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¼º¼n BFQ&�
¼º¼º¼n �;
=��:�����;�JN-H V�

ƛȮÔͅbh2ǎĒuǄůdcew]`ɢǹ2Ģ˅ʏêpwȮɧɊȑgƛȮ~̥ƻU2
șpaÔͅaCz[1-1]PŒƞƱŃȂ:ƛȮÔͅgǐ̳ë4ƱŃëeĚUzŠĲûXḡƍ
ǵewzbƱŃbp`ƛȮÔͅh2ȱ˫bXgǠ́ƱŃ~ěs2ƎʳƺȊeGa` 2030

ˀeh 1.6 ʄà22050 ˀeh 3.8 ʄà2ȧāƺȊeGa`h22030 ˀeh 17 ʄà22050

ˀeh 53 ʄàedzb̮ɜR{`Gy2ɬĤ̢gƱŃkbȪʉUzmbIġɩR{`
az[1-2]Ppw2ʸ̐eGkzÔͅˡgɓŕhǾƹƊ͐ëew]`ˀSɖíp`Gy2
2017 ˀeh 42.2 ʄàbdy÷ĴƜƊ~ĥおp`azmbHxt2ÔͅˡgƨŦhį̜
aCzI2ƛȮÔͅh2̗ȩǎĒuƊ͐ëe˗bǎĒ（~ƕ̐ǈͅUzmbHx2Ôͅ
ˡgƨŦeĠ̯Uzî˅ȩICzbR{`az[1-3]PƛȮÔͅeh2ǎĒ˳˷eƛȮ~
əU̫Ƣ~」kz¤À �¢ÁªÁ7��¡¸[1-4]u2Ɵ̋~ʂʹUzƟ̋ǈ̉ͅ[1-5]d
cICzI2Ǘḋ̉h2ȮɧĄaƟ̋HxȮɧɊȑ~žɾp2m{~ǎĒ˳˷eÒȐ
Uzmbaǈͅ~Ƅḃ̉aCzPmġ̉~̳aw2ƎʳeGkzŠĲă˕hŇˀ2
ņùƟ̋HxƧx{z©7£�7£®UTERUMO Co.VgÒȐǈͅÎŢʗ̳R{wm
bu[1-6]2ƗúɬĎeGa`Ɵ̋ȱȡźŚĖÒȐgǈŤIăƸ[1-7]R{wdc2ǐ̳ëe
ŸkwʫgIȯ�aCzP 

ȮɧɊȑgžɾǚ̉gă˕IƛȮÔͅeGa`ǧ̴edzI2m{~Ď̦˷̨bp`
Ċ̼pwgI 1993 ˀe々ǻR{wɊȑźĎ[1-8]aCzPȣ 1-1 eǉUwbeɊȑźĎa
h2ȮɧɊȑIƟ̋2ȪʉɝȊ2ȪʉÚƹg 3 ^̴ɉIǧ̴bƁcx{2X{Y{Ȯɧ
ʳĕļg̢̃uƟ̋gȪʉeʗȷdɝȊgȹŕ2ː ̵̇̉dc̱SdĘʚHxĨǫă˕
~ƄbPX{Y{gɒŰƧ̳hńs`ǧ̴aCy2Ȯɧʳgĕļ~̢̃p2žɘ~ƛŨ
UzmbaǈͅŵðgƊaĢ˅ーdȡźȮɧɊȑgžɾ~̥ƻp2m{xeĚUzŠĲ
ă˕Im{paƄ}{`gwP 

pw2ȡźȮɧɊȑgžɾ±Ä��~ȣ 1-2 eǉU[1-9]PƤ̈́bp`Ɵ̋2ȪʉɝȊu
žɘÓǅe̳ax{zƐĉğƤ2Ɵ̋gˎɻuȸ・~ȨŲUzȪʉÚƹuȸ・�Æ«�
g˧̡ȹŕI˥̴bdzPƐĉğƤ~íźp2m{bƟ̋~Ɋqƌ}tzmba2ȡź
ȮɧɊȑIžɾR{zPƐĉğƤhƟ̋gȪʉɝȊu2žɘ~ÓǅUzwsgƤ̈́aC
y2ĢĀźĎーǚ̉~̳awƐĉĢƤgȪŎíźĨǫhǧ̴aCzPmgmbHxȡź
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[1-20~1-22]PȣeǉUwbeɌ̽~˕ȮRt`ƧȱpwʶɌžɘg©�¤Ä�Â¯��ª7
g��˳aƟ̋~ɊȑëRtzmba2̄ ��ª7ȍgɊȑIƧȱR{zPmġ̉e
w]`2¯��ª7ȍgȘņ2ȞŒ2けʠ2ŚĖɊȑgƧȱIî˅a2ʯe2けʠ¯�
�ª7gȢɗÒȐhʦʺ˩kgǈͅeŵðICzbǐȄR{w[1-20]P¯��ª7ȍgɊ
ȑ~ȑ˶gwbèrmba̼ɧーdɊȑ~ƧȱUzmbIagzbR{`azI2Ɵ
̋gˎɻ~ȨŲUzmbhʵpaP 

¶��Äº7Â¢�Æ�2�Ã�£Ä�®¦Æ�2¶��Ä̽ɧgćǚ̉gʯȩ~˧
1-1 epbswPX{Y{gǚ̉eGa`¶��Ä�7�7aíźIî˅aCzI2ʻ
Ðg̼ɧžɘ~ǅ]w©�¤Ä�Â~íźUzmbIƓʵaCzmbIĺʍg¢¹Á
 £aCzPȈǬpwwbe2Ȯɧʳgžɘ~ƛŨpwƟ̋2ȪʉɝȊg�§��¿Æ
IĢ˅gŸȈe^dIzbR{`azPm{~ǐŨUzwse々ǻR{ẇ̉I23D

±ÁÆ¡�Æ�Ĩǫ~æ̳pwª��±ÁÆ¡�Æ�aCzP 

 

¼º¼º¾n «��®´¹¦�¹��f��BF�
� ȣ 1-3(d)eǉUª��±ÁÆ¡�Æ�h23D ±ÁÆ¡�Æ�Ĩǫgæ̳a2Ɵ̋~
ěr��»¯�7Â¤~±ÁÆ£ȵɌp2̼ɧɊȑ~žɾUzǚ̉aCzP2000 ˀɫ
eʿ̲üȩg±À�� �uųɘŎdcg 3D ±ÁÆ�7ƺȊIȪʉp2șpaȱɘĨ
ǫbp`ɬgdʂ̥~̶jz：2ª��˷̨kgæ̳bp`々ǻR{wgIª��±Á
Æ¡�Æ�aCzPƎʳah 2009 ˀeˮƯɬĎg：ɣľǝxew]`˕˧R{wか˹
IƜǲḡƍaCz[1-27]Pmgか˹ah2ƺ˜g±ÁÆ�7aƶ̳R{`aw�Æ��
� £Ĩǫ~̳a`2Ɵ̋b�Â�ÆƳ�Âewz̼ɧɊȑIƧȱR{wmb~̄ƍp
`azPm{ÌƉ2�Æ��� £̇ǋ[kadL2¢��´Æ�7~̳aw¢��´
Æ�Æ�̇ǋ2ųɘŎ̉dcg±ÁÆ¡�Æ�Ĩǫu2±ÁÆ�°Âd��»¯�7Â
¤gă˕IƄ}{2ª��±ÁÆ¡�Æ�Ĩǫh˕ʘp`gwP 

� ª��±ÁÆ¡�Æ�eĚUzŠĲ~±ÁÆ¡�Æ�ǚ̉aɬ˼Uzb2�Æ���
 £̉2¢��´Æ�Æ�̉2ųɘŎ̉2ȳʜ�Æ��� £̉g 4 ^aCzPȣ 1-4

eć±ÁÆ£ǚ̉~pbswPm{xgǚ̉~̳a`Ɵ̋~ěrȪʉɝȊƤ̈́~±ÁÆ
£ȵɌp2̼ ɧɊȑ~žɾUzP±ÁÆ�°ÂdȪʉɝȊƤ̈́hª���Æ�bŬi{
z[1-28]P 

�Æ��� £̉h2Ö˛ーe2ƺ˜g±ÁÆ�7eʡƠR{`azwbd®��ɉ
ƹ~̳a`ª���Æ�~±ÁÆ£Uzǚ̉aCzPmgǚ̉hɅǬpwwbe2ˮ Ư
ɬĎg：ɣľǝxew]`̄ƍR{wか˹IƜǲaCzP±ÁÆ£R{wƟ̋gȮɡ̻
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ǪUwsgƊaÊ͉~̴UzPpHp2Ê͉Iɬgamc2ª���Æ�eěp{zƟ
̋kg˲õIɬgLdzws2Ȯɡ̻hʏêUzP 

