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̛Ƕ 
 
 
�˥Ǿ5ʈʃ� 
� ͙Ɣ:�U_�d�g���Ǌ̒:ͤȪ8IKμŀˡ:��~Ƚ˱8Ÿ(LƂǆ:

Šʝʃ��~ʹîȠʴȳ5&3μ̐ ʰȔº ��~ʲʠț:˼ƗŔĶ�ʊȧ�4�L�

ʠț��~ʲ?:̐Ⱥ���~ʲ:ɫʏ5ȥ˨:ˇǔ8͸̛5%ML�μʠț��~

ʲ?:̐Ⱥ:ȅɕ8IKμ+:ơǀ�ȥ˨Pȯ͔&-ŔĶ;ž7�� 
� ʠț��~ʲ:Ʈɪʹ5&3:ȥ˨;μ��~ʰǱɫ5��~ʲì:εìʅʿΜ˫

�high endothelial venule, HEV	P·&-��~Μ˫³͠8IL5%ML�C-μǍĢH
ǍĢǜʚʿ˦;ȈȚˁ˓�J͖è��~ʰP͠03��~ʲ8èL�μwU����

~ɨ;Μ˫�JHEV:ʿ˦΅ΒP͠03��~ʲ8èL-FμHEV;��~ʲ:ç
ɸʹ5&3:ȥ˨8͸̛7ʰ˰Ƞ͡46L�ʠț��~ʲ?:��~Ⱥ���~ʲ8

�"LHEV:ˇǔ8͸̛46L$5;ǫš!ŔĶ%M3�L�μʠț��~ʲ?:
̐Ⱥ�HEV86:I�8ƣΟ(L�5��ŔĶ;Ɇɣ&ƫ-΋K7�0-� 
� Ǆ�;̐ʰȔ:7�ͦΘ��~ʲʠțP̑0-�Vh8ıʢʠțĬ˨7��{��

ʿ˦Pʠț&-�t�Pɭ�3μʠț��~ʲ8�"Lçɸʿ˦HHEVP̥Ȑ(L
$54μʠț��~ʲ;΋JM-ʳń4çɸ˨Pȅ(LĬ˨ƶPʚ&-�+:�t�

8��3ʠț��~ʲ:ȥ˨;μShamǇ̒˘:ı��~ʲIKċL˃Ȓ57Kμ+
:ƌ;ʠț��~ʲ?:̐Ⱥ:ƌ4;7��5˜�JM-� 
� +$4μ�VhPɭ�-̐ʰȔº ��~ʲʠț�t�Pʘʨ&μ+:̐ʰȔº 

��~ʲʠț5̐Ⱥ:7���~ʲʠț�t�8��3ʠț��~ʲPȯ͔(L$5

4μ̐Ⱥ:ȅɕ�ʠț��~ʲ:ơǀ�ȥ˨8£�LƣΟPˁ˓ūʃ8ȝ̩(L$5

Pʈʃ5&-� 
 
�Ȋǯ5ǲȳ� 
� ʫ�ʩ8��3μ8ͣκΕ:C57BL/6N�Vh 25ĕPɭ�3μƋιƥ��~ʲ8Ⱥ
è(Lȼ˴śď˫Ṗ5(L��~ʲ˩ˣƚPǖ &μıÜ:˸ʧ��~ʲǢöͯ8

ʠ̑(L̐ʰȔº ��~ʲʠț�t�PÊ̘&-�̒ ƨ 3μ4ͣʈ8ƨˡ͎͊8U�
vfSx�`����ICG	Pʅ¡ȴŻ&μƨˡ:��~ȺP̭Ð&-�̒ƨ 4ͣʈ8
Ƌƨˡ͎͊82%~s�u���ɋɂPʅ¡ȴŻ&μʠț��~ʲ�ȕ̅%M-ŕİμ
ʠț��~ʲ?:͖è��~ʰîɷ͠6K5ûŮ&-�ʠț��~ʲ�I>ŸÜ:ι

ƥ�˸ʧ��~ʲPǢö&μHematoxylin and eosin �HE	ȕ̅4ˁ˓ūʃ8̭Ð&-�
ɱá·̡l�uVWSPɭ�3įùɛ8�"L��~ʲ:Ţ %P̨ɉ&-� 
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� ʫ±ʩ8��3μ ̪:�Vh 50ĕPɭ�3μ½¡: 3˘PÊ̘&μ¡̪:ǲȳ4
į˘Pȯ͔&-�Group 1;ʫ�ʩ4Ê̘&-ȅ̇̐ʰȔº ��~ʲʠț˘�n = 20	μ
Group 2;ȅ̇̐ʰȔ˃ʾ��~ʲʠț˘�n = 15	μGroup 3;ͦΘ��~ʲʠț˘�n = 
15	5&-�̒ ƨ 4ͣʈ8ʫ�ʩ5ıȡ:ǲȳ4~s�u���8ILʠț��~ʲ:
ȕ̅:̣ŷƨμʠț��~ʲ�I>ŸÜ:ιƥ��~ʲPǢö&μHEȕ̅�I>
MECA-79 �HEV	μB220 �Bʿ˦	μCD3 �Tʿ˦	μCD11c �Ȥɠʿ˦	8Ÿ(Lçɸˁ
˓ēūȕ̅4ˁ˓ūʃ8̭Ð&-�Šķ 100 µm2½ :ˊHEVμ+:�/ì˰ 80 µm2

½ :ǒƞHEVPŮ˙&μɱá·̡l�uVWSPɭ�3įùɛ8�"LǫP[V
�u&3μˊHEVǫ8ĝFLǒƞHEVǫ:ĆİP̨ʯ&-�ɱḁ́Ȑl�uVWS
Pɭ�3Bʿ˦μTʿ˦μȤɠʿ˦:��~ʲ8ĝFLΞʣ:ĆİP̨ɉ&-�š˘
΅:ȯ͔8;μShapiro-Wilk:ȩ̞ƶȝŮƨ8 Steel-DwassȝŮPɭ�-�P < 0.05P
˅̨ūʃȅƽȱɊ5&-� 
 
�˃Ȓ� 
� é3:�Vh�̒ƨİÌɻ7!μ̒ƨ 4ͣ4ŬȟȬ%*LC4ɫŪ&-�éÎ8�
�3ιƥ��~ʲ;ιƥ˩ˣˁ˓ì8 11ŪŊ&μ̐ʰ̇;ȅ̇4˸ʧ?ʠț(L:
8Ęø46KμHEȕ̅4ʠț��~ʲP̰F-� 
� ʫ�ʩ8��3μICG̎æ��~ʰ͡ƣ4Ƌ˸ʧ8Ǹʐ7ɔɠ̎æáP̰F- 16
Î4;μ~s�u���̅ʽ8ILʠț��~ʲ:ȕ̅P̰F-�ȮK: 9Î4;~
s�u���̅ʽ8ILʠț��~ʲ:ȕ̅P̰F7�0-�ʠț��~ʲ?:͖è

��~ʰîɷ͠ɦ; 64.0%46Kμ̒ƨ 3ͣ½Ί: ICG̎æ��~ʰ͡ƣ4îɷ͠P
¯ɉĬ˨460-�͖è��~ʰîɷ͠:60-ʠț��~ʲ;μ͖è��~ʰîɷ

͠:7�0-ʠț��~ʲIKGȅƽ8˒Ž&-�μʅ̈́8�"Lɑ˦Ƞ͡;Ǹʐ4

60-��ǲμ͖è��~ʰîɷ͠:7�0-ʠț��~ʲ;μ��~ʲì:ʿ˦Ŷ

Ƙ�ε!μɑ˦Ƞ͡;ǸJ�4;7�0-� 
� ʫ±ʩ8��3μʠț��~ʲ?:͖è��~ʰîɷ͠ɦ;μGroup 1� 65.0%μ
Group 2� 66.7%μGroup 3� 46.7%460-�į˘:͖è��~ʰîɷ͠:60-ʠ
ț��~ʲ5ŸÜ:ιƥ��~ʲ:΅:š˘΅:ȯ͔4;μ��~ʲ8�"LˊHEV
ǫ/mm2�I>ǒƞHEVǫ/mm2;μGroup 1�ŸÜ:ιƥ��~ʲIKGȅƽ8š!μ
��~ʲ8�"LǒƞHEVǫνˊHEVǫ;μGroup 1�Group 2�I>Group 3IK
Gȅƽ8š�0-���~ʲ8�"LBʿ˦μTʿ˦μȤɠʿ˦:Ćİ;μį˘:͖
è��~ʰîɷ͠:60-ʠț��~ʲ5ŸÜ:ιƥ��~ʲ:΅:š˘΅:ȯ͔4

;μ�)M:˘΅8Gȅƽƌ;7�0-� 
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�˜ŷ� 
� ʫ�ʩ8��3μ�Vh̐ʰȔº ��~ʲʠț�t�PÊ̘(L-F:̯ʿ7̥

āμ+:̒ƛ81�3ȝ̩&-�ιƥ��~ʲ� 3�4Ö6L�qu5ȯ@μ�Vh:
ιƥ��~ʲ; 1146Kμ˸ ʧ��~ʲǢöͯ8ʠț(L5 1σ14:Ĝʼ7ȯ͔�
Ĭ˨46L�ȉ�t�;μȅ̇:-F̐ʰĵİ�¢̛46KμǇǊ8ÏŪ&8!�ʵ

Ò7�t�46L��Vh;ǍÈʬ:̮̌�äů&3�L-Fμʠț��~ʲ:çɸ

ʹ5&3:ȥ˨̥Ȑ8ȅɭ7�t�46L�ʠț&-ιƥ��~ʲ�͖è��~ʰî

ɷ͠8IKμ˸ʧ��~ʲ8͙�Ţ %μ��~ɨ:Ƞǃ8��t��`�͈ -Ĭ

˨ƶ�˜�JM-�ʅ̈́8�"LǸʐ7ɑ˦Ƞ͡;μ͖è��~ʰ�J��~ʲì?

þͩ&-ǍĢHǍĢǜʚʿ˦8Ÿ(LBʿ˦Ƶʮ�͈ 3�LĬ˨ƶPʚĻ(Lǆ̝
5˜�JM-��Vh̐ʰȔº ��~ʲʠț�t�8�"Lȥ˨ʃ��~ʹîȠʴ

8;μʠț��~ʲ��f�X�u:��~ʰ5îɷ͠(L$5G͸̛7̛ʽ46L

5˜�JM-� 
� ʫ±ʩ8��3μ̐ Ⱥ:6L��~ʲʠț:ǲ�μ̐ Ⱥ:7���~ʲʠț8ȯ@μ

IKš!:ȥ˨ʃ7ǒƞHEVPÕǔ(L$5Pʚ&-�̐ ʰȔº ��~ʲʠț;μ
ȥ˨ʃHEVPÕǔ(L$58IKμʠț��~ʲ:çɸ˨:̣ɔ�JGȅɭ46L
Ĭ˨ƶ�ʚĻ%M-�&�&μ��~ʲ8�"LBʿ˦μTʿ˦μȤɠʿ˦;μš˘
΅:ȯ͔4ȅƽƌ;̰F7�0-�ʠț��~ʲ:çɸʿ˦P̭Ð(L-F8;μǍ

Ģ:ȴŻH˱ɽʿ˦:ʠț768ILçɸƿÊ�Ƴ̛46L5˜�JM-� 
 
�˃̷� 
� ʫ�ʩ8��3μ�VhPɭ�-̐ʰȔº ��~ʲʠț�t�Pʘʨ&-� 
� ʫ±ʩ8��3μ̐ Ⱥ:6L��~ʲʠț:ǲ�μ̐ Ⱥ:7���~ʲʠț8ȯ@μ

ʠț��~ʲì:ȥ˨ʃ7ǒƞHEV:Ćİ�ε�$5Pʚ&-� 
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ɴ̲  ̔
 
ȉǭ¦�I>Ņ¦4Íɭ&-ɴ̲;½¡:5�K46L� 
 
ABC avidin-biotinylated peroxidase complex 
ARRIVE Animals in Research: Reporting In Vivo Experiments 
CD cluster of differentiation 
DAB diaminobenzidine 
EDTA ethylenediaminetetraacetic acid 
FLN free non-vascularized lymph node 
HE hematoxylin and eosin 
HEV high endothelial venule 
HRP horseradish peroxidase 
ICG indocyanine green 
ILN inguinal lymph node 
IQR interquartile range 
JPEG Joint Photographic Experts Group 
LYVE-1 lymphatic vessel endothelial hyaluronan receptor-1 
NDP NanoZoomer Digital Pathology 
PDE photo dynamic eye 
PECAM-1 platelet/endothelial cell adhesion molecule-1 
PLN popliteal lymph node 
PNAd peripheral node addressin 
ROI region of interest 
TBS Tris-buffered saline 
VEGF vascular endothelial growth factor 
VLN vascularized lymph node 
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ˌ  ̧
 
�˥Ǿ� 
� ��~ʹ;μ΅̈́ɂP̐ʰʹ?ǅ(�ǲ̑͠:͖͝ˈ46L���~ʰ;μȈȚˁ

˓�JĬɋƶøũHȹƶēǍĢǜʚʿ˦P��~ʲ76:±ȧ��~ˁ˓8͖͝(L

à �6L���~ʲ76:±ȧ��~ˁ˓4:çɸƵʮ8IKμȹƶē&-çɸʿ

˦Hɬɫ%M-ɂƶłũ�̐ʰʹ8ǅKȥ˨(L�Alitalo, 2011; Willard-Mack, 2006	� 
� ƺƶ˱ɽ:Ȳɿ5&3̑OML��~ʲͰɅ;μƂǆ��~ȥ˨:ʖˉPǑ μƮ

ɪʹ5&3:ȥ˨ʖˉ8IKμ��~Ƚ˱�ɫ'L�Rockson, 2001	�çɸʹ5&3:
ȥ˨ʖˉ8IKμ̏ʧ˓ɓ76:ǹƿȕƶH˱ɽ:ǹ͑ʠƶ�Oashi et al., 2013	μ%J
8;˫ʰˠ˱:ʀɫ�Stewart and Treves, 1948	76�Ƽ͈%MLĬ˨ƶ�6L� 
� ŀˡ:��~Ƚ˱8Ÿ(LŇΓʃ7ȢɊȲɿ;μ̙İʃɩūɿȳ�Földi, 1994	8»
̔%MLÕŪʃȲɿ46L�Badger et al., 2000; Lasinski et al., 2012	�μ��~ʰΜ˫ĵ
İ76:Ǉ̒ɭΪƯͿ¡Ǉ̒;μȅȆ7Ȳɿȳ46L5%ML�International Society of 
Lymphology Executive Committee, 2016	�ÕŪʃȲɿ8ǏǍƶ:��~Ƚ˱8Ÿ&3;μ
ÕŪʃȲɿ8Ċ�3ŠʝʃȲɿ�˜ǂ%MμŠʝʃȲɿ;Ƚ˱ˁ˓ɇͺ̒5��~̱

