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せࡣቑຍࡾࡼࠊࡾ࠾࡚ࡋపࡢࢺࢫࢥ⏕⏘᪉ἲࡢ㛤Ⓨࡀᮃࡾ࠾࡚ࢀࡲ㸦㔠Ꮚ2013ࠊ㸧[1] ࠊ⣽⬊ᇵ㣴

ᕤ⛬ࡣᢠయ་⸆ရ࡚ࡋ࡜ࢡࢵࢿࣝࢺ࣎ࡿࡅ࠾࡟⏘⏕ࡢᣦ᦬ࡿ࠸࡚ࢀࡉ㸦኱ᨻ2013ࠊ㸧[2]ࡶ࡟㛵ࡽࢃ
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ᢏ⾡ࡢ㑅ᢥࡢᖜ࡟㛵ࡿࡍඛ⾜◊✲࡜ࣥ࢖ࢨࢹ࣭ࢺࣥࢼ࣑ࢻࠊ࡚ࡋ࡜⤒㊰౫Ꮡᛶ࡟㛵ࡀ✲◊ࡿࡍሗ

࿌ࠋࡿ࠸࡚ࢀࡉ 
Abarnathy and Utterback(1978)>3@ࠊࡣᕷሙ࡚࠸࠾࡟ᨭ㓄ⓗ࡞〇ရ࢖ࢨࢹ 㸦ࣥࣥ࢖ࢨࢹ࣭ࢺࣥࢼ࣑ࢻ㸧

ࢆࣥ࢖ࢨࢹ࣭ࢺࣥࢼ࣑ࢻ࡚ࡗࢃ௦ࠊࡋῶᑡࡀࣥࣙࢩ࣮࣋ࣀ࢖〇ရࠊ࡜ࡿࡍ⌧ฟ࡚ࡋ࡜‽ᢏ⾡ⓗᶆࡀ

ຠ⋡ⓗࡿࡍ⏘⏕࡟ᕤ⛬ࡀࣥࣙࢩ࣮࣋ࣀ࢖ቑຍࢆ࡜ࡇࡿࡍሗ࿌ࠊ࡟ࡽࡉࠋࡿ࠸࡚ࡋClark� ࡣ[4](1985)
ᢏ⾡ࡢ୰᰾ᴫᛕ࡟㝵ᒙᛶࡀⓎ⏕ࠊୖ࡜ࡿࡍ ఩ࡢ㝵ᒙࡽ࠿ୗ఩ࡢ㝵ᒙ࡬ࣥ࢖ࢨࢹࡢゎỴࡁ࡭ࡍၥ㢟ࡀ