� ųɘŎ̉h2ųñĿew]`�ÂëUzª���Æ�~̳azmba2̼ ɧーe��
»¯�7Â¤~ɘŎUż̉aCz[1-34~1-36]Pm{hųñĿî˅d�À�Æ�Æ�Iă˕
R{wmbaǐŨR{w[1-36]Pmgǚ̉hȁǒUzÃ7�7ųañĿpɘŎUzws2
ˢȋe˷ü˅IƊaPpw2ĩȭƤ̈́~̳aseĖƂžɘIƧȱî˅aCzPĩȭƤ̈́
~̳awĖƂžɘgƧȱǚ̉e^a`hűǬUzPŖʚbp`h2ƶ̳î˅dª���
Æ�IųñĿî˅dtgeŪʐR{`ppbʚb2ƾĄɂewyƟ̋kg�¹7�Iŝ
ˁR{zʚaCzP 

� Ã7�7���£̉h2�À�2ĭǟɌ2Ɵ̋~ěr�Æ�g 3 ɌHxdz±Ã7£
e2Ã7�7~ȁǒp2íʿR{w˳˷Hxģ̊I˕ȮUzmba2±Ã7£Hx�Æ
�~ʝǪUż̉aCz[1-37~1-39]P̈ �Â~̳adaws2±ÁÆ£î˅d˂ȩg˴hŻ
L21-300 mPa1saCzPRxeƟ̋Ȯɡ̻h 95%ÌȈbƊaPƜɬaƟ̋˄ʞ 108 cells/ml

g�Æ�h¶��Ä��7Âg˷ü˅a±ÁÆ£î˅aCzPpHp2Ɵ̋~ーĊdÍ
ɻe±ÁÆ£UzmbIƓʵaCzPɣ ˱Ɋȑgº¢ÂgƧȱIƄ}{`azI2Ǽ̷
ーe��7Â� ±IǐŨR{zHhˬ̠aCzP 

  ć±ÁÆ£̇̉eGkz�Æ�g˂ȩb±ÁÆ£˷ü˅gĚŋ~ȣ 1-5 epbswP
�Æ��� £h˴Ża˷ü˅a±ÁÆ£î˅aCzI2Ɗa˷ü˅ag±ÁÆ£IƓ
ʵaCzPpw2¢��´Æ�Æ�̉hƊ˂ȩgª���Æ�~±ÁÆ£UzmbIa
gzI2˷ü˅hʏaPa]oba2ųñĿuÃ7�7���£̉ew]`Ɗ˂ȩg�
Æ�~Ɗa˷ü˅a±ÁÆ£UzmbIagzI2ųñĿh±ÁÆ£î˅d�Æ�eȨ
ŪICzmb2Ã7�7���£hɔɻžȪI˵ƬaˢȋeƊìedzmbI¢¹Á 
£aCzPm{xgmbHx2ª��±ÁÆ¡�Æ�eGkzĺʍgöɮh2Ɗ˂ȩ�
Æ�~Ɗa˷ü˅a±ÁÆ£UzmbIƓʵaCzbabʚaC]wPXma2̐ ŠĲ
ahȳʜ͉~̳a`�Æ�~±ÁÆ£Uzȳʜ�Æ��� £̉Imgöɮ~üŗU
zPȣ 1-6 eȳʜ�Æ��� £̉gĆ̴~ǉUPƊʜÊ~ª���Æ�eØíUzm
ba2ª���Æ�b・ɵ̡bgęeȳʜ͉~hwxHt2�Æ�I¨�ÂHx±ÁÆ
£R{z[1-40~1-42]Pª���Æ�gʯȩuØíʜÊew]`2�±Ã7º7¤u¤Ä ±
º7¤e±ÁÆ£º7¤I˾ëUzPȳʜ�Æ��� £̇ǋah2Ɗa˂ȩgª��
�Æ�~Ȧ μm gɬgRa±ÁÆ£î˅aCzPpw2±ÁÆ£R{wƟ̋hȮɡUz
mbI}H]`azPpHp2ƺ˜R{`az�Æ��� £̇ǋb˟lzb2Ëʐー
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¤bɊq}twǚ̉ĪƍR{`Gy[1-45]2ª��±ÁÆ¡�Æ�hĩȭ�Æ�~̳a
zmba2̼ɧɊȑʳ˳eĖƂžɘIƧȱî˅aCzPmgǚ̉~2Ɵ̋�¯�Ä�¤
~ȵqȈl`Ƨȱpw̼ɧɊȑeæ̳Uzmba2ɬǽ̱SdĖƂžɘ~ǅ]wƟ̋Ｄ
d̼ɧɊȑ~Ƨȱî˅ed]wPpHp2Ɵ̋�¯�Ä�¤ʬƷgȸ・IˬǤ˷aCz
mbHx2Ɋȑɶ̡~ĘƩUzb2さęIɥambIÎɆbp`öɮaCzP 

 

¼º¼º¿n #g���f��BF�
� ̆ʜíźh2m{paňɟ~íźUż̉bp`̳ax{`gw[1-46]PíźʜńeØ
íʜÊ~íc2íźUzɨȆgňɟbgęe�7�̆ʜ~˕ȮRtzmba2ʿ I˕Ȯ
p2s ȸȓaňɟ˧̡~ƨzwbeíźUzPíźpwaŎȍeȪŎpwíźʜń~Ƥ
̈́eɨp`̆ʜŨȆ~ħmpdIxv]Lyʣ``aLmbaƄb･ʆy̆ʜíźu2
ňɟȱgÅ�¼~íźʜńbp`̳azmba2íźpwaňɟ~ʻÐgŎȍeȷɶU
zÅ�¼̆ʜíźIî˅aCzPRxeíźUzwsgʜńgȻɴŭʜ�§Â�7~
ǽRLUzmba2¶��Ä�7�7aſíźIî˅aCzPʯeȷƨIƓʵdƀaň
ɟ~íźî˅aCy2pw2̆ ʜíźR{w˳˷hªÁIdLĐxHeƵȈIzmbI
¹Á £aCzPƤ̈́gʻÐgóǳeíź~ƄbmbIagzga2･~̳awȪŎa
hʵpa 3 Ǉťg˵ƬŎȍeíźIî˅aCzP 

� mmaňɟb©�¤Ä�Âgíźe^a`˟Č~UzPňɟíźhȷƨíź2ȪŎí
ź2˭ ííźg 3 Ǜ͋e˷͋R{zPɅǬpw©�¤Ä�Âgíź~ʬ̱e˷͋pw˧
~˧ 1-2 eǉUPȪŎíźbp`2¶��Ä̽ɧ2�Ã�£Ä�®¦Æ�2¶��Äº
7Â¢�Æ�2˭ííźbp`2ª�±ÁÆ¡�Æ�~˷͋pwPmgwbe2©�¤
Ä�Âgíźah2ȷƨíźbp`˷͋R{ż̉IdaP©�¤Ä�ÂhǥxHaw
s2źŉ~̳a`ȸȓpdIxgíź~Ƅbb2Ƥ̈́g˾Ŏ~Ɓ͂pdIxíź~Ƅb
˥̴ICzws2ʻÐgŎȍeíźUzmbIʵpawsaCzPa]oba2̆ʜí
źhˢȸȓgíźaCzmbHx2mgöɮ~üŗUzî˅ȩICzPpw2©�¤Ä
�Â~ȷƨíźagzwbedzmba2ȹŕg˴IŻIy2˵ ƬŎȍ~ǅ]w©�¤
Ä�ÂgíźIî˅edzbƁcwP 

Xma2̐ŠĲahȣ 1-9 eǉU̱e2ȡźȮɧɊȑgžɾe̳ax{z©�¤Ä�
Â~ɨȆĕʜíź~Ƅḃ̉~ă˕UzPm{pa2©�¤Ä�ÂkgˤƟíźh2
ɅǬpw MEMS Ĩǫgæ̳ewz PDMS ･~̳awȪŎ̉gqaC]wP･~ƧȱU
z˥̴hdL2ʋȸ2©�¤Ä�ÂgˤƟíźIî˅edzPȡźȮɧɊȑ~ƧȱUz
wseh2̥ ーeæT`¡7À7¹�¤aíź~Ƅb˥̴ICzws2･~Ƨȱpda
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ǅ]wŎȍkbíźagẕedzbƁcwP̐ ŠĲah2©�¤Ä�Â~ɨȆe¶�
�ÄÅ�¼~̳a`̆ʜíź~Ƅa2Xgʯȩ~ʈƚUzP 

