛭䛾ᚋ䠈ほᐹ䛿⺯ග㢧ᚤ㙾䜢⏝䛔䛯䚹䛯䛰䛧䠈B23/Thr198 䛻䛿 PBS 䛾௦䜟䜚䛻

TBS 䜢౑⏝䛧䛯䚹 

 

2䠅 NB2a ⚄⤒ศ໬ 䠄HA-1077䠅䛻䛚䛡䜛 B23 䛸 B23/Thr198 䛾ᒁᅾ 

➨ 2 ❶ ➨ 1 ⠇ ➨ 1 㡯 2-2䠅䛾 sample 䜢➨ 2 ❶ ➨ 1 ⠇ ➨ 5 㡯 1䠅䛸ྠᵝ䛾᪉ἲ

䛷ᰁⰍ䛧䛯䚹 
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3䠅 PC-12 ⚄⤒ศ໬ 䠄mNGF䠅 䛻䛚䛡䜛 B23 䛸 B23/Thr198 䛾ᒁᅾ 

➨ 2 ❶ ➨ 1 ⠇ ➨ 1 㡯 3-2䠅䛾 sample 䜢➨ 2 ❶ ➨ 1 ⠇ ➨ 5 㡯 1䠅䛸ྠᵝ䛾᪉ἲ

䛷ᰁⰍ䛧䛯䚹 

 

➨ 6 㡯 Western Blotting 

Western Blotting䛿㟁ẼὋື䛻䜘䜚ศᏊ㔞ู䛻ศ㞳䛧䛯䝍䞁䝟䜽䜢䝯䞁䝤䝺䞁䛻㌿෗

䛧䠈┠ⓗ䛸䛩䜛䝍䞁䝟䜽䛾ᢠయ䜢⏝䛔䛶┠ⓗ䝍䞁䝟䜽䛾᳨ฟ䜢⾜䛖᪉ἲ䛷䛒䜛䚹 

1䠅 䝍䞁䝟䜽⁐ᾮ䛾సᡂ 

NB2a䜢 5.0×10
4
 cell/mL䛸䛺䜛䜘䛖䛻 5%FBS MEM䛷ㄪᩚ䛧䠈35 mm dish䛻 800 µL

᧛✀䛧䛯䚹200 µL 䛾 PC-BSA䠄10×䠅䜢ຍ䛘䠈CO2 䜲䞁䜻䝳䝧䞊䝍䞊䠄5%CO2䠈37℃䠅䛷

72hr ᇵ㣴䛧䛯䚹 

䛭䛾ᚋ䠈ୖΎ䜢㝖䛝 PBS 䜢 2 mL ຍ䛘䛯䚹ྠᵝ䛾᧯స䜢 3 ᅇ⧞䜚㏉䛧Ὑί䛧䛯ᚋ䠈

ᾮయ❅⣲䛻䛶෾⤖䛧-80℃ಖᏑ䛧䛯䚹 

dish 䛒䛯䜚 50 µL Ripa buffer 䠄Table 3䠅䜢ຍ䛘䠈䝉䝹䝇䜽䝺䞊䝟䞊䛷ᅇ཰䛧䛯䚹ᚓ䜙

䜜䛯ヨᩱ䜢ịୖ䛷㉸㡢Ἴฎ⌮䛻䜘䜚⣽⬊䜢◚○䛧䛶ᢳฟ⁐ᾮ䛸䛧䛯䚹 

 

2䠅 䝍䞁䝟䜽ᐃ㔞 

ヨᩱ䛾䝍䞁䝟䜽⃰ᗘ䛿 Bradford ἲ䛻䜘䜚 ᐃ䛧䛯䚹Bradford ἲ䛿䠈䝍䞁䝟䜽䛜

Coomassie Brilliant Blue G-250 䛸⤖ྜ䛩䜛䛣䛸䛷䠈᭱኱྾ගᗘ 465-595 nm 䛻⛣ື䛩

䜛䛣䛸䜢ᛂ⏝䛧䛯ᐃ㔞ἲ䛷䛒䜛䚹 

 

3䠅 䝍䞁䝟䜽⃰ᗘ ᐃ 

BSA䜢ᶆ‽䝍䞁䝟䜽㉁䛸䛧䛶䠈⵨␃Ỉ䛷0, 0.1, 0.25, 0.5, 1.0 mg/mL䛾⃰ᗘ䛻ㄪᩚ䛧

䛶ᶆ‽⁐ᾮ䜢సᡂ䛧䛯䚹ヨᩱ䛿྾ගᗘ䛜 1.0 䜢㉸䛘䛺䛔䜎䛷⵨␃Ỉ䛷ᕼ㔘䛧䛶ᐃ㔞

䛻⏝䛔䛯䚹ᕼ㔘䛧䛯ヨᩱ䛸ྛ⃰ᗘ䛾ᶆ‽⁐ᾮ䜢 5 µL䛪䛴 96 well plate 䛻ධ䜜䠈⥆䛔

䛶 5 ಸᕼ㔘䛧䛯 Bradford ⁐ᾮ䜢 250 µL䛪䛴ῧຍ䛧䛯䚹RT 䛷 5min 䠈RT 䛷཯ᛂ䛥䛫

䛯ᚋ䠈䝬䜲䜽䝻䝥䝺䞊䝖䝸䞊䝎䞊䛷 588 nm䛾Ἴ㛗䛷 ᐃ䛧䛯䚹BSAᶆ‽⁐ᾮ䛾᳨㔞⥺

䜢䜒䛸䛻䠈ヨᩱ䛾䝍䞁䝟䜽⃰ᗘ䜢⟬ฟ䛧䛯䚹 
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4䠅 SDS-PAGE 

Lower gel 䜢 12.5䠂 䝫䝸䜰䜽䝸䝹䜰䝭䝗䝀䝹䛷ㄪᩚ䛧䠈ཌ䛥 0.75 mm 䛾䝇䝨䞊䝃䞊䛻

ὶ䛧㎸䜐䚹ୖ䛻䠈㣬࿴䜲䝋䝤䝍䝜䞊䝹Ỉ䜢䛾䛫䠈䝀䝹䛜ᅛ䜎䜛䜎䛷ᨺ⨨䛧䛯䚹䛭䛾ᚋ䠈

㣬࿴䜲䝋䝤䝍䝜䞊䝹䜢㝖䛝䠈Upper gel 䜢ὶ䛧㎸䜣䛷䝁䞊䝮䜢䝉䝑䝖䛧䛯䚹Upper gel 䛜ᅛ

䜎䜚ḟ➨䠈㟁ẼὋືᒙ䛻䝉䝑䝖䛧䛯䚹 

 Apply䛩䜛 sample 䛿䠈➨ 2 ❶ ➨ 6 ⠇ 3䠅䛷⟬ฟ䛧䛯䝍䞁䝟䜽⃰ᗘ䛛䜙 20 µg 䛸䛺䜛

sample 䛾⁐ᾮ㔞䛸䠈sample buffer䠄5×䠅䜢ΰྜ䛧䠈100℃䠈5min ຍ⇕䛥䛫䛯䚹㟁ẼὋື

䛿䠈30 mA䠈1hr 䛷 running buffer ୰䛻䛶⾜䛳䛯䚹 

 䜎䛯䠈control 䛸䛧䛶 E.coli 䠄PQE-JM-109-HIS-B23.1䠅䛷Ⓨ⌧䛥䛫䠈His-tag B23.1 䜢

0.05 µg䛷⏝䛔䛯䚹 

 

5䠅 Western Blotting 

䝀䝹䛸ྠ䛨኱䛝䛥䛾 PVDF ⭷䛸ℐ⣬䜢‽ഛ䛧䛯䚹PVDF ⭷䛿䝯䝍䝜䞊䝹䛻 10 ⛊ᾐ䛧

䛯ᚋ䠈Blotting buffer 䠄Table 3䠅䛻ᩘศᾐỈ䛥䛫䛯䚹ℐ⣬䛿䝯䝍䝜䞊䝹䛻ᾐ䛥䛪䠈

blotting buffer 䛻ᾐỈ䛥䛫䛯䚹㌿෗⿦⨨䛿䜴䜵䝑䝖ᘧ 䠄BIO-RAD䠅䜢⏝䛔䠈ℐ⣬ 2 ᯛ䠈

PVDF ⭷䠈SDS-PAGE䠈ℐ⣬ 2 ᯛ䜢㔜䛽䛯䜒䛾䜢 Blotting buffer ୰䛷 100 mA䠈90min

䛷㌿෗䛧䛯䚹㌿෗ᚋ䠈PVDF ⭷䜢 Blocking buffer 䛻ᾐ䛧䠈4℃䛷୍ᬌ Blocking䜢⾜䛳

䛯䚹 

Anti-B23 polyclonal antibody䜢 TBS 䛷 2,000ಸ䛻ᕼ㔘䛧䛯䜒䛾䜢 PVDF⭷䛸䛸䜒䛻

RT 䛷 1hr shake 䛧䛯䚹䛭䛾ᚋ䠈T-TBS 䛷 15min Ὑί䜢 4 ᅇ⧞䜚㏉䛧䛯䚹PVDF ⭷䛸

Anti-rabbit IgG antibody 䠄peroxidase-conjugated goat antibody to rabbit䠅䜢 2,000 ಸ䛻

ᕼ㔘䛧䛯䜒䛾䛸䛸䜒䛻䝟䝑䜽䛧䛶䠈RT䛷 45min㛫䜲䞁䜻䝳䝧䞊䝅䝵䞁䛧䠈T-TBS䛷 15min

Ὑί䜢 4 ᅇ⧞䜚㏉䛧䛯䚹᳨ฟ䛿 ECL䜢⏝䛔䛶䠈㟢ග᫬㛫䜢 20 ⛊䛷⌧ീ䛧䛯䚹 

 

➨ 7 㡯 B23-antisense DNA ฎ⌮ 

1䠅 B23-antisense DNA 䛾ㄪᩚ 

B23-antisense DNA 䠄Oligo DNA䠅䛾ಖᏑ䛿䠈B23-antisense DNA 䠄෾⤖஝⇱䠅䜢⁛

⳦Ỉ䛻䛶⁐ゎ䛧䠈1 mM 䛻ㄪᩚ䛧䛯≧ែ䛷䠈-80℃䛻䛶㐽ගಖᏑ䛧䛯䚹౑⏝᫬䛿䠈⁛⳦

Ỉ䛷 100 µM 䛻ᕼ㔘䛧䛯≧ែ䛻䛧䛶䛛䜙౑⏝䛧䛯䚹 

100 µM B23-antisense DNA 䠄Oligo DNA䠅 1 µL䛻ᑐ䛧䛶䠈Low-glucose DMEM 

䠄serum free䠅 25 µL 䜢ΰྜ䛧䛯①䚹Lipofectamine 5 µL 䛸 Low-glucose DMEM 

䠄serum free䠅 25µL䜢ΰྜ䛧䛯②䠈①䛸②䜢ΰྜ䛧䛶䠈RT䛷 45min཯ᛂ䛥䛫䛯䚹䛣䜜䛻

150 µL䛾 Low-glucose DMEM 䠄serum free䠅䜢ຍ䛘䠈䛣䜜䜢 B23-antisense DNA 䛸䛧

䛯䚹 

 

2䠅 B23-antisense DNA ฎ⌮䛻䛚䛡䜛 B23 Ⓨ⌧ᢚไ 
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PC-12䜢Trypsin-EDTA䛷๤䛜䛧䠈ྠ㔞䛾10% FBS+10% HS Low-glucose DMEM䜢

ຍ䛘㐲ᚰศ㞳䠄190×g䠈5min䠅䜢⾜䛳䛯䚹ୖΎ䜢㝖䛝䠈10×104 cell/mL䛸䛺䜛䜘䛖10% 

FBS+10% HS Low-glucose DMEM䜢ຍ䛘ᠱ⃮䛧䛯䚹8 well 䝏䝱䞁䝞䞊䛻400 µL/well

䛷24hr CO2䜲䞁䜻䝳䝧䞊䝍䞊䠄5%CO2䠈37℃䠅䛷ᇵ㣴䛧䛯䚹⥆䛔䛶䠈ୖΎ䜢200 µL䛪䛴

Low-glucose DMEM 䠄serum free䠅䛸6ᅇྲྀ䜚᥮䛘䛯䚹䛭䛧䛶䠈ୖΎ133 µL䛪䛴ṧ䛧䛯

≧ ែ 䛷 䠈 ྠ 㔞 䛾B23-antisense DNA䜢 ῧ ຍ 䛧 䛯 䚹 5᫬ 㛫 ᚋ 䠈 20%FCS+20%HS 

Low-glucose DMEM䜢266 µL䛪䛴ῧຍ䛧䠈CO2䜲䞁䜻䝳䝧䞊䝍䞊䠄5%CO2䠈37℃䠅䛷24

᫬㛫䜎䛯䛿72᫬㛫ᇵ㣴䛧䛯䚹 

 

3䠅 ⣽⬊ᰁⰍ 

➨ 2❶ ➨ 1⠇ ➨ 5⠇ 1䠅ྠᵝ䛻⾜䛳䛯䚹䛯䛰䛧䠈Anti-rabbit IgG antibody 䠄FITC䠅

䜢 Anti-rabbit IgG antibody 䠄TRITC䠅䛻ኚ᭦䛧䛶⾜䛳䛯䚹 

 

➨ 8 㡯 NMDA ่⃭䛻䜘䜛 B23 ᢚไ䛾ᙳ㡪 

1䠅 ⣽⬊ㄪᩚ䛸 NMDA ่⃭ 

PC-12 䜢 Trypsin-EDTA 䛷๤䛜䛧䠈ྠ㔞䛾 10% FBS+10% HS Low-glucose DMEM

䜢ຍ䛘㐲ᚰศ㞳䠄190×g䠈5min䠅䜢⾜䛳䛯䚹ୖΎ䜢㝖䛝䠈10×104 cell/mL 䛻 10% 

FBS+10% HS Low-glucose DMEM 䜢ຍ䛘ㄪᩚ䛧䛯䚹䜹䞊䝞䞊䜺䝷䝇䛻 99 µL䛷⣽⬊

⁐ᾮ䜢䛾䛫䠈B23-antisense DNA䜢ྠ㔞ῧຍ䛧䛯䚹18hr CO2䜲䞁䜻䝳䝧䞊䝍䞊䠄5%CO2䠈

37℃䠅䛷ᇵ㣴䛧䛯䚹䛭䛾ᚋ mNGF 䜢 100 ng/mL䛷ຍ䛘䠈䛥䜙䛻 48hr CO2䜲䞁䜻䝳䝧䞊

䝍䞊䠄5% CO2䠈37℃䠅䛷ᇵ㣴䛧䛯䚹⚄⤒ศ໬ㄏᑟᚋ䠈medium 䛷ᕼ㔘䛧䛯 NMDA 䜢 0, 

0.1, 0.5, 1.0, 5.0 mM 䛸䛺䜛䜘䛖䛻ῧຍ䛧䠈24hr CO2䜲䞁䜻䝳䝧䞊䝍䞊䠄5% CO2䠈37℃䠅

䛷ᇵ㣴䛧䛯䚹 

 