⢭⦓໬ࠊࢀࡉᢏ⾡ࡢ㑅ᢥࡢᖜࡀᑠࢆ࡜ࡇࡿ࡞ࡃࡉ⮬ື㌴ࡢࣥࢪ࢚ࣥࣥࣜࢯ࢞ࡢせ⣲ᢏ⾡ࡢ㛤Ⓨ஦౛

�ࠋࡿ࠸࡚ࡋሗ࿌࡚࠸⏝ࢆ
David(1985)[5]ࠊࡣᢏ⾡㛤Ⓨࡢ㐍ᒎࡿࡅ࠾࡟ᛶ㉁ࡢ㸯࡚ࡋ࡜ࡘ⤒㊰౫Ꮡᛶࢆᥦၐࠋࡿ࠸࡚ࡋᢏ⾡㛤

Ⓨ࡚࠸࠾࡟ᚲ᭱ࡶࡋࡎ㐺࡞ᢏ⾡࡟ึ᭱ࡀⓎぢࡣ࡜ࡿࢀࡉ㝈ࠊࡎࡽᢏ⾡ࡢᙧᡂ㐣⛬ึࡢᮇ࡟അⓎⓗ࡟

㉳ࡓࡁ஦ࡢࡑࡀᚋࡢᢏ⾡ࡢᙧᡂ࡟኱࡞ࡁᙳ㡪ࢆ୚ࡿ࠼஦ࡢࢻ࣮࣮࣎࢟ࡢ࣮ࢱ࢖ࣛࣉ࢖ࢱࢆ

QWERTY 㓄ิࡢ஦౛࡛♧ࠊࡋ⤒㊰౫Ꮡⓗ㡰ิ㸦path dependenct sequence�ࡀᢏ⾡ࡢ㑅ᢥࡢᖜ࡟኱ࡁ

�ࠋࡓࡋᣦ᦬ࢆ࡜ࡇࡿ࠼୚ࢆᙳ㡪࡞
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Arthur(1989)[6]ࠊࡣ▱㆑㞟⣙ᆺࠊ࣮ࢱ࣮ࣗࣆࣥࢥࡢ་⸆ࠊࣝ࢖ࢧ࣑ࠊ⯟✵ᶵࠊ⮬ື㌴࢘ࢺࣇࢯࠊ

⮬࡟㊰౫Ꮡⓗ⤒ࠊࡵࡓࡿ࠶࡟῭⤒ࡢ཰✭㏴ቑࡣᴗ⏘ࡢ࡝࡞ගᏛ࣮ࣂ࢖࢓ࣇࠊ㐲㊥㞳㏻ಙタഛࠊ࢔࢚
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ヲࡿ࠸࡚ࢀࡉ✲◊ࡃࡋ㸦ΎỈὒ2016ࠊ㸧[7]࢜࢖ࣂࠊࡽࡀ࡞ࡋ࠿ࡋࠋ⏘ᴗࡿࡅ࠾࡟ᢏ⾡ࡢ㑅ᢥࡢᖜ࡟

�ࠋ࠸࡞࠸࡛ࢇ㐍ࡀ✲◊ࡣ࡚࠸ࡘ
�
�ᙧᡂࡢ⾡ᢏ⏘⏕ࡢ་⸆ရ࢜࢖ࣂ ��

� ඛ⾜◊✲ࢆ㋃࢜࢖ࣂࠊ࡚࠼ࡲ་⸆ရࡢ〇ရᕷሙᙧᡂࢆ➨ �ୡ௦ࡢ㑇ఏᏊ⤌᥮࠼་⸆ရ࡜➨ �ୡ௦ࡢᢠ

య་⸆ရ࠺࠸࡜㸰ࡢࡘୡ௦࡟኱ࡃࡁ༊ศࠊ࡚ࡋ⏕⏘ᢏ⾡ࡢ㛤Ⓨࠋࡿࡍ⌮ᩚࢆ�
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Genentech 1980ࠊ࡚ࡋ࡜ዎᶵࢆ㛤Ⓨᡂຌࡢࣥࣜࣗࢩࣥ࢖ࡿࡼ࡟♫ ᖺ௦ึ࡟ࡵ་⸆ရ࡚ࡋ࡜᭷ᮃ࡞

1982ࠊࡾ࡞࡟άⓎࡀ✲◊ࡿࡍ㛵࡟㑇ఏᏊࢺࣄࡢ㉁ࢡࣃࣥࢱ ᖺ࡟⾑ᰦࢆ⁐ゎࡿࡍ t-PA(⤌⧊࣑ࢫࣛࣉ

1983ࠊ㑇ఏᏊࡢ(άᛶ໬ᅉᏊࣥࢤ࣮ࣀ ᖺ࡟㉥⾑⌫ࢆቑࡍࡸ EPO㸦࢚ࣜࣥࢳ࢚࣏ࣟࢫ㸧ࡢ㑇ఏᏊ࡝࡞

ከࡢࡃ᪂つࢺࣄ࡞㑇ఏᏊࡢⓎぢࡀ┦ḟࡢࡽࢀࡇࠋࡔ࠸㑇ఏᏊࡀⓎぢࡿࢀࡉ┤๓ࡢ 1980 ᖺࠊ࡟⡿ᅜ

ࡢ⬊⣽≀ືࡀࣉ࣮ࣝࢢࡢ኱Ꮫࢻࣛࣟࢥ 1 ࡿ࠶࡛✀ CHO ⣽⬊࡚࠸ࡘ࡟≉Ṧ࡞✺↛ኚ␗⣽⬊ᰴ dhfr(-)
ᰴࢆⓎぢࡢࡇࠋࡓࡋ CHO ⣽⬊ᰴࣟࢻࣄࢪࡣⴥ㓟㑏ඖ㓝⣲㸦dihydrofolate reductase㸧㑇ఏᏊࢆḞᦆࡋ