̐か˹eGkzŠĲ̥ー~ȣ 1-10 eǉUPª��±ÁÆ¡�Æ�eGkz¢��´
Æ�Æ�̉bȳʜ�Æ��� £̉2RxĕʜíźĨǫ~æ̳pw©�¤Ä�Âkg
¶��Äíź̇̉gă˕~ƄbPȈǬgʍy2ȡźȮɧɊȑgĢ˅ŸȈeh2Ɵ̋ʬƷ
g�§��¿ÆIǧ̴aCy2m{~ȨŲUzwsehƟ̋gȪʉɝȊaCz©�¤Ä
�Âg¶��ÄíźIİsx{zPÌȈgʍy2©�¤Ä�Âg¶��Äíźgă˕h2
Ɗaǈͅŵð~ǅ]wȡźȮɧɊȑIİsx{zƛȮÔͅ˷̨g˕ʘeƇşagzb
ƁczP 

 

¼º¾n '`$�-��,[�
̐ŠĲah2ȡźȮɧɊȑgžɾ~̥ƻpw©�¤Ä�ÂgíźĨǫbp`23 ^g

ǚ̉gă˕~Ƅ]wPX{Y{2¢��´Æ�Æ�̉ewz�µ7£©�¤Ä�Âgí
ź̉2ȳʜ�Æ��� £̉~̳awƊȰʞd©�¤Ä�Âgíź̉2̆ ʜíź~æ̳
pw©�¤Ä�Âkg¶��Äíź̉aCzP 

̐か˹h2ɇ 5 ȃažȪR{`Gy2ɭ 1 ȃhǸか2ɭ 2 ȃHxɭ 4 ȃh̐か2ɭ 5

ȃhřか~ǬlzP 

ɭ 1 ȃah2ŠĲgˌőb̐ŠĲg̥ーbÐĪ~ǉUPȡźȮɧɊȑ~žɾUzws
g©�¤Ä�Âg¶��ÄíźĨǫbX{xgöɮe^a`ǬlzP 

ɭ 2 ȃah2ŚĖžɘ~̭Uz̼ɧɊȑ~žɾUzwsg¢��´Æ�Æ�̉ewz
�µ7£©�¤Ä�Âgíź̇̉e^a`ǬlzPȡźーeƧȱR{wƟ̋Ｄd̼ɧɊ
ȑeʻÐŎȍgŚĖžɘ~ƧȱUzmbhÎɆbp`öɮaCzP̐ ŠĲah2¢��
´Æ�Æ�̉ew]`ŚĖžɘ~ƧȱUzwsg�µ7£©�¤Ä�Âgíź̇̉~
ă˕UzPpw2Ƨȱpw�µ7£©�¤Ä�Â~̳a`2ȵɌR{wƟ̋�7£eŚ
ĖžɘIƧȱî˅aCzHǐȄ~ƄbP 

ɭ 3 ȃah2ȳʜ�Æ��� £~̳aw©�¤Ä�Âgíź̉e^a`ǬlzPª
��±ÁÆ¡�Æ�eGa`2Ɗ˂ȩgª���Æ�~Ɗ˷ü˅a±ÁÆ£Uzmbh
ɬgdöɮaCzP̐ ŠĲahȳʜ�Æ��� £̉~̳a`Ɗa˷ü˅a©�¤Ä�
Â~±ÁÆ£UzȌŜ~Şʧp2Xgʯȩ~ʈƚUzP 

ɭ 4 ȃah2̆ ʜíź~æ̳pw©�¤Ä�Âgíź̉e^a`ǬlzP©�¤Ä�
Â~ȷƨíźUzmbhʵpL2ȡźȮɧɊȑgȹŕ2íźeGa`ȷƨíźhɄɯƿ
bp`dH]wPpw2©�¤Ä�Âgíźeh PDMS ･~̳aẇ̉ICzI2˥ ̴
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dŎȍeæT`･~ƧȱUz˥̴ICy2¡7À7¹�¤aíź~Ƅbeh2íźgʞ2
･~ƧȱUz˥̴aCzmbIöɮaC]wPXma2̆ ʜíź~̳a`©�¤Ä�Â
gíźIî˅edzmba2ʋȸ2ʻÐg˵ƬŎȍgíźIî˅edzP̐ŠĲah2
̆ʜíź~̳a`2©�¤Ä�Âg˧̡eíź~Ƅbmbaʮx{zğɈʯȩe^a`
ʈƚUzP 

Ɯűeɭ>ȃah2̐か˹eGkzřかe^a`ǬlzP 
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�G�' ��9E>,=3;AD9D7�.01�
��
"2�*1������/#��

�
½º¼n L^n �

̐ȃah2ŚĖžɘ~̭UzȡźȮɧɊȑ~ƧȱUz�µ7£©�¤Ä�Âgíź̇
̉~ă˕UzPȡźȮɧɊȑg��7Â� ±eGa`2Ý̵ɉ2Ƴɉ~ĹĳUzŚĖ
žɘgžɾhʵpL2ÎɆbp`öɮaCzPʯeƟ̋�7£uƟ̋�¯�Ä�¤dc2
Ɵ̋Ｄd̼ɧɊȑgžɾǚ̉ahm{Iɬgdȇ˻bd]`Gy2Ƨȱî˅d̼ɧɊȑ
gŶReŪāICzPXma2̐ ŠĲaă˕Uzǚ̉~Ɵ̋�7£ĨǫbɊqƌ}tz
mba2̒ ÐgŚĖžɘ~̭UzƟ̋ＤdȮɧɊȑgžɾ~ǐŨUzP̐ ŠĲew]`
ă˕R{wǚ̉ew]`ŚĖžɘ~ƧȱUzmbaȮɧɊȑg��7Â� ±eĠ̯
agzbġɩagzP 

� ȻƄŠĲeGa`2ª��±ÁÆ¡�Æ�~̳aw˵ƬdŚĖžɘ~̭Uz̼ɧɊȑ
gžɾ̇̉ĪƍR{`az[2-1~2-8]Pɭ=ȃaǬlwwbe2ª��±ÁÆ¡�Æ�e
Ga`ŚĖžɘgƧȱ̇̉h2�µ7£©�¤Ä�Â~̳aẇ̉IɥL̳ax{`a
zP±ÁÆ£̇̉ew]`Ƨȱî˅dŚĖžɘgɬgRhÑdy2¢��´Æ�Æ�̉2
�Æ��� £̉hÈ100-1000 μm2ųñĿ̉hÈ1-50 μm gȰʞaCz[2-1]Pm{pa2
Ɵ̋~ě�[©�¤Ä�Âʳe�µ7£©�¤Ä�Â~̳a`ŚĖžɘIƧȱR{2Ȣ
ɗº¢ÂuŚȿº¢ÂdcgɊȑº¢Âbp`ď̳agzmbĪƍR{`gwPpH
p2ª��±ÁÆ¡�Æ�ew]`ƧȱR{zȡźȮɧɊȑh2ȮɧʳgɊȑe˟l`
4-20 ˏƟ̋ＤʞIʏambI¢¹Á £aCz[2-9�2-10]P±ÁÆ£Uz�Æ�ʳgƟ̋˄
ʞ~ƊLU{i2ƧȱR{zȡźȮɧɊȑgƟ̋˄ʞtƊLdzI2Ɵ̋gȮɡ̻Iʏ
êUzwsƓʵaCzP 

Ɵ̋�7£Ĩǫgwbd2Ɵ̋ＤdȮɧɊȑ~ƧȱUzǚ̉eGa`2žɾî˅dŚ
Ėžɘh2ŚĖʳˠƟ̋gǊŮɊȑëewzÈ20 μm ÌêgŚĖaCz[2-11-2-13]PƟ̋�
7£Ĩǫbh2éʞæ）ȩː̵ƭ~̳azmbaƧȱR{z˺̡ȍgɊȑaCz[2-13]P
m{~˵Ȧ５ȵɌUzmba2ȪʉɝȊ~ƶ̳ts2Ɵ̋Ｄd̼ɧɊȑIƧȱî˅aC
z[2-14]Ppw2ŚĖǿbŬi{z¶��Ä̽͒~̳awǚ̉ew]`2žɾpwŚĖ̤
eː̵Þ~ぎ̽UzmbIî˅aCz[2-16� 2-17]Pmgǚ̉ew]`2ŚĖ̤Ida̼ɧ
Ɋȑe˟l`Ŷa̼ɧɊȑgžɾIǐŨR{wI2̚ [ȮɧʳgɊȑb˟lzbŶRg
ŪāhCzPXma2ª��±ÁÆ¡�Æ�eGkz�µ7£©�¤Ä�Â~̳awǚ
̉~Ɵ̋�7£ĨǫbɊqƌ}tzmba2È100-1000 μm gŚĖžɘIƧȱagzb







