
㻔䠍㻕㻌୰ᛶᏊ⥺䛻䜘䜛 㻰㻺㻭ᦆയ䛸䛭䛾ಟ᚟䛾ศᏊᶵᵓ㻌
㻌

㻌 ᮾிᕤᴗ኱Ꮫ⛉Ꮫᢏ⾡๰ᡂ◊✲㝔㻌 ᯇᮏ㻌 ⩏ஂ䚸ᓥ⏣㻌 ᖿ⏨㻌

㻌 ᅜ❧䛜䜣◊✲䝉䞁䝍䞊◊✲ᡤ㻌 ௒㐨㻌 ⚈஧㻌

㻌 ㏆␥኱ᏛཎᏊຊ◊✲ᡤ㻌 ᒣす㻌 ᘯᇛ䚸ᯇ⏣㻌 እᚿᮁ㻌

㻌

࠙┠ⓗࠚ�

㻌 ᮏ◊✲䛾┠ⓗ䛿䚸㻰㻺㻭ಟ᚟㑇ఏᏊḞᦆ⣽⬊䚸㻰㻺㻭ಟ᚟㓝⣲㜼ᐖ๣➼䜢⏝䛔䛶䚸୰ᛶᏊ⥺䛾㻰㻺㻭

ᦆയ䛾≉ᚩ䛸䛭䛾㻰㻺㻭ಟ᚟ᶵᵓ䜢᫂䜙䛛䛻䛩䜛䛣䛸䛷䛒䜛䚹ཎᏊ⅔ᨺᑕ⥺䛿㧗㏿୰ᛶᏊ⥺䚸⇕እ୰

ᛶᏊ⥺䚸⇕୰ᛶᏊ⥺䛭䛧䛶䜺䞁䝬⥺䛷ᵓᡂ䛥䜜䜛䚹㻰㻺㻭ᦆയ䛿㧗㏿୰ᛶᏊ⥺䛻䜘䜛ᙳ㡪䛜኱䛝䛔䛸⪃

䛘䜙䜜䛶䛔䜛䚹✀䚻䛾㻰㻺㻭ᦆയ䛾୰䛷᭱䜒㔜⠜䛸⪃䛘䜙䜜䜛㻰㻺㻭஧ᮏ㙐ษ᩿㻔㼐㼛㼡㼎㼘㼑㻙㼟㼠㼞㼍㼚㼐㻌 㼎㼞㼑㼍㼗㻧㻌

㻰㻿㻮㻕䛿䚸୺䛸䛧䛶㠀┦ྠᮎ➃⤖ྜ㻔㼚㼛㼚㻙㼔㼛㼙㼛㼘㼛㼓㼛㼡㼟㻌 㼑㼚㼐㻌 㼖㼛㼕㼚㼕㼚㼓㻧㻌 㻺㻴㻱㻶㻕䛸┦ྠ⤌᥮䛘㻔㼔㼛㼙㼛㼘㼛㼓㼛㼡㼟㻌

㼞㼑㼏㼛㼙㼎㼕㼚㼍㼠㼕㼛㼚㻧㻌 㻴㻾㻕䛾஧䛴䛾ᶵᵓ䛷ಟ᚟䛥䜜䜛䚹㻺㻴㻱㻶䛿㻴㻾䛻ẚ䜉䛶ㄗ䜚䜢㉳䛣䛧䜔䛩䛔䛸⪃䛘䜙䜜䛶

䛔䜛䛜䚸୍᪉䛷䚸㻴㻾䛿ጜጒᰁⰍศయ䜢ᚲせ䛸䛩䜛䛯䜑㻿ᮇ䛛䜙㻳㻞ᮇ䛻㝈ᐃ䛥䜜䜛䚹㻳㻜㻛㻳㻝ᮇ䛾⣽⬊䛾

๭ྜ䛜㧗䛟䚸䝀䝜䝮ୖ䛷䝍䞁䝟䜽㉁䜢䝁䞊䝗䛩䜛㡿ᇦ䛜ᑡ䛺䛔䝠䝖䛺䛹䛾⣽⬊䛷䛿䚸㻺㻴㻱㻶䛾㔜せᛶ䛜㧗