 ࠋࡓࡁ࡛ࡀ஦ࡿࡍ⏘⏕࡟ຠ⋡ⓗࢆ㉁ࢡࣃࣥࢱⓗ┠ࠊࡏࡉ⣽⬊ෆ࡛ቑᖜࢆ㑇ఏᏊࡢ㉁ࢡࣃࣥࢱࠊࡾ࠾࡚
� ᪂࡞ࡓ᭷⏝ࢡࣃࣥࢱ㉁ࡢ㑇ఏᏊࡢⓎぢ࡜ CHO ⣽⬊ࡿࡅ࠾࡟⏕⏘ຠ⋡ࡀⰋ࠸✺↛ኚ␗ᰴྲྀࡢᚓ࡜

CHOࠊ࡚ࡋ࡜ዎᶵࢆ࡜ࡇࡓࡗ࡞㔜ࡀ↛അ࠺࠸ ⣽⬊ࢡࣃࣥࢱ࡚࠸⏝ࢆ㉁ࢆຠ⋡ⓗࡿࡍ⏘⏕࡟ᢏ⾡ࡀ

㞟୰ⓗࠋࡓࢀࡉ✲◊࡟CHO ⣽⬊ࢡࣃࣥࢱࡓ࠸⏝ࢆ㉁ࡢ⏕⏘ᢏ⾡ࡢᨵⰋࡀ⣼✚ⓗ࡟㞟✚ࡓࡋ⤖ᯝࠊ

1986 ᖺ࡟ 50mg/L ࡓࡗࡔ CHO ⣽⬊ࡢᇵ㣴ᾮ㸯L ᙜࢡࣃࣥࢱࡢࡾࡓ㉁⏕⏘ᛶ2004ࠊࡣ ᖺࡣ࡟ 4.7g/L
⣙࡜ 100 ಸ࡟ቑຍࡓࡋ(Wurm (2004))[8]ࠋ 
 