2䠅 B23-antisense DNA 䛸 NMDA ่⃭䛻䛚䛡䜛䜰䝫䝖䞊䝅䝇᳨ฟヨ㦂 

TUNEL ἲ䛿 DeadEnd™ Fluorometric TUNEL System 䠄Promega䠅䛾ᡭ㡰䛻ᚑ䛳

䛯䚹 

NMDA ่⃭䜢⾜䛳䛯⣽⬊䜢 4% 䝟䝷䝩䝹䝮䜰䝹䝕䝠䝗䜢 200 µl/sample 䛾䛫 15min

⤌⧊䛾ᅛᐃ䜢⾜䛳䛯䚹PBS 䛻 5min×2 ᅇᾐ䛧Ὑί䛧, Proteinase K 䠄20 µg/mL䠅䜢 100 

µl/sample䛾䛫 10min⤌⧊䛾ᾐ㏱໬䜢⾜䛳䛯䚹PBS 䛷 15minὙί䛧䠈4 % 䝟䝷䝩䝹䝮

䜰䝹䝕䝠䝗䜢 100 µl/sample䛾䛫 5min⤌⧊䛾෌ᅛᐃ䜢⾜䛳䛯䚹PBS 䛷 15minὙί䛧䠈

Equilibration Buffer 䜢 100 µl/sample 䛾䛫 10min ⤌⧊䛾ᖹ⾮໬䜢⾜䛳䛯䚹Ỉศ䜢䜘䛟

ᣔ䛝ྲྀ䜚䠈rTdT ⁐ᾮ 䠄Equilibration Buffer 22.5 µl, Nucleotide Mix 2.5 µl, rTdT 

Enzyme 0.5 µl䠅䜢 25 µl/sample 䛾䛫䠈㐽ගୗ䛾‵ᘧ䝏䜵䞁䝞䞊䛻ධ䜜䛶䠈37℃䛷 1hr

䜲䞁䜻䝳䝧䞊䝖䜢⾜䛳䛯䚹 㐽ගୗ䛷 2×SSC 䜢 100 µl/sample 䛾䛫ᐊ 䛷 15min ཯ᛂ

䛾೵Ṇ䜢⾜䛔䠈PBS 䛻 15min×3 ᅇᾐ䛧Ὑί䛧䠈ྲྀ䜚㎸䜎䜜䛺䛛䛳䛯 fluorescein 
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12-dUTP䜢㝖ཤ䛧䛯䚹1 µg/mL䛾 propidium iodide䜢 100 µl/sample䛾䛫ᰁⰍ䜢⾜䛔䠈

⬺䜲䜸䞁Ỉ䛻 15min×3ᅇᾐ䛧Ὑί䛧䛯䚹Anti-Fade solution 䠄Invitrogen䠅䜢 1⁲ⴠ䛸䛧, 

䝇䝷䜲䝗䜺䝷䝇䜢䝬䜴䞁䝖䛧⺯ග㢧ᚤ㙾䛷ほᐹ䛧䛯䚹 
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➨ 2 ⠇ In vivo䛻䛚䛡䜛 B23 ⏕⌮ᶵ⬟ 

䝷䝑䝖䛚䜘䜃䝬䜴䝇ᾏ㤿䛻䛚䛡䜛 QA ่⃭䛻ᑐ䛩䜛 HA-1077 ⚄⤒ಖㆤຠᯝ䛸 B23

䛾ᶵ⬟䛻䛴䛔䛶᳨ウ䛧䛯䚹 

 

➨ 1 㡯 ື≀ 

Wister ⣔㞝ᛶ䝷䝑䝖䠄6 㐌㱋䠈᪥ᮏ SLC䠅䛸 SD ⣔㞝ᛶ䝷䝑䝖䠄᪥ᮏ SLC䠅䠈 ddY ⣔㞝

ᛶ䝬䜴䝇䠄5 㐌㱋䠈᪥ᮏ SLC䠅䜢㉎ධ䛧䛯䚹䝷䝑䝖䠈䝬䜴䝇䛸䜒䛻 1 㐌㛫ணഛ㣫⫱䜢 ᗘ

22℃±2℃䠈᫂ᬯ 12 ᫬㛫䠄8:00~20:00 Ⅼⅉ䠅䠈⮬⏤ᦤྲྀ䛷⾜䛳䛯䚹௨ᚋ㏻ᖖ㣫⫱䛸␎

䛩䚹 

 

➨ 2 㡯 ヨ⸆䛚䜘䜃ㄪᩚ 

Quinolinic acid 䠄QA, Wako䠅䠈OTC compound䠄SAKURA䠅䠈䛭䛾௚➨ 1 ⠇䛸ྠᵝ䛾

ヨ⸆䜢⏝䛔䛯䚹  

䜎䛯䠈QA䛿 0.9 mL䛾 0.2 M NaOH䛻⁐ゎᚋ䠈PBS䠄10×䠅䜢 0.1 mLຍ䛘ㄪᩚ䛧䛯䚹

HA-1077 䛿⏕⌮㣗ሷỈ䛷 1 mM 䛻ㄪᩚ䛧䛯䚹 

 

➨ 3 㡯 ⸆≀⬻ෆᢞ୚᪉ἲ 

1䠅 䝬䜴䝇ᾏ㤿䜈䛾 B23-antisense DNA ⬻ෆᢞ୚ 

䝬䜴䝇䜈䛾⬻ෆᢞ୚䛿䠈⬻ᐃ఩ᅛᐃ⿦⨨䜢⏝䛔䛶䠈㯞㓉ୗ䛷⾜䛳䛯䚹㯞㓉䛿䝨䞁䝖

䝞䝹䝡䝍䞊䝹䜢య㔜䛒䛯䜚 50 mg/kg䜢㢕᳝⓶ୗᢞ୚䛧䛯䚹 

⬻ᐃ఩ᅛᐃ⿦⨨䛻䝬䜴䝇䛾㢌㒊䜢୧እ⪥㐨䛸ཱྀ䛷ᅛᐃ䛧䛯䚹䛭䛾ᚋ䠈㢌⓶䜢ษ㛤䠈䝗

䝸䝹䛷㢌⵹㦵䛻✰䜢䛒䛡䛶䠄-2.8 mm posterior from bregma䠈 2.7 mm from the midline䠅

⬻䜢㟢ฟ䛥䛫䛯䚹26G㔪௜䝝䝭䝹䝖䞁䝅䝸䞁䝆䛻䛶ᾏ㤿 䠄2.0 mm from the brain surface䠅

䛻 2.5 µg/2.5 µL䛾 B23-antisense DNA䜢 1min䛛䛡䛶ᢞ୚䛧䠈1min⥔ᣢ䛧䛯䚹䛭䛾ᚋ䠈

㔪䜢ᢤ䛝䠈㢌⓶䜢⦭ྜ䛧䛶 2 㐌㛫㏻ᖖ㣫⫱䛧䛯[42]䚹 

 

2䠅 䝬䜴䝇ᾏ㤿䜈䛾 QA ᢞ୚ 

ྑ⬻ᾏ㤿䛻 50 nmol 䛾 1 µM QA 䜢䠈ᕥ⬻ᾏ㤿䛻 control 䛸䛧䛶 1 µL PBS䠄pH 7.4䠅

䜢➨ 2 ❶➨ 2 ⠇➨ 2 㡯 2䠅䛸ྠᵝ䛾᪉ἲ䛷ᢞ୚䛧䛯䚹䛭䛾ᚋ䠈⦭ྜ䛧䛶 1 ᪥䜎䛯䛿 7

᪥㛫㏻ᖖ㣫⫱䜢⾜䛳䛯䚹 

 

3䠅 䝷䝑䝖ᾏ㤿䜈䛾 QA ᢞ୚ 

䝷䝑䝖ᾏ㤿䜈䛾 QAᢞ୚䛿䠈➨ 2❶ ➨ 2⠇ ➨ 3㡯 1䠅䛸ྠᵝ䛻⾜䛳䛯䚹䛯䛰䛧䠈ᾏ

㤿䛾఩⨨䠄-4.8 mm posterior from bregma䠈 3.0 mm from the midline䠈2.7 mm from 

the brain surface䠅䜢ኚ᭦䛧䛯䚹 

4䠅 䝷䝑䝖ഃ⬻ᐊ䜈䛾 HA-1077 ᢞ୚ 
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䝷䝑䝖ഃ⬻ᐊ䜈䛾 HA-1077 ᢞ୚䛿䠈➨ 2 ❶ ➨ 2 ⠇ ➨ 3 㡯 1䠅䛸ྠᵝ䛻䝷䝑䝖㢌㒊

䜢ᅛᐃ䛧䛯ᚋ䠈㢌⵹㦵䛻✰䜢䛒䛡⬻䜢㟢ฟ䛥䛫䛯䚹䛭䛾ᚋ䠈-0.9 mm posterior from 

bregma䠈 1.5 mm from the midline 䛾఩⨨䛷 26G 䛾䝝䝭䝹䝖䞁䝅䝸䞁䝆䛻䛶 1 mM 

HA-1077 䜢 10 µLྑ⬻ᐊ䛻 1min 䛛䛡䛶ᢞ୚䠄3.5 mm from the brain surface䠅䛧䛶䠈1 

min ⥔ᣢ䛧䛯䚹⥆䛔䛶ᕥ⬻ᐊ䛻䜒ྠ㔞ᢞ୚䛧䛯䚹୍᪉䠈control 䛸䛧䛶⏕⌮㣗ሷỈ䜢⏝

䛔䛯䚹ᢞ୚ᚋ䠈⦭ྜ䛧䛶 1 ᪥㛫㏻ᖖ㣫⫱䛧䛯䚹 

 

5䠅 䝷䝑䝖ഃ⬻ᐊ䜈䛾 HA-1077 ᢞ୚䛸ᾏ㤿䜈䛾 QA ྠ᫬ᢞ୚ 

䝷䝑䝖ഃ⬻ᐊ䜈➨ 2❶ ➨ 2⠇ ➨ 2㡯 4䠅䛾᪉ἲ䛷 HA1077䜢ᢞ୚䛧䠈⥆䛔䛶ᾏ㤿

䛻➨ 2❶ ➨ 2⠇ ➨ 2㡯 3䠅䛾᪉ἲ䛷QA䜢ᢞ୚䛧䛯䚹䛭䛾ᚋ䠈1᪥㛫㏻ᖖ㣫⫱䛧䛯䚹 

 

 

➨ 4 㡯 ษ∦స〇 

1䠅 ෾⤖ษ∦స〇 

䝷䝑䝖ཬ䜃䝬䜴䝇䛿䝨䞁䝖䝞䝹䝡䝍䞊䝹䜢య㔜䛒䛯䜚 50 mg/kg 䜢㤳ඖ䛻⓶ୗᢞ୚䛷

㯞㓉䜢䛛䛡䠈ゎ๗䜢⾜䛳䛯䚹㯞㓉ᚋ䠈⬚㒊䜢ษ㛤䛧䠈ᕥᚰᐊ䛻⩼௜ 26G 㔪䜢ᤄධ䛧䠈

ྑᚰ㔪䜢ษ㝖䛧䛯䚹⏕⌮㣗ሷỈ䜢 5 mL ℺ὶᚋ䠈⬻䜢᦬ฟ䛧䛯䚹⬻䛿䠈ᾮయ❅⣲ෆ䛻

䜲䝋䝨䞁䝍䞁ᵴ䜢స䜚䠈OTC compound 䜢⏝䛔䛶෾⤖䛥䛫䛯䚹 

෾⤖䝃䞁䝥䝹䛿MICROM♫〇䛷HM505 E䜢౑⏝䛧䛶䠈ཌ䛥 14 µm䛷ษ∦䜢స〇

䛧䛶䝇䝷䜲䝗䜺䝷䝇䛻ᙇ䜚௜䛡䛯䚹䛭䛾ᚋ䠈୍ᬌᐊ 䛷஝⇱䛥䛫䛯䚹 

 