䛔䛸⪃䛘䜙䜜䜛䚹㻺㻴㻱㻶䛷䛿䚸᭱ึ䛻㻷㼡㻣㻜䚸㻷㼡㻤㻢㻔㻷㼡㻤㻜㻕䛛䜙䛺䜛䝦䝔䝻䝎䜲䝬䞊䛜㻰㻿㻮䛻⤖ྜ䛧䚸䝍䞁䝟

䜽㉁䝸䞁㓟໬㓝⣲䛷䛒䜛㻰㻺㻭㻙㻼㻷㼏㼟䜢ືဨ䛩䜛䚹䛣䛣䛷䚸㻼㻭㼄㼄䛜㻷㼡䛸㻰㻿㻮䛸䛾⤖ྜ䜢Ᏻᐃ໬䛥䛫䜛䚹ᚲ

せ䛻ᛂ䛨䛶ᮎ➃䛾ᩚᙧ㻔䝥䝻䝉䝅䞁䜾㻕䛜⾜䜟䜜䛯ᚋ䚸㻰㻺㻭㻌 㼘㼕㼓㼍㼟㼑㻌 㻵㼂䛜ᮎ➃ྠኈ䜢㐃⤖䛧䛶ಟ᚟䛜᏶

஢䛩䜛䚹㼄㻾㻯㻯㻠䚸㼄㻸㻲䛿㻰㻺㻭㻌㼘㼕㼓㼍㼟㼑㻌㻵㼂䛾ᶵ⬟䜢ㄪ⠇䚸⿵బ䛩䜛䚹㻌

㻌 ᮏ◊✲䛷䛿䚸㻺㻴㻱㻶䛻㛵䜟䜛ศᏊ⩌䛾Ḟᦆ⣽⬊䚸㒊ศḞኻయ䜔ኚ␗యⓎ⌧⣽⬊䚸㜼ᐖ๣䛺䛹䜢⏝

䛔䚸ཎᏊ⅔↷ᑕᚋ䛾⣽⬊⏕Ꮡ⋡䚸✺↛ኚ␗⋡䚸ศᏊ䛾Ꮡᅾ㔞䛚䜘䜃Ꮡᅾ≧ែ䜢ゎᯒ䛩䜛䛣䛸䜘䜚䚸ཎ

Ꮚ⅔୰ᛶᏊ⥺䛻䜘䜛㻰㻺㻭ᦆയ䛸䛭䛾ಟ᚟䛾ศᏊᶵᵓ䛾≉ᚩ䜢᫂䜙䛛䛻䛩䜛䛣䛸䜢┠ⓗ䛸䛩䜛䚹䜎䛯䚸

㏆ᖺ䛷䛿䝩䜴⣲䛸⇕୰ᛶᏊ⥺䛾᰾཯ᛂ䛷⏕䛨䜛䜰䝹䝣䜯⥺䜢฼⏝䛩䜛䝩䜴⣲୰ᛶᏊᤕᤊ⒪ἲ

䠄㻮㻺㻯㼀䠅㛤Ⓨ䛜㐍䜑䜙䜜䛶䛔䜛䚹䛭䛾䛯䜑䚸ᮏ◊✲䛷䛿ཎᏊ⅔ᨺᑕ⥺䛻ຍ䛘䛶䚸䝩䜴⣲୰ᛶᏊᤕᤊ཯

ᛂ䛻䜘䜛⣽⬊ᙳ㡪䛻䛴䛔䛶䜒ホ౯䛩䜛䚹㻌

㻌

�ࠚⓗ┠ࡢ௒ᖺᗘ࡜㐣⤒ࡢ࡛ࡲࢀࡇ࠙

� ᮏ◊✲ࡣᖹᡂ 17 ᖺᗘࠊࡎࡲࠋࡿ࠸࡚ࡗ⾜ࡽ࠿㏆኱ཎᏊ⅔࡛ XRCC4 Ḟᦆ⣽⬊ࡧࡼ࠾ኚ␗య

Ⓨ⌧⣽⬊ࡢ↷ᑕ࣮ࢽࣟࢥࠊ࠸⾜ࢆᙧᡂἲࡿࡼ࡟⏕Ꮡ⋡ࢆồ࡟࡛ࡲࢀࡇࠊࡵᚓࡿ࠸࡚ࢀࡽ X ⥺