���� ➨ � ୡ௦ࡢᢠయ་⸆ရࡢ⏕⏘ᢏ⾡�

1990 ᖺ௦ᚋ༙ࣝࢼ࣮ࣟࢡࣀࣔࢫ࣐࢘࡟ᢠయࡀ᭷ࡓ࠸࡚ࡋᢠཎᛶࡢㄢ㢟ࡀゎỴࢺࣄࠊࢀࡉᆺᢠయࢆ

➨ࠋࡓࡗ࡞࡟࠺ࡼࡿࢀࢃ⾜࡟άⓎࡀ㛤Ⓨࡢᢠయ་⸆ရࡿࡍ࡜ࡵึ 2 ୡ௦࢜࢖ࣂࡢ་⸆ရ࡛ࡿ࠶ᢠయ

་⸆ရࡣ➨ 1ୡ௦࢜࢖ࣂࡢ་⸆ရ࡛ࡿ࠶㑇ఏᏊ⤌᥮࠼་⸆ရࡶࡾࡼ⸆ຠࢆᚓࡾࡼ࡟ࡵࡓࡿከࢱࡢࡃ

⏘⏕࠸㧗ࡀᛶ⏘⏕ࡾࡼࠊࡾ࠶ࡶ࡜ࡇࡓࡋᣑ኱ࡀᕷሙࡢᢠయ་⸆ရࠋࡿ࠶ࡀᚲせࡿࡍᢞ୚ࢆ㉁ࢡࣃࣥ

⣽⬊ࡀồࠊࢀࡽࡵPer.C6 ⣽⬊ࠊNS0 ⣽⬊ࠊSP2/0 ⣽⬊ࠊ࡝࡞᪂࡞ࡓ⣽⬊ࡢ㛤Ⓨࠋࡓࢀࢃ⾜ࡀPer.C6
⣽⬊ࡣヨ㦂ⓗᢠయ⏕⏘10ࠊ࡚࠸࠾࡟g/L ࠺࠸࡜ CHO ⣽⬊ࡶࡾࡼ㧗࠸⏕⏘ᛶࡓࡋ♧ࢆ㸦Chartrain & Chu, 
2008㸧[9]ࡢࡽࢀࡇࠊࡽࡀ࡞ࡋ࠿ࡋࠋ᪂࡞ࡓ⏕⏘⣽⬊ࡢ฼⏝ࡣ㐍࠸࡞࠸࡛ࢇ㸦ᅗ 1㸧 
ᢎㄆࡓࢀࡉᢠయ་⸆ရ⣼ィᩘ�

� � � � � � � � �  
ᖺᗘ 
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኎୰࢜࢖ࣂࡢ་⸆ရ㈨ᩱ㸧ࠊࡾࡼᢠయ་⸆ရ㸦᪂⸆㸧࡟⏘⏕ࡢ฼⏝ືࡓࢀࡉ≀⣽⬊ࡢ⣼ィᩘࠋࡓࡵ࡜ࡲࢆ

ᖺᗘࡣ་⸆ရࡀᢎㄆࡓࢀࡉᖺᗘࠋࡍ♧ࢆ㸧�
 
���� ᢠయ་⸆ရ࡜୪⾜ࢫࣝ࢖࢘ࡓࡋ㑇ఏᏊ᝟ሗࡢ஦ᚋⓗ࡞ቑຍ�

ゎᯒ⿦ࡢ㑇ఏᏊࠊ࡚ࡅཷࢆࡾࡲ㧗ࡢ✲◊㑇ఏᏊࡿࡅ࠾࡟࿨⛉Ꮫ⏕ࡢ࡝࡞ࢺࢡ࢙ࢪࣟࣉ࣒ࣀࢤࢺࣄ

⣽ࡣ㑇ఏᏊゎᯒࠋࡓࡗ࡞࡟࠺ࡼࡿࢀࡉ✚㞟࡟኱㔞ࡀ㑇ఏᏊ᝟ሗ࡞ࡓ᪂ࠊࡋୖྥ࡟㣕㌍ⓗࡣ⬟ᛶࡢ⨨

㸪ࢀࢃ⾜ࡀㄪᰝ࡚࠸ࡘ࡟ࢫࣝ࢖࢘ࡿࡍᏑᅾ࡟⬊⣽࡟㸪ᗈ⠊ࢀࡉ⏝㐺ࡶ࡟✲◊ࡢࢫࣝ࢖࢘ࡿࡍឤᰁ࡟⬊

᪂ྠ࡟ࡓᐃࢫࣝ࢖࢘ࡓࢀࡉ㑇ఏᏊࡀᛴ㏿࡟ቑຍࠋࡓࡋᅗ 2 �ศ㢮Ꮫ఍㸦,QWHUQDWLRQDOࢫࣝ࢖ᅜ㝿࢘ࠊࡣ
&RPPLWWHH�RQ�7D[RQRP\�RI�9LUXVHV㸧ࡀⓎ⾲ືࡿ࠸࡚ࡋ≀⣽⬊࡟ᑐࢫࣝ࢖࢘ࡿࡍ㑇ఏᏊࡢⓏ㘓⥲

ࠋ࢘ࡿ࠶࡛ࣇࣛࢢࡓࡋ♧ࢆ⛣᥎ࡢᩘ ࡣᩘ⥲ࡢ㑇ఏᏊࢫࣝ࢖ 1971 ᖺ࠿ࡎࢃࡣ࡟ 290 㸪2016ࡀࡓࡗࡔ✀
ᖺࡣ࡟ 4404 㸦ᅗࡓࡋቑຍ࡬✀ �㸧ࠋ�

 
 