ż̒8Ţü%ML�Ozturk et al., 2016	�Ƚ˱ˁ˓ɇͺ̒8;μȽ˱ˁ˓ù΍�I>øƅ
țʅ̒�Charles, 1912	H˩ˣĴƜ̒�O'Brien et al., 1989	76�ǖ#JML�͙ Ɣ;�U

_�d�g���Ǌ̒:ͤȪ8IKμIKÆÑ̚7��~ʰΜ˫ĵİ�O'Brien et al., 
1977	H��~ʰΜ˫ʠț�Yamamoto et al., 2003; Yamamoto and Sugihara, 1998	μ��~
ʲʠț8»̔%ML��~̱ż̒�ȴʈ%M3�L�Basta et al., 2014	� 
� ��~ʰΜ˫ĵİ;μǇ̒ɭΪƯͿ¡8Īƥ 0.5 mmʡƘ:��~ʰPʿΜ˫8ĵ
İ(LǇǊ46Kμ��~PʉǛΜ˫ʹ8ͮȺ%*L$5�4 L�ȉȲɿ���~

Ƚ˱8Ÿ&3ȅĎ46L$5;š!ŔĶ%M3�L��Chang et al., 2013	μˁ ˓:ˍˇ

ēP -&-ǁƶ��~Ƚ˱8Ÿ&3;μ+:ĎȒ;¢Ęø7$5�6L�Akita et al., 
2015	�+$4μƂǆ:Šʝʃ��~ʹîȠʴȳ5&3��~ʲʠț�îȴʈ%M-� 
� ̐ʰȔº ��~ʲʠț�vascularized lymph node transfer	;μ1979Ɣ8ŔĶ%M-�
qu:ιƥ��~ʲP˸ʧ��~ʲǢöͯ8ʠț(L5��ďɜ�t��Shesol et al., 
1979	8ŨCKμ1982Ɣ8úF3��~Ƚ˱ƹ˝?:˼ƗƵɭ:ɻÎŔĶ�7%M-
�Clodius et al., 1982	�μ�̃ʃ8Ɩ!̑OML̒ƛ5;7J7�0-�2006Ɣμ24Î
:¬�Q̒ƨ: ˡ��~Ƚ˱ƹ˝8Ÿ&μιƥ�Jˮʧ?:̐ʰȔº ��~ʲʠ

țP̑�μ΁ȇ˂ͧ8��3 92%:ɻÎ4Ƚ˱:ǦĽ�̰FJM-5ŔĶ�Becker et al., 
2006	%M3½Ίμ˼ƗŔĶ�ʊȧ�4�L�Cornelissen et al., 2017; Pappalardo et al., 
2018; Scaglioni et al., 2018	�ͤ ̑ȇ:��~Ƚ˱8;μ̐ ʰȔº ��~ʲʠț:ǲ�

��~ʰΜ˫ĵİIKGĎȒʃ5%ML�Akita et al., 2015; Granzow et al., 2014	� 
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� ̐ʰȔº ��~ʲʠț:ɫɩʃȥ˨;μ��~ʰǱɫ5��~ʲì:��~Μ˫

³͠8IL5%ML�Miranda Garcés et al., 2016; Miranda Garcés et al., 2017	���~ʰǱ
ɫ;μǴŪ:Ȱʿ��~ʰH��~ʰìʅĀαʿ˦�JǱ-7��~ʰ�ơǃ%Mμ

ʠț��~ʲ5�f�X�u5:��~ʰîɷ͠PĬ˨8(L���~ʲì:εìʅ

ʿΜ˫�high endothelial venule, HEV	P·&-��~Μ˫³͠;μ��~PΜ˫ʹ8͖
͝(L���5&3ȥ˨(LĬ˨ƶ�6L�Cheng et al., 2012; Ito et al., 2016	� 
� ʠț��~ʲ?:̐Ⱥ���~ʲ:ɫʏ5ȥ˨:ˇǔ8͸̛5%ML�Shesol et al., 
1979	�μʠț��~ʲ?:̐Ⱥ:ȅɕ8IKμ+:ơǀ�ȥ˨Pȯ͔&-ŔĶ;ž7
��Cornelissen et al., 2017; Shesol et al., 1979; Tobbia et al., 2009	�C-μʠț��~ʲ?
:��~ȺG��~ʲ:ƯŽȠ͡Hȥ˨8͸̛5%ML�Mebius et al., 1991a; Randolph 
et al., 2005; Tammela et al., 2007	� 
� ̐ʰȔº ��~ʲʠț:˼ƗƵɭ8Γ&3;μvw�;ιƥ�Becker et al., 2006; 
Gharb et al., 2011; Lin et al., 2009	μˮ ʧ�Dayan et al., 2015	μΨ¡�Cheng et al., 2012; Patel 
et al., 2014	μ;γ �Althubaiti et al., 2013; Steinbacher et al., 2017	μŠÜ˧ͯ�Batista et al., 
2017; Becker et al., 2012	76:ʅ¡��~ʲHʥ˳˳΅˷�Coriddi et al., 2017	μŢˈ
�Agko et al., 2018; Ciudad et al., 2017	76:˴˰ì��~ʲ�ŔĶ%M3�Kμ�C.
ŇΓʃ8ȢɊē%M-̒ƛ;7�:�ɧɠ46L� 
� C-μ$MC4��~Ƚ˱:ǦĽ5��ʠț��~ʲ:Ʈɪʹ5&3:ȥ˨8ʏʈ

&-œʙʕʤ�š!̑OM3 -�Nguyen et al., 2016; Shioya et al., 2016; Yang et al., 
2014	�μʠț��~ʲ:çɸʹ5&3:ȥ˨Pȝ̩&-ŔĶ;ž7��Rabson et al., 
1982	���~Ƚ˱:ƹ˝;ƹˡ:̏ʧ˓ɓPİÌ(L$5�š!μʠț��~ʲ:ç
ɸʹ5&3:ȥ˨GȇƦ%ML� 
� Ǆ�;ıǆ4:̐ʰȔ:7�ͦΘ��~ʲʠțP̑0-C57BL/6�Vh8ıʢʠț
Ĭ˨7B16F10��{��ʿ˦Pʠț&-�t�Pɭ�3μʠț��~ʲ8�"Lç
ɸʿ˦:øƍHȥ˨μ±ȧ��~ˁ˓8ɞɶʃ7ʰ˰Ƞ͡46LHEV:ơǀHn�
~_ͺP̥Ȑ(L$54μʠț��~ʲ;΋JM-ʳń4Ǎ˱ɽĎȒ5&3:çɸ˨

Pȅ(LĬ˨ƶPʚ&-�Maeda et al., 2018a	�+:�t�8��3ʠț��~ʲ:ȥ
˨;μShamǇ̒˘:ı��~ʲIKċL˃Ȓ57Kμ+:ƌ;ʠț��~ʲ?:̐
Ⱥ:ƌ4;7��5˜�JM-� 
 
�ʈʃ� 
1. �VhPɭ�-̐ʰȔº ��~ʲʠț�t�Pʘʨ(L� 
2. ̐ʰȔº ��~ʲʠț5̐Ⱥ:7���~ʲʠț�t�8��3ʠț��~ʲ
Pȯ͔(L$54μ̐ Ⱥ:ȅɕ�ʠț��~ʲ:ơǀ�ȥ˨8£�LƣΟPˁ˓ū

ʃ8ȝ̩(L�  
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ʫ�ʩ 
 

�Vh̐ʰȔº ��~ʲʠț�t�:ʘʨ 
 
 

1.1 ˌ  ̧
 
1.1.1 ˥Ǿ 
� ��~ʲʠț:ďɜ�t�5&3;Uy�Chen et al., 1990; O'Brien et al., 1990	μ�n
�Honkonen et al., 2013; Lähteenvuo et al., 2011	μ�rg�Tobbia et al., 2009	76:Ţďɜ
�Jμ�qu�Hadamitzky et al., 2009; Schindewolffs et al., 2014	μ�Vh�Tervala et al., 
2015	76:ŽďɜC4ȡ�7ďɜ�Íɭ%M3 -�μǇǊ:ʵÒ%Hvw�:ɟɝ
:ž7%�Jμ̐ʰȔ:7�ͦΘ��~ʲʠț�Aschen et al., 2014; Schindewolffs et al., 
2014; Tervala et al., 2015	HøĆ��~ʲʠț�Blum et al., 2007; Tammela et al., 2007; 
Tilak and Howard, 1965	:ŔĶ�š��Cornelissen et al., 2017	� 
� ̐ʰȔº ��~ʲʠț:Žďɜ�t�5&3;μ�qu:ιƥ�Shesol et al., 1979	μ
℃ͯ�Uygur et al., 2013	μˮ ʧ�Kwiecien et al., 2015	Pvw�5(LŔĶ�6L��Vh
:ιƥ��~ʲPĳQ.ȅ̇ʅƚ5&3˸ʧ��~ʲǢöͯ8ʠț(LŔĶ;6L�μ

��~Ƚ˱�t�PÊ̘(L-F8̒Ā8XˍɘŻ�7%M3�L76ůβʹ�̙Η
7 μʠț��~ʲ:ˁ˓ūʃ̭Ð:̯ʿ;͜@JM3�7��Hayashida et al., 2017	�
�Vh;�quIKGŬÐ4ǈ�H(!μǍÈʬ:̮̌Gäů&3�L-Fμ̒ƨ:

ʠț��~ʲ:çɸʹ5&3:ȥ˨P̥Ȑ&H(�5��ýɔ�6L�C57BL/6�V
h8ıʢʠțĬ˨7B16F10��{��ʿ˦ȗ�6Kμ˱ɽʠț�t��Maeda et al., 
2018a; Oashi et al., 2013	GÊ̘Ĭ˨46L� 
� �Vh:ιƥ��~ʲ?:̐ʰ;μŢ˵ď˫�Jιƥ˩ˣˁ˓ìP ̑(Lȼ˴ś

ď˫5μ˴ͯʅ¡PŠÜ?͇̑(L˳˲ď˫�6L�Kochi et al., 2013	��Vh:��
~Ⱥ8;μ˴ͯ�ŠΏͯ�Jιƥ��~ʲ8Ⱥè&μˮʧ��~ʲP˂ɯ&3ˊ℃Μ

˫8˾L˂͌5μƨˡ�J˸ʧ��~ʲ8Ⱥè&μōγ��~ʲμ˳γ��~ʲμ˲

��~ʲP˂ɯ&3ˊ℃Μ˫8˾L˂͌�6L�Kawashima et al., 1964	�$:ɶ7L 2
1:��~Ⱥ5̐ʰ̥āPýɭ&3μ�qu:�t��Shesol et al., 1979	5ıȡ8μȼ
˴śď˫Ṗ5(Lιƥ��~ʲ˩ˣƚPǖ &μ˸ʧ��~ʲǢöͯ8ʠț(L�

t�PÊ̘(L$5�Ĭ˨5˜�JM-� 
 
1.1.2 ʈʃ 
�VhPɭ�-̐ʰȔº ��~ʲʠț�t�Pʘʨ(L�  
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1.2 ǲȳ 
 
1.2.1 ďɜůβ̨ɱ 
� ȉʕʤ;μ�ďɜ:ƾ̻ĥ>ʰɩ8Ά(LȳƧ��ǻĹ 48ƔȳƧʫ 105Į	μ�ʕʤ
ȥΆʬ8�"Lďɜůβʬ:ůǳ8Ά(LœȉǕͻ��Ɠǃ 18ƔǭͯʝūʋĶʚʫ 71
Į	,�ůβďɜ:ήίĥ>Õʰ¥>8̆ɼ:͓ɇ8Ά(LœɊ��Ɠǃ 18ƔɪřʋĶ
ʚʫ 88Į	μ+:¹ΆÓȳ¼ʬ8œ2 μ�ŇʨŢūȳµĔȿͨŢūďɜůβ8Ά(
L̞ʡ��Ɠǃ 19Ɣ 4Ȅ 1ǵȿŢͩʫ 61Į	8ƪ03μďɜůβ̨ɱ�Šʝʃ��~
ʹîȠʴȳ8ILzqu��_ŁƭPƮɪ �́çɸʹ:̣ɔ�Jȝ̬(L��ǉ̰ɵĮ

17-0042	:�ʕʤ5&3̑0-�C-μďɜPɭ�-ʕʤ:ŔĶ:-F:Animals in 
Research: Reporting In Vivo Experiments �ARRIVE	\Uv�U��Kilkenny et al., 2010	8
�"L 20Ρʈ:pWq_�huPĤ˜8&-� 
 