↷ᑕࡢ⤖ᯝ࡜ẚ㍑ࠋࡓࡋ㏆኱⅔࡛ࡢ↷ᑕࠊࡣ(i)୰ᛶᏊ⥺࡜Ț⥺ࡀΰࡿ࠸࡚ࡗࡊⅬࠊ(ii)⥺㔞⋡

ࡢ࡛ࡲࢀࡇ࡚࠸࠾࡟Ⅼ࠸పࡀ X ࡉࠋࡓࡗ࠶࡛ࡌྠࡡᴫࡣഴྥࡢឤཷᛶࠊࡀࡿ࡞␗ࡃࡁ኱࡜⥺

㜼ᐖ๣ࡢDNA-PKࠊ࡟ࡽ NU7026ࠊ㢮⦕ศᏊ ATMࡢ㜼ᐖ๣ KU55933ࠊDNA-PK࡜ ATMࡢ

୧⪅ࢆ㜼ᐖࡿࡍ wortmannin ࡜ཎᏊ⅔↷ᑕࠊ࡟᭦ࠊࡋウ᳨ࢆຠᯝࡢ X ⥺↷ᑕࡢẚ㍑ࠋࡓࡗ⾜ࢆ

ࡓࡌ⏕ཎᏊ⅔↷ᑕ࡛ࠊᯝ⤖ࡢࡑ DNA ᦆയࡢಟ᚟࡟ XRCC4 ࡟ㄪ⠇ࡢ DNA-PK ࡜ ATM ୧ࡢ

᪉ࡀ┦⿵ⓗ࡟㛵ࠊ࡜ࡇࡿ࠸࡚ࡗࢃ᭦ࠊ࡟ཎᏊ⅔࡛⏕ࡓࡌ DNA ᦆയࠊࡣX ࡓࡌ⏕࡛⥺ DNA ᦆ

യ࡜ẚ㍑ࠊ࡚ࡋDNA-PKࠊATMࠊXRCC4ࡢ㐃ᦠࡿࡼ࡟ಟ᚟ࡀ㞴ࡣ࠸ࡿ࠶ࠊ࠸ࡋಟ᚟ࡶ࡚ࡋ㛫

㐪ࢆ࠸㉳ࡀ࡜ࡇ࠸ࡍࡸࡋࡇ♧၀ࠊ࡚ࡋ࡜⏤⌮ࡢࡇࠋࡓࢀࡉ୰ᛶᏊ⥺ࡣ㟁㞳ᐦᗘࡀ㧗ࠊࡃᐦ㞟ࡋ

ࡓ DNA ᦆയ(࣮ࢱࢫࣛࢡᦆയ)ࢆ⏕ᡂࠊ࡛ࡇࡑࠋࡓࢀࡽ࠼⪄ࡀ࡜ࡇࡿࡍ୰ᛶᏊ⥺ࡌ⏕࡚ࡗࡼ࡟
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ࡓ DNA ᦆയࡢಟ᚟ࡿࡅ࠾࡟ㄗࡢࡾ㉳ࢆࡉࡍࡸࡾࡇ ᐃࡢࡑࠊࡋ≉ᚩࢆゎᯒ6ࠊࡵࡓࡿࡍ-
thioguanine ⪏ᛶࢆᣦᶆࠊ࡚ࡋ࡜HPRT (hypoxanthine phosphoribosyl transferase)� 㑇ఏᏊ