ਦ �� �ࢢΤ΢ϩη෾ྪָճ΃ౌ࿧͠Ηͱ͏ΖΤ΢ϩηҪఽࡏࠅ
�
ࡅ࠾࡟⏘⏕ࡢ་⸆ရࡓ࠸⏝ࢆ⾡ᢏ࠼㑇ఏᏊ⤌᥮ࠊ࠸ᚑ࡟ቑຍࡢᏛ᝟ሗ⛉ࡿࡍ㛵࡟㑇ఏᏊࢫࣝ࢖࢘

����ࠊࢀࡉウ᳨ࡀᏳ඲ᛶホ౯ࢫࣝ࢖࢘ࡿ ᖺ࡟ฟࠕࡓࢀࡉᢠయ་⸆ရࡢရ㉁ホ౯ࣥࢲ࢖࢞ࡢࡵࡓࡢ

ࢫ 㸦ࠖ⸆㣗ᑂᰝⓎ ���� ➨ � ྕ㸧ࡢ ᛂ⏝ᐇࡢ࡬⏘⏕་⸆ရࠕ࡚࠸࠾࡟㡯ࡢࠖ❧ᶞࡢ⣽⬊ᇶᮦࠕ�����
㸬㸬㸬

࠸࡞ࡀ⦼
㸬㸬㸬㸬

᪂つࡢ⣽⬊ᰴࡿ࠸⏝ࢆሙྜࡣ࡟㸪⣽⬊㑅ᢥࡢ⤒⦋㸪ᶞ❧᪉ἲ➼࡚࠸ࡘ࡟᝟ሗࡋ♧ࢆ㸪ࡢࡑ

ጇᙜᛶࢆㄝ᫂ࡿࡍᚲせࡿ࠶ࡀ 㸦ࠖഐⅬࡀ⪅➹ࡣ௜ࡓࡋ㸧࡚ࡋ࡜㸪&+2⣽⬊ࡢ࡝࡞ᛂ⏝ᐇ⦼ࡿ࠶ࡀ⣽

⬊ᰴࡢ౑⏝ࡀ᥎ዡࢫࣝ࢖࢘ࠋࡓࢀࡉᏳ඲ᛶ࡟㛵ࡿࡍ⾜ᨻつไࡢᙉ໬ࠊ࡚ࡅཷࢆᅗ 1 ࡟࠺ࡼࡍ♧࡟

CHO ⣽⬊ࡢ฼⏝ࡀ 2000 ᖺ௦ᚋ༙࡟ࡽࡉࡽ࠿ቑຍࠋࡿ࠸࡚ࡋ⣽⬊ᇵ㣴ᢏ⾡࡟ᑐࢫࣝ࢖࢘ࡿࡍᏳ඲ᛶ

ホ౯ࠊ࡚࠸ࡘ࡟᪥ᮏ PDA 〇⸆Ꮫ఍ࢫࣝ࢖࢘࢜࢖ࣂࡢጤဨ఍ࡢⳢ㇂ጤဨ㛗ࠕࠊࡣCHO ⣽⬊࡟ᑐࡿࡍ

Ᏻ඲ᛶࡀ⏘ᴗ⏺ཬࡧ⾜ᨻ࡚࠸࠾࡟ㄆ㆑ࡀࢀࡑࠊࡾ࠾࡚ࢀࡉᢠయ་⸆ရࡶ࡚࠸࠾࡟๓౛୺⩏࡚ࡋ࡜⥅

ࠋࠖࡓࢀࡉ⥆ �ࠋ㸧[10]ࢢࣥࣜ࢔ࣄࡢ࡬㸦Ⳣ㇂ጤဨ㛗ࡿ࠸࡚࡭㏙࡜
�
�� ㆟ㄽ�

ᢠయ་⸆ရࡿࡅ࠾࡟⏘⏕ࡢ CHO ⣽⬊ࡢ฼⏝ࡢ㞟୰ࡢせᅉ᳨ࢆウࠊ࡟ࡵࡓࡿࡍ➨ 1 ୡ௦ࡢ㑇ఏᏊ

⤌᥮࠼་⸆ရࡽ࠿➨ 2 ୡ௦ࡢᢠయ་⸆ࡿࡅ࠾࡟⏘⏕ࡢ⏕⏘ᢏ⾡ࡢᙧᡂ᳨ࢆ⦌⤒ࡢウࠋࡓࡋ 
 ࠋࡓࢀࡉ၀♧ࡀせᅉࡢ௨ୗࠊᯝ⤖ࡢࡑ
 

㸯㸧� ➨㸯ୡ௦ࡢ㑇ఏᏊ⤌᥮࠼་⸆ရࡢ㑇ఏᏊࡀⓎぢࠊ࡜ࢢ࣑ࣥ࢖ࢱࡿࢀࡉ᭷⏝ࢡࣃࣥࢱ㉁⏕⏘

CHO⣽࡚ࡋ࡜ዎᶵࢆ࡜ࡇࡓࡋ⮴୍ࡀࢢ࣑ࣥ࢖ࢱࡿࢀࡉᚓྲྀࡀኚ␗ᰴ↛✺ࡢ⬊CHO⣽ࡓࡋ㐺࡟