1.2.2 ďɜůβǳ  ̫
� ȉʕʤ;μĔȿͨŢūŢūΌėūʕʤΌΉƄďɜůβǳ̫83̑0-��Vh:ή

ˤ;μ3ΑŽďɜήˤůβX�S:Žďɜήˤű83 12Ǽ΅ǸȀdU_�:µƊ̎æ
ʰɩμņơήǯ�I>˽ď˄ȱɭ{i�8ILȢɊέάʰɩ¡8̑0-�ďɜůβ;μ

3Α̥ȐůβX�S:êıɫÈ̮ǯ̥Ȑű 283̑0-� 
 
1.2.3 Íɭďɜ�ȥľ�̮  ̌
� Ε:C57BL/6N�Vh����o�σJapan SLC, Inc., Hamamatsu, Shizuoka, Japanτ̾
ŝσSankyo Labo Service Corporation, Inc., Sapporo, Japan	P 6ͣκ�19-24g	4ͅè&-�
ΰē:-Fè́ƨ 2ͣ΅:¯Þήˤȇ΅P̫"μ8ͣκ4ůβ8ɭ�-� 
� é3:ô �̟Ǉ̒;μůβďɜηͲ̖˖�Laboratory Animal Anesthesia System; Shinano 
Manufacturing Co., Ltd., Tokyo, Japan; code SN-487	Pɭ�3μUl�����Forane® 
Inhalant Liquid; AbbVie Inc., Tokyo, Japan; code B506	2.5%Ĵè8ILé͏ηͲ¡8̑0
-�Ǉ̒: 1�2ǵĀμd�g[�_�q~��3M Surgical Clipper; 3M Health Care, 
Borken, Germany; code 9667L and 9660	�I>pZ`�c��͵PĳE΍Ȱ�Y��
�Ask Hair Remove; Manet Co., Tokyo, Japan	Pɭ�3μ�Vh¡Ě͏:ÈȰP΍Ȱ&-� 
� Ǉ̒;μĬǠŐǇ̒ɭΪƯͿ�S100/OPMI® pico; Carl Zeiss Surgical GmbH, Oberkochen, 
Germany	Pɭ�3μ4×G&!; 10×:̟͹83̑0-�ˑİʸ;μ5-0wU��ʸ
�Crownjun Nylon Suture, Polyamide Monofilament Non-absorbable; Kono Seisakusho Co., 
Ltd., Tokyo, Japan; code NA085	�I> 10-0wU��ʸ�Keisei Medical Industrial Co., Ltd., 
Tokyo, Japan; code 14V33-10N	Pɭ�-� 
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� ȴŻ;μ27b�g:ȴŻͻºf��g�Myjector, syringe with an injection needle, for 
insulin; Terumo, Tokyo, Japan; code SS-10M2713	Pɭ�3̑0-�ιƥ�˸ʧ��~ʲ
PĬ̟ē(L-Fμ2%~s�u����Wako Pure Chemical Industries Ltd., Osaka, 
Japan	ɋɂPɭ�-�ʠț��~ʲ?:̅ʽȺè:̣ŷ;μǇ̒ɭΪƯͿ8Ǜˆ&-
tgn��tZ[���Handycam HDR-CX550V; Sony Co., Tokyo, Japan	Pɭ�3ďɱ
�I>ΜȨɱ5&3̪ͽ&-� 
� ̎æ̐ �h��~ʰ͡ƣ:-Fμȉůβ4;͙͆Š̎æɜ̈́46L indocyanine green 
�ICG; Diagnogreen® for Injection 25 mg; Daiichi Sankyo Co., Ltd., Tokyo, Japan; 2.5 mg/mL 
in distilled water	�I>͆Ṣ̌ŷ[��fhs��Photodynamic Eye, PDE; Hamamatsu 
Photonics K.K., Hamamatsu, Shizuoka, Japan; code C9830	Pɭ�-�PDE;͆ŠʀæoU
Z�v�Jʀ(L 760 nm:͙͆Šæ8I03μ̐ʰ���~ʰì4¨8��n�~
_5˃İ&- ICGPč͈&μʀ*JM- 820 nm½ :͙͆Š̎æP|�tTnU�
:[���xqu8IKȝö(L$54μ�xn 4 ICGP�S�nU�8Ĭ̟ē(
Lėɿɭȥľ46L�Ishikawa et al., 2013; Marshall et al., 2010	�PDE;SfhuS��
fhs��ASSISTO® Holders and Clamp Sockets; GEOMED® Medizin-Technik GmbH & 
Co., Tuttlingen, Germany; code CI 120-40 and CI 310-50, respectively	8I03μ�Vh:
15�25 cm ǲ8ņŮ&3ɭ�-� 
� ïʍ;μtgn��ʎ��[���EOS Kiss X2; Canon Inc., Tokyo, Japan	8�_��
�i�EF 50 mm f/2.5 Compact Macro Lens, Canon Inc.	�I>Ǜïźɭhu���Macro 
Ring Lite MR-14EX, Canon Inc.	P̖ʏ&3ǣƣ&-� 
� ˁ˓h�Uv;μ}�p��h�Uvh]�w�NanoZoomer S210, Hamamatsu 
Photonics K.K., code C13239-01	Pɭ�3h]��&-�tgn�t�n;μ~�lw
�c����n�MacBook Pro, Retina, 13-inch, Early 2015, version 10.12.6; Apple Inc., 
Cupertino, CA, USA	Pɭ�3μ��sT�sTS��a�f���Display Menu, version 
2.2.3, Thorsten Karrer	8IKtTh��U̥áƘP 1280×800vqu�J 2560×1600v
qu:΅4̶Ǭ&μɱá·̡l�uVWSNanoZoomer Digital Pathology �NDP	.view2 
�Hamamatsu Photonics K.K., code U12388-01	 4̣ŷ&-� 
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1.2.4 ~U�quůβ 
1.2.4.1 �t�Ê̘ǇǊ 
� ͧģ:�qu:̐ʰȔº ��~ʲʠț�t��Shesol et al., 1979	PĤ˜8μƋιƥ
��~ʲ8Ⱥè(Lȼ˴śď˫Ṗ5(L��~ʲ˩ˣƚPǖ &μıÜ:˸ʧ��

~ʲǢöͯ8ʠ̑(L�t�PÊ̘(L$55&-� 
� îɧƶ:6L�t�Ê̘:-F 5ĕ:�VhPɭ�3μ½¡: 10Ρʈ81 μ~U
�quůβP̑0-��΍Ȱ:ʳńμnU��`μ	ÈÅμ
˸ʧ�ιƥ:ʅ˶ù΄

:ǲĲ�΁%μʅ¡ăΘ:ʳńμ(˸ʧ�ιƥ��~ʲ:ıŮȳμ)˸ʧ��~ʲ:

ǈ�μ
ιƥ��~ʲ˩ˣƚ:ǖ ȳμ�̎æ̐ʰ͡ƣ8ILιƥ��~ʲ˩ˣƚ?

:̐Ⱥ:ʘ̰ȳμ�ιƥ��~ʲ˩ˣƚP˸ʧ8ʠ̑(Lǲȳμ-ιƥ��~ʲ˩ˣ

ƚP˸ʧ8ʠț�ņŮ(Lǲȳμ�΃ć:ǲȳμ81�3ȝ̩&-� 
 
1.2.4.2 ̎æ��~ʰ͡ƣ8ILƨˡ��~Ⱥ:ȝ  ̩
� ͧģ:ŔĶ�Maeda et al., 2018b	8Ɋ'3μ̒ƨ 1μ2μ3μ4ͣʈ8�Vhƨˡ:¤Ü
͎͊8 ICG �Cardiogreen polymethine dye; Sigma, St. Louis, MO, USA; code I2633; 1.0 
mg/mL in distilled water	P 5µLʅ¡ȴŻ&μ�Vh:̠Ͷƨa�gì4 20øǧ˖&-
ƨμPDEPɭ�3ƨˡéÈ:̎æɱáPĨƫ&-��Vh;̒ƨ 3ͣʈ:ȝȖĀ8Ā
͜:ǲȳ4îƘμ¡Ě͏:ÈȰP΍Ȱ&-� 
 
1.2.4.3 ~s�u���8ILʠț��~ʲ?:͖è��~ʰîɷ͠:ȝ  ̩
� ̒ƨ 4ͣʈ8�VhƋ˸ʧPʅ˶ù΄&μ��~ʲʠțͯPΚö&-ƨμƨˡ:Ƌ
͎͊8 2%~s�u���ɋɂP 5µLʅ¡ȴŻ&μǇ̒ɭΪƯͿPɭ�3ʠț��~
ʲ?:̅ʽȺèP̣ŷ&-� 
 
1.2.4.4 ̎æȢ̺t]hu��8ILʠț��~ʲ?:͖è��~ʰîɷ͠:ȝ  ̩
� ̒ƨ 4ͣʈ:~s�u���ȴŻƨμͧģ:ŔĶ�Maeda et al., 2018b	8Ɋ'3μ�
�~8ĨK͘CML̎æȢ̺t]hu���Dextran, Fluorescein, 2,000,000 MW, Anionic, 
Lysine Fixable; Molecular Probes, Inc., Eugene, OR, USA; code D7137; 10 mg/mL in distilled 
water	Pɭ�3ʠț��~ʲ:̎æ̣ŷP̑0-��Vhƨˡ:¤Ü͎͊8̎æȢ̺
t]hu��P 5µLʅ¡ȴŻ&μ15øƨ8�VhP℃Ȝˬ̀8IKŬȟȬ%*μƋ˸
ʧ:ʠț��~ʲ�I>ŸÜ˸ʧ��~ʲPǢö&-�n = 2	� 
� ¤Ü˸ʧ��~ʲPò˃ˁ˓ùɛÊ̘ɭĒőʆ�Tissue-Tek® Cryomold 1; Sakura 
Finetek Co., Ltd., Tokyo, Japan; code 4565	ì4ò˃ˁ˓ùɛÊ̘ɭĒőĂ�Tissue-Tek® 
O.C.T. Compound; Sakura Finetek Co., Ltd.; code 4583	8Ēő&μɂÈʦʽ4ðğ&-U
l��n�¦4ò˃&μ-80�:͉ÆɈ���e�8ÕŪ&-� 
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� ò˃ùɛÊǃ̖˖�Microm™ HM550 Cryostat; Thermo Fisher Scientific, Walldorf, 
Germany	Pɭ�3μò˃ˁ˓ȢȉPùɛġ 30 µm8̋ù&-� 
� ùɛPêɖɔ��e͇ȖŐΪƯͿ FluoView 1000-DØʨŐΪƯͿ IX81¸ȡ
�Olympus Corporation, Tokyo, Japan	Pɭ�3̎æ̣ŷ&μɱát�n·̡l�uVWS
FV10-ASW �version 03.01.02.02, Olympus Corporation	 4ɱát�nPĨƫ&-� 
 
1.2.4.5 ��~ʲ:ˁ˓ūʃȝ  ̩
� ̒ƨ 4ͣʈ:~s�u���ȴŻƨμ�VhP℃Ȝˬ̀8IKŬȟȬ%*μʠț�
�~ʲ�I>ŸÜ:ιƥ�˸ʧ��~ʲPǢö&μ4%~����S�t�v�KQ͵
ˏ̓ɂ�Wako Pure Chemical Industries Ltd., code 163-20145	8ɀɎ&3ņŮ&-�n = 2	� 
 
1.2.4.5.1 ~��T�Ēő�̋ù 
� ˽ďĒő̖˖�Excelsior™ ES, Thermo Fisher Scientific	Pɭ�3μ½¡:ǲȳ4~��
T�Ēőˁ˓ȢȉPÊ̘&-�n = 2	�S�c���80% 30øμ95% 45øμ100% 60ø�
60ø�75ø�90ø�120ø	4ˬȱμ]f���60ø�90ø�90ø	4͟Ʊμ~��
T��60ø�90ø�90ø	4Ēő&-� 
� Ɍ͇ƛ�_�u���Retoratome; Yamato Kohki Industrial Co., Ltd., Asaka, Saitama, 
Japan; code REM-710	Pɭ�3μ~��T�Ēőˁ˓ȢȉPùɛġ 4 µm8̋ù&μ½
¡:Ǉ΢4Hematoxylin and eosin �HE	ȕ̅�I>˃İˁ˓:ɞȭȕ̅5&3
Elastica-Masson �EM	ȕ̅P̑0-� 
 
1.2.4.5.2 HEȕ  ̅
� ]f�� I�II �2ƅį 5ø	μXn{���100%μ95%μ80%μ70%į 3ø	4ˬ~�
�T�ƨμȺȱȱȶ&-�sTf���sq_ 2×[�qqrT��u]f���Sakura 
Finetek Co., Ltd.; code 8653	8 7øɀ&μȺȱȱȶ�̅.&	P 10ø̑0-�1%Ř͵ 70%
Xn{��4øüP30ʞ̑�μȺȱȱȶƨμ1%XZf�Yɂ�Muto Pure Chemicals Co., 
Ltd., Tokyo, Japan; code 3200-2	8 2øɀ&-�1�2ʞȱȶƨμXn{���70% 20ʞ	
4øüμXn{���100% 1øμ100% 3øμ100% 3ø	4ˬȱμ]f�� I�II�III �3
ƅį 5ø	4͟Ʊ&-�ȢȉɭŹèĂNEW M�X�Matsunami Glass Industry, Ltd., 
Kishiwada, Osaka, Japan; code FX00500	Pɭ�3Źè&-� 
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1.2.4.5.3 EMȕ  ̅
� HEȕ̅5ıȡ8ˬ~��T�ƨμȺȱȱȶ&-�1%Ř͵ 70%Xn{��4øüP
30ʞ̑�μĀɮŞȳ�m�f���_f�ɂ�Muto Pure Chemicals Co., Ltd.; code 40322	
8 90øɀ&μ100%Xn{��4øüƨμȱȶ&-�1%ͳ͵ȱ4 1�2ʞȶ�μ0.75λ
Z��gGɂ�Muto Pure Chemicals Co., Ltd.; code 40232	8 1øɀ&-�1%ͳ͵ȱ4 1
�2ʞȶ�μ�ql�ȕ̅ɂB �Muto Pure Chemicals Co., Ltd.; code 40252	8 10øɀ&
-�1%ͳ͵ȱ41�2ʞȶ�μ2.5%��n�`hs�͵ɂ�Wako Pure Chemical Industries, 
code 162-02432	820øɀ&-�1%ͳ͵ȱ41�2ʞȶ�μSx�����ɂ�Wako Pure 
Chemical Industries, code 015-18045	8 1øɀ&-�1%ͳ͵ȱ4 1�2ʞȶ�μHEȕ̅
5ıȡ8ˬȱ�͟Ʊ�Źè&-� 
 
1.2.4.5.4 ��~ʲ:ˁ˓ūʃȝ  ̩
� ˁ˓h�Uv:tgn�t�nPɭ�3μ��~ʲ�I>ķń:˃İˁ˓:ˁ˓ū

ʃ̣ŷP̑0-� 
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1.2.5 ȉůβ 
1.2.5.1 ůβ̨ɱ 
� ~U�quůβ8��3μ�t�Ê̘ǇǊ86LʡƘ:˛əP̛(L μʠț��

~ʲ?:͖è��~ʰîɷ͠;ǇǊʃ8c�u���ŃΙ460-$5�Jμͧģ:

�qu:�t��Shesol et al., 1979	PĤ˜8μ25ĕ:�VhPɭ�3̐ʰȔº ��~
ʲʠț�t�PÊ̘&-� 
 
1.2.5.2 �t�Ê̘ǇǊ 
� ~U�quůβPĤ˜8μƋιƥ��~ʲ8Ⱥè(Lȼ˴śď˫Ṗ5(L��~

ʲ˩ˣƚPǖ &μıÜ:˸ʧ��~ʲǢöͯ8ʠ̑(L�t�P½¡:ǲȳ4Ê̘

&-��VhP¿˻Å5&μ2%~s�u���ɋɂ 5µLPƨˡ:Ƌ͎͊�I>ƋΏ
Ŀ˪8ʅ¡ȴŻ&-��VhP˴˻Å5&μ¤ÜƨˡPƖ#-ɠǀ4¡Ɨ8s��ņ

Ů&-�ʎʝɭʉĄ÷Pɭ�3Ƌ˸ʧ8��3̝͟Ĭ˨7ōγΜ˫ 4ƨˡ:ʓ͒ǲ

Ĳ8 5 mm΁:ʅ˶ù΄PĊ�-�ʎʝɭȁĄ÷Pɭ�3ōγΜ˫¡PăΘ&μŢ˵
±Φʭ5ìÜ|�hu��`h:΅8ȕ̅%M-˸ʧ��~ʲPıŮ&-� 
� �VhP¿˻Å5&μ¤ÜƨˡPƖ#-ɠǀ4Ɨ8s��ņŮ&-�ʎʝɭʉĄ÷

Pɭ�3Ƌιƥ8��3Ţ˵ď˫ 4΁͒ǲĲ8 10 mm΁:ʅ˶ù΄PĊ�-�ʎʝ
ɭȁĄ÷Pɭ�3ıù΄�J ŠÜ8ʅ¡ʉ¡4ăΘ&μιƥ˩ˣˁ˓ì8ȕ̅%M

-ιƥ��~ʲPıŮ&-��U_�Ą÷Pɭ�3ιƥ��~ʲ:ΦÜː4˳˲ď˫

PĳF3ιƥ˩ˣˁ˓Pùǰ&μŢ˵ď˫�Jιƥ˩ˣˁ˓ìP ̑(Lȼ˴śď˫

Ṗ5(Lιƥ��~ʲ˩ˣƚṖͯ85 mmƑ:˩ˣˁ˓PĳF3ǖ &-�Ņ1A	� 
 

 

 Ņ 1. �Vh̐ʰȔº ��~ʲʠț�t�:fW�� 
 A. ¿˻ÅμB. ˴˻ÅμPLN. popliteal lymph nodeμILN. inguinal lymph nodeμ 
 1. ȼ˴śď˫μ2. Ţ˵ď˫μ3. ˳˲ď˫μ4. ιƥ˩ˣˁ˓μ5. ōγΜ˫μ 
 6. Ţ˵±Φʭμ7. ìÜ|�hu��`hμ8. ōγ��~  ̡
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� Ƌ℃ͯ8 5 mm΁:ʅ˶ù΄PĊ�μŢ˧ʭ¡:Ƌ ŢΜ˫PıŮ&-�ICG�2.5 
mg/mL	P 5µLΜ˫ìȴŻ&μPDEPɭ�3ιƥ��~ʲ˩ˣƚ:̐ȺPʘ̰&-�
Ƌ℃ͯʅ˶ù΄P 5-0wU��ʸ 2ͻ4Ĝʼ˃ʾˑİ&-� 
� Ƌιƥ�I>Ƌ˸ʧʅ˶ù΄΅:Ţ˵ìÜPʅ¡ăΘ&-�ıʅ¡u�z�P͠&

3μ�h]�uͼũPɭ�3ιƥ��~ʲ˩ˣƚP˸ʧ�JƜ )K$EI�ʠ̑&

-�Ņ 1B	�Ƌιƥʅ˶ù΄P 5-0wU��ʸ 3ͻ4Ĝʼ˃ʾˑİ&-� 
� �VhP˴˻Å5&μ¤ÜƨˡPƖ#-ɠǀ4Ɨ8s��ņŮ&-��U_�΀ũ

Pɭ�3˸ʧ��~ʲPǢö&μōγΜ˫Pǟß&7�I�˸ʧPăΘ&-�ʠ̑&

360-ιƥ��~ʲ˩ˣƚPǋǔ&μåʪ:ιƥ��~ʲP˸ʧ8ƈF͘Dμιƥ

��~ʲķń:˩ˣƚP 10-0wU��ʸ 3ͻ4Ţ˵±Φʭ8ˑİ&-�Ņ 1B, circle	�
Ƌ˸ʧʅ˶ù΄P 5-0wU��ʸ 2ͻ4Ĝʼ˃ʾˑİ&μˀ®&-� 
 
1.2.5.3 ̎æ��~ʰ͡ƣ8ILƨˡ��~Ⱥ:ȝ  ̩
� ~U�quůβPĤ˜8μ̒ ƨ 3μ4ͣʈ8�Vhƨˡ:¤Ü͎͊8 ICG�2.5 mg/mL	
P 5µLʅ¡ȴŻ&μ�Vh:̠Ͷƨa�gì4 20øǧ˖&-ƨμPDEPɭ�3ƨˡ
:��~ȺP̭Ð&-�ŸÜ5ȯ͔&3Ƌ˸ʧ:Ǹʐ7ɔɠ̎æá:ȅɕPȝ̩&-� 
 
1.2.5.4 ʠț��~ʲ?:͖è��~ʰîɷ͠:ȝ  ̩
� ~U�quůβPĤ˜8μ̒ƨ 4ͣʈ8�VhƋ˸ʧPʅ˶ù΄&μ��~ʲʠț
ͯPΚö&-ƨμƨˡ:Ƌ͎͊8 2%~s�u���ɋɂP 5µLʅ¡ȴŻ&μʠț�
�~ʲ?:̅ʽȺèPǇ̒ɭΪƯͿ8Ǜˆ&-tgn��tZ[��Pɭ�3̣ŷ&

-�ʠț��~ʲ�ȕ̅%M-ŕİμʠț��~ʲ?:͖è��~ʰîɷ͠6K5û

Ů&-�ʠț��~ʲ�ȕ̅%M7�0-ŕİμʠț��~ʲ?:͖è��~ʰîɷ

͠7&5ûŮ&-�$MJ:˃ȒPĀ͜:̎æ��~ʰ͡ƣ8ILƨˡ��~Ⱥ:ȝ

̩5ȯ͔&-� 
� 7�μ̎æȢ̺t]hu��Pɭ�-��~ʲ:̎æ̣ŷ;μHEȕ̅4:ˁ˓ū
ʃȝ̩�4 7!7L-FμĀ͜:̅ʽȺè:̣ŷ4»ɭ(L$55&μȉůβ4;

̑O7�0-� 
 
1.2.5.5 ʠț��~ʲ:ˁ˓ūʃȝ  ̩
� ̒ƨ 4ͣʈ:~s�u���8ILȕ̅:̣ŷƨμ�VhP℃Ȝˬ̀8IKŬȟȬ
%*μʠț��~ʲ�n = 25	�I>ŸÜ:ιƥ�˸ʧ��~ʲ�į n = 8	PǢö&μ~
U�quůβ5ıȡ:ǲȳ8IKμ~��T�Ēőˁ˓ȢȉPÊ̘&-�ȃŢùɛ4

:HEȕ̅:D̑�μˁ˓h�Uv:tgn�t�nPɭ�3μʠț��~ʲ�I>
ŸÜ:ιƥ�˸ʧ��~ʲ:ΞʣP̨ɉ&-� 
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1.2.5.6 ˅̨ūʃȝ  ̩
� ˅̨̥Ȑ8;μ˅̨l�uVWS JMP �version 14.1.0; SAS Institute Inc., Cary, NC	P
ɭ�-���~ʲ:Ţ %;μƓŌ±ȢɊÛƌ4̔&-�š˘΅:ȯ͔8;μShapiro-Wilk
:ȩ̞ƶȝŮƨ8Steel-DwassȝŮPɭ�-�¤ÜP < 0.05P˅̨ūʃȅƽȱɊ5&-� 
  



 18 

1.3 ˃Ȓ 
 
1.3.1 ~U�quůβ 
1.3.1.1 �t�Ê̘ǇǊ 
1.3.1.1.1 ΍Ȱ:ʳńμnU��  ̀
� ΍Ȱ:ʳń;μ¤Ü¡Ě͏éÈ8ŭé8̑�$5�μ+:ƨ:̎æ��~ʰ͡ƣ:

Γ8ÈȰ8IK̎æƟƘ�Æ¡*)ȅɭ460-�C-μιƥ��~ʲ:Å˖(L¡

˴ͯC4΍Ȱ&-ǲ�μƋιƥʅ˶ù΄�J ŠÜ8ʅ¡ʉ¡4ăΘ(LΓ8ȅɭ4

60-� 
� ΍Ȱ:nU��`;μ˕ìȮͺ:ž7!70-΍Ȱ�Y���O)�4Gɂɠē&

-ɠǀ4ɭ�-Γμ΍Ȱ˚ǵ8ƨˡ�I>˥ͯ8ʅ˶ΔŲ�ʀɫ&-�Ņ 2	�ȉůβ
4;μ΍Ȱ�Y��:ƶɠPʘ̰&-ƨμǇ̒ʉĀ4;7!Ǉ̒ 1�2ǵĀ8΍ȰP̑
�μʅ˶ΔŲ�7�$5Pʘ̰&3�Jůβ8ɭ�L$55&-� 
 

 
 Ņ 2. ΍Ȱ�Y��8IL�Vhƨˡ�I>˥ͯ:ʅ˶ΔŲ 
 A. ˴˻ÅμB. ¿˻Å 
 
1.3.1.1.2 ÈÅ 
� ÈÅ;μ¿˻Å�2%~s�u���ɋɂȴŻ	�˴˻Å�Ƌ˸ʧ��~ʲ:ıŮ	�¿
˻Å�ιƥ��~ʲ˩ˣƚ:ǖ �˸ʧ?:ʠ̑μιƥ΃ć	�˴˻Å�ιƥ��~ʲ˩
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ˣƚ:ņŮμ˸ʧ΃ć	:΢8ÈÅŞǝ(L$5�ȃGĎɦʃ460-�2%~s�u
���ɋɂȴŻƨ:ÈÅP5LΓ;μ¤ÜƨˡPƖ#LI�Ps��4¡Ɨ8ņŮ(

L$58IKμǇ̒ǤÊ�Ŵǹ870-� 
 
1.3.1.1.3 ˸ʧ�ιƥ:ʅ˶ù΄:ǲĲ�΁%μʅ¡ăΘ:ʳń 
� ˸ʧ:ʅ˶ù΄;μ˴˻Å4¤ÜƨˡPƖ#-ɠǀ4μƨˡ:͕Ͱ�ȃΎõ(LŞ

ȁɔ8��3μ̝͟Ĭ˨7ōγΜ˫ 4ƨˡ:ʓ͒ǲĲ8 5 mm΁ʅ˶ù΄(L$5
4�Ņ 3A	μʉ¡:ōγΜ˫¡8ȕ̅%M-˸ʧ��~ʲPŴǹ8ıŮ(L$5�Ĭ˨
460-� 
� ιƥ:ʅ˶ù΄;μ¿˻Å4¤ÜƨˡPƖ#-ɠǀ4μιƥͯ¦Ť:Ţ˵ď˫ 4

ƨˡ:΁͒ǲĲ8 10 mm΁ʅ˶ù΄(L$54�Ņ 3B	μıù΄�J ŠÜ8ʅ¡ʉ
¡4ăΘ&μιƥ˩ˣˁ˓ì8ȕ̅%M-ιƥ��~ʲPŴǹ8ıŮ(L$5�Ĭ˨

460-�ιƥ:ʅ˶ù΄�J ŠÜ8ʅ¡ʉ¡4ăΘ&7�5μιƥ��~ʲ�ʅ

˶Ü8ȮKμιƥ��~ʲ˩ˣƚ5ǖ 4 7�0-�n = 1	�ιƥ8 20 mm΁:ʅ˶
ù΄PĊ�-ΓμǇ̒˚ǵ8ćΘ΄&-�n = 1	� 
 

 
 Ņ 3. �Vh̐ʰȔº ��~ʲʠț�t�:˸ʧ�ιƥ:ʅ˶ù΄ˍteU� 
 A. ˴˻ÅμB. ¿˻Å 
 
1.3.1.1.4 ˸ʧ�ιƥ��~ʲ:ıŮȳ 
� �Vh:��~Ⱥ5&3μ˴ͯ�ŠΏͯ�Jιƥ��~ʲ8Ⱥè(L˂͌5μƨˡ

�J˸ʧ��~ʲ8Ⱥè(L˂͌�Kawashima et al., 1964	PĤ˜8μ2%~s�u��
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�ɋɂ 5µLPƨˡ:Ƌ͎͊�I>ƋΏĿ˪8ʅ¡ȴŻ(L$58IKμȕ̅%M-˸
ʧ�ιƥ��~ʲPŴǹ8ıŮ(L$5�Ĭ˨460-�Ņ 4	�7�μ2%~s�u�
��ɋɂPʅ¡ȴŻ&7!3GμǇ̒ɭΪƯͿ: 10×̟͹8��3;μ˸ ʧ�ιƥ�

�~ʲ;̋�ɒʂ̅8ıŮĬ˨460-�μıŮ8Ǽ΅P̛&μɞ8ιƥ��~ʲ;

̳̰(L$5�60-� 
 

 
 Ņ 4. �Vh̐ʰȔº ��~ʲʠț�t�:~s�u���8IL��~ʲ:ȕ  ̅
 A. ˸ʧ��~ʲμB. ιƥ��~ʲμ*. ōγΜ  ˫
 
1.3.1.1.5 ˸ʧ��~ʲ:ǈ� 
� ͧģ:�qu:�t��Rabson et al., 1982	4;μ˸ʧ��~ʲ:DǢö(LIKG
˸ʧ��~ʲ5ķń:˩ˣˁ˓PĳF3ù΍�˸ʧ��~ʲͰɅ	&-ǲ�μιƥ��

~ʲ˩ˣƚP˸ʧ8ʠț&-Γ8ʠț��~ʲ?:͖è��~ʰîɷ͠ɦ�ȅƽ8ε

�0-5%ML�&�&μ�Vh8��3;μ˸ ʧ��~ʲķń:˩ˣˁ˓;ž7!μ

˸ʧ��~ʲķń:˩ˣˁ˓Pù΍(L5μŢ˵±Φʭ5ìÜ|�hu��`h:΅

�ŧÜ:ʅ¡8̿͠(L$5�60--Fμ˸ʧ��~ʲ:DĜʼǢö(L$55&

-�Ņ 5	� 
� C-μ˸ʧ��~ʲǢö:Γ8ö̐&μιƥ��~ʲPʠț(LC4:΅8˸ʧ8

̐˱Pơǃ(L$5�60--Fμ˸ʧ��~ʲǢö:nU��`;μιƥ��~ʲ

˩ˣƚP˸ʧ8ʠ̑&-ƨμ˸ʧ8ņŮ(LʉĀ5&-� 
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 Ņ 5. �Vh̐ʰȔº ��~ʲʠț�t�:Ƌ˸ʧ��~  ̡
 A. ˸ʧ��~ʲķń:ăΘƨǢöĀμB. ˸ʧ��~ʲǢöƨ 
 
1.3.1.1.6 ιƥ��~ʲ˩ˣƚ:ǖ ȳ 
� ιƥ��~ʲ:ΦÜː4˳˲ď˫PĳF3ιƥ˩ˣˁ˓Pùǰ&-�Ņ 6A	�˳ ˲ď
˫;˽ɗ8Ȩ̐%MμóņH˃ʾ:Ƴ̛;7�0-�ιƥ��~ʲ:ΦÜːķń:˩

ˣˁ˓Pǋǔ&μιƥ˩ˣˁ˓8ʘ̰4 Lȼ˴śď˫Pùǰ&7�I� 5 mmƑ4
˩ˣˁ˓PĳF3μιƥ��~ʲ˩ˣƚPǖ &-�Ņ 6B	� 
 

 
 Ņ 6. �Vh̐ʰȔº ��~ʲʠț�t�:ιƥ��~ʲ˩ˣƚ:ǖ  
 A. ιƥ��~ʲ˩ˣƚǖ ¦μB. ιƥ��~ʲ˩ˣƚǖ ƨμ*. ȼ˴śď  ˫
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1.3.1.1.7 ̎æ̐ʰ͡ƣ8ILιƥ��~ʲ˩ˣƚ?:̐Ⱥ:ʘ̰ȳ 
� ƠúμÑ̚:ž7�ƁΜ˫ìȴŻP̮D-�μǃĉɦ�Æ!μťǨ&Ɓͯ?:ʅ¡

ȴŻ570-Γμ+:ƨ:̎æ��~ʰ͡ƣ8GƣΟPĥB&-�+:-FμƋ℃ͯ

:ʅ˶ù΄�JŢ˧ʭ¡:Ƌ ŢΜ˫8 ICGPΜ˫ìȴŻ(L$55&-�+:ʉƨ
8 PDEPɭ�3ιƥ��~ʲ˩ˣƚ:̐ȺPʘ̰&-� 
 
1.3.1.1.8 ιƥ��~ʲ˩ˣƚP˸ʧ8ʠ̑(Lǲȳ 
� ȃʓ:ʠ̑͋Θ57LI�μƋιƥ�I>Ƌ˸ʧʅ˶ù΄΅:Ţ˵ìÜPʅ¡ăΘ

&-ʅ¡u�z�P͠&3μιƥ��~ʲ˩ˣƚP˸ʧ8ʠ̑(L$55&-�ʠ̑

;μ¿˻Å4�h]�uͼũPɭ�3ιƥ��~ʲ˩ˣƚP˸ʧ�JƜ )K$EI

�8̑0-�ιƥ��~ʲ˩ˣƚPʠ̑ƨμιƥ:ʅ˶ù΄P΃ć&μ˴˻Å8ÈÅ

Şǝ(L΅8μιƥ��~ʲ˩ˣƚ�­ɚ&7�I�μåʪ:ιƥ��~ʲ�O)�

8˸ʧ:ʅ˶ù΄�J̝�LʡƘ:ʠ̑8ɳFL$55&-� 
 
1.3.1.1.9 ιƥ��~ʲ˩ˣƚP˸ʧ8ʠț�ņŮ(Lǲȳ 
� ˸ʧ��~ʲ8ȯ@μιƥ��~ʲ;Ţ �-Fμιƥ��~ʲP˸ʧ8ƈF͘Q

.ΓμƟņ8ņŮ(LƳ̛�60-�ιƥ��~ʲķń:˩ˣƚP 10-0wU��ʸ 1
ͻ4Ţ˵±Φʭ8ˑİ&-5$Nμ̒ƨ8ιƥ��~ʲ�˸ʧ�Jͥˬ&-�n = 1	-
Fμ10-0wU��ʸ 3ͻ4ȈȚÜ�¦ȓÜ�ΦÜ: 3ɔ4Ţ˵±Φʭ8ˑİ�Ņ 7	(
L$55&-�ιƥ��~ʲ˩ˣƚP 3ɔ4Ţ˵±Φʭ8ˑİ&-Î�n = 3	4;μ̒
ƨ8ιƥ��~ʲ�˸ʧ�Jͥˬ(L$5;7�0-� 

 
 Ņ 7. �Vh̐ʰȔº ��~ʲʠț�t�:˸ʧ8ʠ̑&-ιƥ��~ʲ˩ˣƚ 
 A. ιƥ��~ʲ˩ˣƚņŮĀμB. ιƥ��~ʲ˩ˣƚņŮƨμ 
 ʑΦ. 10-0wU��ʸ 3ͻ4:ιƥ��~ʲ˩ˣƚ:Ţ˵±Φʭ?:ˑİɔ 
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1.3.1.1.10 ΃ć:ǲȳ 
� 10 mm΁:Ƌιƥʅ˶ù΄; 5-0wU��ʸ 3ͻμ5 mm΁:Ƌ˸ʧʅ˶ù΄; 5-0
wU��ʸ 2ͻ8ILĜʼ˃ʾˑİ4΃ć&-Î4μ̒ ƨ:ćΘ΄;7�0-�n = 4	�
20 mm΁:Ƌιƥʅ˶ù΄PĊ�μ5-0wU��ʸ 6ͻ8ILĜʼ˃ʾˑİ4΃ć&
-Î4;μǇ̒˚ǵ8ćΘ΄&-�n = 1	� 
 
1.3.1.2 ̎æ��~ʰ͡ƣ8ILƨˡ��~Ⱥ:ȝ  ̩
� ̒ƨ 1μ2ͣʈ8;μιƥ��~ʲ˩ˣƚPʠț&-Ƌ˸ʧ8Ɵ�̎æáP̰F-�
Vh�n = 3, Ņ 8A, B	5μ̰F7�0-�Vh�n = 1, Ņ 8E, F	�60-�̒ƨ 3μ4ͣ
ʈ8;μιƥ��~ʲ˩ˣƚPʠț&-Ƌ˸ʧ8̎æáP̰F-�Vh�n = 2, Ņ 8C, 
D	5μ̰F7�0-�Vh�n = 2, Ņ 8G, H	�60-� 
 

 

 Ņ 8. �Vh̐ʰȔº ��~ʲʠț�t�:̒ƨ̎æ��~ʰ͡ƣ�˴˻Å	 
 A-D. ı��Vh:˂ǼʃŞē�ʠț��~ʲ�ˁ˓ūʃ8ʘ̰%M-Î 
 E-H. ı��Vh:˂ǼʃŞē�ʠț��~ʲ�ˁ˓ūʃ8ʘ̰%M7�0-Î 
 ʑΦ. ιƥ��~ʲ˩ˣƚPʠț&-Ƌ˸ʧ 
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� ˸ʧ��~ʲPǢö&μı˸ʧ8̐ʰȔ:7�ͦΘ��~ʲʠț5&3˸ʧ��~

ʲPǅ&-�Vh�t�8��3μ̒ƨ 3ͣ4ʠț��~ʲ?:��~Ⱥ�Łƭ&-
5��ŔĶ�Maeda et al., 2018b	�JGμ̒ ƨ 1μ2ͣʈ8Ƌ˸ʧ8̰F-Ɵ�̎æá;μ
˸ʧ:΅̈́?:��~:����`PĬ̟ē&-Ĭ˨ƶ�˜�JM-�ȉůβ4;μ

̒ƨ 3μ4ͣʈ8̎æ��~ʰ͡ƣP̑�$55&-� 
� C-μICG �Cardiogreen polymethine dye, Sigma, 1.0 mg/mL	;μ�Vh:È̔8O)
�8ºʏ&-."4μPDE :ɔɠ̎æá5&3̣ŷ%M--Fμȉůβ4; ICG 
�Diagnogreen® for Injection 25 mg; Daiichi Sankyo Co., Ltd.; 2.5 mg/mL	Pɭ�L$55&
-� 
 
1.3.1.3 ʠț��~ʲ?:͖è��~ʰîɷ͠:ȝ  ̩
� ιƥ��~ʲ˩ˣƚPʠț&-Ƌ˸ʧ8~s�u���8ILʠț��~ʲ:ȕ̅

P̰F-�Vh�n = 2, Ņ 9A, B	5μ̰F7�0-�Vh�n = 2, Ņ 9C, D	�60-�
~s�u���8ILʠț��~ʲ:ȕ̅P̰F7�0- 2Î:�/ 1Î;μ˸ʧ�
Jʠț��~ʲ�Ţ˵ʅ¡8ͥˬ&3�-� 
 

 
 Ņ 9. �Vh̐ʰȔº ��~ʲʠț�t�:ʠț��~  ̡
 A, B. ~s�u���8ILʠț��~ʲ:ȕ̅P̰F-Î 
 C, D. ~s�u���8ILʠț��~ʲ:ȕ̅P̰F7�0-Î 
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� ̎æȢ̺t]hu��Pɭ�-ʠț��~ʲ:̎æ̣ŷP̑0- 1Î�~s�u�
��8ILʠț��~ʲ:ȕ̅P̰F7�0-Î	4;μŸÜ:ȩƐ˸ʧ��~ʲ5ȯ

@�Ņ 10A, B	μ��Z�jU�:̎æáP̰F7�0-�Ņ 10C, D	�~s�u���
8ILʠț��~ʲ:ȕ̅P̰F- 1Î;μò˃ùɛÊǃ̖˖Pɭ�3ò˃ˁ˓Ȣȉ
P̋ù(LΓ8ˁ˓Pʖǟ&--Fμ̎æ̣ŷP̑�7�0-� 
� ȉ˃ȒP͍C�μC-HEȕ̅4:ˁ˓ūʃȝ̩�4 7!7L-Fμ̎æȢ̺t
]hu��Pɭ�-��~ʲ:̎æ̣ŷ;μȉůβ4;~s�u���8ILȕ̅4

»ɭ(L$55&-� 
 

 
 Ņ 10. �Vh̐ʰȔº ��~ʲʠț�t�:��~  ̡
 A, C. ̎æɱáμB, D. ̎æɱá5ƯøƒɆɱá:͸9İO*ɱá 
 A, B. ŸÜȩƐ˸ʧ��~  ̡
 C, D. ��Z�jU�:̎æáP̰F7�0-ʠț��~  ̡
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1.3.1.4 ʠț��~ʲ:ˁ˓ūʃȝ  ̩
� ŸÜ:ȩƐιƥ��~ʲ�Ņ 11A, B	;μùɛ μ΁ƥ 2 mmμʓƥ 1 mmʡƘ:+
J̼ơ460-�ʅ̈́ΤŒ8ɐ!ȕ̅%MLǸʐ7ɑ˦Ƞ͡P̰F-�ιƥ��~ʲ

;μɨÈ4;7!μ�ȧãʃ7+J̼ơ46L-Fμ¦Ʋ:δȷͯø�ùɛ 4Ȧ"

3ɧM7�$5�60-� 
� ŸÜ:ȩƐ˸ʧ��~ʲ�Ņ 11C, D	;μ1 mmʡƘ:Ȟíơ�íơ460-�ʅ̈́
ΤŒ8ɐ!ȕ̅%MLǸʐ7ɑ˦Ƞ͡PŶ8̰F-�˸ʧ��~ʲ;μɨÈ8͙�ơ

46L-Fμ¦Ʋ:δȷͯø�ùɛ 4Ȧ"L$5;7�0-� 
� �)M:��~ʲGķń:˩ˣˁ˓P1")8Șö&3&C�5μķń:˃İˁ˓

:̭Ð�4 7�$5�ûǸ&μȉůβ4;ķń:˩ˣˁ˓PĳF3Ǣö(L$55

&-� 
 

 

 Ņ 11. �Vh̐ʰȔº ��~ʲʠț�t�:ŸÜȩƐιƥ�˸ʧ��~  ̡
 A, C. HEȕ̅μB, D. EMȕ̅μBars. 500 µm 
 A, B. ŸÜȩƐιƥ��~ʲμC, D. ŸÜȩƐ˸ʧ��~  ̡
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� ~s�u���8ILȕ̅P̰F-ʠț��~ʲ�Ņ12	;μùɛ μ΁ƥ0.75 mmμ
ʓƥ 0.5 mmʡƘ:Ȟíơ460-�ʅ̈́ΤŒ8ɐ!ȕ̅%MLǸʐ7ɑ˦Ƞ͡P̰
F-�ʠț��~ʲķń8;μHEȕ̅4��_̅μEMȕ̅4Λ̅8ȕ̅%ML˹Ģ
ˍˇ8ILˍˇēP̰F-� 
� �ǲμ~s�u���8ILȕ̅P̰F7�0-ʠț��~ʲ;μ��~ʲì:ʿ

˦ŶƘ�ε�-FǸJ�7ɑ˦Ƞ͡;̰F7�0- 
� ȉ˃Ȓ�Jμʠț��~ʲķń:ˍˇē:̭Ð;μHEȕ̅4Ęø̭Ð4 L5û
ǰ&μȉůβ4;EMȕ̅P̑O)μHEȕ̅8IK��~ʲ:Ƞ͡Pˁ˓ūʃ8ʘ
̰(L$55&-� 
 

 

 Ņ 12. �Vh̐ʰȔº ��~ʲʠț�t�:ʠț��~  ̡
 A. HEȕ̅μB. EMȕ̅μBars. 500 µm 
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1.3.2 ȉůβ 
1.3.2.1 �t�Ê̘ǇǊ 
� é3:�Vh�ćΘ΄76:̒ƨİÌɻ7!μ̒ƨ 4ͣ4ŬȟȬ%*LC4ɫŪ&
-�ȉ�t�Ê̘:Ǉ̒Ǽ΅;μ�µ4̑03ʻ 30øP̛&-� 
� Ǉ̒ǤÊPĊ�-ʳń8̥āūʃŞɶ;̰F7�0-�éÎ8��3Ƌιƥ��~