ᖹᡂࠋࡓࡳヨࢆኚ␗᳨ฟ↛✺ࡢ 25 ᖺᗘࠥ28 ᖺᗘࠊࡣ࡚ࡅ࠿࡟X ⥺↷ᑕ࡟㛵ࢆࢱ࣮ࢹࡿࡍ཰㞟

ᖹᡂࠋࡓࡋ 29-30 ᖺᗘࠊࡣཎᏊ⅔㐠㌿෌㛤࡚ࡅཷࢆ᪂࠸ࡋ⣽⬊⩌࡟↷ᑕࠊ࠸⾜ࢆ⣽⬊ቑṪࡸ⏕

Ꮡ⋡ࢆᣦᶆࡓࡋ࡜ឤཷᛶ࡜ DNA ᦆയᛂ⟅ศᏊ⩌ࡢゎᯒࡢࡵࡓࡢヨᩱྲྀࢆᚓࠋࡓࡋ௒ᖺᗘࠊࡣ

DNAࠊ⋠Ꮡ⏕ࠊ࠸⾜ࢆᑕᐇ㦂↷ࡢ࡛⅔ཎᏊ࡚࠸ࡘ࡟⩌⬊⣽ࡓࡗ⾜ࢆᇶ♏ⓗ᳨ウ࡟࡛ࡲࢀࡇ ᦆ

യ᳨ࡢ࡝࡞ウ࢘࣍ࠊࡓࡲࠋࡓࡗ⾜ࢆ⣲୰ᛶᏊᤕᤊ⒪ἲ(BNCT)ࡿ࠸⏝࡟୰ᛶᏊ⥺ࡢ⥺㉁ࡢホ౯

ࡣᮏᖺᗘࠋࡿ࠸࡚ࡋㄆ☜ࢆ࡜ࡇࡿࡌ⏕ࡀẅ⣽⬊ຠᯝࡿࡼ࡟⣲〇๣ᢞ୚࢘࣍ࠊࡾ࠾࡚ࡗ⾜㏆ᖺࢆ

3 ⣽⬊ᰴ㸦HSGࡢࡘ ⣽⬊ࠊA375 ⣽⬊ࠊSAS ⣽⬊㸧ࠊ࡚࠸⏝ࢆ㏆␥኱ᏛཎᏊ⅔࡛࢘࣍ࡢ⣲〇

๣ే⏝ࡿࡼ࡟ẅ⣽⬊ຠᯝࡢ⛬ᗘࢆ࡜ࡇࡿࡍ࡜࠿ࡽ࡚᫂࠸ࡘ࡟ヨࠊࡓࡲࠋࡓࡳᮏ◊✲࡛ࡓࡢࡑࡣ

࡜⟨㔠ࡢ࡚ࡋ࡜ࢱ࣮ࢹ♏ᇶࡢࡵ TLD ヨࢆᐃ ࡢ㔞⥺⥺࣐ࣥ࢞࡜୰ᛶᏊ⥺ ᐃ⇕ࠊࡽ࠿ᑕ↷ࡢ

 ࠋࡓࡳ
㻌

࠙ᮏᖺᗘࡢ◊✲⤒㐣ࠚ�

� ᮏᖺᗘࡣ௧࿴ 2 ᖺ 10 ᭶㸰0 ᪥ࠊ࡟㏆␥኱ᏛཎᏊຊ◊✲ᡤࡢཎᏊ⅔ࡓ࠸⏝ࢆ⣽⬊↷ᑕࡗ⾜ࢆ

⥺୰ᛶᏊࠊࡓࡲࠋࡓ 2 ᫬㛫↷ᑕࠊ࡚࠸ࡘ࡟ࣝࣉࣥࢧX ⥺↷ᑕ⿦⨨ࡿࡼ࡟ X ⥺ 2 Gy ㏣ຍ↷ᑕࡢ

㔠⟩࣭TLD࡟᫬ྠ࡜ࣝࣉࣥࢧ⬊⣽ࠊࡓࡲࠋࡓࡳヨࡶ ᐃ ࡢ⥺࣐ࣥ࢞࡜⥺୰ᛶᏊ⇕ࠊࡋᑕ↷ࡶ

 ࠋࡓࡳヨࡶ
㻌

࠙ᮦᩱ࣭᪉ἲࠚ�

㸯㸬⣽⬊ 
� ᮏᖺᗘࠊࡣᨺᑕ⥺↷ᑕᐇ㦂ࡿ࠸࡚ࢀࡽ࠸⏝࡟ HSG ⣽⬊࣐࣮ࣀ࣓ࣛࢺࣄࠊ⏤᮶ A375 ⣽⬊ࠊ

᮶⏤ࢇࡀ⓶ᡥᖹୖࢺࣄ SAS ⣽⬊ࡢࡽࢀࡇࠋࡓ࠸⏝ࢆ⣽⬊ࠊࡣMEM ᇵᆅ㸦ࢡࢫࢸ࢖ࣛ࢝ࢼ㸧ࠊ

DMEM ᇵᆅ(ࢡࢫࢸ࢖ࣛ࢝ࢼ)ࡣࡓࡲࠊ DMEM/Ham’s F12 ᇵᆅ(ࢡࢫࢸ࢖ࣛ࢝ࢼ)ࡑࠊ࠸⏝ࢆ

ࢀࡒࢀ 10%ᐜࡢ∵⫾ඣ⾑Ύ(Hyclone)࡜ᢠ⏕≀㉁࡚ࡋ࡜ 1%ᐜ࢖࣐ࢺࣉࣞࢺࢫ࣮ࣥࣜࢩࢽ࣌ࡢ

5%CO2ࠊ37Υࠊࡋῧຍࢆ(ࢡࢫࢸ࢖ࣛ࢝ࢼ)ᾮ⁐ࣥࢩ  ࠋࡓࡋ᮲௳ୗ࡛ᇵ㣴ࡢ
㸰㸬࣍࢘⣲〇๣ཬࡧ↷ᑕ‽ഛ 
� ࣍࢘⣲〇๣࡚ࡋ࡜ BPA㸦boronophenylalanine, Katchem Ltd., ࢥ࢙ࢳඹ࿴ᅜ㸧ࣇࠊ࠸⏝ࢆ