 ࠋࡓࡋⓎ㐩࡟㊰౫Ꮡⓗ⤒ࡀ⾡⣽⬊ᇵ㣴ᢏࡓ࠸⏝ࢆ⬊
㸰㸧� ➨㸯ୡ௦ࡢ㑇ఏᏊ⤌᥮࠼་⸆ရࡽ࠿➨ 2 ୡ௦ࡢᢠయ་⸆ရ࡜࡬ᨭ㓄ⓗ࡞〇ရࡢࣥ࢖ࢨࢹୗ
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CHOࠊࡁ⥆ࡀ῭⤒ࡢ཰✭㏴ቑࠊࡋᣑ኱ࡀᕷሙࠊ࡟ࡶ࡜࡜ࡿࡍ⏕Ⓨࡀ㝵ᒙ໬ࡢ⾡ᢏ⏘⏕ࠊ࡛ ⣽
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⿬௜࡚ࡋ࡜ࢱ࣮ࢹࡅ┦ᑐⓗ࡟㧗ࠊࡾࡲ⣽⬊ᇵ㣴ᢏ⾡ࡢ㑅ᢥࡢᖜ࡟ࡽࡉࡀᑠࠊࡾ࡞ࡃࡉ᪂つ࡞⣽

⬊ᇵ㣴ᢏ⾡࡟ᑐࡿࡍᶵ఍ᦆኻࠋࡓࡌ⏕ࡀ 
 
ᢠయ་⸆ရࡢ⏕⏘ᢏ⾡ࡢ㑅ᢥࡢᖜࢆᑠࡿ࠸࡚ࡋࡃࡉせᅉࠊ࡚ࡋ࡜➨ �ୡ௦ࡢ㑇ఏᏊ⤌᥮࠼་⸆ရ

࡟㊰౫Ꮡⓗ⤒࡚࠸࠾࡟ &+2⣽⬊ࡓ࠸⏝ࢆ⣽⬊ᇵ㣴ᢏ⾡ࡀⓎᒎࠊࡧࡼ࠾ࠊ࡜ࡇࡓࡋ➨ �ୡ௦ࡢᢠయ

་⸆ရࡢ࡬㝵ᒙ໬ࠋࡓࢀࡽ࠼⪄ࡀ࡜ࡇࡿࡌ⏕ࡀ�
஦ᚋⓗࡢ㑇ఏᏊ᝟ሗࢫࣝ࢖࢘࡞ࡓ᪂ࡓࡋ♧㸱㸧࡛ࠊࡣⅬ࡞ᢏ⾡࡛≉ᚩⓗ⏘⏕ࡢᢠయ་⸆ရ࡟ࡽࡉ
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ࡃᇶ࡙࡟⦼౑⏝ᐇࠊࡵࡓ㸦ከ⩏ᛶ㸧ࡿ &+2⣽⬊ࡢ⿬௜ࡢࢱ࣮ࢹࡅ⵳✚ࡢ࡬ホ౯ࡀ㧗ࠊࡾࡲ᪂࡞ࡓ
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ᢠయ་⸆ရࡢ⏕⏘ᢏ⾡ࢡࢫࣜࡿࡅ࠾࡟᝟ሗࡢ஦ᚋⓗ࡞ቑຍࡿࡼ࡟᪤Ꮡᢏ⾡ࡢ⮬ᕫᙉ໬࡜᪂࡞ࡓ
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�ࠋ࠸ࡓ࠸⾜ࢆ㆟ㄽ࡚࠸ࡘ࡟ᅉᏊࡿ࠼୚ࢆᙳ㡪࡟ᖜࡢ㑅ᢥࡢ⾡ᢏࡿࡅ࠾࡟ᆺ⏘ᴗࢫ࢚ࣥ࢖
�

�ቑຍ࡞஦ᚋⓗࡢከᵝᛶࡢ᝟ሗࢡࢫࣜ
Ў�

᪤Ꮡ⣽⬊ᢏ⾡ࡢ⿬௜ࡢࢱ࣮ࢹࡅ⵳✚ࡢ࡬ホ౯ࡢ㧗ࡾࡲ�
Ў�

᪤Ꮡ⣽⬊ᢏ⾡ࡢ⮬ᕫᙉ໬�
Ў�

᪂࡞ࡓ⣽⬊ᇵ㣴ࡢᢏ⾡㛤Ⓨࡢᶵ఍ᦆኻ�
�

ᅗ �� �ᶵ఍ᦆኻࡢ⾡⣽⬊ᇵ㣴ᢏࡿࡼ࡟ቑຍ࡞஦ᚋⓗࡢከᵝᛶࡢ᝟ሗࢡࢫࣜ
�

ཧ⪃ᩥ⊩�

[1] 㔠Ꮚెᐶࠊᢠయ་⸆ရ⏕⏘ᇵ㣴ᢏ⾡ࡢㄢ㢟࡜ᒎ㛤ࠊ⏕≀ᕤᏛ(2013) 511-513ࠊ91ࠊ 
[2] ኱ᨻ೺ྐ࢜࢖ࣂࠊ་⸆ရ⏕⏘ࢫ࢚ࣥ࢖ࢧࣥࣙࢩࢡࢲࣟࣉࡿࡅ࠾࡟ �� ⏕≀ᕤᏛ�� ���� ��������
������  

[3] Abanathy, W.J. and Utterback, J.M., Patterns of Industrial Innovation, Technological Review, 80( 7), 
40-47(1978) 
[4] Clark, K.B. The interaction of design hierarchies and market concepts in technological evolution, 

Research Policy, 14, 235-251 (1985) 
[5] David, P.A., Clio and the economics of QWERTY., American Economic Review, 75, 332-337 (1985)  
[6] Arthur, W.B. Competing Technologies, Increasing Returns, and Lock-In by Historical Event, Economic 
Journal, 99, 116-131 (1989) 
[7] ΎỈὒࠊࣥࣙࢩ࣮࣋ࣀ࢖ࡢ࣮ࢪࣟࣀࢡࢸ࣭ࢫࣃ࣮ࣃ࣭ࣝࣛࢿ࢙ࢪࠊ᭷ᩫ㛶(2016)ࠊ 
[8] :XUP��)��3URGXFWLRQ�RI�UHFRPELQDQW�SURWHLQ�WKHUDSHXWLFV�LQ�FXOWLYDWHG�PDPPDOLDQ�FHOOV��1DWXUH�
%LRWHFKQRORJ\�����������������������
[9] Chartrain, M. and Chu, L., Development and Production of Commercial Therapeutic Monoclonal 
Antibodies in Mammalian Cell Expression Systems: An Overview of the Current Upstream Technologies, 
Current Pharmaceutical Biotechnology, 9, 447-467(2008) 
[10] Ⳣ㇂┿஧ጤဨ㛗㸦᪥ᮏ PDA 〇⸆Ꮫ఍ࢫࣝ࢖࢘࢜࢖ࣂጤဨ఍㸧ࢢࣥࣜ࢔ࣄࡢ࡬㸸2018 ᖺ 3 ᭶ 2
᪥ 16:00-17:00 