ʲ;Ƌιƥ˩ˣˁ˓ì811ŪŊ&μȼ˴śď˫:̐ʰ̇;1.5�2.0 cm:΁%�6Kμ
ȅ̇4˸ʧ?ʠ̑(L:8Ęø460-�Ņ 13A	�ICG̎æ̐ʰ͡ƣ8IKμιƥ�
�~ʲ˩ˣƚ?:̐ȺPʘ̰&-�Ņ 13B	� 
 

 
 Ņ 13. �Vh̐ʰȔº ��~ʲʠț�t�:ιƥ��~ʲ˩ˣƚǖ Ǽ 
 A. ǖ %M-ιƥ��~ʲ˩ˣƚ 
 B. ̎æ̐ʰ͡ƣ8IK̎æá�ʘ̰%M-ιƥ��~ʲ˩ˣƚ 
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1.3.2.2 ̎æ��~ʰ͡ƣ8ILƨˡ��~Ⱥ:ȝ  ̩
� ICG̎æ��~ʰ͡ƣ4;μéÎ8��3Ǉ̒ǤÊPĊ�-ŸÜ:ĭ˸ʧ8Ǹʐ7
ɔɠ̎æáP̰F-�̒ƨ 3μ4ͣʈ4;μ25Î¦ 16Î�64.0%	8Ǉ̒ǤÊPĊ�-
Ƌ˸ʧ8Ǹʐ7ɔɠ̎æáP̰F-�Ņ 14A, B	� 
� ȮK: 9Î�36.0%	4;μƋ˸ʧ8Ǹʐ7ɔɠ̎æáP̰F)μƨˡ�Jιƥ8�
"3��~ʰ:Üą͌Hʅ˶?:��~͞Ⱥζɍǆ̝46L dermal backflow 
�Furukawa et al., 2011; Suami et al., 2007; Yamamoto et al., 2011a; Yamamoto et al., 2011b; 
Yamamoto et al., 2011c	5˜�JML̎æáP̰F-�Ņ 14C, D	� 
 

 

 Ņ 14. �Vh̐ʰȔº ��~ʲʠț�t�:̒ƨ̎æ��~ʰ͡ƣ�˴˻Å	 
 A, B. ı��Vh:˂ǼʃŞē�ʠț��~ʲ:̎æá�ʘ̰%M-Î 
 C, D. ı��Vh:˂ǼʃŞē�ʠț��~ʲ:̎æá�ʘ̰%M7�0-Î 
 ʑΦ. ιƥ��~ʲ˩ˣƚPʠț&-Ƌ˸ʧ 
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1.3.2.3 ʠț��~ʲ?:͖è��~ʰîɷ͠:ȝ  ̩
� ̒ƨ 4ͣʈ:~s�u���̅ʽ8ILʠț��~ʲ:ȕ̅;μICG̎æ��~ʰ
͡ƣ4Ƌ˸ʧ8Ǹʐ7ɔɠ̎æáP̰F- 16Î8̰F�Ņ 15A, B	μʠț��~ʲ?
:͖è��~ʰîɷ͠6K5ûŮ&-� 
� ȮK: 9Î4;~s�u���̅ʽ8ILʠț��~ʲ:ȕ̅P̰F)�Ņ 15C	μ
ʠț��~ʲ?:͖è��~ʰîɷ͠7&5ûŮ&-� 
� ICG̎æ��~ʰ͡ƣ8ILƋ˸ʧ:Ǹʐ7ɔɠ̎æá:ȅɕ;μ~s�u���
̅ʽ8ILʠț��~ʲ?:͖è��~ʰîɷ͠:ûŮ5�˿&-� 
 

 

 Ņ 15. �Vh̐ʰȔº ��~ʲʠț�t�:ʠț��~  ̡
 A, B. ~s�u���8ILʠț��~ʲ:ȕ̅P̰F-Î�B;A: 15ʞƨ 
 C. ~s�u���8ILʠț��~ʲ:ȕ̅P̰F7�0-Î 
 ʑΦ. ιƥ��~ʲ˩ˣƚPʠț&-Ƌ˸ʧμ*. ōγΜ  ˫
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1.3.2.4 ��~ʲ:ˁ˓ūʃȝ  ̩
� éÎ8��3μHEȕ̅4ʠț��~ʲP̰Fμ̍̐HŜȬPʚĻ(Lǆ̝P̰F
7�0-�ʠț��~ʲ:ķń8;μˍˇ˃İˁ˓P̰F-�Ņ 16A, C	�ʠț��~
ʲ:Ţ %;μ͖è��~ʰîɷ͠:60-ʠț��~ʲ�Ņ 16A	; 0.37 ± 0.24 mm2

46Kμ͖è��~ʰîɷ͠:7�0-ʠț��~ʲ�Ņ 16C	; 1.31 ± 1.17 mm246

0-�ŸÜ:ȩƐιƥ��~ʲ�Ņ 16D	;μ2.93 ± 0.82 mm246KμŸÜ:ȩƐ˸ʧ

��~ʲ�Ņ 16B	; 0.64 ± 0.27 mm2460-�Ņ 17	� 
 

 
 Ņ 16. �Vh̐ʰȔº ��~ʲʠț�t�:��~  ̡
 HEȕ̅μBars. 1mm 
 A. ͖è��~ʰîɷ͠:60-ʠț��~  ̡
 B. ŸÜȩƐ˸ʧ��~  ̡
 C. ͖è��~ʰîɷ͠:7�0-ʠț��~  ̡
 D. ŸÜȩƐιƥ��~  ̡
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� ͖è��~ʰîɷ͠:60-ʠț��~ʲ;μ͖è��~ʰîɷ͠:7�0-ʠț

��~ʲ�P = 0.03	�I>ŸÜ:ȩƐιƥ��~ʲ�P < 0.001	IKGȅƽ8Ž%�0
-�μŸÜ:ȩƐ˸ʧ��~ʲ:Ţ %5;ȅƽƌ7!�Ņ 17	μŸÜ:ȩƐ˸ʧ��
~ʲ5ıȡ8ʅ̈́8�"LǸʐ7ɑ˦Ƞ͡P̰F-�Ņ 16A, B	� 
� �ǲμ͖è��~ʰîɷ͠:7�0-ʠț��~ʲ;μŸÜ:ȩƐιƥ��~ʲ�P 
= 0.04	IKGȅƽ8Ž%!�Ņ 17	μ��~ʲì:ʿ˦ŶƘ�ε�-FǸJ�7ɑ˦Ƞ
͡;̰F7�0-�Ņ 16C, D	� 
� C-μŸÜ:ȩƐ˸ʧ��~ʲ;μŸÜ:ȩƐιƥ��~ʲIKGȅƽ8Ž%�0

-�P = 0.005	� 
 

 

 Ņ 17. �Vh̐ʰȔº ��~ʲʠț�t�8�"L��~ʲ:Ţ % 
 VLN �+	. ͖è��~ʰîɷ͠:60-ʠț��~  ̡
 VLN �–	. ͖è��~ʰîɷ͠:7�0-ʠț��~  ̡
 ILN. ŸÜȩƐιƥ��~  ̡
 PLN. ŸÜȩƐ˸ʧ��~  ̡
 *. P < 0.05μ**. P < 0.001 �Steel-DwassȝŮ	  
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1.4 ˜ŷ 
 
1.4.1 �Vh̐ʰȔº ��~ʲʠț�t�:Ê  ̘
� ȉʕʤ;μ�Vh̐ʰȔº ��~ʲʠț�t�PÊ̘(L-F:̯ʿ7̥āμ+

:̒ƛ81�3:úF3:ŔĶ46L�ιƥ��~ʲ� 1�4Ö6L�qu�Francois et 
al., 2006; Tilney, 1971; Uygur et al., 2013	5ȯ@μ�Vh:ιƥ��~ʲ; 1146Kμ
˸ʧ��~ʲǢöͯ8ʠț(L5 1σ14:Ĝʼ7ȯ͔�Ĭ˨46L�ȉ�t�;μȅ
̇:ιƥ��~ʲ˩ˣƚPɭ�L-Fʠț8Γ&3:̐ʰĵİ�¢̛46KμǇǊ8

ÏŪ&8!�ʵÒ7�t�46L� 
 
1.4.2 �Vh̐ʰȔº ��~ʲʠț�t�8�"L͖è��~ʰîɷ  ͠
� ȉ�t�:̒ƨ 4ͣ8�"L͖è��~ʰîɷ͠ɦ; 64.0%460-�ȅ̇ιƥ�
�~ʲ˩ˣƚP˸ʧ8ʠț(L�qu�t�:̒ƨ 5ͣ8�"L͖è��~ʰîɷ͠
ɦ;μ˸ ʧ��~ʲ:DǢö&-ŕİ;ιƥ��~ʲ:ôɩǲȳ8ΆOJ) 29�37%
46Kμ˸ʧ��~ʲͰɅP̑�μιƥ��~ʲ˩ˣƚ:åʪ86Lιƥ��~ʲP

Κö%*-ŕİ; 57%5ȅƽ8ε�0-5%ML�Rabson et al., 1982	�˸ʧ��~ʲ
PǢö&μı˸ʧ8̐ʰȔ:7�ͦΘ��~ʲʠț5&3μǢö&-˸ʧ��~ʲP

ıǆ8ʠț&-�Vh�t�8��3μ̒ƨ 4ͣ8�"L͖è��~ʰîɷ͠ɦ;
100%460-5%ML�Maeda et al., 2018b	�ȉ�t�;μȅ̇46L-F̐ʰ:Ⱥè
(L΂ͯÜ;μ��~ʲ�˩ˣˁ˓8̜OM3�Kμéķƶ8��~ʲPΚöĬ˨7

̐ʰȔ:7�ͦΘ��~ʲʠț8ȯ@μ��~ʰ:îɷ͠�͈$KH(�̔Ξʣ�ɇ

ž&3�Lɠǀ5˜�JML� 
� �ǲμ̎æn�~_Pʀɧ%*-���n��Vh:��~ʲPˮʧ��~ʲͰɅ

ƨ:y�v�Vh:ˮʧ8øĆ��~ʲʠț&-�t�8��3μ̒ƨ 2�ȄǼ:̎
æȢ̺t]hu��Pɭ�-��~ʲ:̎æ̣ŷ8IL͖è��~ʰîɷ͠ɦ;22%
460-5%ML�μSt{VU�h�_n�8ILVascular endothelial growth factor 
�VEGF	-C:ͭÃũżè8IK 82%8ǦĽ&-5%ML�Tammela et al., 2007	�ʠț�
�~ʲ:��~ʰîɷ͠;μ“Spontaneous lymphatic reconnection”5ơŴ%ML�Aschen 
et al., 2014	I�8ʘɦʃ8Æ!μ��~ʰîɷ͠ɦPεFLǲȳ5&3μȅ̇ιƥ�
�~ʲ˩ˣƚPıιƥ8ʠț(L�n�t�8��3VEGF-C �Honkonen et al., 2013; 
Lähteenvuo et al., 2011	HVEGF-D �Lähteenvuo et al., 2011	:St{VU�h�_n�
8ILͭÃũżè76�ŔĶ%M3�L� 
� C-μȉ�t�8�"L̒ƨ 3ͣ½Ί: ICG̎æ��~ʰ͡ƣ8ILƋ˸ʧ:Ǹʐ
7ɔɠ̎æá:ȅɕ;μ̒ƨ 4ͣ:~s�u���̅ʽ8ILʠț��~ʲ?:͖è
��~ʰîɷ͠:ûŮ5�˿&-�͖è��~ʰîɷ͠:Ǽȇ5&3;μ̒ƨ 3ͣ4
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ʠț��~ʲ?:��~Ⱥ�Łƭ&-5��ŔĶ�Maeda et al., 2018b	5ıȡ:˃Ȓ4
60-�̒ ƨ 3ͣ: ICG̎æ��~ʰ͡ƣ4ΝÑ̚ʃ8͖è��~ʰîɷ͠P¯ɉĬ
˨46Kμ½Ί:Ǽȇ8ıʢʠțĬ˨7B16F10��{��ʿ˦ȗPɭ�-˱ɽʠț
�t��Maeda et al., 2018a; Oashi et al., 2013	GÊ̘Ĭ˨46Kμ¶ƨ:ʕʤ:ʀƃƶ�
6L� 
 
1.4.3 �Vh̐ʰȔº ��~ʲʠț�t�8�"L��~ʲ:ˁ˓ūʃȝ  ̩
� ʠț��~ʲ?:̐Ⱥ;μɞ8��~ʲ˩ˣƚ5&3�Ŗ8ǖ &-Γμ+:ɫʏ

8͸̛5%ML�Tourani et al., 2016	�C-μʠț��~ʲ?:��~Ⱥ;μ��~ʲ
8�"Lçɸʿ˦:ƷƐƶˇǔȥ˨8͸̛5%ML�Randolph et al., 2005	� 
� ȉ�t�4;μʠț��~ʲP͖è��~ʰ5:îɷ͠:ȅɕ4ȯ͔(L$5�4

 -�͖è��~ʰîɷ͠:60-ʠț��~ʲ;μ͖è��~ʰîɷ͠:7�0-

ʠț��~ʲIKGȅƽ8˒Ž&-�μʅ̈́8�"LǸʐ7ɑ˦Ƞ͡P̰F-�$:

˃Ȓ;μ͖è��~ʰîɷ͠8IKμʠț&-ιƥ��~ʲ8��3�f�X�u:

˸ʧ��~ʲ8͙�Ţ %μ��~ɨ:Ƞǃ8��t��`�͈ -Ĭ˨ƶ�˜�J

M-�ʅ̈́8�"LǸʐ7ɑ˦Ƞ͡81�3;μ͖è��~ʰ�J��~ʲì?þͩ

&-ǍĢHǍĢǜʚʿ˦8Ÿ(LBʿ˦Ƶʮ�͈ 3�LĬ˨ƶPʚĻ(Lǆ̝5˜
�JM-��ǲμ͖è��~ʰîɷ͠:7�0-ʠț��~ʲ;μ��~ʲì:ʿ˦

ŶƘ�ε�-FǸJ�7ɑ˦Ƞ͡;̰F7�0-��Vh̐ʰȔº ��~ʲʠț�

t�8�"Lȥ˨ʃ��~ʹîȠʴ8;μʠț��~ʲ��f�X�u:��~ʰ5

îɷ͠(L$5G͸̛7̛ʽ46L5˜�JM-� 
 
1.4.4 ΋ɲ 
� ȉ�t�8;ȧ8͜@L΋ɲ�6L�ʫ�8μ�t�ʠț��~ʲ?:̐Ⱥ̭Ð;μ

��~ʲ˩ˣƚǖ Ǽ:ˠʎʃ̐ʰ͢ˆƶ:ʘ̰5 ICG̐ʰ͡ƣ46L�ICG̐ʰ͡
ƣ��Ƙ&�̑�7�-Fμ˸ʧ8ʠ̑&-ƨ:ʠț��~ʲ?:̐Ⱥ;̭Ð4 7

�0-���~ʲ˩ˣƚǖ Ǽ8 ICG̐ʰ͡ƣP̑O7"M<μ��~ʲP˸ʧ8ʠ
̑ʉƨ8; ICG̐ʰ͡ƣ�Ĭ˨.�μ+:ƨ��~ʲķń:ˑİņŮμ΃ć8ILŉ
͛�6L-FμǇ̒ˀ®Ǽ8ʠț��~ʲ?:̐ȺP̭Ð(L$5;4 7�0-� 
� ʫ±8μʠț��~ʲ?:͖è��~ʰîɷ͠;μICG̎æ��~ʰ͡ƣ�I>~
s�u���̅ʽ8IKʘ̰4 -�μʠț��~ʲ�J:͖ö��~ʰîɷ͠;μ

��~ʲķń:Üą͌5:Ėü�ŃΙ46Kμ̭Ð(L$5;4 7�0-� 
� ʫ�8μ��~ʲ:Ţ %;μȃŢùɛ4:±ȧãʃ7ΞʣP̨ɉ&-�&�&μ1
�2 mmŢ:ɨÈ4;7���~ʲP~��T�Ēőˁ˓Ȣȉ�JƐ8ı'Ξ4̋ù
(L$5;ŃΙ460-�  
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ʫ±ʩ 
 

��~ʲʠț�t�8�"L̐Ⱥ:ȅɕ8ILʠț��~ʲ:ˁ˓ūʃȝ  ̩
 
 

2.1 ˌ  ̧
 
2.1.1 ˥Ǿ 
� ̐ʰȔº ��~ʲʠț:ɫɩʃȥ˨;μ“Regenerative mechanisms”5ĸ<MLʠț
��~ʲHķń:˩ˣˁ˓�Jǧö%MLdUu[U��I>ǃ΁łũ8IKÔ%M

L��~ʰǱɫ:˃Ȓ5&3:��~ʰîɷ͠5μ“Pump mechanism”5ĸ<ML��
~ʲì:HEV8�"L��~Μ˫³͠: 218IKG-J%ML5%ML�Miranda 
Garcés et al., 2016; Miranda Garcés et al., 2017	� 
� wU����~ɨ;μǍĢPǚ&3��~ʲ76:±ȧ��~ˁ˓P̐ʰʹP·&

3Ʈɪ(Lμ��~ɨîƮɪ5ĸ<MLɞɶʃ7Łͦɧ̽Pʚ(�ǍĢ57LĬɋƶ

øũHȤɠʿ˦76:ǍĢǜʚʿ˦;ȈȚˁ˓�J͖è��~ʰP͠03��~ʲ8

èL�μwU����~ɨ;̐ʰʹ�JHEV:ʿ˦΅ΒP͠03��~ʲ8èKμ
͖ö��~ʰP͠03��~ʲ�Jö3�!�von Andrian and Mempel, 2003	�&-�
03μHEV;ȈȚˁ˓4:ɺĢÈ8Ÿ(LçɸƵʮP̱ż(L-F8͸̛7Ƞ͡46
L�Kasprzak et al., 2013	�HEV;��~ʲH~UX�ȏ76:˭˺P΍!±ȧ��~
ˁ˓8ɞɶʃ7˫ʰȠ͡46Kμ˥ :ε�ʨǲÈȡ:ìʅʿ˦�ɞư46L�Kasprzak 
et al., 2013	�HEV;+:ìʅʿ˦:ʰ˰Ü8μ��~ɨʿ˦̔Ξøũ46LL�j�
_p�8ʊ̗ʃ7Ǜʏøũ˘46L peripheral node addressin �PNAd	Pʀɧ&3�Kμ
��~ɨ�����`μǛʏ&3ìʅʿ˦΅P��~ʲì?5̐ʰŠ͇ͦ(L$5��

�~ɨ����`	PĬ˨8&3�L�Girard et al., 2012; Rosen, 2004	� 
� ʠț��~ʲ?:��~Ⱥ���~ʲ8�"LHEV:ƷƐʃ7ɞƶ:ˇǔ8͸̛
46L$5;ǫš!ŔĶ%M3�L��Drayson and Ford, 1984; Hendriks et al., 1987; 
Hendriks et al., 1980; Mebius et al., 1991a	μʠț��~ʲ?:̐Ⱥ�HEV86:I�8
ƣΟ(L�5��ŔĶ;Ɇɣ&ƫ-΋K7�0-� 
 
2.1.2 ʈʃ 
� ʫ�ʩ4ʘʨ&-̐ʰȔº ��~ʲʠț�t�5̐Ⱥ:7���~ʲʠț�t�

8��3ʠț��~ʲPȯ͔(L$54μ̐Ⱥ:ȅɕ�ʠț��~ʲ:ơǀ�ȥ˨8

£�LƣΟPˁ˓ūʃ8ȝ̩(L�  
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2.2 ǲȳ 
 
2.2.1 ďɜůβ̨ɱ 
� ͧģ:�qu:�t��Shesol et al., 1979	PĤ˜8μ50ĕ:�VhPɭ�3μ½¡:
3˘PÊ̘&μ¡̪:ǲȳ4į˘Pȯ͔&-� 
� Group 1;ȅ̇̐ʰȔº ��~ʲʠț˘�n = 20	μGroup 2;ȅ̇̐ʰȔ˃ʾ��
~ʲʠț˘�n = 15	μGroup 3;ͦΘ��~ʲʠț˘�n = 15	5&-�Group 25Group 3
�̐Ⱥ:7���~ʲʠț�t�46L� 
 
2.2.2 �t�Ê̘ǇǊ 
� Group 1;ʫ�ʩ5ıȡ8Ƌιƥ��~ʲ8Ⱥè(Lȼ˴śď˫Ṗ5(L��~
ʲ˩ˣƚPǖ &μıÜ:˸ʧ��~ʲǢöͯ8ʠ̑&-˘46L�Ņ 18A	�ʫ�ʩ
8��3μˠʎʃ8ιƥ��~ʲ˩ˣƚ?:ȼ˴śď˫Pǟß&7"M<μICG̎æ
̐ʰ͡ƣ8IKʠț��~ʲ?:̐Ⱥ�ʘ̰4 --Fμȉůβ4;̒¦: ICG̎æ
̐ʰ͡ƣ;̑O7�0-� 
� Group 2;˩ˣƚ:ƣΟPȝ̩(L-F8μGroup 15ıȡ8Ƌιƥ��~ʲ˩ˣƚ
Pǖ &-ƨ8μȼ˴śď˫Pșͯ8��3 10-0wU��ʸ 1ͻ4˃ʾ&-ƨμıÜ
:˸ʧ��~ʲǢöͯ8ʠț&-˘46L�Ņ 18B	� 
� Group 3;Ƌιƥ��~ʲPǢö&μıÜ:˸ʧ��~ʲǢöͯ8ʠț&-˘46
L�Ņ 18C	�ιƥ��~ʲP˸ʧ8ƈF͘Dμ˸ʧP΃;(LI� 10-0wU��ʸ 1
ͻ4Ţ˵±Φʭ5˩ˣˁ˓Pˑİ&-� 
 

 

 Ņ 18. �Vh��~ʲʠț�t�˘:fW�� 
 A. Group 1 ȅ̇̐ʰȔº ��~ʲʠț˘μvascularized lymph node �VLN	 
 B. Group 2 ȅ̇̐ʰȔ˃ʾ��~ʲʠț˘μnon-vascularized lymph node �non-VLN	 
 C. Group 3 ͦΘ��~ʲʠț˘μfree non-vascularized lymph node �FLN	 
 ILN. inguinal lymph node  
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2.2.3 ʠț��~ʲ?:͖è��~ʰîɷ͠:ȝ  ̩
� ʫ�ʩ5ıȡ8̒ƨ 4ͣʈ8�VhƋ˸ʧPʅ˶ù΄&μ��~ʲʠțͯPΚö&
-ƨμƨˡ:Ƌ͎͊8 2%~s�u���ɋɂP 5µLʅ¡ȴŻ&μʠț��~ʲ?:
̅ʽȺèPǇ̒ɭΪƯͿ8Ǜˆ&-tgn��tZ[��Pɭ�3̣ŷ&-�ʠț�

�~ʲ�ȕ̅%M-ŕİμʠț��~ʲ?:͖è��~ʰîɷ͠6K5ûŮ&-�ʠ

ț��~ʲ�ȕ̅%M7�0-ŕİμʠț��~ʲ?:͖è��~ʰîɷ͠7&5û

Ů&-� 
� Group 18��3͖è��~ʰîɷ͠:60-ʠț��~ʲ;VLN �+	μ͖è��
~ʰîɷ͠:7�0-ʠț��~ʲ;VLN �–	5̪̔&-�Group 28��3͖è�
�~ʰîɷ͠:60-ʠț��~ʲ; non-VLN �+	μ͖è��~ʰîɷ͠:7�0-
ʠț��~ʲ; non-VLN �–	5̪̔&-�Group 38��3͖è��~ʰîɷ͠:60
-ʠț��~ʲ; FLN �+	μ͖è��~ʰîɷ͠:7�0-ʠț��~ʲ; FLN �–	
5̪̔&-� 
 
2.2.4 ��~ʲ:ˁ˓ūʃȝ  ̩
� ̒ƨ 4ͣʈ:~s�u���8ILʠț��~ʲ:ȕ̅:̣ŷƨμ�VhP℃Ȝˬ
̀8IKŬȟȬ%*μʠț��~ʲ�n = 50	�I>ŸÜ:ιƥ��~ʲ�n = 10	PǢö
&μʫ�ʩ5ıȡ8μ~��T�Ēőˁ˓ȢȉPÊ̘&μHEȕ̅P̑0-�]f�
� I�II �2ƅį 5ø	μXn{���100%μ95%μ80%μ70%į 3ø	4ˬ~��T�ƨμ
Ⱥȱȱȶ&μ½¡:ǲȳ4çɸˁ˓ēūȕ̅P̑0-�7�μ�ȧǍÈμƎͷ�Ƴ̛

7±ȧǍÈμǍĢ̓ȹēɂ8;μƎͷɂ�Dako REAL™ Antibody Diluent; Dako, Glostrup, 
Denmark; code S2002	Pɭ�3μ+:ƎͷɦP�dilution ǍÈ 1σƎͷɂ	5&3̪̔&
-� 
 
2.2.4.1 çɸˁ˓ēūȕ̅:ǍÈȌÀȝ̩�I>ǍĢɞɶƶ:ȝ̩�PNAd	 
� �Vh:ŸÜ:ȩƐιƥ��~ʲPɭ�3μHEV8Ÿ(L PNAd:çɸˁ˓ēūȕ
̅81 μͧģ:ŔĶ�Mokhtar et al., 2014	PĤ˜8μǍÈȌÀȝ̩P̑�μʘʨ&3
�Lìʅʿ˦8Ÿ(L platelet/endothelial cell adhesion molecule-1 �PECAM-1	/cluster of 
differentiation �CD	31μ��~ʰìʅʿ˦8Ÿ(L lymphatic vessel endothelial hyaluronan 
receptor-1 �LYVE-1	:çɸˁ˓ēūȕ̅5ȯ͔&μPNAd:çɸˁ˓ēūȕ̅:HEV
8Ÿ(LǍĢɞɶƶPȝ̩&-� 
 
� ½¡: pH6_X�͵;ǍĢ̓ȹēɂ pH6_X�͵ˏ̓ɂ�Dako REAL™ Target 
Retrieval Solution, Dako, code S2031, dilution 1:10	Pɭ�μpH9 ethylenediaminetetraacetic 
acid �EDTA	;ǍĢ̓ȹēɂ pH9 �Nichirei Biosciences Inc., Tokyo, Japan; code 415211, 
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dilution 1:10	Pɭ�μ��sUw�kK;n�~_ø̥ʹʽ��sUw�kKɋɂ
�Proteinase K, Dako, code S3004	Pɭ�-$5Pʚ(� 
� PNAd8Ÿ(L�ȧǍÈ; rat monoclonal PNAd antibody �clone MECA-79; Santa Cruz 
Biotechnology Inc., Santa Cruz, CA, USA; code sc-19602, dilution 1:50	Pɭ�μ+:negative 
control; rat IgM isotype control �Thermo Fisher Scientific, code 02-9888	Pɭ�-$5P
ʚ(� 
� Avidin-biotinylated peroxidase complex �ABC	ȳ;μ±ȧǍÈ biotinylated rabbit anti-rat 
IgG secondary antibody �Vector Laboratories, Burlingame, CA, USA; code BA-4000, dilution 
1:200	5ȝö̮̌VECTASTAIN® Elite® ABC Kit �Vector Laboratories, code PK-6100	P
ɭ�-$5Pʚ(� 
� ����ȳ;μ±ȧǍÈ goat anti-rat secondary antibody conjugated with horseradish 
peroxidase �HRP	 �Histofine® Simple Stain™ MAX PO �Rat	, Nichirei Biosciences Inc., 
code 414311F	Pɭ�-$5Pʚ(� 
� PNAd:çɸˁ˓ēūȕ̅81 μ½¡: 10ȌÀ4ǍÈȌÀȝ̩P̑0-�̔ 1	� 
 