ࢩࣉࣜࢺ࡚ࡌᛂ࡟ᚲせࢆ⬊⣽ࠋࡓࡋㄪᩚ࡚ࡗ࡜ࡗࡢ࡟ㄽᩥሗ࿌ࡢ࡛ࡲࢀࡇࠊ࡚࠸⏝ࢫ࣮ࢺࢡࣝ

ࣥฎ⌮ࠊ㐲ᚰ࡚ࡗࡼ࡟ᅇ཰࢘࣍ࠊࡋ⣲〇๣ࡣࡓࡲ 3%6 ࢆ⣲〇๣᭱⤊࣍࢘⣲⃰ᗘ࢘࣍ࠋࡓ࠼ຍࢆ

0, 12.5 25, 50 ppm 1ࠊ࡟࠺ࡼࡿ࡞࡜ ᫬㛫௨ୖᇵ㣴࡟ࡕࡢࡓࡋ↷ᑕྛࠋࡓࡗ⾜ࢆ⣽⬊ᠱ⃮ᾮࡣ

����PO ࡢ 3&5 �ࠋࡓࡗ⾜ࢆᑕ↷࡚ࢀධ࡟ࣈ࣮ࣗࢳ

�㸬୰ᛶᏊ⥺↷ᑕཬࡧ ;⥺↷ᑕ�

ཎᏊ⅔↷ᑕ࡛ࠊࡣ୰ᛶᏊ᮰ᐦᗘ᭱ࡀ኱ࡿ࡞࡜Ⅼ�ୗ➃ࡽ࠿ ��FP�࡟ � ᮏࡢ ����PO�3&5 ࣮ࣗࢳ

�ࠊ�ࠊ�ࠊ�ࠊࡁ⨨࡚ࡏࢃྜࢆ୰ኸࣈ ᫬㛫ศ↷ᑕࡓࡲࠋࡓࡋ↷ᑕ᫬ࣝࣉࣥࢧ࡟⾲㠃࡟㔠⟩ཬࡧ

7/' ;ࠋࡓࡋ⨨タࢆ ⥺↷ᑕࡣ㏆␥኱ᏛཎᏊຊ◊✲ᡤࡢ⏕≀↷ᑕ⏝㹖⥺Ⓨ⏕⿦⨨ࠊ࠸⏝ࢆ୰ᛶᏊ

⥺ � ᫬㛫↷ᑕ࡟ࣝࣉࣥࢧࡓࡗ⾜ࢆᑐ࡟ࡄࡍ࡚ࡋ ��*\ ㏣ຍࡢ ; ⥺↷ᑕࠋࡓࡗ⾜ࢆᶵჾࡢ᮲௳ࡣ

⟶㟁ᅽ ����N9ࠊ⟶㟁ὶ ��P$࣮ࢱࣝ࢕ࣇࠊ��PP ཌࡢ࣒࢘ࢽ࣑ࣝ࢔᮲௳࡛⾜ࠊ࠸⥺㔞⋡ࡣ ����

*\�PLQ �ࠋࡓࡗ࠶࡛
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�㸬࢖ࢭࢵ࢔ࣥࣙࢩ࣮࣓࣮࢛ࣇ࣮ࢽࣟࢥ�

� ↷ᑕࡣࣝࣉࣥࢧࡓࡋ � ��ࠊࡋ✀᧛࡟ࢺ࣮ࣞࣉ࢙ࣝ࢘ ᪥⛬ᗘᇵ㣴ࡀ࣮ࢽࣟࢥ࠸⾜ࢆ༑ศ࡟☜

ㄆ࡛ࡓࡗ࡞࡟࠺ࡼࡿࡁ᫬Ⅼ࡛࣮ࣝࣀࢱ࢚ࠊᅛᐃࢺࢵࣞ࢜࢖ࣂࣝࢱࢫࣜࢡࠊᰁⰍࠊ࠸⾜ࢆィᩘࡋ

�ࠋࡓ

�

� ࠙⤖ᯝ࡜⪃ᐹࠊ௒ᚋࡢᒎᮃࠚ�

� ཎᏊ⅔↷ᑕࡓࡗ⾜ࢆ↷ᑕయ⣔ࡿࡅ࠾࡟㔠⟩ࡢᨺᑕ໬ศᯒࡽ࠿ồࡓࡵ⇕୰ᛶᏊ⥺ࡢ ᐃ⤖ᯝࠊ࡜

TLD ࢫࢡࢵࣛࣇ⥺୰ᛶᏊ⇕ࠊࡽ࠿ᐃ⤖ᯝ ࡢᨺᑕ໬ࡢ⥺㔠ࠋࡓࡋホ౯ࢆᙳ㡪ࡢ⥺࣐ࣥ࢞ࡽ࠿

⣙ࡣ 1.1x107/cm2/s 1ࠊࡾ࠶࡛ ᫬㛫↷ᑕࡿࡼ࡟ TLD ⣙್࡛ࡾྲྀࡳㄞࡣᐃ⤖ᯝ ࡢ 260 mSv ࢆ

ࡸ⋠⣽⬊⏕Ꮡࡢᨺᑕ⥺↷ᑕᚋࠋࡓࡗ࠶ഴྥ࡛࠸㏆࡜ᑕ⤖ᯝ↷ࡢ࡛ࡲࢀࡇࠊࡋ♧ DNA ᦆയࡼ࠾

ࡢ➼⥺㧗㏿୰ᛶᏊࡿࢀࡲྵ࡟ᑕሙ↷ࡢ⅔㏆␥኱ᏛཎᏊࠊ௒ᚋࠋࡿ࠶ゎᯒ୰࡛ࡣ࡝࡞ಟ᚟ࡢࡑࡧ

ᡂศࡢゎᯒࠊࡓࡲࠋ࠺⾜ࢆຍ㏿ჾ BNCT ࠊ࠸⾜ࢆ୰ᛶᏊ⥺↷ᑕࡶ࡛※୰ᛶᏊࡢ௚ࡢ➼࣒ࢸࢫࢩ

 ࠋࡿࡍẚ㍑ࢆ⣽⬊ᙳ㡪ホ౯ࡿࡼ࡟㉁⥺ࡢࢀࡒࢀࡑ
㻌

㻌

䠄ᴗ⦼୍ぴཬ䜃ㄽᩥせ᪨䠅㻌

㻌

Ꮫ఍Ⓨ⾲䚸ㄽᩥⓎ⾲䛺䛹䛺䛧㻌

㻌

 
㻌
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