2䠅 䝟䝷䝣䜱䞁ษ∦స〇 

㯞㓉ᚋ䠈⬚㒊䜢ษ㛤䛧䠈ᕥᚰᐊ䛻⩼௜ 26G㔪䜢ᤄධ䛧䠈ྑᚰ㔪䜢ษ㝖䛧䛯䚹⏕⌮㣗

ሷỈ䜢 5 mL℺ὶᚋ䠈4% 䝟䝷䝩䝹䝮䜰䝹䝕䝠䝗/PB䜢 5 mL℺ὶᅛᐃ䛧䛯䚹⬻䜢᦬ฟ䛧䠈

4% 䝟䝷䝩䝹䝮䜰䝹䝕䝠䝗/PB䛻 4℃䛷୍ᬌᅛᐃ䛧䛯䚹⩣᪥䠈10 mL PB䛻 20minᾐ䛧䠈

䛥䜙䛻䠈ྠ㔞䛾 PB 䜢஺᥮䛧䛶 20min ᾐ䛧䛶Ὑί䛧䛯䚹⥆䛔䛶䠈⬺Ỉฎ⌮䛻⛣⾜䛧䛯䚹

EtOH 䠄50%, 70%, 80%, 90%, 99%, 100%, 100%: ྛ 1 ᫬㛫䠅䛻ᾐ䛧䛶䠈᪂䛯䛺 100% 

EtOH 䛷 4℃୍ᬌᾐ䛧䛯䚹ḟ䛻 100% EtOH 䛻 2 ᫬㛫ᾐ䛧䛯ᚋ䠈䜻䝅䝺䞁 1 ᫬㛫ᾐ䛧䠈

䝯䝇䜢⏝䛔䛶ᾏ㤿࿘㎶䜢䝖䝸䝭䞁䜾䛧䛯䚹ໟᇙ䜹䝉䝑䝖䛻⬻⤌⧊䜢ධ䜜䠈᪂䛯䛺䜻䝅䝺䞁

䛻஺᥮䛧䛶 30min ᾐ䛧䠈ḟ䛻䝟䝷䝣䜱䞁䛻 62℃䛷 2 ᫬㛫ᾐ䛧䛯䚹䛭䛾ᚋ䠈ໟᇙฎ⌮䜢

᪋䛧䛯䚹సᡂ䝟䝷䝣䜱䞁䝤䝻䝑䜽䛿 4℃䛻䛶ಖᏑ䛧䛯䚹 

ษ∦䛿䝭䜽䝻䝖䞊䝮䜢⏝䛔䛶⾜䛳䛯䚹ษ∦䛾ཌ䛥䛿 14 µm 䛷స〇䛧䠈ᜏ ᵴ 67℃, 

0.01䠂㓑㓟䛷ఙᒎ䛥䛫䛯䚹䛭䛾ᚋ䠈䝇䝷䜲䝗䜺䝷䝇䛻ᙇ䜚௜䛡䠈37℃䛾஝⇱ᶵෆ䛷஝⇱

䛥䛫䛯䚹 
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➨ 5 㡯 ⤌⧊ᰁⰍ 

1䠅 ⬺䝟䝷䝣䜱䞁 

ษ∦䜢䜻䝅䝺䞁䛻 15min䠈⥆䛔䛶 EtOH 䛻 100%, 100%, 90%, 80%, 70%䛾㡰䛻ྛ

5minᾐ䛧䛯䚹TBS䛻 5minᾐ䛧䛶䠈䛥䜙䛻᪂䛯䛺 TBS䜢 5minᾐ䛧䠈⬺䝟䝷䝣䜱䞁䜢⾜䛳

䛯䚹 

 

2䠅  ᢠ B23 ᰁⰍ 

䝬䜴䝇෾⤖ษ∦䜢⏝䛔,⬻ษ∦䛾‵₶䜢⾜䛖䛯䜑䛻 PBS 䛻 15min ᾐ䛧䛯䚹ḟ䛻䠈

T-PBS 䠄0.1% Tween20䠅䜢ษ∦䛻 20min 䛾䛫䛯ᚋ䠈PBS 䛻 5min ᾐ䛩䛣䛸䜢 3 ᅇ⾜䛳

䛶Ὑί䛧䛯䚹䛥䜙䛻䠈䝤䝻䝑䜻䞁䜾⁐ᾮ 䠄ABC kit Blokking solution 3 ⁲/10 mL䠅䜢

1.5hr 䛾䛫䛯䚹䛭䛾ᚋ䠈ᢠ B23 䝫䝸䜽䝻䞊䝘䝹ᢠయ䠄250 ಸ/2% BSA ྵ᭷ PBS䠅䜢䛾䛫

1hr䠈ᐊ 䛷཯ᛂ䛥䛫䛯䚹PBS 䛷 5min ᾐ䛩䛣䛸䜢 3 ᅇ⾜䛳䛶Ὑί䛧䛯ᚋ,஧ḟᢠయ

䠄ABC kit 䝡䜸䝏䞁ᶆ㆑ᢠయ 1 ⁲/10 mL PBS䠅䜢䛾䛫,30min䠈ᐊ 䛷཯ᛂ䛥䛫䛯䚹ḟ

䛻䠈ྠᵝ䛻PBS䛷Ὑί䜢⾜䛔䠈๓䜒䛳䛶ㄪᩚ䛧䛯䜰䝡䝆䞁-䝡䜸䝏䞁⁐ᾮ䠄ABC reagent䠅

䜢䛾䛫ྠ䛨䛟 30min ᐊ 䛷཯ᛂ䛥䛫䛯䚹PBS 䛷Ὑίᚋ䠈DAB ⁐ᾮ䠄3 mg DAB, 0.5 

mM Tris-HCl䠄pH7.4䠅䜢䛾䛫䠈㐺ᗘ䛺ⓎⰍ䛜ほᐹ䛥䜜䛯䜙 PBS 䛷Ὑί䛧䠈⬺Ỉฎ⌮ᚋ

䝬䝸䝜䞊䝹䛻䛶ᑒධ䛧䛯䚹䛣䛾᫬䛾⬺Ỉฎ⌮䛿 70%, 80%, 90%, 99%, 100% EtOH 䛾

㡰䛻 5min 䛪䛴ᾐ䛧䠈᭱ᚋ䛻䜻䝅䝺䞁䛻 5min 䛴䛡䛶⨨᥮䛧䛯䚹 

 

3䠅 ⺯ගᰁⰍ 

෾⤖ษ∦䛿‵₶䜢 PBS 䛷 15min䠈䝟䝷䝣䜱䞁ษ∦䛿⬺䝟䝷䝣䜱䞁䜢⾜䛳䛯ᚋ䠈⺯ග

ᰁⰍ䜢⾜䛳䛯䚹䛭䛾ᚋ䠈sample 䜢 PBS 䛷ᕼ㔘䛧䛯 4% 䝟䝷䝩䝹䝮䜰䝹䝕䝠䝗䜢䛾䛫䛶

4℃䛷୍ᬌᅛᐃ䛧䛯䚹PBS 䛻䛶Ὑί䛧䠈0.1% TritonX-100 䜢ῧຍ䠈ᐊ 䠄RT䠅䛷 10min

㏱ᚭฎ⌮䜢᪋䛧䛯䚹PBS 䛷Ὑί䛧䠈2% BSA/PBS 䜢 RT 䛷 1hr䠈Blocking 䜢⾜䛳䛯䚹

BSA/PBS 䜢ᣔ䛝ྲྀ䜚䠈Anti-B23 polyclonal antibody 䜢䠄PBS䠈500×䠅䜢஌䛫䛶䠈RT 䛷

1hr ཯ᛂ䛥䛫䛯䚹PBS 䛷 15min 䛾Ὑί䜢 3 ᅇ䛷⧞䜚㏉䛧⾜䛳䛯䚹⥆䛔䛶䠈Anti-rabbit 

IgG antibody 䠄FITC䠅䜢஌䛫䛶䠈45min䠈RT 䛷཯ᛂ䛥䛫䛯䚹PBS 䛷 15min Ὑί䜢 4 ᅇ

⧞䜚㏉䛧䛯䚹䛭䛧䛶䠈᰾ᰁⰍ䛾䛯䜑 1 mg/mL 䛾 Hochest33258 䜢䛾䛫䛶 30min ཯ᛂ䛥

䛫ᚋ䠈PBS䛷 15min䛾Ὑί䜢 4ᅇ⧞䜚㏉䛧䛯䚹᭱ᚋ䛻䠈Anti-Fade solution 䠄Invitrogen䠅

䜢 1 ⁲ⴠ䛸䛧䠈䝇䝷䜲䝗䜺䝷䝇䜢䝬䜴䞁䝖䛧⺯ග㢧ᚤ㙾䛷ほᐹ䛧䛯䚹䛯䛰䛧䠈B23/Thr198

䛻䛿 PBS 䛾௦䜟䜚䛻 TBS 䜢౑⏝䛧䛯䚹 

 

4䠅 Nissl ᰁⰍ 

⬻ษ∦䛾⬺⬡䜢⾜䛖䛯䜑,PBS 䛻 5min ᾐ䛧䛯䚹䛭䛧䛶䠈Cresyl violet ⁐ᾮ䛻 15min

ᰁⰍᚋ䠈 95% EtOH 䛻ᩘ⛊×3 ᅇᾐ䛧䠈┠ど䛻䛶⬺Ⰽලྜ䜢☜ㄆᚋ䜻䝅䝺䞁䛻ᾐ䛧䛯䚹

䛭䛾ᚋ䠈 䝬䝸䝜䞊䝹䛻䛶ᑒධ䛧䛯䚹 
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5䠅 TUNELἲ 

⬻ษ∦䜢䜻䝅䝺䞁䛻 5min×2 ᅇᾐ䛧䛶⬺䝟䝷䝣䜱䞁䜢⾜䛳䛯䚹ḟ䛻 100% 䜶䝍䝜䞊䝹

⁐ᾮ䛻 5minᾐ䛧䠈95%, 85%, 70%, 50% EtOH ⁐ᾮ䛻 3min䛪䛴ᾐ䛧䝃䞁䝥䝹䜢෌Ỉ

࿴䛥䛫䛯䚹⏕⌮㣗ሷỈ䛻 15minᾐ䛧䠈༑ศ䛻Ỉ䜢䛝䛳䛶䝩䝽䜲䝖䝬䞊䜹䞊䛷䝃䞁䝥䝹䛾

࿘䜚䜢ᅖ䛳䛯䚹PBS 䠄pH7.4䠅䛻 15min ᾐ䛧䠈4% 䝟䝷䝩䝹䝮䜰䝹䝕䝠䝗䜢 20 µL/sample

䛾䛫 15min ⤌⧊䛾ᅛᐃ䜢⾜䛳䛯䚹PBS 䛻 15min×2 ᅇᾐ䛧Ὑί䛧䠈Proteinase K 䠄20 

µg/mL䠅䜢 20 µl/sample 䛾䛫 10min 㛫⤌⧊䛾ᾐ㏱໬䜢⾜䛳䛯䚹PBS 䛷 5min Ὑί䛧䠈

4 % 䝟䝷䝩䝹䝮䜰䝹䝕䝠䝗䜢 20 µl/sample䛾䛫 15min⤌⧊䛾෌ᅛᐃ䜢⾜䛳䛯䚹PBS䛷

5min Ὑί䛧䠈Equilibration Buffer 䜢 20 µl/sample 䛾䛫 10min ⤌⧊䛾ᖹ⾮໬䜢⾜䛔䠈

rTdT ⁐ᾮ 䠄Equilibration Buffer 22.5 µl, Nucleotide Mix 2.5 µl, rTdT Enzyme 0.5 µl䠅

䜢 25 µl/sample䛾䛫䠈㐽ගୗ䛾‵ᘧ䝏䜵䞁䝞䞊䛻ධ䜜 37℃䠈1hr䜲䞁䜻䝳䝧䞊䝖䜢⾜䛳

䛯䚹 㐽ගୗ䛷 2×SSC 䜢 20 µl/sample 䛾䛫ᐊ 䛷 15min ཯ᛂ䛾೵Ṇ䜢⾜䛔䠈PBS 䛻

15min×3 ᅇᾐ䛧Ὑί䛧 , ྲྀ䜚㎸䜎䜜䛺䛛䛳䛯 fluorescein 12-dUTP 䜢㝖ཤ䛧䛯䚹1 

µg/mL䛾 propidium iodide 䜢 20 µl/sample 䛾䛫ᰁⰍ䜢⾜䛔䠈⬺䜲䜸䞁Ỉ䛻 15 min×3

ᅇᾐ䛧Ὑί䛧䛯䚹Anti-Fade solution 䠄Invitrogen䠅䜢 1 ⁲ⴠ䛸䛧䠈䝇䝷䜲䝗䜺䝷䝇䜢䝬䜴䞁

䝖䛧⺯ග㢧ᚤ㙾䛷ほᐹ䛧䛯䚹 

 

➨ 6 㡯 Western Blotting 

1䠅 䝬䜴䝇ᾏ㤿䛾 Western Blotting 䠄ECL䠅 

䝬䝷䝑䝖ཬ䜃䝬䜴䝇䛿䝨䞁䝖䝞䝹䝡䝍䞊䝹䜢య㔜䛒䛯䜚 50 mg/kg 䜢㤳ඖ䛻⓶ୗᢞ୚

䛷㯞㓉䜢䛛䛡䠈ゎ๗䜢⾜䛳䛯䚹㯞㓉ᚋ䠈⬚㒊䜢ษ㛤䛧䠈ᕥᚰᐊ䛻⩼௜ 26G 㔪䜢ᤄධ䛧䠈

ྑᚰ㔪䜢ษ㝖䛧䛯䚹⏕⌮㣗ሷỈ䜢 5 mL℺ὶᚋ䠈⬻䜢᦬ฟ䛧䛯䚹⬻䜢୰ᚰ⥺䛷ᕥྑ䛻

䜟䛡䠈䛭䜜䛮䜜䛛䜙ᾏ㤿䜢᦬ฟ䛧䛯䚹᦬ฟ䛧䛯ᾏ㤿 䠄17.1 mg䠅䜢 100 µL sample buffer

䠄×1䠅୰䛷䝋䝙䜿䞊䝅䝵䞁䜢䛛䛡䛯䚹䛣䜜䜢䠈4℃䛷 13,000 rpm×15min 䛾㐲ᚰ䜢⾜䛔䠈䛣

䛾ୖΎ䜢 2 µL䛸 18 µL sample buffer 䠄2×䠅ΰྜ䛧䠈ຍ⇕䛧䛶 sample䛸䛧䛯䚹䝫䝆䝔䜱䝤

䝁䞁䝖䝻䞊䝹䛸䛧䛶 His-B23 䜢 0.05 µg ౑⏝䛧䛯䚹䛭䛾ᚋ䠈➨ 2 ❶ ➨ 1 ⠇ ➨ 6 ⠇ ྠ

ᵝ䛻 SDS-PAGE 䛸 Western Blotting䜢⾜䛳䛯䚹 

 

2䠅 䝷䝑䝖ᾏ㤿䛾 Western Blotting 䠄ECL䠅 

SD䝷䝑䝖䜢➨ 2❶ ➨ 2⠇ ➨ 6㡯 1䠅䛸ྠᵝ䛾᪉ἲ䛷ᾏ㤿䜢᦬ฟ䛧䠈ᢳฟ⁐ᾮ䜢ᚓ

䛯䚹䛭䛾ᚋ䠈Bradford ἲ䛻䜘䜚䝍䞁䝟䜽ᐃ㔞䜢⾜䛔䠈37 µg 䛻䛺䜛䜘䛖䛻ㄪᩚ䛧䛯䚹

Sample buffer䠄5×䠅䛸ΰྜ䛧䛶䠈100℃䠈5min䛷ຍ⇕䛧䛯䚹䛭䛾ᚋ䠈➨ 2❶ ➨ 1⠇ ➨ 6

㡯ྠᵝ䛻 SDS-PAGE 䛸 Western Blotting䜢⾜䛳䛯䚹 

 