 18 

ÂIʹ]w¢� �½~ȹɻp2¶��Ä��7±(DINOAM4815T, ANMO)aĘƩpd
Ix2̈ �ÂȻɴb・ɵ̡bdz�À�Æ�Âgķ̺~ʈȫUzPmgª��±ÁÆ�
h2��ÀÆ�¸�Â~±ÁÆ£Uzơe̳awP 

� tb=^h2ŊģÊew]`�Æ�~±ÁÆ£Uzª��±ÁÆ�(INKREDIBLE, 

CELLINK)aCzPȣ 2-3 eª��±ÁÆ�gĆ̴ȣbǐơgǑȝ~ǉUPmgª��
±ÁÆ�h2�Â�ÆƳ-¯�°ÁÆ�Â2RGD ǡȏ�Â�ÆƳ�Â~±ÁÆ£Uzơ
e̳awP 

 

{pn ®´¹¨%0n ̐ŠĲah2�À�Æ�ÂȈe�µ7£©�¤Ä�Â~±ÁÆ£UzP�
XgĆ̴ȣ~ȣ 2-4 eǉUP̐ ŠĲa̳az��ÀÆ�¸�Æ�h¥£Á�¸u�Â�
�¸��Æ2�Â�ÆƳ�¯�°ÁÆ�Æ�2�53 ǡȏ�Â�ÆƳ�Æ�h�Â��¸
��Æe˙æp`�ÂëR{zPXma2�À�Æ�ÂȈem{xg��Æ~ḙ̌Rt
zmba2ȣ (�
 eǉUwbe2�À�Æ�ÂHx��ÆIȚʩp`2�À�Æ�ÂȈ
a�ÂëR{zP�Âëű2�À�Æ�Â~ )-Ya̲üUzmba2±ÁÆ£pw�
µ7£©�¤Ä�Â~ǘyǪUmbIî˅aCzP̐ ŠĲah2X{Y{g�Æ�eɨ
p`êĥgžȪa�À�Æ�Â~ƧȱpwP�
�
��ÀÆ�¸�Æ�g±ÁÆ£e̳az�À�Æ�Â�

� � 4˺ƅä̲Þ(084-08345 2ˮƷ¯�Â¸がųǯ̫)�
� � 4�À�Æ˸̖(G18902 Sigma-Aldrich)          70 mg/ml 

� � � � 4NaOH 50%ȥ̲Þ                           0.6 μl/ml� � �
�
�Â�ÆƳ�¯�°ÁÆ�Æ�g±ÁÆ£e̳az�À�Æ�Â�

� � 4Ȯ̹Ȕäȥ�
� � 4�À�Æ˸̖(G18902 Sigma-Aldrich)          70 mg/ml                         

�
� �53 ǡȏ�Â�ÆƳ�Æ�g±ÁÆ£e̳az�À�Æ�Â�
� � 4Ȯ̹Ȕäȥ�
� � 4�À�Æ˸̖(G18902 Sigma-Aldrich)          70 mg/ml 

� � � � 4äë�Â��¸� � � � � � � � � � � � �   5 mg/ml  

  �
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Ȋƌg˟ČǐŤ~Ƅd]wPȣ 2-29 eXgřð~ǉUP̓ǕbtĖƂIƴ]`azm
bIĊʼagwP 

ぎ̽pdaȊƌ2ȈêgƟ̋ʬƷIȸ・p2ĖƂIƝIzmb~̮ɍp`awI2̐
ǐŤah2ƝIxdH]wPm{h̲üpw�Â�ÆƳ�ÂIĖƂeƴɡp2Ɵ̋ʬƷ
gȸ・~ɋąpwî˅ȩIƁcx{zP 

 

½º¿�K^�
̐ȃah2ŚĖžɘ~̭Uz̼ɧɊȑ~ƧȱUzwsg�µ7£©�¤Ä�Âg±Á

Æ£̇̉~ă˕p2Ɵ̋�7£~ȵɌUzmbaƧȱUz̼ɧɊȑʳ˳eĖƂžɘ~Ƨ
ȱUzwsġ̉~ŞʧpwP 

Ɵ̋�7£gȵɌew]`ƧȱR{w̼ɧɊȑkgĖƂžɘgm{pagƧȱ̇̉
h2ŚĖʳˠƟ̋ewzǊŮɊȑëgqaCy2È20 μm ÌêaC]wPǐơgȮɧʳ
gŚĖgŏhȦǤ μm HxȦ mm ḇSaCzPȮɧʳgɊȑ~ȡźーeƧȱî˅ed
zwseh2m{xgŚĖžɘgƧȱIî˅edz˥̴ICzPXma̐ŠĲah2È
100~500 μm gŚĖžɘ~Ɵ̋�7£ęeƧȱUzmb~̥ƻp2�µ7£©�¤Ä�
Âg±ÁÆ£̇̉gă˕~Ƅ]wPƟ̋�7£kʋȸ2�µ7£©�¤Ä�Â~±ÁÆ
£UzmbhƓʵaC]wws2�À�Æ�ÂȈe±ÁÆ£pw�µ7£©�¤Ä�Â
~Ɵ̋�7£ȈeÒp2ȵɌUż̉~ă˕pwPmġ̉ew]`2ŶRȦ˦ μm g
˔a©�¤Ä�Âat�À�Æ�Â~̲üRtz[ka2þ{zmbdLǘyǪUmb
Iî˅aCzP 

ps2��ÀÆ�¸�Â~̳a`2�µ7£©�¤Ä�ÂgƧȱ~Ƅ]wP¯��ª
7ȍg��ÀÆ�¸�Â~±ÁÆ£p2m{~Ɵ̋�7£ęeȵɌUzmba2ȵɌR
{wƟ̋�7£ęa�µ7£Ƥbp`2hwxa`azmbIĊʼR{wPpHp2�
�ÀÆ�¸�Âh2Ɵ̋ȸ・ȩIdaws2Ɵ̋�7£ękgȵɌIǚĨeÎɡUzm
bIöɮaC]wPǇe2Ɵ̋ȸ・ȩgƊa�Â�ÆƳ-¯�°ÁÆ�Â~±ÁÆ£p2
˧̡eŚĖʳˠƟ̋~℃ǛpwPm{~Ɵ̋�7£ęeȵɌpwřð2ŚĖʳˠƟ̋~
ě�[ŚĖ̱žɘ~ƧȱUzmbeȪŴpwPpw2ƧȱpwɊȑ~ː̵pwbm|2
ŚĖʳˠƟ̋IƧȱpwŚĖ̱žɘHxŚĖșȮIħmy2̣ ƟŚĖ̤IžɾR{`a
zmb~ĊʼpwPm{ewyɬǽ̱Sd˵ƬdŚĖžɘ~̭UzȡźȮɧɊȑgžɾ
gǐŨî˅ȩIǉƘR{wPpw2RGD ǡȏ�Â�ÆƳ�Â~Ɵ̋�7£ęeȵɌp2
m{~̲üRtzmba2ぎ̽î˅dĖƂžɘgƧȱ~Ƅ]wPă˕pwぎ̽¢ª��
ew]`１Ǧ~̽UmbeȪŴpwPm{ewy̼ɧɊȑʳ˳eː̵Þ~ぎ̽pdIx
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ː̵î˅aCzmb~ǉƘp`azPÌȈwy2˵ ƬdŚĖžɘ~̭UzȡźȮɧɊȑ
gƧȱeæ̳î˅d�µ7£©�¤Ä�Âgíź̇̉~Ċ̼p2ŚĖʳˠƟ̋~ě�[
žɘu2ぎ̽î˅dĖƂžɘgƧȱ~ǐȄpwmbHx2m{paƧȱƓʵaC]wŶ
a̼ɧɊȑgžɾgǐŨî˅ȩ~ǉpwP 
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�H�' %$4D6:5<>2�(+�
&��-@4?C8B/��	�/#��

¾º¼n L^�
� ̐ȃahȳʜ�Æ��� £~̳aw©�¤Ä�Âgíź̉e^a`ǬlzPª�

�±ÁÆ¡�Æ�eGa`2Ɗ˂ȩgª���Æ�~Ɗ˷ü˅a±ÁÆ£UzmbhƓ
ʵaCzPa]oba2Ɵ̋gȪʉɝȊbdz�Æ�h˂ȩIƊatgIɥL2pw2
Ɵ̋g���hGGwX 
	�)	�μm aCzmbHx2ȰＤdȡźȮɧɊȑ~ƧȱUzw
seh2ƊaȰʞa±ÁÆ£~Ƅb˥̴ICzPXma2Ɗ˂ȩg�Æ�gƊ˷ü˅a
g±ÁÆ£~ǐŨUzwse2ȳʜ�Æ��� £e・̥pwPȳʜ�Æ��� £h2
±ÁÆ£Uz�Æ�eƊaʜÊ~ØíUzmba2�7�bd]`az・ɵ̡eŸH]
`ȳʜ͉Ihwxg2¨�ÂŷHx�Æ�~Û]ʅzwbe±ÁÆ£Uż̉aCz[3-