  



18 

 

Table.3 Component of each solution 䠄final concentration䠅 

Sample buffer 䠄5×䠅 156 mM Tris-HCl 䠄pH6.8䠅 

50% Glycerol 

620 mM DTT 䠄Dithiodhreitol䠅 

12.5% SDS 

0.05% BPB 䠄Bromophenol blue䠅 

Lower gel buffer 1.5 M Tris-HCl 䠄pH8.8䠅 

0.4% SDS 

Upper gel buffer 0.5 M Tris-HCl 䠄pH6.8䠅 

0.4% SDS 

Lower gel 6% Acrylamide-Bis 

25% Lower gel buffer 

0.1% APS 䠄Ammmoium peroxodisulfate䠅 

0.01% TEMED 䠄N,N,N’,N’,-Tetramethyle-enediamine䠅 

Upper gel buffer 4.5% Acrylamide-Bis 

25% Lower gel buffer 

0.1% APS  

0.01% TEMED 

Running buffer 50 mM Tris 

370 mM Glycine 

0.1% SDS 

Blotting buffer 25 mM Tris 

190 mM Glycine 

10% Methanol 

T-TBS 0.1% Tween20 with TBS 

Blocking buffer 5% Skim milk with T-TBS 

RIPA buffer 50 mM Tris-HCl 䠄pH7.4䠅 

0.5 mM EDTA䠄pH8.0䠅 

0.1% TritonX-100 

50 mM NaF 

10 µg/mL Aprotinin 

10 µg/mL Leupeptin 

1 mM Na3VO4 

0.1 mM PMSF 䠄Phenylmethylsulfonylfluoride䠅 
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➨➨➨➨ 3❶❶❶❶    ⤖ᯝ⤖ᯝ⤖ᯝ⤖ᯝ䛸䛸䛸䛸⪃ᐹ⪃ᐹ⪃ᐹ⪃ᐹ 

 

➨1⠇ In vitro䛻䛚䛡䜛 B23 ⏕⌮ᶵ⬟ 

䠘┠ⓗ䠚 

⏕య䛾⬻䛻䛚䛡䜛⚄⤒⣽⬊䛾Ⓨ⏕䛿䛤䛟䜟䛪䛛䛷䛒䜚䠈Ⓨ⏕㒊఩䛾 SGZ䠄ᾏ㤿ṑ

≧ᅇ㢛⢏⣽⬊ୗᒙ䠅䛸 SVZ䠄ഃ⬻ᐊ๓᪉ୖ⾰ୗᒙ䠅䛾 2 㡿ᇦ䛷㉳䛣䜛䛸ሗ࿌䛥䜜䛶䛔

䜛[43, 44]䚹⚄⤒⣽⬊䛿䠈SGZ 䛸 SVZ䛻䛚䛔䛶ᮍศ໬⣽⬊䛜ቑṪ䛧䠈⬻䛾ྛ㒊䛻㐟㉮䛥

䜜䛯䛾䛱䠈⚄⤒ศ໬䛧䛶ᐃ╔䛩䜛䚹䛣䛾⚄⤒ศ໬๓ᚋ䛻䛚䛡䜛 B23 䛾ᶵ⬟䛻䛴䛔䛶

䛿䠈᫂䜙䛛䛸䛥䜜䛶䛔䛺䛔䚹䜎䛯䠈⚄⤒ศ໬ᚋ䛻 NMDA ่⃭䛻䜘䜛⣽⬊Ṛ䛜㉳䛣䜛᫬

䛾 B23 䛾ᶵ⬟䛻䛴䛔䛶᫂䜙䛛䛸䛺䛳䛶䛔䛺䛔䚹䛭䛣䛷䠈⚄⤒⣽⬊䝰䝕䝹䜢⏝䛔䛶䠈⚄

⤒ศ໬๓ᚋ䛻䛚䛡䜛 B23 䛾ᶵ⬟䛻䛴䛔䛶᳨ウ䛧䛯䚹 

௒ᅇ䛾⏝䛔䛯⚄⤒䝰䝕䝹⣽⬊䛿 NB2a 䛸 PC-12 䛾 2 ✀㢮䜢౑⏝䛧䛯䚹⣽⬊䛻ศ໬

ㄏᑟ๣䠄NB2a: PC䠈PC-12: mNGF䠅䜢⏝䛔䜛䛣䛸䛷⣽⬊ቑṪ䜢Ṇ䜑䠈㍈⣴ᙧᡂ䛜⏕䛨

䛥䛫䛶౑⏝䛧䛯䚹 

 

➨1㡯 ⚄⤒䝰䝕䝹⣽⬊䛾⚄⤒ศ໬ㄏᑟ䛻䜘䜛 B23 䛸 198 ␒┠䛾 Thr ṧᇶ䛾䝸䞁㓟 

໬ B23 䛾ᒁᅾ 

1䠅 NB2a ⚄⤒ศ໬䛾 PC ㄏᑟ䛸 B23 䛸 Thr198 ṧᇶ䛾䝸䞁㓟໬ B23 䛾ᒁᅾ 

 

1-1䠅 NB2a ⚄⤒ศ໬ㄏᑟ 䠄24 hr䠅䛻䜘䜛ᙧែኚ໬ཬ䜃ቑṪᢚไ 

NB2a 䜢 PC ฎ⌮䛷⚄⤒ศ໬ㄏᑟ䛜㉳䛝䛶䛔䜛䛛☜䛛䜑䜛䛯䜑䛻䠈ᙧែほᐹ䛸⣽⬊

ቑṪᢚไヨ㦂䜢⾜䛳䛯[45]䚹 

NB2a 䛿 PC ฎ⌮ 24 ᫬㛫ᚋ䛾ᙧែኚ໬䜢ගᏛ㢧ᚤ㙾䛷ほᐹ䛧䛯⤖ᯝ䠈PC ฎ⌮䛷

㍈⣴ᙧᡂ䛜☜ㄆ䛷䛝䛯 䠄Fig.4A䠅 䚹⚄⤒⣽⬊䛾≉ᚩ䛸䛧䛶㍈⣴䜢᭷䛧䛶䛔䜛䛣䛸䛛䜙䠈

༑ศ䛺ㄏᑟ䛜㉳䛝䛶䛔䛯䚹䜎䛯䠈䛣䛾᫬ NB2a 䛜ቑṪ䛧䛶䛔䛺䛔䛛☜䛛䜑䜛䛯䜑䠈Cell 

Counting Kit-8
®䜢⏝䛔䛶䠈⣽⬊ቑṪᢚไヨ㦂䜢⾜䛳䛯䚹NB2a䜢 PCฎ⌮䛧䛯 24᫬㛫

ᚋ䠈48 ᫬㛫ᚋ䛻䛚䛔䛶 Control 100%䛻ᑐ䛧䛶 88±3%
**䠈59±1%** 䠄ᖹᆒ±S.E.䠈

p
**
<0.01, t-test䠅䛻᭷ព䛻ቑṪᢚไ䛜⏕䛨䛯䠄Fig.4B䠅䚹䛣䛾⤖ᯝ䜘䜚䠈NB2a 䛾⚄⤒ㄏ

ᑟฎ⌮䛜☜䛛䛷䛒䜛䛣䛸䛜☜ㄆ䛷䛝䛯䚹䜎䛯䠈㍈⣴ᙧᡂ䛸⣽⬊ቑṪᢚไ䛛䜙 NB2a ฎ

⌮䛻䜘䜚㠀ቑṪ⣽⬊䛸䛧䛶ᢅ䛖䛣䛸䛜ྍ⬟䛷䛒䜛䛣䛸䛜☜ㄆ䛷䛝䛯䚹 

䛧䛛䛧䠈NB2a 䛾 doubling time 䛿 24-30hr 䛷䛒䜛䛣䛸䛸䠈⣽⬊࿘ᮇ䛜⣽⬊䛻䜘䛳䛶␗

䛺䜛䛣䛸䛛䜙䠈24hr 䛾 PC ⚄⤒ศ໬ㄏᑟ䛷䛿⣽⬊඲䛶䛷ቑṪ䛜ᢚไ䛥䜜䛶䛔䛺䛔䛣䛸

䛜⪃䛘䜙䜜䛯䚹䛭䛾䛯䜑䠈௒ᚋ䛾ほᐹ䛻䛚䛔䛶㍈⣴ఙ㛗䛜☜ㄆ䛷䛝䛯⣽⬊䛾䜏䛷ホ

౯䜢⾜䛖䛣䛸䛸䛧䛯䚹 
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1-2䠅 NB2a ⚄⤒ศ໬ㄏᑟ䠄PC ฎ⌮䠅䛻䜘䜛 B23 Ⓨ⌧㔞䛾ቑຍ 

NB2a䜢PCฎ⌮䛻䜘䛳䛶⚄⤒ศ໬䛩䜛䛣䛸䛜☜ㄆ䛷䛝䛯䛯䜑䠈B23䛾Ⓨ⌧㔞䛾ኚ໬

䜢᳨ウ䛧䛯䚹NB2a 䛻 PC ฎ⌮䠄24hr䠅䜢⾜䛳䛯ᚋ䠈⣽⬊䜢◚○䞉ᢳฟ䛧䛶 20 µg 䛒䛯䜚

䛾B23Ⓨ⌧㔞䜢 ECL䛷᳨ฟ䛧䛯 䠄Fig5A䠅 䚹䛣䛾⤖ᯝ䠈Control䛷䛿B23䛾Ⓨ⌧㔞䛜

5.25±0.25 ng/ µg䛷䛒䛳䛯䛾䛻ᑐ䛧䛶䠈PCㄏᑟ 24hrᚋ䛷䛿 6.8±0.2 ng/ µg䛻ቑຍ䛧䛯

䠄Fig.5B䠅䚹 

Ahn䜙䛻䜘䛳䛶 PC-12䛻NGFฎ⌮䜢᪋䛩䛸᰾ෆ䛷 PIP3䛸」ྜయ䜢ᙧᡂ䛩䜛䛣䛸䛷䠈

CAD䠄Caspase Activated DNase䠅䛻䜘䜛 DNA ᩿∦໬䜢ጉ䛢䠈ᢠ䜰䝫䝖䞊䝅䝇స⏝䜢♧

䛩䛣䛸ሗ࿌䛜䛒䜚䠈NB2a 䛾⚄⤒ศ໬䛻䛚䛔䛶ྠᵝ䛻ᢠ䜰䝫䝖䞊䝅䝇స⏝䛜ᶵ⬟䛧䛰

䛩䛯䜑䠈B23 䛾Ⓨ⌧㔞䛜ቑຍ䛧䛯䛸⪃䛘䜙䜜䜛䚹 

 

1-3䠅 NB2a ⚄⤒ศ໬ㄏᑟ䠄PC ฎ⌮䠅䛻䜘䜛 B23 䛸 Thr198 ṧᇶ䛾䝸䞁㓟໬ 

B23 䛾ᒁᅾ 

⚄⤒ศ໬䛻䜘䜛 B23 Ⓨ⌧㔞䛜᫂䜙䛛䛸䛺䛳䛯䛯䜑䠈ḟ䛻 NB2a 䛾 B23 䛾ᶵ⬟䜢⚄

⤒ศ໬๓ᚋ䛷 B23 ⺯ගᰁⰍ䜢⾜䛔䠈ᒁᅾኚ໬䜢᳨ウ䛧䛯䚹䛭䛾⤖ᯝ䠈B23 䛿 NB2a

䛾⚄⤒ศ໬䛾๓ᚋ䛷᰾ᑠయ䛚䜘䜃᰾㉁䛻ᒁᅾ䛜☜ㄆ䛥䜜䛯䚹䜎䛯䠈B23 䛻䛒䜛䝸䞁㓟

໬㒊఩䛾䛖䛱䠈 Thr198 ṧᇶ䛻䛴䛔䛶᳨ウ䛧䛯䚹⺯ගᰁⰍ䜢⾜䛳䛯⤖ᯝ䠈᰾ᑠయ䛻≉

␗ⓗ䛻Ꮡᅾ䛧䛶䛔䛯䛣䛸䛜☜ㄆ䛷䛝䛯䚹䛧䛛䛧䠈 Thr198ṧᇶ䛾䝸䞁㓟໬ B23䛿⚄⤒ศ

໬䛻䜘䜛ኚ໬䛿☜ㄆ䛷䛝䛺䛛䛳䛯䠄Fig.6䠅䚹䜎䛯䠈Thr198ṧᇶ䛾䝸䞁㓟໬䛿⣽⬊ቑṪ䛻

㛵୚䛫䛪䛻䝸䞁㓟໬䛥䜜䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹Thr198ṧᇶ䛾䝸䞁㓟໬ B23䛿䠈⣽⬊

࿘ᮇ G1ึᮇ䛻 CDK2 䛻䜘䜚䝸䞁㓟໬䜢ཷ䛡䛶䠈ROCKII 䛻⤖ྜ䛧୰ᚰయ」〇䜢⾜䛖䛣

䛸䛜ሗ࿌䛥䜜䛶䛔䜛 [46]䚹௒ᅇ䛿⚄⤒⣽⬊䛻䛺䛳䛯㠀ቑṪ⣽⬊䛷䠈䛛䛴᰾ᑠయ䛻

Thr198 ṧᇶ䛾䝸䞁㓟໬ B23 䛜⏕䛨䛶䛔䜛䛣䛸䛛䜙䠈 Thr198 ṧᇶ䛾䝸䞁㓟໬ B23 䛿㠀

ቑṪ⣽⬊䛻䛚䛔䛶䠈ቑṪ௨እ䛾ᶵ⬟䛻㛵䜟䜛䛣䛸䛜⪃䛘䜙䜜䛯䚹䛣䜜䛿ቑṪ⣽⬊䛻䛚

䛔䛶䠈⣽⬊ᡂ㛗䛸ቑṪ䛻 Thr198ṧᇶ䛾䝸䞁㓟໬ B23䛜㛵䜟䜙䛺䛔䛸䛔䛖 Brady䜙䛾ሗ

࿌䛸㓞ఝ䛩䜛䜒䛾䛷䛒䜛[34]䚹 

䛚䛭䜙䛟 Thr198 ṧᇶ䛾䝸䞁㓟໬ B23 䛿䠈rRNA ྜᡂ䜔ศᏊ䝅䝱䝨䝻䞁䛸䛧䛶䛾ᶵ⬟

䛜᰾ᑠయ䛷⾜䛳䛶䛔䜛䛸⪃䛘䜙䜜䜛䚹⌧ᅾ䠈ቑṪ⣽⬊䛻䛚䛔䛶䠈 Thr198ṧᇶ䛾䝸䞁㓟

໬ B23 䛿⬺䝸䞁㓟໬䛻䜘䜚 DNA ಟ᚟䜢⾜䛖䛣䛸[47]䠈ཬ䜃䝸䞁㓟໬䛻䜘䛳䛶 pre-mRNA

䝥䝻䝉䝅䞁䜾䛻㛵䜟䜛䛸ሗ࿌䛥䜜䛶䛔䜛[48]䚹䛭䛾䛯䜑䠈⚄⤒⣽⬊䛻䛚䛔䛶䜒ྠᵝ䛻ᶵ

⬟䛧䛶䛔䜛䛣䛸䛜⪃䛘䜙䜜䜛䚹 

2䠅  NB2a⚄⤒ศ໬ㄏᑟ 䠄HA-1077ฎ⌮䠅䛻䜘䜛 B23 䛸 Thr198ṧᇶ䛾䝸䞁㓟໬ B23 

ᒁᅾ 

ᙜ◊✲ᐊ䛷NB2a䛻䛚䛔䛶 30 µM HA-1077䛷㍈⣴ఙ㛗䛜☜ㄆ䛥䜜䛶䛔䜛[49]䛯䜑䠈

30 µM HA-1077 䛻䛚䛡䜛 B23 䛸 Thr198 ṧᇶ䛾䝸䞁㓟໬ B23 䛾ᒁᅾ䛻䛴䛔䛶᳨ウ䛧

䛯䚹 
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30 µM HA-1077 䜢 NB2a 䛻 24hr స⏝䛥䛫䠈⺯ගච␿ᰁⰍ䜢⾜䛳䛯䚹䛭䛾⤖ᯝ䠈㍈

⣴ఙ㛗䛜☜ㄆ䛷䛝䠈᰾ᑠయ䛚䜘䜃᰾㉁䛻B23䛾ᒁᅾ䛜☜ㄆ䛥䜜䛯䚹䛧䛛䛧䠈⚄⤒ศ໬

䛻䜘䜛 B23䛾ᒁᅾኚ໬䛿☜ㄆ䛷䛝䛪䠈 Thr198ṧᇶ䛾䝸䞁㓟໬ B23䜒ศ໬䛻䜘䜛ᒁᅾ

ኚ໬䛿☜ㄆ䛷䛝䛺䛛䛳䛯 䠄Fig.7䠅䚹 

䛣䜜䜘䜚 ROCK ୗὶ䛻䛚䛔䛶䠈 Thr198 ṧᇶ䛾䝸䞁㓟໬ B23 䛜ᶵ⬟䛧䛶䛔䛺䛔䛣䛸

䛜♧၀䛥䜜䛯䚹 

 

3䠅 PC-12 ⚄⤒ศ໬ㄏᑟ 䠄mNGF ฎ⌮䠅䛻䜘䜛 B23 䛸 Thr198 ṧᇶ䛾䝸䞁㓟໬ B23 䛾 

ᒁᅾ 

⚄⤒⣽⬊䝰䝕䝹䛸䛧䛶୍⯡ⓗ䛺 PC-12⣽⬊䛻䛚䛡䜛ᙧែኚ໬䛸B23䛾ᒁᅾኚ໬䛾

᳨ウ䜢⾜䛳䛯䚹 

PC-12 䛻 mNGF ῧຍ䛧䛶䠈48hr ⚄⤒ศ໬䜢ㄏᑟ䛥䛫䛯䚹䛭䛾⤖ᯝ䠈㍈⣴ఙ㛗䛜☜

ㄆ䛷䛝䛯䛯䜑䠈Greene䜙䛾ሗ࿌䛸ྜ䜟䛫䠈㠀ቑṪ⣽⬊䛻䛺䛳䛯䛸ุ᩿䛧䛯 䠄Fig.8䠅 [50, 

51]
 䚹 

⥆䛔䛶䠈PC-12䛾⚄⤒ศ໬๓ᚋ䛷䛾 B23⺯ගᰁⰍ䜢⾜䛳䛯⤖ᯝ䠈B23䜒 Thr198ṧ

ᇶ䛾䝸䞁㓟໬ B23 䜒䛸䜒䛻⚄⤒ศ໬䛻䜘䜛ᒁᅾኚ໬䛿☜ㄆ䛷䛝䛺䛛䛳䛯 䠄Fig.9䠅䚹

PC-12䛾⚄⤒ศ໬ᶵᵓ䛿 NGF䛜⣽⬊⭷䛾 TrkAཷᐜయ䛻⤖ྜ䛧䠈⣽⬊㉁䛷 ERK䛜

䝸䞁㓟໬䜢ཷ䛡䠈᰾ෆ䛾 CREB 䜢䝸䞁㓟໬䛩䜛䛣䛸䛷䠈⚄⤒ศ໬䛜⏕䛨䜛䚹䛭䛾䛯䜑䠈

NGF/ERK/CREB 䜹䝇䜿䞊䝗䛿 B23 ᒁᅾኚ໬䛻ᙳ㡪䛧䛺䛔䛣䛸䛜⪃䛘䜙䜜䛯[52]䚹 

  

➨2㡯 PC-12 䛷䛾 B23 䛾䝍䞁䝟䜽㉁ᢚไ䛻䜘䜛 NMDA ่⃭䛻ཬ䜌䛩ᙳ㡪 

⚄⤒⣽⬊䛻䛚䛡䜛 B23 䛾ᶵ⬟䜢ㄪ䜉䜛䛯䜑䠈PC-12䛻 B23-antisese-DNA䜢ᑟධ䛧䠈

B23 䝍䞁䝟䜽㉁䜢ᢚไ䛥䛫䠈NMDA ่⃭䛷䜰䝫䝖䞊䝅䝇䜢ㄏⓎ䛧䛯䚹䛭䛾ᚋ䠈TUNEL

ἲ䛷䜰䝫䝖䞊䝅䝇⋡䜢ホ౯䛧䛯䚹 

1䠅 B23-antisense DNA 䛻䜘䜛 B23 䝍䞁䝟䜽㉁Ⓨ⌧ᢚไ 

PC-12䛻 B23-antisense DNA䛾ᑟධ䛸䠈ᑟධ䛻䜘䜛 B23 䝍䞁䝟䜽㉁Ⓨ⌧ᢚไ䛜㉳䛝

䛶䛔䜛䛾䛛☜ㄆ䛩䜛䛯䜑䠈B23⺯ගᰁⰍ䜢⾜䛳䛯䚹⣽⬊ෆ䛻B23-anti-sense DNA䜎䛯

䛿 B23-sense DNA 䛻௜䛡䛶䛒䜛⺯ග 䠄green䠅䛜☜ㄆ䛷䛝䛯䛯䜑䠈B23-antisense DNA

䛾ᑟධ䛥䜜䛶䛔䜛䛣䛸䛜☜ㄆ䛷䛝䛯䚹ྠ⣽⬊䛻䛚䛔䛶 B23䜢 TRITCඹᰁⰍ䛧䛯⤖ᯝ䠈

Control䠄B23-sense DNA䠅䛸ẚ㍑䛧䛶䠈Control䠚ᑟධ 18᫬㛫ᚋ≫ᑟධ 24᫬㛫ᚋ䠚ᑟ

ධ 72᫬㛫ᚋ䛾䜘䛖䛻ῶᑡ䛧䛶䛔䜛䛣䛸䛜ぢ䛶䛸䜜䛯 䠄Fig.10䠅䚹䛣䜜䛻䜘䜚 18-72᫬㛫䛷

B23-antisense DNA ᑟධ䛸 B23 䛾Ⓨ⌧ᢚไ䛜☜ㄆ䛷䛝䛯䚹䜎䛯䠈⺯ගᙉᗘ䛾ᕪ䛜䠈0

᫬㛫 vs 18 ᫬㛫䛾ᕪ䜘䜚 0 ᫬㛫 vs 24 ᫬㛫䛾ᕪ䛷ぢ䜙䜜䛯䛣䛸䛿䠈B23 䛾༙ῶᮇ䛜 18

䠉20 ᫬㛫䛷䛒䜛䛯䜑䛸⪃䛘䜙䜜䜛䚹 

 

2䠅 B23-antisense DNA ᮲௳ୗ䛷䛾 NMDA ่⃭䛻䜘䜛ᙳ㡪 
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B23-antisense DNA䛻䜘䜛䝍䞁䝟䜽㉁Ⓨ⌧ᢚไ䛜☜䛛䜑䜙䜜䛯䚹⥆䛔䛶NMDA䜢 0, 

0.1, 0.5, 1.0, 5.0 mMῧຍ䛧䛶่⃭䜢୚䛘䠈TUNELἲ䛻䜘䜛䜰䝫䝖䞊䝅䝇⋡䜢᳨ウ䛧䛯䚹

䛭䛾⤖ᯝ䠈 0.1, 0.5, 1.0, 5.0 mM 䛷 Control 䛻ᑐ䛧䛶 TUNEL㝧ᛶ⣽⬊/PI㝧ᛶ⣽⬊

䛾๭ྜ䛜䠈 21.38±5.70%**, 6.30±3.66%*, 8.62±4.06䠂*, 12.49±6.24% 䠄ᖹᆒ±S.E.䠈

**p<0.01, *p<0.05, t-test䠅ୖ᪼䛩䜛᭷ព䛺ᕪ䛜☜ㄆ䛥䜜䛯䠄Fig.11䠅䚹0.1, 0.5 mM 

NMDA ప⃰ᗘ䛷䜰䝫䝖䞊䝅䝇๭ྜ䛜ከ䛛䛳䛯䛣䛸䛛䜙䠈NMDA ่⃭䛻ᑐ䛧䛶 B23 䛜

᢬ᢠᛶ䜢♧䛩䛣䛸䛜♧၀䛥䜜䛯䚹䜎䛯䠈5 mM NMDA ⃰ᗘ䛷䛿 Control 䛸䛾๭ྜ䛜᥋

㏆䛩䜛䛣䛸䛛䜙䠈୍ᐃ௨ୖ䛾 NMDA ཷᐜయ่⃭䛻䛿௚䛾ไᚚᅉᏊ䛜㛵୚䛧䛶䛔䜛䛣

䛸䛜⪃䛘䜙䜜䛯䚹0.1 mM䛛䜙 0.5 mM䛷 apoptosis䛜ῶᑡ䛧䛯⌮⏤䛸䛧䛶䠈NMDA䛻䜘

䜛⣽⬊ෆ Ca
2+⃰ᗘ䛜 CaMKII 䛺䛹ᢠ䜰䝫䝖䞊䝅䝇స⏝䜢䛩䜛⃰ᗘ䛸䛺䛳䛯䛯䜑䛸ᛮ䜟

䜜䜛䛜䠈௒ᚋ䛾᳨ウ䛜ᚲせ䛷䛒䜛䚹 
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➨2⠇ In vivo 䛻䛚䛡䜛 B23 ⏕⌮ᶵ⬟ 

䠘┠ⓗ䠚 

ᾏ㤿䛻䛚䛡䜛 B23ᒁᅾ䛿䠈CA3䛚䜘䜃ᑠ⬻䝥䝹䜻䞁䜶⣽⬊䛾᰾ᑠయ䛻ᒁᅾ䛧䛶䛔

䜛ሗ࿌䛿䛒䜚䠈ඹ䛻ቑṪ䛧䛺䛔㡿ᇦ䛷䛒䜛[7]
 䚹䛧䛛䛧䠈ྠ䛨䛟ቑṪ䛧䛺䛔 CA1 㡿ᇦ䛾

B23 ືែ䛿᫂䜙䛛䛸䛺䛳䛶䛔䛺䛔䚹䜎䛯䠈ᾏ㤿䛷䛿 NMDA ཷᐜయ่⃭䛻䜘䛳䛶䜰䝫䝖

䞊䝅䝇䛜⏕䛨䜛䛜䠈B23 䛸䛾㛵㐃ᛶ䛻䛴䛔䛶ሗ࿌䛥䜜䛶䛔䜛䜒䛾䛿䛺䛔䚹䛭䛣䛷䠈䝷䝑䝖

ཬ䜃䝬䜴䝇ᾏ㤿䛻䛚䛡䜛 B23 ືែ䛻䛴䛔䛶᳨ウ䛧䛯䚹 

䜎䛯䠈⬻⹫⾑➼䛾⬻⑌ᝈ䛾ᦆയせᅉ䛸䛺䜛 QA 䛻ᑐ䛧䛶䠈HA-1077 䛜⚄⤒⣽⬊䛻

స⏝䛧䛶⬻ಖㆤ䜢⾜䛖䛛᳨ド䛩䜛䛸䛸䜒䛻䠈B23 䛾㛵୚䛻䛴䛔䛶䜒᳨ウ䛧䛯䚹 

 