1~3-3]Pmġ̉h¨�ÂgĖ̑ƫʒż~ǜkeLaws2Ɗ˂ȩgÞɧ~±ÁÆ£Uz
mbeʗp`azPȳʜ�Æ��� £~̳awƟ̋gȪʉɝȊbdz©�¤Ä�Âg
±ÁÆ£eĚp`2Xgʯȩ~ʈƚpw̄ƍhǾdaPXgws2̱SdƤ̈́2±ÁÆ
£ȌŜeGa`2ȳʜ�Æ��� £eĚUzʯȩ~ʈƚUz˥̴ICzP�
� ª��±ÁÆ¡�Æ�ahɭ 1 ȃaǬlw̱e2̱ Sd±ÁÆ£̇̉ICzPm{x
gĺʍUzöɮh2Ȧ˦HxȦȼ mPa1s gƊa˂ȩgª���Æ�~Ȧ μm gƊaȰʞ
a±ÁÆ£UzmbaCzPƊaȰʞa±ÁÆ£~Ƅbwseh2̈ �Âŷ~ǽRLU
z˥̴ICzI2Ė̑ƫIɬgLdzPpw2˂ ȩIƊa�Æ�~±ÁÆ£Uzơet2
Ė̑ƫIɬgLdzPXgwsƊaȰʞa�Æ�~±ÁÆ£î˅d�Æ��� £̇ǋ
h2Ȧ mPa1s IŪāaCz[3-4� 3-5]P 

� ȮɧɊȑgĢ˅h2Ɵ̋uȪʉɝȊedz©�¤Ä�Âbg�§��¿ÆIǧ̴aC
zPm{x~±ÁÆ£ew]`ȰＤeˎɻî˅edzmba2Ģ˅ーdȡźȮɧɊȑ~
ʮzmbIagzbƁcx{zPmgmbHx2ȳʜ�Æ��� £ew]`2Ɵ̋g
ȪʉɝȊbdz©�¤Ä�Â~ƊȰʞe±ÁÆ£eagzwbedzmba2m{pa
ƧȱƓʵaC]wȰＤdȡźȮɧɊȑgžɾIî˅edzbġɩagzPm{~ǐŨU
zwseh2̠ xHed]`adaȳʜ�Æ��� £g±ÁÆ£ʯȩ~ˇÉUz˥̴
ICzP 

̐ŠĲah2��ÀÆ�¸�Â2�À�Æ�Â2�Â�ÆƳ�ÂgX{Y{~ȳʜ�
Æ��� £ew]`±ÁÆ£ȪŎ~ǁq2X{Y{gʯȩ~ˇÉUzP 

��ÀÆ�¸hɥʦ͋aCy2Xgȥ̲Þhˤ͇d���Æb˙æp`�ÂëUz[3-

6]P��ÀÆ�¸hː̵Þe˙æp`�ÂëUzmbIagzga2「ȩgǾdaƟ̋
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gȪʉɝȊbp`ª��±ÁÆ¡�Æ�gŠĲaʂ̥R{`az[3-7~3-10] Pm{pae2
Ɵ̋gȸ・Úƹ~ǡȏpw��ÀÆ�¸~̳a` 3 Ǉťˆº¢ÂuʴƐɊȑƛȮeĚ
UzŠĲĪƍR{`az[3-11~-3-13]PpHp2�Â-�Â˙æ~ħmU˄ʞ͈Õah2�
�ÀÆ�¸ȥ̲Þg˂ȩhʏL2¢��´Æ�Æ�̇ǋag±ÁÆ£ȪŎhʵpaPa
]oba2�Æ��� £̇ǋahʏa˂ȩgª���Æ�~Ɗ˷ü˅a±ÁÆ£î˅
aCzI2î˅d˂ȩgɸhȦ mPa∙s aCzP 

� �À�Æh�Æ«�ǏaCy2Xgȥ̲Þhéʞew]`�Â-�Â˾ë~ħmU[3-

13~3-16]P�À�Æ�Âh237Y˭Ňa̲üUzws2Ɵ̋gː̵gơeh2ñĿ~Uz˥
̴ICz[3-17~3-19]P37Y˭Ňa̲üUzȩǏHxĖƂ~ƧȱUz�µ7£©�¤Ä�Âb
p`̳ax{zmbIɥaP÷Ĵeȳʜ�Æ��� £ew]`2�À�Æ�Æ�~Ȧ
μm g�7�7a±ÁÆ£î˅aCzmbĪƍR{`azI2・ɵ̡gȌŜe^a`
ŞʧR{`mdH]wPéʞ˾ëew]`�Â-�Â˾ëUzʯȩHx2̐ ŠĲah2é
ʞȨŲR{w�¡ÆÃ�˚Ȉe±ÁÆ£Uzmba2Xgʯȩe^a`ʈƚpwP 

� �Â�ÆƳ¥£Á�¸h2ª��±ÁÆ¡�Æ�aƜt̳ax{`azɥʦ͋aCz
[3-20~3-24]P�Â�ÆƳ�Æ�h2�Â��¸��Æb˙æUzmba2ǭǆe�ÂëUzP
mgȩǏHxª��±ÁÆ¡�Æ�eʗp`Gy2ǗeʴƐɊȑgƧȱeĚUzŠĲa
̳ax{`azP�Â�ÆƳ�Æ�h2˂ȩIƊaws2Ǘe¢��´Æ�Æ�̇ǋa
±ÁÆ£R{zP�Æ��� £̇ǋh2Ȧ%ʔʞgʏa˄ʞg 20 mPa1s Ìêg˂ȩ
g�Æ�eŪx{̄ƍR{`azP�Â�ÆƳ�Æ�~±ÁÆ£Uzơg・ɵ̡h2ǭ
ǆe�ÂëRtzwseäë�Â��¸ȥ̲Þeɨp`±ÁÆ£R{zI2̐ ŠĲah2
�À�Æ�ÂȈe±ÁÆ£UzPūɧȈe±ÁÆ£Uzwsȥ̲Þ：e˟l`�Æ�I
ŻIy_xL2ƊaȰʞa±ÁÆ£R{zmbIġɩagzP 

� X{Y{g�Æ�a2Ɗa˷ü˅a±ÁÆ£~ƄbwsgȌŜ~ȹʐp2ʮx{z±
ÁÆ£ʯȩe^a`˨ìUzP 

� �  

¾º½n �m%0�
�������� ȣ 3-1 e̐ŠĲa̳awǐŤɔɻgĆ̴ȣ~ǉUPXY Ǌʫ�¡7�Ȉe
・ɵ̡bdzéʞȨŲR{w�¡ÆÃ�˚2äë�Â��¸ḙ̌�À�Æ�Â2˺ ƅä
̲Þ~ȹɻp2�7�eœI{zP・ɵ̡eɨp`Ȥʋe¨�Â(ʳŏ 200 μm)Iɔ・R
{w�ÁÆ�I Z �¡7�eǘy˭kx{`azP�ÁÆ�ʳg�Æ�Hxʜɂaʜ
ÊʜŧeœI{2ʜÊIØíR{zPƶ̳pwʜÊʜŧgØíî˅dʜÊg˝Ïh 0~5 

kV aCzP¨�Âŷb・ɵ̡bgķ̺h�ÁÆ�~ǘy˭kw Z �¡7�ew]`ʈ
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��ª7IʙǑî˅aCzHʈlwřðIȣ 3-13(d)aCzPƏaＲØh�Â�ÆƳ�
Â¯��ª7~ǉp`azP¢� �½eȸ・p`awƟ̋I˓̺p`pp]wP 

�Â�ÆƳ�Âh2Ɵ̋Iȸ・pdaws2¢� �½ȈeʙǑUzmba2ʙǑ˳
ehƟ̋Iȸ・ts2Ɵ̋gÍɻȨŲIǐŨR{wP̐ŠĲah2¯��ª7ȍg�Â
�ÆƳ�ÂgʙǑgq~Ƅa2Ɵ̋gÍɻȨŲe^a`ŞȄ~Ƅd]wI2±ÁÆ£R
{z�Â�ÆƳ�ÂgŎȍ~˵ƬeUzmba2Rxe˵ƬdƟ̋gÍɻȨŲIî˅e
dzbƁc`azP 

 