➨1㡯 䝷䝑䝖䛚䜘䜃䝬䜴䝇ᾏ㤿䛻䛚䛡䜛 B23 䛾ᶵ⬟䛻䛴䛔䛶 

1䠅 䝷䝑䝖ཬ䜃䝬䜴䝇ᾏ㤿䛻䛚䛡䜛 B23 Ⓨ⌧ 

䝷䝑䝖ཬ䜃䝬䜴䝇ᾏ㤿䛻䛚䛔䛶 B23 Ⓨ⌧䛾☜ㄆ䜢⾜䛖䛸䛸䜒䛻䠈B23 䛿 2 䛴䛾䜰䜲䝋

䝣䜷䞊䝮䛜Ꮡᅾ䛩䜛䛯䜑䠈ᾏ㤿䛷 B23.1䠈B23.2 䛜Ⓨ⌧䛧䛶䛔䜛䛾䛛᳨ド䛧䛯䚹 

䝷䝑䝖ཬ䜃䝬䜴䝇䛾⬻䛛䜙ᾏ㤿䠄DG䠈CA1䠈CA3 ඲㡿ᇦ䜢ྵ䜐䠅䜢᦬ฟ䛧䛶䠈ᢳฟ⁐

ᾮ䜢ᚓ䛯䚹䛣䜜䜢 B23 䛾 Western Blotting䛻䜘䜚䠈B23 Ⓨ⌧☜ㄆ䜢⾜䛳䛯䚹䛭䛾⤖ᯝ䠈

38kDa ௜㏆䛻୍ᮏ䛾䝞䞁䝗䛜☜ㄆ䛷䛝䛯䠄Fig.12A, 14A䠅䚹ᾏ㤿䛻䛚䛡䜛 B23 䛾Ⓨ⌧

䛜䛒䜛䛣䛸䠈ཬ䜃䠈1 䛴䛾䝞䞁䝗䛜ᙉ䛟Ⓨ⌧䛧䛶䛔䜛䛣䛸䛛䜙䠈B23.1 䜎䛯䛿 B23.2 䛜ᙉ䛟

Ⓨ⌧䛧䛶䛔䜛ྍ⬟ᛶ䛜♧၀䛥䜜䛯䚹 

 

2䠅 䝷䝑䝖ཬ䜃䝬䜴䝇ᾏ㤿䛻䛚䛡䜛 B23 ᒁᅾ 

B23 䛿⣽⬊ෆᒁᅾ䜢♧䛩䝍䞁䝟䜽䛷䛒䜛䛣䛸䛛䜙䠈ᾏ㤿䛻䛚䛡䜛 B23 ᒁᅾ䜢ච␿⤌

⧊ᰁⰍ䛷☜ㄆ䛧䛯䚹䝷䝑䝖䛿⺯ගᰁⰍ䠈䝬䜴䝇䛿 DAB ᰁⰍ䛻䜘䜛ච␿ᰁⰍἲ䜢⏝䛔

䛯䚹 

䝷䝑䝖ཬ䜃䝬䜴䝇䛻䛚䛡䜛 B23 ᒁᅾ䛿 CA1 㗹య⣽⬊䛾᰾ᑠయ㒊఩䛻ᒁᅾ䛧䛶䛔䜛

䛣䛸䛜☜ㄆ䛷䛝䛯䠄Fig12B, 13, 14B䠅䚹䜎䛯䠈䝬䜴䝇䛷 CA1 䛾䜏䛷䛿䛺䛟䠈DG 㢛⢏≧⣽

⬊䠈CA3 㗹య⣽⬊䠈ᑠ⬻䝥䝹䜻䞁䜶⣽⬊䛾᰾ᑠయ䛻䜒 B23 ᒁᅾ䛜☜ㄆ䛷䛝䛯 

䠄Fig.14B䠅 䚹 

CA3 ཬ䜃䝥䝹䜻䞁䜶⣽⬊䛾ᒁᅾ䛿 Bouffant 䜙䛸୍⮴䛧䛯䚹ᙜ◊✲ᐊ䛻䛚䛡䜛すᮧ

䜙䛾ሗ࿌䛷䛿䠈᰾ᑠయ䛻ᒁᅾ䛩䜛 B23.1 䛷䛒䜛䛣䛸䛛䜙䠈ᾏ㤿䛾㗹య⣽⬊ᒙ䛚䜘䜃㢛

⢏≧⣽⬊ᒙ䛻䛚䛔䛶 B23.1 䛜ከ䛟Ⓨ⌧䛧䛶䛔䜛䛣䛸䛜♧၀䛥䜜䛯䚹 

3䠅 B23-antisense DNA ᢞ୚䛻䜘䜛䝬䜴䝇ᾏ㤿䜈䛾ᙳ㡪 

ᾏ㤿䛷ᜏᖖⓗ䛻Ⓨ⌧䛧䛶䛔䜛 B23 䜢ᢚไ䛧䛯ሙྜ䠈⚄⤒⣽⬊䛾⏕Ꮡ䛻ᑐ䛩䜛ᙳ㡪

䜢᳨ウ䛧䛯䚹B23-antisense DNA 䜢ᾏ㤿䛻ᢞ୚䛧䛯ᚋ䠈⬻ษ∦䜢 TUNEL ἲ䛷ᰁⰍ䛧

䛯䚹䛭䛾⤖ᯝ䠈䜰䝫䝖䞊䝅䝇⣽⬊䛿ぢ䜙䜜䛺䛛䛳䛯 䠄Fig.15䠅䚹ᾏ㤿䛻ᜏᖖⓗ䛻Ⓨ⌧䛧

䛶䛔䜛 B23 䛿⣽⬊⏕Ꮡ䛻ᚲ㡲䛷䛿䛺䛔ྍ⬟ᛶ䛜⪃䛘䜙䜜䛯䚹 
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➨2㡯 ᾏ㤿䜈䛾 QA ่⃭䛻ᑐ䛩䜛 HA-1077 ⚄⤒ಖㆤຠᯝ䛸 B23 䛾ᶵ⬟䛻䛴䛔䛶 

1䠅 䝷䝑䝖ཬ䜃䝬䜴䝇ᾏ㤿䜈䛾 QA ่⃭䛻䛚䛡䜛ᙳ㡪䛸 B23 ᒁᅾኚ໬ 

ᾏ㤿䛿 NMDA 䜰䝂䝙䝇䝖䛷䛒䜛 QA ᢞ୚䛷ᦆയ୚䛘䜙䜜䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛[53]䚹

ᾏ㤿 CA1 䛾ᦆയ䜢 QA ᢞ୚䛻䜘䜛ᕪ䜢᳨ウ䛧䛯䚹䝬䜴䝇ᾏ㤿䛻 QA ᢞ୚䛻䜘䜛 CA1

㡿ᇦ䛾䜰䝫䝖䞊䝅䝇䜢䠈Nissl ᰁⰍ䠈䝷䝑䝖ᾏ㤿䛾ษ∦䛿 TUNELἲ䜢⏝䛔䛶ホ౯䛧䛯䚹

Nissl ᰁⰍ䛻䛚䛔䛶䠈PBS ᢞ୚ᾏ㤿䛻ᑐ䛧䛶ᢞ୚ 1 ᪥┠䛸 7 ᪥┠䛿ᰁⰍ䛜ᝏ䛟䠈ᾏ㤿

CA1 㡿ᇦ䛻᭱䜒ᦆയ䛜⏕䛨䛶䛔䜛䛣䛸䛜☜ㄆ䛷䛝䛯䠄Fig.16䠅 䚹䜎䛯䠈䝷䝑䝖ษ∦䛷䛿䠈

䜰䝫䝖䞊䝅䝇䛾⣽⬊๭ྜ䠄TUNEL㝧ᛶ⣽⬊/PI䠅䛜 PBSᢞ୚䛷 0±0%䛷䛒䛳䛯䛾䛻ᑐ

䛧䛶䠈80.6±3.24%䛸䛺䛳䛯 䠄Fig.17䠅 䚹䛣䜜䜙䜘䜚䠈䝷䝑䝖ཬ䜃䝬䜴䝇ᾏ㤿CA1㡿ᇦ䛻 50 

nmol QA ᢞ୚䛻䜘䛳䛶 CA1 㡿ᇦ䛷ᾏ㤿䛾ᦆയ䛜኱䛝䛟⏕䛨䜛䛣䛸䛜☜ㄆ䛷䛝䛯䚹 

ḟ䛻䠈ᦆയᾏ㤿䛻䛚䛡䜛 B23䛾ືែ䜢᳨ウ䛩䜛䛯䜑䠈ᾏ㤿 CA1㡿ᇦ䛻QA䜢ᢞ୚

䛧䠈䛭䛾ᚋษ∦䜢స〇䛧 B23 ච␿ᰁⰍ䜢⾜䛳䛯䚹䝬䜴䝇䛿 QA 䜢ᾏ㤿ෆᢞ୚䛧䛶 1 ᪥

┠䛸 7 ᪥┠ᚋ䛾 DAB ᰁⰍ䠈䝷䝑䝖䛿 QA 䜢ᾏ㤿ෆᢞ୚䛧䛶 1 ᪥┠䛾⺯ගᰁⰍ䛷ホ౯

䛧䛯䚹䛹䛱䜙䜒䛸䜒䛻䠈B23 䛾ᒁᅾ䛜᰾ᑠయ䛛䜙⣽⬊㉁䛻⛣⾜䛧䛯 䠄Fig.18A,19䠅 䚹䝬

䜴䝇䛻䛚䛔䛶䠈QAᾏ㤿ෆᢞ୚ 7᪥ᚋ䛾ษ∦䛷䛿䠈᰾ᑠయ䛻䛒䜛⣽⬊ᩘ䜢䜹䜴䞁䝖䛧䛯

⤖ᯝ䠈35.2 cells/40 cells 䛛䜙 6.8 cells/40 cells 䛻ῶᑡ䛧䛯 䠄Fig.18B䠅 䚹䛣䜜䜙䛾䛣䛸䛛

䜙䠈QAᾏ㤿ෆᢞ୚䛻䛚䛡䜛䜰䝫䝖䞊䝅䝇䛻ᑐ䛧䛶䠈B23䛿ึᮇ䛻⣽⬊㉁䛻⛣⾜䛧䛶ᶵ

⬟䛩䜛䛣䛸䛜♧၀䛥䜜䛯䚹 

  

2䠅 QA ᾏ㤿ෆᢞ୚䛻䛚䛡䜛 HA-1077 䛾ᣢ䛴ಖㆤຠᯝ䛸 198 ␒┠䛾 Thr ṧᇶ䛾䝸䞁

㓟໬ B23 䛾⬺䝸䞁㓟໬ 

QA䛾ᾏ㤿ෆᢞ୚䛸HA-1077䛾ഃ⬻ᐊᢞ୚䛻䜘䜛⚄⤒ಖㆤຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䚹

䜎䛯⚄⤒⣽⬊䛻ᑐ䛩䜛 HA-1077 䛸 B23 䛾㛵୚䛻䛴䛔䛶᳨ウ䛧䛯䚹 

ഃ⬻ᐊ䛻 HA-1077 䜢ᢞ୚䛧䠈┤ᚋ䛻ᾏ㤿ෆ䛻 QA 䜢ᢞ୚䛧䛯䝷䝑䝖ᾏ㤿䛚䛔䛶

TUNEL ἲ䜢⏝䛔䠈䜰䝫䝖䞊䝅䝇䛾๭ྜ䜢ㄪ䜉䛯䚹䛭䛾⤖ᯝ䠈HA-1077 ᢞ୚䛻䜘䜚

53.8±3.30%䜎䛷ῶᑡ䛧䠈HA-1077 ┤᥋ᢞ୚䛻䜘䜛⚄⤒ಖㆤ䛜᫂䜙䛛䛸䛺䛳䛯 

䠄Fig.20A, B䠅 䚹 

⥆䛔䛶䠈HA-1077䛻䛚䛡䜛B23䛾㛵୚䛾᳨ウ䜢⾜䛖䛯䜑䠈HA-1077䛾䜏䜢ᢞ୚䛧䛯

⬻ษ∦䜢స〇䛧䠈B23 ཬ䜃 Thr198 ṧᇶ䛾䝸䞁㓟໬ B23 䛾⺯ගᰁⰍ䜢⾜䛳䛯䚹䛭䛾⤖

ᯝ䠈B23 䛾ᒁᅾኚ໬䛿ぢ䜙䜜䛺䛛䛳䛯䛜䠈 Thr198 ṧᇶ䛾䝸䞁㓟໬ B23 䛾⬺䝸䞁㓟໬

䛜⏕䛨䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹䛣䜜䜙䜘䜚䠈HA-1077 䛾 QA ่⃭䛻䛚䛡䜛⚄⤒ಖㆤຠ

ᯝ䛿 Thr198 ṧᇶ䛾䝸䞁㓟໬ B23 䛾⬺䝸䞁㓟໬䛜㛵୚䛧䛶䛔䜛䛣䛸䛜♧၀䛥䜜䛯 

䠄Fig.21䠅 䚹 
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➨➨➨➨ 4❶❶❶❶    ⥲ྜ⪃ᐹ⥲ྜ⪃ᐹ⥲ྜ⪃ᐹ⥲ྜ⪃ᐹ 

௒ᅇ⚄⤒⣽⬊䛻䛚䛡䜛 B23 䛾⚄⤒ᶵ⬟䛻䛴䛔䛶 in vitro 䛸 in vivo䛛䜙䜰䝥䝻䞊䝏

䜢䛛䛡䛯䚹⚄⤒⣽⬊䝰䝕䝹䛸䛧䛶 NB2a 䜢⏝䛔䛯ሙྜ䠈PC-BSA 䜢ῧຍ䛧䛶䛛䜙 24 hr

ᚋ䛻㍈⣴ᙧᡂ䛜ぢ䜙䜜䛯䚹䜎䛯䠈ቑṪᢚไヨ㦂䜢⾜䛖䛸ቑṪᢚไ䛜⏕䛨䛶䛔䜛䛣䛸䛜

☜ㄆ䛷䛝䛯䚹䛣䛾᫬䠈B23 䛾Ⓨ⌧㔞䛿ቑຍ䛧䠈⚄⤒ศ໬䛻 B23 䛜㛵୚䛩䜛䛣䛸䛜♧၀

䛥䜜䛯䚹䛥䜙䛻䠈⚄⤒ศ໬⣽⬊䛻䛚䛔䛶䜒 B23 䛜᰾ᑠయ䛸᰾㉁䛻ᒁᅾ䛧䛶䛔䜛䛣䛸䛸䠈

198 ␒┠䛾 Thr ṧᇶ䛾䝸䞁㓟໬䛜᰾ᑠయ䛷⏕䛨䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹PC-12 䛻

䛚䛔䛶䠈NGF䛷⚄⤒ศ໬䜢ᘬ䛝㉳䛣䛩䛸䠈B23䛾 263␒┠䛾 Lysinṧᇶ䛸 PIP3䛜」ྜ

య䜢ᙧᡂ䛧䠈CAD䠄Caspase Activated DNase䠅䛻䜘䜛 DNA ᩿∦໬䜢㜵䛔䛷䛔䜛䛣䛸䛜

ሗ࿌䛥䜜䛶䛔䜛[54]䚹௒ᅇ⏝䛔䛯 PC-BSA 䛿 PKC 㜼ᐖ๣䛷䛒䜛䛯䜑䠈NB2a 䛷䛿 PKC

䛾ୗὶ௨እ䛷 B23 䛜㛵୚䛧䛶䛔䜛䛣䛸䛜⪃䛘䜙䜜䛯䚹 

⚄⤒⣽⬊䛿⣽⬊࿘ᮇ䛾 G1ᮇ୰䛻 G0ᮇ䛻ධ䜚䠈㟼Ṇᮇ䛾≧ែ䛻䛺䜛䚹⌧ᅾ B23䛿

⣽⬊࿘ᮇ䛾 G1/S ᮇ䛻䛚䛔䛶䠈198 ␒┠䛾 Thr 䛜 cdk2 䛛䜙䝸䞁㓟ᇶ䜢ཷ䛡ྲྀ䛸䜚䠈

ROCKⅡ䛸┦஫స⏝䛧䛶 B23䛿୰ᚰయ䛛䜙ゎ㞳䛧䛶䠈୰ᚰయ䛾」〇䛻㛵୚䛩䜛䛸䛥䜜

䜛[46]䚹䜎䛯䠈B23 䛾 198 ␒┠䛾 Thr 䛾ᶵ⬟䛷䠈DNA ಟ᚟䠈pre-mRNA 䛾䝥䝻䝉䝅䞁䜾

䛻㛵୚䛩䜛䛣䛸䛜ቑṪ⣽⬊䛾 HeLa ཬ䜃 NIH3T3 ⣽⬊䛷ሗ࿌䛥䜜䛶䛚䜚䠈䛭䛾䛯䜑㠀

ቑṪ⣽⬊䛾 NB2䠽䛻䛚䛔䛶䜒䠈B23䛾 198␒┠䛾 Thr 䝸䞁㓟໬䛿䠈ྠ➼䛾ᶵ⬟䛻㛵䜟

䛳䛶䛔䜛䛸⪃䛘䜙䜜䜛䚹 

䛥䜙䛻䠈Rho-䜻䝘䞊䝊㜼ᐖ๣䛷䛒䜛 HA-1077 䛻䜘䜛స⏝䛷㍈⣴ఙ㛗䛜ぢ䜙䜜䜛⃰

ᗘ䠄30 µM䠅 䛻䛚䛔䛶䠈B23䛾 198␒┠䛾 Thr䛻䛴䛔䛶䛿ᒁᅾኚ໬䛜☜ㄆ䛷䛝䛺䛛䛳

䛯䛣䛸䛛䜙䠈ROCKⅡ䜘䜚ୗὶ䛷 B23 䛾 198 ␒┠䛾 Thr 䛿ᶵ⬟䛧䛶䛔䛺䛔䛣䛸䛸♧၀䛥

䜜䛯䚹䛴䜎䜚䠈⚄⤒⣽⬊䛷 B23 䛿 Rho-䜻䝘䞊䝊䜘䜚䜒ୖὶ䛒䜛䛔䛿䠈↓㛵ಀ䛻 B23 䛿

198 ␒┠䛾 Thr 䝸䞁㓟໬཯ᛂ䛜ᐤ୚䛧䛶䛔䜛䛣䛸䛜⪃䛘䜙䜜䛯䚹 

PC-12䠄⚄⤒⣽⬊䠅䜢⏝䛔䛶 B23 䛾ᶵ⬟䛻䛴䛔䛶᳨ウ䛩䜛䛯䜑䠈B23-anitsense 䜢౑

⏝䛧䛶䠈mNGF 䛻䜘䜛⚄⤒ศ໬ᚋ䛻 B23 䛾ᢚไ䜢⾜䛳䛯䚹䛭䛾ᚋ NMDA ่⃭䜢୚䛘

䛶䠈䜰䝫䝖䞊䝅䝇⋡䜢᳨ウ䛧䛯䚹䛭䛾⤖ᯝ䠈B23 䛾ᢚไ䛻䜘䛳䛶䜰䝫䝖䞊䝅䝇⋡䛜ቑຍ

䛧䛯䚹䛣䜜䜘䜚䠈B23 䛿 NMDA ่⃭䛻䜘䜛䜰䝫䝖䞊䝅䝇䛛䜙⣽⬊䜢ಖㆤ䛩䜛ᶵ⬟䜢᭷䛧

䛶䛔䜛䛣䛸䛜♧၀䛥䜜䛯䚹NMDA ่⃭䛻䜘䜛䜰䝫䝖䞊䝅䝇䛿 Ca
2+䛾ቑຍ䛻䜘䜛䜒䛾䛷䠈

⣽⬊ෆ䛾㓟໬䝇䝖䝺䝇䜢ቑຍ䛥䛫䜛䛣䛸䛷ᘬ䛝㉳䛣䛥䜜䜛䛣䛸䛜▱䜙䜜䛶䛔䜛䚹䜎䛯䠈ୖ

㏙䛧䛯䜘䛖䛻 PC-12 䛿 CAD 䛻䜘䜛 DNA ᩿∦໬䜢㜵䛠䛣䛸䛜ሗ࿌䛥䜜䛶䛚䜚䠈NMDA

่⃭䛻䜘䜛䜰䝫䝖䞊䝅䝇䛻ᑐ䛧䛶䠈㓟໬䝇䝖䝺䝇ᢚไ䛻䜘䜛⣽⬊⏕Ꮡ䛻ᶵ⬟䛩䜛䛣䛸䛜

⪃䛘䜙䜜䛯䚹 

In vitro 䠄⣽⬊䠅 䛿 in vivo 䠄ᾏ㤿䠅䜘䜚䜒 B23䛾᰾ᒁᅾ䛜☜ㄆ䛷䛝䠈⣽⬊䛷䛿䠈᰾ᑠ

య䛾䜏䛻ᒁᅾ䛜䛒䜛 B23 䛾 198 ␒┠䛾 Thr 䝸䞁㓟໬௨እ䛷ᶵ⬟䛧䛶䛔䜛䛣䛸䛜⪃䛘䜙

䜜䜛䚹NB2a 䛻䛚䛔䛶 B23 䛾 Western Blotting 䛾⤖ᯝ䠈䝯䜲䞁䝞䞁䝗䛜 2 ᮏ☜ㄆ䛷䛝䛯 
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䠄Fig.5䠅 䚹୍ᮏ䛿᰾ᑠయᒁᅾ䛛䜙䠈B23.1 䛸᥎ 䛷䛝䠈䜒䛖୍ᮏ䛿᰾㉁ᒁᅾ䛛䜙 B23.2

䛾ྍ⬟ᛶ䛜⪃䛘䜙䜜䜛䚹䛜䜣⣽⬊䛺䛹䛷䛿 B23.2 䛾Ⓨ⌧䛜㧗䜎䜛䛣䛸䜔䠈ᙜ◊✲ᐊ䛷

䛿 DNA 」〇䛾㝿䛻 B23.1䠈B23.2 䛾㡰䛻Ⓨ⌧㔞䛜ቑຍ䛧䠈DNA 䝫䝸䝯䝷䞊䝊άᛶ䛜

ቑຍ䛩䜛䛸䛥䜜䜛䠄Nisimura䠅䚹䛭䛾䛯䜑䠈⚄⤒ศ໬௨๓䛾 NB2a 䛸 PC-12 䛿ቑṪ⣽⬊

䛷䛒䜛䛯䜑䠈᰾㉁䛾 B23.2 䛜ぢ䜙䜜䛯䛾䛛䜒䛧䜜䛺䛔䚹 

௒ᚋ䠈H2O2䛺䛹␗䛺䜛㓟໬䝇䝖䝺䝇䜢⏝䛔䜛䛣䛸䜔䠈B23 䛾ୖὶ䛷 PIP3䜔 ERK 䛺䛹

䛜ᶵ⬟䛩䜛䛾䛛᳨ウ䛧䛶䛔䛟䛣䛸䛷 B23 䛾ᶵ⬟䛜᫂☜䛸䛺䜛䛸ᛮ䜟䜜䜛䚹䛥䜙䛻䠈B23.2

䛾䝅䞊䜽䜶䞁䝇䜢⾜䛔䠈B23.1 䜎䛯䛿 B23.2 䛾Ⓨ⌧䜢᫂☜䛻䛩䜛ᚲせ䛜䛒䜛䚹 

ᾏ㤿 CA1䞉CA3䞉DG 䛾⚄⤒⣽⬊䠄䝙䝳䞊䝻䞁䠅䛻䛚䛔䛶䠈B23 䛿ᜏᖖⓗ䛻᰾ᑠయཬ

䜃᰾㉁䛻Ⓨ⌧䛧䛶䛔䜛䛣䛸䛜☜ㄆ䛷䛝䛯䚹ᾏ㤿䛾᰾㉁䛻ᒁᅾ䛩䜛 B23 䛿᰾⭷࿘㎶䛻

ἢ䛳䛶Ꮡᅾ䛧䛶䛔䛯䛯䜑䠈᰾ෆ㍺㏦䝍䞁䝟䜽䛸䛧䛶ᶵ⬟䛧䛶䛔䜛䛣䛸䛜᥎ᐹ䛷䛝䜛䚹᰾

ෆ㍺㏦䛻䛿᰾⭷䛾 PKC䛸 B23䛜㛵䜟䜛䛸ሗ࿌䛜䛒䜛䛯䜑䠈PKC 䛸 B23䛾㛵୚䛿ᡂయ

ᾏ㤿䛻䛚䛔䛶䜒ᶵ⬟䛧䛶䛔䜛䛣䛸䛜⪃䛘䜙䜜䜛䚹䜎䛯䠈ᾏ㤿䛾᰾ᑠయᒁᅾ䛾 B23 䛿

DNAಟ᚟䜔 rRNA䛾ྜᡂ䛻㛵୚䛧䛶䛔䜛䛸ᛮ䜟䜜䜛䚹䛧䛛䛧䠈B23䛾Ⓨ⌧ᢚไ䛧䛯ሙ

ྜ䠈䜰䝫䝖䞊䝅䝇䛜᳨ฟ䛥䜜䛺䛛䛳䛯䚹In vitro 䛾ᐇ㦂䜘䜚䠈NMDA ่⃭䛻ᑐ䛧䛶᢬ᢠ

ᛶ䜢♧䛧䛯䛣䛸䜢㋃䜎䛘䜛䛸䠈⏕యෆ䛿⣽⬊Ṛ䜢㉳䛣䛩䜋䛹 NMDA ่⃭䛜ᙉ䛟䛺䛟䠈

B23 䛿⣽⬊⏕Ꮡ䛻ᚲ㡲䛷䛿䛺䛔䛸⪃䛘䜙䜜䜛䚹䛒䜛䛔䛿⏕య䛷䛿 B23 ᢚไ䛻䜘䜛䜰䝫

䝖䞊䝅䝇㐍⾜䛜䠈䜾䝸䜰⣽⬊䛺䛹⬻ෆ⎔ቃ䛷䝤䝻䝑䜽䛥䜜䜛䛾䛛䜒䛧䜜䛺䛔䚹௒ᚋ䠈

Actinomycin D 䛺䛹䛾 DNA ᦆയ⸆๣䜢౑⏝䛧䛯ヨ㦂䜢⾜䛔䠈ᶵ⬟䜢᫂☜䛻䛧䛶䛔䛡

䜛䛸⪃䛘䜛䚹 

QAᦆയᾏ㤿䛻䜘䜛B23䛾㛵୚䛿䠈䜰䝫䝖䞊䝅䝇䜢㉳䛣䛩㝿䛻B23䛜⣽⬊㉁䛻⛣⾜

䛧䛶ᶵ⬟䛩䜛䛣䛸䛜♧၀䛥䜜䛯䚹NMDA ่⃭䛻䜘䜛䜰䝫䝖䞊䝅䝇䛿 NF-䡇B 䛾᰾⛣⾜䛜

⏕䛨䠈p53 䛾Ⓨ⌧䜢ቑຍ䛥䛫䜛ሗ࿌䛜䛒䜛[55]䚹䜎䛯䠈B23 䛿䝭䝖䝁䞁䝗䝸䜰䛾 p53 ᒁᅾ䜢

ῶᑡ䛥䛫䜛䛣䛸䛷⣽⬊ಖㆤ䜢⾜䛖ሗ࿌䛜䛒䜛[39]䚹䛣䜜䜙䜘䜚䠈B23 䛜᰾ᑠయ䛛䜙⣽⬊㉁

䛻⛣⾜䛧䠈p53 䛾䝭䝖䝁䞁䝗䝸䜰ᒁᅾ䜢ᢚไ䛩䜛䛣䛸䛷䜰䝫䝖䞊䝅䝇䜢ᢚไ䛧䛶䛔䜛䛸⪃䛘

䜙䜜䜛䚹୍᪉䠈HA-1077 䛻䜘䜛⚄⤒ಖㆤస⏝䛿䠈B23 䛾 198 ␒┠䛾 Thr 䛾⬺䝸䞁㓟໬

䛜ᙳ㡪䛧䛶䛔䜛䛸⪃䛘䜙䜜䛯䚹HeLa ⣽⬊䛷 DNA ᦆയ䛻䜘䜚䠈protein phosphatase1B 

䠄PP1B䠅䛜⬺䝸䞁㓟໬䛩䜛䛣䛸䛷䠈B23 䛾 198 ␒┠䛾 Thr 䛾⬺䝸䞁㓟໬䜢⏕䛨䛥䛫䜛䚹䛣

䜜䛻䜘䜚䠈DNA ಟ᚟䛜⾜䜟䜜䜛䛸䛔䛖ሗ࿌䛜䛒䜛䚹䜎䛯䠈RhoA 䛿 PP1 䜢୙άᛶ໬䛧䛶

䛔䜛䛣䛸䛜ศ䛛䛳䛶䛔䜛[56]䚹䛭䛾䛯䜑䠈HA-1077䛾⬺䝸䞁㓟໬䛿QA䛻䜘䜛㓟໬䝇䝖䝺䝇

䛻ᑐ䛧䛶䠈㏿䜔䛛䛻 DNA ಟ᚟䜢⾜䛖䛣䛸䛜ྍ⬟䛸䛺䛳䛯䛯䜑⚄⤒ಖㆤస⏝䛜⏕䛨䛯䛸

⪃䛘䜙䜜䜛䚹䜎䛯䠈ᾏ㤿䛻䛿⚄⤒⣽⬊௨እ䛻䜾䝸䜰⣽⬊䜒Ꮡᅾ䛩䜛䚹HA-1077 䛿䜾䝸䜰

⣽⬊䛻ᑐ䛧䛶 G-CSF 䠄㢛⢏⌫䝁䝻䝙䞊่⃭ᅉᏊ䠅 ⏘⏕䜢ಁ㐍䛧䠈⚄⤒ಖㆤ䛻㛵䜟䜛

ሗ࿌䛜䛒䜛[57]䛯䜑䠈௒ᚋ䛿HA-1077䛾⚄⤒䛻ᑐ䛩䜛ᙳ㡪䛜䠈䜾䝸䜰⣽⬊䜢௓䛧䛶⏕䛨

䛶䛔䜛䛾䛛᳨ウ䛧䛶䛔䛟ᚲせ䛜䛒䜛䚹 

௨ୖ䛾䛣䛸䛛䜙䠈B23 䛿୰ᯡ⚄⤒䛻䛚䛔䛶⚄⤒ಖㆤ䛻ᶵ⬟䛩䜛䛣䛸䛜♧၀䛥䜜䛯䚹
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␎ㄒ୍ぴ␎ㄒ୍ぴ␎ㄒ୍ぴ␎ㄒ୍ぴ 