¾º¿n K^�
̐ȃah2ȳʜ�Æ��� £~̳aw©�¤Ä�Âg±ÁÆ£ʯȩgʈƚ~Ƅ]wP

ª��±ÁÆ¡�Æ�aẖSd±ÁÆ£̇̉ICzI2ĺʍgöɮh2Ɗ˂ȩgÞɧ
~Ɗ˷ü˅a±ÁÆ£UzmbIƓʵdmbaCzPƟ̋gȪʉɝȊbdz©�¤Ä�
Âg�ÂëɅg�Æ�hƊa˂ȩgtgIɥL2ȰＤdȮɧɊȑ~±ÁÆ¡�Æ�ew
]`žɾUzwseh2mgöɮ~üŗUzmbhǧ̴aCzPƊ˂ȩgÞɧ~Ɗ˷ü
˅a±ÁÆ£î˅dȳʜ�Æ��� £~̳a`2��ÀÆ�¸�Â2�Â�ÆƳ�Â2
�À�Æ�Â2~±ÁÆ£p2X{Y{g±ÁÆ£ʯȩe^a`ʈƚ~Ƅ]wP�

��ÀÆ�¸�Æ�~˺ƅä̲Þk±ÁÆ£~Ƅ]wřð2ȳʜ�Æ��� £gʯ
ȩHx¾¦7�dŎȍg�Â~ʮzmbIagwI2Ɗa˷ü˅a±ÁÆ£Uzmbh
ƓʵaC]wP̲Þ：kg±ÁÆ£h2�ÂëUzɅe�Æ�IŻI]`ppbʚu2
̲Þ˧̡g̰{Iħmzwse2Ëʐp`±ÁÆ£~ƄbmbIƓʵaCzPXgws2
Ɗa˷ü˅a©�¤Ä�Âg±ÁÆ£~Ƅbeh2ŭɧȈe±ÁÆ£Uz˥̴ICzm
bI̠xHed]wPa]oba2̲Þ：e±ÁÆ£Uzmba2¾¦7�dŎȍ~ǅ
]w©�¤Ä�ÂIŎȪR{zmbHx2ƊȰʞahdaI2ʯÑーdŎȍ~̭UzɊ
ȑ~žɾUzơe̸̳agzî˅ȩICzP�

�À�Æ�Æ�~éʞȨŲR{w�¡ÆÃ�˚Ȉe±ÁÆ£~Ƅbmba2˷ ü˅g
ȨŲIî˅dmb~ˇÉpwP�À�Æ�Æ�gȊƌeGa`h2Ɗég�¡ÆÃ�˚
Ȉe±ÁÆ£pwȊƌ2ʏégȊƌe˟l`˷ü˅IŸȈUzP�

�Â�ÆƳ�Æ�~�À�Æ�ÂȈe±ÁÆ£Uzmba2Ɗa˷ü˅a�Â�ÆƳ
�Â~±ÁÆ£î˅aCzmb~ˇÉpwP�À�Æ�ÂȈa�Â�ÆƳ�Â~�Âë
Rtzmba2
		�μm Ìêg�Â�ÆƳ�Â¯��ª7gƧȱeȪŴpwPpw2±
ÁÆ£R{w�Â�ÆƳ�Â~̳a`Ɵ̋gȸ・gȨŲî˅dmb~ǐȄp2ȮɧɊȑ
gȰＤdžɘgȨŲeæ̳agzmb~ǉpwP�
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ÌȈwy2X{Y{g�Æ�bȌŜewz±ÁÆ£ʯȩHx2ȳʜ�Æ��� £I
Ɗa˷ü˅a©�¤Ä�Â~íźî˅dȌŜe^a`ˇÉp2Ɵ̋u©�¤Ä�Â~Ȱ
Ｄeˎɻî˅díźĨǫbp`̭̳aCzmb~ǉpwP�

�
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̐ŠĲah2¶��ÄÅ�¼Hx˕ȮUz̆ʜŨȆew]`©�¤Ä�Âeíź~Ƅ
a2Xgʯȩe^a`ʈƚUzP̆ ʜíźI©�¤Ä�Âgíź̉bp`ʗ̳agzm
b~Ċʼp2pw2Ȧ μm �7�7agíź~ǐȄUzP 

©�¤Ä�ÂeˤƟíź~Ƅḃ̉bp`2PDMS ･u2SU-8 ~̳aẇ̉[4-1~4-3]I
̄ƍR{`azPȡźȮɧɊȑ~žɾUzȈa2Ɵ̋uȪʉɝȊgˤǽĕļ~ȨŲUz
mbhǧ̴aCzPȮɧʳgžɘ~̢̃Uzmba2Ģ˅ーdɊȑIƧȱR{zmbI
ɹx{`Gy2Ɵ̋gȪʉɝȊaCz©�¤Ä�ÂeˤƟžɘ~˭̯Uzmba2ǐŨ
R{zPȮɧʳgņʷɊȑ~̢̃Uzwse2ſgíźIƄ}{wː̵̡e2ņĖɊȑ
~ˎŸp2̄ƍICz[4-4~4-6]PpHp2･~̳aẇ̉ah2˥̴dŎȍeæT`･~
ƧȱUz˥̴ICzws2¡7À7¹�¤aíź~Ƅbeh2ȹŕgʞe･~ƧȱUz
˥̴ICy2źʔIɥLdzmbIöɮaC]wPXmăʜíźew]`2©�¤Ä
�Â~ƨzwbeíźagzwbed{i2ȹŕg˴IŻIzbġɩagzP 

̆ʜíźh2ʜńHxg�7�̆ʜew]`˕ȮUzʿew]`íźɨȆg˧̡~ƨ
ż̉aCzI2m{paňɟƤ̈́~ɨȆeƄ}{`gw�� 

� ���P̆ ʜíźahˢȸȓ
aíźUzws2źŉkg�¹7�IǾdambHxƊƀʞƤ̈́gíźeʗp`azP
¶��ÄÅ�¼~̳azmbaŘuſ~¶��Ä�7�7aíźUzmbu2íźpw
aŎȍeíźR{wʜń~Ƥ̈́eŇ_k`aLmba2･~ʆzwbeíźUzmbI
î˅aCzPíźR{w˳˷hªÁIǾdL2ĐxHd˧̡~ǅ^mbIʯʇaCy2
ňɟƤ̈́gˤƟíźe̳ax{`gwP�

m{pa©�¤Ä�Â~ɨȆbpw̆ʜíźe^a`̄ƍhdaP©�¤Ä�Âhǥ
xHaƤ̈́aCzws2ȷƨźŉ~˧̡eʣ`zb2ȷƨźŉeƌ}t`˧̡IǨrm
bHx2ƊaȰʞaȷƨíźUzmbhƓʵaC]wPȮɧɊȑgȷ˿ĘƩgwseÞ
ɧɿɉdc~̳a`©�¤Ä�Â~ʟřRt2Ƌȩ~Ɗs`ȷƨ~ƄbmbICz[4-12]

I2©�¤Ä�ÂgȪ˷gmb�chȥ˷aCzwseʟřuüʟgơe˾Ŏp`pp
bî˅ȩICzP 

©�¤Ä�Âhȷƨźŉ~ȸȓRtzwbdíźhƓʵaCzI2̆ ʜíźgwbe
ˢȸȓaíźIî˅aC{i2ƊaȰʞaȷƨíźIǐŨagzbƁcwPpw2Ɵ̋
g���h̪ 10-30 μm aCzmbHx2mg��7ÂgíźȰʞ~ɰȪU{i2ȰＤ
dȡźȮɧɊȑgžɾǚ̉bp`æ̳agzbƁcx{zPpw2Ɵ̋gˎɻIȨŲR
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}tIƓʵaCzPXma2ȣ 4-11(a)e̬~ƶ̳p`̆ʜíź~Ƅ]wơeģ̊I˕Ȯ
UzbabŨȆ~̸̳UzPģ̊I˕ȮUẕƹ~ǉUP��Æɂ~�À�ÆHxȦ
mm ʔʞ̺pwȍɪep`Gg2ØíʜÊ~ 0.1 kV eȹʐp`��Æɂ~Ǿps^Ň_
k`aLb2�À�ÆI̲kƸswǆʚaģ̊I˕ȮUzPʜÊb�» ±~mgȍɪ
ê\2�¡7�~ʫHUmbaſIƧȱR{zPØíʜÊ~ 0.1 kV2�¡7�ɞʞ~
1 cm/s gȌŜăʜewy�À�Æ�Âkſíź~Ƅd]wPȣ 4-11(b)eǉUwbe2
íź˴I̪ 3 µm gſ~íźUzmbIagwP�Á�ÆdcgƤ̈́eɨp`Ȧ¶��
Ä�7�7gſ~ƧȱUzơeh2̄ �£Á��À¯�dc~̳a`íźUzgIÖ˛
ーaCzI2mgřðHx2̆ ʜíźĨǫ~̸̳pwíźtî˅edzbabmbIǉ
R{wPpw2ǸȃatǬlw2Ɵ̋g���I 10-30 μm aCzmbtʨpczb2
ȪʉɝȊbdz©�¤Ä�ÂgȰＤdíź̇̉bp`Ǥ˷díź˷ü˅aCzbũc
zP�Á�Æ��Â~íź̬bp`̆ʜíź~Ƅd]wȊƌ2Ȧ μm �7�7aíźa
g2m{h÷ĴēƍR{w¯�£Á��À¯�ew]`Ƨȱpw PDMS ~̳aẇ
̉(1 μm~)bŇaȰʞaCzP 