␎ㄒ ṇᘧྡ⛠ 

APS Ammmoium peroxodisulfate 

B23/Thr198 Thr
198ṧᇶ䛜䝸䞁㓟໬䛧䛯≧ែ䛾 B23 

BPB Bromophenol blue 

CAD Caspase-activated DNase 

CaMKⅡ Calmodulin kinase Ⅱ 

cdk2/cyclinE K-Cyclin-dependent kinase Ⅱ 

CKⅡ Casein kinase II 

CREB cAMP response element binding protein 

DMEM Dulbecco's Modified Eagle's Medium 

DTT Dithiodhreitol 

ERK Extracellular Signal-regulated Kinase 

FITC Fluorescein isothiocyanate 

G-CSF Granulocyte colony-stimulating factor 

MEM Minimum Essential Medium 

MLCK Myosin light-chain kinase 

NB2a 䝬䜴䝇⚄⤒ⱆ⣽⬊⭘ 

NGF Nerve growth factor 

NMDA N-methyl-D-aspartic acid 

PC palmitoylcarnitine 

PC-12 䝷䝑䝖๪⭈㧊㉁⏤᮶〓Ⰽ⣽⬊⭘ 

PI Propidium iodide 

PIP3 Phosphatidylinositol (3,4,5)-trisphosphate  

PKA Protein kinase A 

PKC Protein kinase C 

PMSF Phenylmethylsulfonylfluoride 

PP1B Protein phosphatase1B 

PVDF Poly Vinylidene Di-Fluoride 

QA 䜻䝜䝸䞁㓟 

ROCK Rho kinase 

RT Room air temperature 

SDS Sodium Dodecyl Sulfate 

TdT Terminal deoxynucleotidyl Transferase 
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␎ㄒ ṇᘧྡ⛠ 

TEMED N,N,N’,N’-Tetramethyle-enediamine 

TIF-IA Transcription initiation factor IA 

TRITC Tetramethylrhodamine-5-(and 6)-isothiocyanate 

TrkA Neurotrophic tyrosine kinase receptor type 1 
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Fig.1 Pattern diagram of mouse Hippocampus 

 Top is mouse brain. Bottom is hippocampus. Hippocampus is divided main 4 parts that DG, CA3, CA2, CA1 are. And the blue line shows cell layer. 
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QA NMDA Glutamic acid 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 Structural formula of QA, NMDA , and Glutamic acid 

QA and NMDA are agonist of Glutamic acid, the structural formula of QA and NMDA look like Glutamic acid. These have dicarboxylic. 
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Fig.3Schematic representation of non-cell-autonomous neurodegeneration in Huntington’s disease 
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Fig.4 Effect of palmitoylcarnitine on proliferation of neuroblastoma 

A, Neurite elongation of NB2a after treatment with PC-BSA (right) or without (left). 

B, NB-2a cells were deprived of serum for 24 h and subsequently grown for the 

indicated time in the presence of 5% FBS either supplemented without or with 100 µM 

palmitoylcarnitine, as described in the Methods section. The amount of' cells after the 

indicated time was estimated by absorbance of 450 nm. The results are means ± S.E., 

n=3, t-test.* p<0.05, **p<0.01 compared with CON vs PC at 24hr or 48hr. Scale bar is 

20 µm.

Control PC-BSA A 

B 
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Fig.5 Protein expression of B23 is effected by palmitoylcarnitine at NB2a  

A, NB2a is cultured with 5% FBS MEM and 100 µM palmitoylcarnitine for 72 hr. After 

incubation the cell is lysed by Ripa buffer. The solution applied is 20 µg. B23 protein of 

the solution was detected by Western blotting.  

B, Protein bands measured by NIH image. The results are means ± S.E. n=3, t-test. 

*p<0.05, compared with BSA (CON) vs PC at 72 hr. 
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Fig.6 Localization of B23 and B23/Thr198 in nucleoli and nuclei of NB2a cells with or without palmitoylcarnitine. 

 Immunohistochemistry shows the immunolabeling with anti-B23 polyclonal antibodies (green) done on B23 and Anti-B23/Thr198 

polyclonal antibodies on B23/Thr198 of NB2a (e-h). Without palmitoylcarnitine is (a, c, e, g), with it is (b, d, f, h).B23 is stained (e, f) 

and B23/Thr198 is stained (g, h).B23 is localization in nucleoli and nuclei, while B23/Thr198 is only localization in nucleoli. And, B23 

and B23/Thr198 don’t altered localization between with or without palmitoylcarnitine. Scale bar is 20 µm. 
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B23 B23/Thr198 
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Fig.7 Localization of B23 and B23/Thr
198
 in nucleoli and nuclei of NB2a cells with or without HA-1077. 

 Immunohistochemistry shows the immunolabeling with Anti-B23 polyclonal antibodies (green) done on B23 and anti-B23/Thr198 

polyclonal antibodies on B23/Thr198 of NB2a (e-h). NB2a was treated without HA-1077 (a, c, e, g), with HA-1077 (b, d, f, h). B23 is 

stained (e, f) and B23/Thr198 is stained (g, h).B23 is localization in nucleoli and nuclei, while B23/Thr198 is only localization in 

nucleoli. And, B23 and B23/Thr198 don’t altered localization between with or without HA-1077. Scale bar is 20 µm. 

 

B23 B23/Thr198 

Light 

FITC 

㸫 㸩 㸫 㸩 HA-1077 
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Fig.8 Effect of mNGF on axon elongation of PC-12 cells 

Morphology of neurite elongation of PC-12 cells. The Cell is cultured with 10% FBS+10% HS Low-Glucouse DMEM and 100 ng 

mNGF for 48 hr. Thr cells is cultured without mNGF, and with mNGF.The cells included mNGF is done neurite elongation. Scale bar 

is 20 µm. 
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Fig.9 Localization of B23 in nucleoli and nuclei of PC-12 cells with or without mNGF. 

 Immunohistochemistry shows the double immunolabeling with anti-B23 polyclonal antibodies (green) done on B23 and 

anti-B23/Thr198 polyclonal antibodies on B23/Thr198 of PC-12. Nuclei were stained with propidium iodide (red). PC-12 is treated 

without mNGF or with mNGF. Scale bar is 20 µm.

㸫 㸩 㸫 㸩 

PI 

FITC 
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Fig.10 Suppression of B23 expression by B23-antisense DNA 

 PC-12 is treated with B23-antisense DNA or B23-sense DNA for 18, 24, 72 hr. After 

incubation immunohistochemistry shows the immunolabeling with anti-B23 (red) 

protein antibodies done on PC-12 cells. Oligo-DNA is linked Fluorescein (green). The 

Strength of immunolabelling is weaker the cells treated with B23-antisense DNA than 

with B23-sense DNA. Scale bar is 20 µm.
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B23 
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B23 

B23-senese 
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Fig.11 Survival ration of PC-12 stimulated by NMDA is reduction by B23-antisense DNA treated 

PC-12 cells is treated with B23-antisense DNA for 18hr before neuronal differentiation.The cells is treated with mNGF for 48hr, and 

after differentiation NMDA stimuration (0, 0.1, 0.5, 1, 5 mM) was done for 24hr. The cells was stained by DeadEnd
TM
 Fluorometric 

TUNEL System . The ration of counting TUNEL positive cells PI positive cell was increased by B23-antisense DNA. The results are 

means ± S.E. from 3 indipendent estimation.t-test, **p<0.01,* p <0.05, compared with B23-sense DNA (CON) vs B23-antisense DNA. 
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Fig.12 The protein expression of B23 in mouse or rat hippocampus  

A, Hippocampus removed of mouse or rat is lysed in Ripa buffer. B23 protein of the solution was detected by Western Blotting (lane1: 

His-B23 0.05 µg, lane2: 37 µg total protein amount of rat hippocampus). 

B, Immunohistochemistry shows the double immunolabeling with anti-B23 protein antibodies done on pyramidal cell of CA1 in rat 

brain. Nuclei were stained blue with Hoechst reagent. Scale bar is 20 µm.
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B 
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B23 
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Fig.13 Imaging pixel of B23 localization  

A and B were macrophotograph and imaging by the same cell of Fig 12 

A.B23of Fig 12 was imaging by Image J.B23 was localization on nucleolar and  

B.Hochest 33258 was imaging by Image J. 

 

 

A B Hochest 33258 B23 
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Fig.14 Expression and localization of B23 in brain cortex, cerebellar Purkinje cell, 

hippocampus of mouse 

A, Hippocampus removed of mouse is lysed in Ripa buffer. B23 protein of the solution 

was detected by Western Blotting. (lane1: His-B23 0.1 µg, lane2: 150 µg weight of 

mouse hippocampus) 

B, Immunostaining show anti-B23 by ABC kit. B23 protein is found in CA3 (a) and 

cerebellar Purkinje cell (b).the result assented Bouffant’s result. And B23 protein is 

frequently found in nuclear of pyramidal cell in CA1 (c) and granular cell in DG (d), of 

neuron of cortex (e) Scale bar is 10 µm. Arrows were shown B23 localization on 

nucleolar.

1 2 
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Fig.15 No effect survival of pyramidal cell by B23-antisense 

Immunohistochemistry shows the double immunolabeling with TUNEL positive cells on pyramidal cell of CA1 in mouse brain. Nuclei 

were stained red with Propidium Iodide (PI). 

B23-antisense DNA or B23-sense DNA is injected at intrahippocampus of mouse. Scale bar is 80 µm. 
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Fig.16 Mouse hippocampus injected QA of Nissl stain 

Photomicrographs illustrating the effects of quinolinic acid (QA) on the hippocampus show there. control (left), after 1 day from 50 

nmol of QA (middle), and 7days 50 nmol of QA (right), were injected into the hippocampus. Brain slices (14-µm) were stained with 

cresyl violet. Scale bar is 100 µm. 

Control 1day 7days 

QA 
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Fig.17 Increased TUNEL-positive neurons in the CA1 region of the QA treated 

hippocampus.  

A, In the controls rat, no TUNEL-positive cells were observed. TUNEL-positive cells 

were seen in the pyramidal layers of the QA-treated hippocampus. B, TUNEL positive 

cell/PI positive cell was shown. The results are means ± S.E., n=4. ***<0.001, 

compared with vs without QA. t-test. Scale bar is 50 µm.  
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Fig.18 Mouse hippocampus injected QA of B23 immunostaining by ABC kit 

Photomicrographs illustrating the effects of quinolinic acid (QA) on the hippocampus. 

control (left), 50 nmol (right) of QA were injected into the hippocampus. Each animal 

was decapitated 7 days after treatment. B23 translocatied from nucleolus into cytosol 

at 50 nmol QA. B, The ration of B23 localization at nucleour was shown. The results 

are means ± S.E., n=3. ** p<0.01, compared with vs without QA. t-test. Scale bar is 10 

µm. Arrows were shown B23 localization.
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nucleolar localization cell/ 40 cells 
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90% 
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Fig.19 The localization change of B23 in rat hippocampus by QA  

50 nmol/ 1µL QA was injected in right hippocampus of rat brain. Control (1 µL PBS pH7.4) was injected in left hippocampus of same 

brain. After operation the rats were housed in the same environment for 24 hr. And the brain was removed from the rats. 

Immunohistochemistry shows the double immunolabeling with anti-B23 protein antibodies done on pyramidal cell of CA1 in rat brain. 

Nuclei were stained blue with Hoechst reagent. B23 was transitioned from nucleoli or nuclei to cytosol at QA injected hippocampus. 

Scale bar is 20 µm. 
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Fig.20 Protection from QA damage by HA-1077 in the CA1 region. 

A, TUNEL positive cells were observed less with HA-1077 than without HA-1077 in 

lateral cerebral ventricle. TUNEL positive cells were seen in the pyramidal layers of the 

QA-treated hippocampus. B, TUNEL positive cell/PI positive cell (red) was shown. The 

results are means ± S.E, n=3. * p<0.05, compared with vs without QA. t-test. Scale bar 

is 50 µm. 
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Fig.21 Dephosphorylation of B23/Thr198 by HA-1077 in CA1 region 

Immunohistochemistry shows the double immunolabeling with anti-B23 (left green) protein antibodies done on pyramidal cell of CA1 

in rat brain. Nuclei were stained blue with Hoechst reagent.B23/Thr198 is immunolabeled with anti B23/Thr198 (right green) protein 

antibodies on pyramidal cell of CA1 in rat brain. Scale bar is 20 µm. 



48 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.22 Representation of the mechanisms of the protection from QA-induced damage by HA-1077-induced 

dephosphorylation.of Thr198
 

QA overstimulated NMDA receptor, Ca
2+
 inflow to intracellular. p53, SDH, NOS are affected by Ca

2+
. The result raises apoptosis, lipid 

peroxidation, and DNA damage. However we guess that HA-1077 prevents DNArepair by dephosphorylation of RhoA/ ROCK/ PP1B/ 

B23Thr198.  
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䛆⫼ᬒ䞉┠ⓗ䛇  
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