� pw2Ɵ̋ː̵e̳ax{z�Á�Æ��Â(10836, Sigma-Aldrich)~íź̬bp`
̳a`2·�Æ��Âbʬ̱eíź~Ƅd]wPmg�Á�Æ��Âh 20YeGkz
ʫ˂ʞI 19.8 mm2/s a2·�Æ��Âgˏʔʞgʫ˂ʞbd]`azPȣ 4-11(c)e�
Á�Æ��Â~ƶ̳p`íźpwſgøɕ~ǉUPſgíź˴h̪ 10 µm gƟatg
bd]`azI2ſeģ̊IʹyƑ�appa2ĘƩIp_xLd]wP̬~ƶ̳p
wſƧȱah2ȣ 4-11(a)aǉpwʍy2íźǆeģ̊I˕ȮUzP˂ȩgʏa̬~ƶ
̳pwȊƌehģ̊I˕ȮUzbUMe̬g˧̡pa˰ȈUzI2˂ȩIƊaȊƌ2
ģ̊gʫgIʲLdy2�À�Æg˧̡e˭・pwpp˰ȈpdLdzws2ȣ 4-

11(d)gwbe2ſeģ̊IʹyƑ�[ȍɪbd]wbƁcx{zP 

íź̬~̳awǐŤah2�À�Æ�Âg˧̡I}Hy_xL2©��®7¤�¹À
~ƶ̳p`�» ±g 0 ʚƌ}t~UzmbIƓʵaCzws2ȣ 4-11(a)gwbeģ
̊g˕Ȯew]`Ɯʗd�» ±eʈȫpdk{idxdaPpHp2ȹʐʜÊh 0.1 

kV bp`azws2�» ±hˢȋeǽRLUz˥̴ICy2��ÆɂI�À�Æ�
ÂeȸȓUzȊƌICzPmgȍɪaíź~Ƅbb2ȣ 4-11(d)eǉpwwbeíź˴h
̪ 10 µm bd]wPíźȌŜhȣ 4-11(b)eǉpwíź˴ 2 µm gſ~Ƨȱpwơbʬ̱
aCzI2��ÆɂIȸȓp`awmbewy2íź˴h̪ 5 ˏbd]wP 

� ̐ŠĲah2ȥe̲kuUa�À�Æ�Â~̳awws2íź̬~̳awI2ȥe̲
eLa�Â�ÆƳ�Âu�À7�Æ�Âdchɫ}yeȥ~̳azmbIî˅aCzP



 62 

ȥ~̳azmba2̎ ʅUzmbIƁcxczI2Ȕ̳g�·eɨp`̆ʜíź~Ƅd
]wŠĲah2ȥew]`̎ʅRtwűeíź~Ƅa2űeȥ˷~Ȏ˕RtǟǨRtz
mbaˤƟdíź~ǐŨp`az[4-24]PmgmbHx2íź̬gɫ}yeȥ~̳a`2
©�¤Ä�Â~̎ʅ2ǟǨRtzmba2̐ ŠĲew]`ɰȪpw˴ 10 μm gwyƊa
˷ü˅aíźIǐŨagzbƁcx{zP 

 

¿º¿�K^�
̐ȃah2©�¤Ä�Â~ɨȆe¶��ÄÅ�¼~̳a`̆ʜíź~Ƅa2íźʯȩ

~ʈƚpwP©�¤Ä�Âgſíźeh PDMS ･~̳aẇ̉ICzI2˥̴dŎȍ
eæT`･~ƧȱUz˥̴ICy2¡7À7¹�¤aíź~Ƅbeh2íźgʞ2･~
ƧȱUz˥̴aCzmbIöɮaC]wPXma2̆ ʜíźew]`©�¤Ä�Âgſ
íźIî˅edzmba2m{~üŗagzbƁcwP̐ŠĲah2̆ʜíź~̳aw
©�¤Ä�Âgíź~Ƅa2íźR{zſg˴2țRHxXgʯȩ~ˇÉpwP�À�
Æ�Â2�Â�ÆƳ�Â~ɨȆĕʜíź~Ƅa2íźʯȩ~ˇÉpwPĐxHdíź
̡Iʮx{zÖ̇2Ɯǽgíźſg˴h 800 μm ÌȈaC]wPXma2íź˷ü˅~
ŸȈRtzwse2íź̬~̳a`íź~Ƅ]wbm|2Ȧ μBgíź˷ü˅aíźU
zmbIagwPmg˷ü˅h2Ɵ̋gɬgReɨp`Ǥ˷aCy2̆ʜewz©�¤
Ä�Âgíźh2˵ Ƭdžɘ2¡���»7~ǅ^ȡźȮɧɊȑgžɾIî˅dĨǫa
Czmb~ǉpwP 

� ©�¤Ä�Âh2ʿ ewzđɑuȚʩÊew]`žɘI˾ëUzmbIƁcx{2̆
ʜ~̳aw¶��Äíźġ̉か~Ċ̼Uzwseh2m{x~ʨpcwíźʯȩgˇ
ÉI˥̴edzPǼ̷ーeh©�¤Ä�Âgʯȩ~Ǥ˷eˇÉpwíźġ̉か~Ċ̼
Uz˥̴ICzPm{IǐŨR{zmba2ňɟƤ̈́aǐŨag`azíźȰʞbʬ̱
e2©�¤Ä�Âeɨp`t̆ʜíźIǐŨagzbƁc`azP 
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̐か˹ah2ȡźȮɧɊȑgžɾ~̥ƻpw©�¤Ä�ÂgíźĨǫbp`23 ^g
ǚ̉gă˕~Ƅ]wPX{Y{2¢��´Æ�Æ�̉ewz�µ7£©�¤Ä�Âgí
ź̇̉gă˕2ȳʜ�Æ��� £̉ewz©�¤Ä�Âgíź̇̉gă˕2̆ ʜíź
~æ̳pw©�¤Ä�Âgíź̉gă˕aCzP 

ɭ 2 ȃah2ŚĖžɘ~̭Uz̼ɧɊȑ~žɾUzwsg�µ7£©�¤Ä�Âg±
ÁÆ£̇̉~ă˕pwP̐ ŠĲah2Ɵ̋�7£~ȵɌUzmbaƧȱUz̼ɧɊȑk
ŚĖžɘ~žɾUzmb~̥ƻpwPƟ̋�7£gȵɌew]`ƧȱR{w̼ɧɊȑk
gŚĖžɘgm{pagƧȱ̇̉h2ŚĖʳˠƟ̋ewzǊŮɊȑëgqaCy2È20 

μm ÌêaC]wPǐơgȮɧʳgŚĖgŏhȦǤ μm HxȦ mm ḇSaCzPȮɧ
ʳgɊȑ~ȡźーeƧȱî˅edzwseh2m{xgŚĖžɘgƧȱIî˅edz˥
̴ICzPXma̐ŠĲah2È100~500 μm gĖƂžɘ~Ɵ̋�7£ęeƧȱUzm
b~̥ƻp2�µ7£©�¤Ä�Âg±ÁÆ£̇̉gă˕~Ƅ]wPƟ̋�7£kʋȸ2
�µ7£©�¤Ä�Â~±ÁÆ£UzmbhƓʵaC]wws2�À�Æ�ÂȈe±Á
Æ£pw�µ7£©�¤Ä�Â~Ɵ̋�7£ȈeʙǑUż̉~ă˕pwPmġ̉e
wy2ŶRȦ˦ μm g˔a©�¤Ä�Âat�À�Æ�Â~̲üRtz[ka2þ{z
mbdLǘyǪUmbIî˅aCzPmġ̉~̳a`Ɵ̋�7£ęeĖƂžɘgƧȱ
~Ƅ]wP 

ps2��ÀÆ�¸�Â~̳a`2�µ7£©�¤Ä�ÂgƧȱ~Ƅ]wP¯��ª
7ȍg��ÀÆ�¸�Â~±ÁÆ£p2m{~Ɵ̋�7£ęeȵɌUzmba2ȵɌR
{wƟ̋�7£ęa�µ7£Ƥbp`2hwxa`azmb~ĊʼpwPpHp2��
ÀÆ�¸�Âh2Ɵ̋ȸ・ȩIdaws2Ɵ̋�7£ękgȵɌIǚĨeÎɡUzmb
IöɮaC]wP 

Ǉe2Ɵ̋ȸ・ȩgƊa�Â�ÆƳ-¯�°ÁÆ�Â~±ÁÆ£p2˧̡eŚĖʳˠ
Ɵ̋~℃ǛpwPm{~Ɵ̋�7£gęeȵɌpwřð2ŚĖʳˠƟ̋~ě�[ŚĖ̱
žɘ~ƧȱUzmbeȪŴpwPpw2ƧȱpwɊȑ~ː̵pwbm|2ŚĖʳˠƟ̋
IƧȱpwŚĖ̱žɘHxŚĖșȮIħmy2̣ ƟŚĖ̤IžɾR{`azmb~Ċʼ
pwPm{ewyɬǽ̱Sd˵ƬdŚĖžɘ~̭UzȡźȮɧɊȑgžɾgǐŨî˅ȩ
IǉƘR{wPpw2RGD ǡȏ�Â�ÆƳ�Â~Ɵ̋�7£ęeȵɌp2m{~̲ü
Rtzmba2ぎ̽î˅dĖƂžɘgƧȱ~Ƅ]wPă˕pwぎ̽¢ª��ew]`１
Ǧ~̽UmbeȪŴpwPm{ewy̼ɧɊȑʳ˳eː̵Þ~ぎ̽pdIxː̵î˅a
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Czmb~ǉp`azPÌȈwy2̐ ŠĲaă˕pw�µ7£©�¤Ä�Âgíź̇̉
I2˵ ƬdŚĖžɘ~̭UzȡźȮɧɊȑgžɾeæ̳agzmb~ǉpwPöɮbp
`2̐ ŠĲaƧȱpwĖƂžɘhŚĖʳˠƟ̋u˺ĐņƟ̋Iěp{`Gxs2ǐơg
ŚĖžɘbhÑdzPpw2ĖƂžɘkgぎ̽ː̵eGa`tʉġahŞȄp`Gxs2
ʉġː̵eGkzȡźȮɧɊȑkgÜł~ʈƚUz˥̴ICzbƁc`azP 

ɭ ) ȃah2ȳʜ�Æ��� £~̳aw©�¤Ä�Âg±ÁÆ£ʯȩgʈƚ~Ƅ]
wPª��±ÁÆ¡�Æ�aẖSd±ÁÆ£̇̉ICzI2ĺʍgöɮh2Ɗ˂ȩg
Þɧ~Ɗ˷ü˅a±ÁÆ£IƓʵdmbaCzPƟ̋gȪʉɝȊbdz©�¤Ä�Âg
�ÂëɅg�Æ�hƊa˂ȩgtgIɥL2ȰＤdȮɧɊȑ~±ÁÆ¡�Æ�ew]`
žɾUzwseh2mgöɮ~üŗUzmbhǧ̴aCzPƊa˂ȩgÞɧ~Ɗa˷ü
˅a±ÁÆ£î˅dȳʜ�Æ��� £~̳a`2��ÀÆ�¸�Â2�Â�ÆƳ�Â2
�À�Æ�Â2~±ÁÆ£p2X{Y{g±ÁÆ£ʯȩe^a`ʈƚ~Ƅ]wP�

��ÀÆ�¸�Æ�~˺ƅä̲Þk±ÁÆ£~Ƅ]wřð2ȳʜ�Æ��� £gʯ
ȩHx¾¦7�dŎȍg�Â~ʮzmbIagwI2Ɗa˷ü˅a±ÁÆ£Uzmbh
ƓʵaC]wP̲Þ：kg±ÁÆ£h2�ÂëUzɅe�Æ�IŻI]`ppbʚu2
̲Þ˧̡g̰{Iħmzwse2Ëʐp`±ÁÆ£UzmbIƓʵaCzPXgws2
Ɗa˷ü˅a©�¤Ä�Âg±ÁÆ£~Ƅbeh2ŭɧȈe±ÁÆ£Uz˥̴ICzm
bI̠xHed]wPa]oba2̲Þ：e±ÁÆ£Uzmba2¾¦7�dŎȍ~ǅ
]w©�¤Ä�ÂIŎȪR{zmbHx2ƊȰʞahdaI2ʯÑーdŎȍ~žɾUz
ơeh2æ̳î˅aCzbƁczP�

�À�Æ�Æ�~éʞȨŲR{w�¡ÆÃ�˚Ȉe±ÁÆ£~Ƅbmba2˷ ü˅~
ȨŲî˅aCzmb~ˇÉpwP�À�Æ�Æ�gȊƌeGa`h2Ɗég�¡ÆÃ�
˚Ȉe±ÁÆ£pwȊƌ2ʏégȊƌe˟l`˷ü˅IŸȈUzmb~ˇÉpwP�

�Â�ÆƳ�Æ�~�À�Æ�ÂȈe±ÁÆ£Uzmba2Ɗa˷ü˅a�Â�ÆƳ
�Â~±ÁÆ£î˅aCzmb~ˇÉpwP�À�Æ�ÂȈa�Â�ÆƳ�Â~�Âë
Rtzmba2
		�μm Ìêg�Â�ÆƳ�Â¯��ª7gƧȱeȪŴpwPpw2±
ÁÆ£R{w�Â�ÆƳ�Â~̳a`Ɵ̋gȸ・gȨŲIî˅aCzmb~ǐȄp2Ȯ
ɧɊȑgȰＤdžɘgȨŲeæ̳î˅aCzP�

ÌȈwy2X{Y{g�Æ�bȌŜewz±ÁÆ£ʯȩHx2ȳʜ�Æ��� £I
Ɗa˷ü˅a©�¤Ä�Â~íźî˅dȌŜe^a`ˇÉp2Ɵ̋u©�¤Ä�Â~Ȱ
Ｄeˎɻî˅díźĨǫbp`̭̳aCzmb~ǉpwPöɮbp`2�Æ�Ƥ̈́u�
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Âë̇̉ew]`±ÁÆ£˷ü˅IÑdy2̱ SdƤ̈́eɨæUzwseh2ȳʜ�Æ
��� £gĢž~ÿ͆Uz˥̴ICzbƁc`azP�

ɭ 4 ȃah2©�¤Ä�Â~ɨȆe¶��ÄÅ�¼~̳a`̆ʜíź~Ƅa2Xgʯ
ȩe^a`ʈƚ~Ƅ]wP©�¤Ä�Âgſíźeh PDMS ･~̳aẇ̉ICzI2
˥̴dŎȍeæT`･~ƧȱUz˥̴ICzws2¡7À7¹�¤aíź~Ƅbeh2
źʔIɥLdzmbIöɮaC]wPXma2̆ ʜíźew]`©�¤Ä�Âgſíź
Iî˅edzmba2m{~üŗUzbƁcwP̐ŠĲah2̆ʜíź~̳aw©�¤
Ä�Âgíź~Ƅa2íźR{zſg˴2țRHxXgʯȩ~ˇÉpwP 

� ̐ŠĲah2�À�Æ�Â2�Â�ÆƳ�Â~ɨȆĕʜíź~Ƅa2íźʯȩ~ˇ
ÉpwPĐxHdíź̡Iʮx{zÖ̇2Ɯǽgíźſg˴h 800 μm ÌȈaC]wP
Xma2íź˷ü˅~ŸȈRtzwse2íź̬~̳a`íź~Ƅ]wbm|2Ȧ μB
gíź˷ü˅~ʮzmbIagwPmg˷ü˅h2Ɵ̋gɬgReɨp`Ǥ˷aCy2
̆ʜewz©�¤Ä�Âgíźh2˵ Ƭdžɘ2¡���»7~ǅ^ȡźȮɧɊȑgž
ɾIî˅dĨǫaCzPöɮbp`2íźR{w©�¤Ä�Âg˾Ǐ2¶��ÄÅ�¼
e©�¤Ä�Âg˭・2íź̬~̳awȊƌeíź̬I©�¤Ä�ÂeƴɡUzî˅ȩ
IƁcx{zP 

ÌȈ2ćȃeGa`2ȡźȮɧɊȑgžɾkæ̳î˅d©�¤Ä�ÂgíźĨǫgă
˕~Ƅ]wPX{Y{gíź̇̉gƵ̱böɮʚ~˧ 5-1 eǉUPX{Y{gǚ̉eG
a`2ȰＤa˵Ƭdžɘ~ǅ^ȡźȮɧɊȑgžɾkbĠ̯agzî˅ȩ~ǉpwP̐
ŠĲgʘ̍bp`2̐ Ĩǫ~̳a`2m{paƛŨIƓʵaC]wȮɧʳgɊȑeCz
˵ƬdƟ̋2ȪʉɝȊgˎɻuŚĖžɘ~ǐŨp2ƊaĢ˅~̭UzȡźȮɧɊȑă˕
kgæ̳R{zmbIġɩR{zP 
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