̔ 1. PNAd8Ÿ(Lçɸˁ˓ēūȕ̅:ǍÈȌÀȝ  ̩
ȌÀ ǍĢ̓ȹē �ȧǍÈ Ǝͷɦ ɈƘ�Ǽ  ̈́ ȝö  ́

1. pH6_X�  ͵ PNAd 1:100 ƐɈ 60ø ABCȳ 
2. pH9 EDTA PNAd 1:100 ƐɈ 60ø ABCȳ 
3. ɕôɩ PNAd 1:100 ƐɈ 60ø ABCȳ 
4. ��sUw�kK PNAd 1:100 ƐɈ 60ø ABCȳ 
5. pH9 EDTA Negative control 1:100 ƐɈ 60ø ABCȳ 
6. pH9 EDTA PNAd 1:100 ƐɈ 60ø ����ȳ 
7. pH9 EDTA PNAd 1:50 ƐɈ 60ø ����ȳ 
8. pH9 EDTA Negative control 1:50 ƐɈ 60ø ����ȳ 
9. pH9 EDTA PNAd 1:50 4��ǽ ����ȳ 
10. pH9 EDTA Negative control 1:50 4��ǽ ����ȳ 

 
2.2.4.2 ��~ʲ:çɸˁ˓ēūȕ̅�PNAd	 
� ǍĢ̓ȹēɂ pH9 �Nichirei Biosciences Inc., code 415211, dilution 1:10	Pɭ�3 95�
ɈȾôɩP 20ø̑0-�ƐɈ4 20ø˽ɗðğƨ8ȱȶ&μ0.3%ͧ͵ēȱʽȱ8 10
øɀ&-�u�hŘ͵ˏ̓ɂ�Tris-buffered saline, TBS	4 2ŁȶȻƨμ�ȧǍÈ rat 
monoclonal PNAd antibody �clone MECA-79; Santa Cruz Biotechnology Inc., code sc-19602, 
dilution 1:50	8 4�4�ǽɀ&-�TBS4 2ŁȶȻƨμ±ȧǍÈ goat anti-rat secondary 
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antibody conjugated with HRP �Histofine® Simple Stain™ MAX PO �Rat	, Nichirei 
Biosciences Inc., code 414311F	8ƐɈ4 30øɀ&-�TBS4 2ŁȶȻƨμ
diaminobenzidine �DAB	œ̈́]qu�Histofine SAB-PO �M	 Kit, Nichirei Biosciences Inc., 
code 425011	8ɀ&3ƐɈ4 5øʀ̅&-�TBS4 2ŁȶȻƨμsTf���sq_ 2
×[�qqrT��u]f���Sakura Finetek Co., Ltd., code 8653	8 1.5øɀ&μȺȱ
ȱȶ�̅.&	P10ø̑0-�1%Ř͵70%Xn{��4øüP30ʞ̑�μȺȱȱȶƨμ
Xn{���70% 20ʞ	4øüμXn{���100% 1øμ100% 3øμ100% 3ø	4ˬȱμ
]f�� I�II�III�3ƅį 5ø	4͟Ʊ&-�ȢȉɭŹèĂNEW M�X �Matsunami Glass 
Industry, Ltd.; code FX00500	Pɭ�3Źè&-� 
 
2.2.4.3 ��~ʲ:çɸˁ˓ēūȕ̅�B220	 
� ǍĢ̓ȹēɂ pH6_X�͵ˏ̓ɂ�Dako REAL™ Target Retrieval Solution, Dako, code 
S2031, dilution 1:10	Pɭ�3 95�ɈȾôɩP 20ø̑0-�ƐɈ4 20ø˽ɗðğƨ8
ȱȶ&μ0.3%ͧ͵ēȱʽȱ8 10øɀ&-�TBS4 2ŁȶȻƨμ�ȧǍÈ purified rat 
monoclonal CD45R/B220 antibody �clone RA3-6B2; Abgent, San Diego, CA, USA; code 
WTA1265, dilution 1:3000	8ƐɈ4 60øɀ&-�TBS4 2ŁȶȻƨμ±ȧǍÈ
biotinylated rabbit anti-rat IgG secondary antibody �Vector Laboratories, code BA-4000, 
dilution 1:200	8ƐɈ430øɀ&-�TBS42ŁȶȻƨμȝö̮̌VECTASTAIN® Elite® 
ABC Kit �Vector Laboratories, code PK-6100	8ƐɈ4 30øɀ&-�TBS4 2ŁȶȻƨμ
DABœ̈́]qu�Histofine SAB-PO �M	 Kit, Nichirei Biosciences Inc., code 425011	8ɀ
&3ƐɈ4 5øʀ̅&-�TBS4 2ŁȶȻƨμsTf���sq_ 2×[�qqrT
��u]f���Sakura Finetek Co., Ltd., code 8653	8 1.5øɀ&μȺȱȱȶ�̅.&	P
10ø̑0-�PNAd8Ÿ(Lçɸˁ˓ēūȕ̅5ıȡ8øü�ˬ ȱ�͟ Ʊ�Źè&-� 
 
2.2.4.4 ��~ʲ:çɸˁ˓ēūȕ̅�CD3	 
� ǍĢ̓ȹēɂ pH9 �Nichirei Biosciences Inc., code 415211, dilution 1:10	Pɭ�3 95�
ɈȾôɩP 20ø̑0-�ƐɈ4 20ø˽ɗðğƨ8ȱȶ&μ0.3%ͧ͵ēȱʽȱ8 10
øɀ&-�TBS4 2ŁȶȻƨμ�ȧǍÈ rabbit monoclonal CD3 gamma antibody �clone 
EPR4517; GeneTex, Irvine, CA; code GTX62682, dilution 1:1500	8ƐɈ4 60øɀ&-�
TBS4 2ŁȶȻƨμ±ȧǍÈ goat anti-rabbit secondary antibody conjugated with HRP 
�Histofine® Simple Stain™ Mouse MAX PO �R	, Nichirei Biosciences Inc., code 414341F	
8ƐɈ4 30øɀ&-�TBS4 2ŁȶȻƨμDABœ̈́]qu�Histofine SAB-PO �M	 Kit, 
Nichirei Biosciences Inc., code 425011	8ɀ&3ƐɈ45øʀ̅&-�TBS42ŁȶȻƨμ
sTf���sq_ 2×[�qqrT��u]f���Sakura Finetek Co., Ltd., code 
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8653	8 1.5øɀ&μȺȱȱȶ�̅.&	P 10ø̑0-�PNAd8Ÿ(Lçɸˁ˓ēū
ȕ̅5ıȡ8øü�ˬȱ�͟Ʊ�Źè&-� 
 
2.2.4.5 ��~ʲ:çɸˁ˓ēūȕ̅�CD11c	 
� n�~_ø̥ʹʽ��sUw�kKɋɂ�Proteinase K, Dako, code S3004	8ƐɈ4 5
øɀ&-�ȱȶ&μ0.3%ͧ͵ēȱʽȱ8 10øɀ&-�TBS4 2ŁȶȻƨμ�ȧǍÈ
hamster monoclonal CD11c antibody �clone N418, GeneTex, code GTX74940, dilution 
1:300	84�4�ǽɀ&-�TBS42ŁȶȻƨμ±ȧǍÈbiotinylated goat anti-hamster IgG 
secondary antibody �Vector Laboratories, code BA-9100, dilution 1:200	8ƐɈ4 30øɀ&
-�TBS4 2ŁȶȻƨμȝö̮̌VECTASTAIN® Elite® ABC Kit �Vector Laboratories, 
code PK-6100	8ƐɈ4 30øɀ&-�TBS4 2ŁȶȻƨμp��vf`w�ŚƑ]q
uTSA® Plus Biotin Kit �PerkinElmer, Waltham, MA, USA; code NEL749A001	8ƐɈ4 5
øɀ&-�TBS4 2ŁȶȻƨμîƘȝö̮̌VECTASTAIN® Elite® ABC Kit �Vector 
Laboratories, code PK-6100	8ƐɈ4 30øɀ&-�TBS4 2ŁȶȻƨμDABœ̈́]q
u�Histofine SAB-PO �M	 Kit, Nichirei Biosciences Inc., code 425011	8ɀ&3ƐɈ45ø
ʀ̅&-�TBS4 2ŁȶȻƨμsTf���sq_ 2×[�qqrT��u]f��
�Sakura Finetek Co., Ltd., code 8653	8 1.5øɀ&μȺȱȱȶ�̅.&	P 10ø̑0-�
PNAd8Ÿ(Lçɸˁ˓ēūȕ̅5ıȡ8øü�ˬȱ�͟Ʊ�Źè&-� 
 
2.2.4.6 ��~ʲ:çɸˁ˓ēūȕ̅�PECAM-1/CD31	 
� ǍĢ̓ȹēɂ pH9 �Nichirei Biosciences Inc., code 415211, dilution 1:10	Pɭ�3 95�
ɈȾôɩP 20ø̑0-�ƐɈ4 20ø˽ɗðğƨ8ȱȶ&μ0.3%ͧ͵ēȱʽȱ8 10
øɀ&-�TBS4 2ŁȶȻƨμ�ȧǍÈ purified rabbit anti-mouse polyclonal PECAM-1 
antibody �Santa Cruz Biotechnology Inc., code sc-1506-R, dilution 1:600	8ƐɈ430øɀ&
-�TBS4 2ŁȶȻƨμ±ȧǍÈ goat anti-rabbit secondary antibody conjugated with HRP 
�Histofine® Simple Stain™ Mouse MAX PO �R	, Nichirei Biosciences Inc., code 414341F	
8ƐɈ4 30øɀ&-�TBS4 2ŁȶȻƨμDABœ̈́]qu�Histofine SAB-PO �M	 Kit, 
Nichirei Biosciences Inc., code 425011	8ɀ&3ƐɈ45øʀ̅&-�TBS42ŁȶȻƨμ
sTf���sq_ 2×[�qqrT��u]f���Sakura Finetek Co., Ltd., code 
8653	8 1.5øɀ&μȺȱȱȶ�̅.&	P 10ø̑0-�PNAd8Ÿ(Lçɸˁ˓ēū
ȕ̅5ıȡ8øü�ˬȱ�͟Ʊ�Źè&-� 
 
2.2.4.7 ��~ʲ:çɸˁ˓ēūȕ̅�LYVE-1	 
� ǍĢ̓ȹēɂ pH9 �Nichirei Biosciences Inc., code 415211, dilution 1:10	Pɭ�3 95�
ɈȾôɩP 20ø̑0-�ƐɈ4 20ø˽ɗðğƨ8ȱȶ&μ0.3%ͧ͵ēȱʽȱ8 10
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øɀ&-�TBS4 2ŁȶȻƨμ�ȧǍÈ purified rabbit anti-mouse polyclonal LYVE-1 
antibody �AngioBio, Del Mar, CA, USA; code 11-034, dilution 1:100	8ƐɈ4 60øɀ&-�
TBS4 2ŁȶȻƨμ±ȧǍÈ goat anti-rabbit secondary antibody conjugated with HRP 
�Histofine® Simple Stain™ Mouse MAX PO �R	, Nichirei Biosciences Inc., code 414341F	
8ƐɈ4 30øɀ&-�TBS4 2ŁȶȻƨμDABœ̈́]qu�Histofine SAB-PO �M	 Kit, 
Nichirei Biosciences Inc., code 425011	8ɀ&3ƐɈ45øʀ̅&-�TBS42ŁȶȻƨμ
sTf���sq_ 2×[�qqrT��u]f���Sakura Finetek Co., Ltd., code 
8653	8 1.5øɀ&μȺȱȱȶ�̅.&	P 10ø̑0-�PNAd8Ÿ(Lçɸˁ˓ēū
ȕ̅5ıȡ8øü�ˬȱ�͟Ʊ�Źè&-� 
 
2.2.5 ��~ʲ:ˁ˓ūʃ̥Ȑ 
� ˁ˓h�Uv:tgn�t�nPɭ�3μHEȕ̅:ȃŢùɛ4:ʠț��~ʲ�
I>ŸÜ:ιƥ��~ʲ:ΞʣP̨ɉ&-� 
 
2.2.5.1 ��~ʲ8�"LHEV:Ůͺē 
� PNAd8Ÿ(Lçɸˁ˓ēūȕ̅:tgn�t�nPɱá·̡l�uVWS
�NDP.view2, Hamamatsu Photonics K.K.	 4̣ŷ&μDAB4̈̅8ȕ̅%M-Šķ 100 
µm2½ :ʰ˰Ƞ͡P��]�`(L$54μ+:ùɛ8�"LˊHEVǫP[V�u
&-�Ņ 19	�ͧģ:�Vh�t�:ŔĶ�Qian et al., 2006	8Ɋ'3μ+:�/ì˰ 80 
µm2½ :ʰ˰Ƞ͡Pȥ˨ʃ7ǒƞHEV5Ů˙&μ+:ùɛ8�"LǒƞHEVǫP
[V�u&-�C-μͧģ:ŔĶ�Lee et al., 2012	8Ɋ'3μįùɛ8�"LˊHEV
ǫ8ĝFLǒƞHEVǫ:ĆİP̨ʯ&-� 
 

 
Ņ 19. �VhȩƐιƥ��~ʲ: PNAd8Ÿ(Lçɸˁ˓ēūȕ  ̅
 A. ƝǒŢμBar. 1 mmμ B. ƟǒŢμBar. 250 µm 
 ͆��[�. ǒƞHEVμΛ��[�. ΝǒƞHEV  
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2.2.5.2 ��~ʲ8�"Lçɸʿ˦:Ůͺē 
� B220 �Bʿ˦	μCD3 �Tʿ˦	μCD11c �Ȥɠʿ˦	8Ÿ(Lçɸˁ˓ēūȕ̅:tg
n�t�nPɱá·̡l�uVWS�NDP.view2, Hamamatsu Photonics K.K.	 4̣ŷ
&μ��~ʲéÈ�ɱ̤8ħCL 50×ǒŢ4 Joint Photographic Experts Group �JPEG	
ɱá5&3öĈ&-�Ņ 20A	�ͧģ:ŔĶ�Joseph et al., 2014	PĤ˜8μDAB4̈̅
8ȕ̅%M-Bʿ˦μTʿ˦μȤɠʿ˦:��~ʲ8ĝFLΞʣ:ĆİPɱḁ́Ȑl
�uVWS ImageJ �version 1.52; National Institutes of Health, Bethesda, MD, USA	Pɭ�
3½¡:ǲȳ4̨ɉ&-� 
� JPEGɱá4��~ʲ:ŠķP“Freehand selections”4ńDμ“Region of interest �ROI	 
Manager”8ʁͽ&-�“Split Channels”c��v8IKμ͆μˋμΛ:ɡʨ&-ɱá8
øĆ&-�$:�/ȃGc�u�hu:I�Λɱá�Ņ 20B	Pɭ�3μ“Threshold”c
��v8IKμB220μCD3;ȃŽÚ 0μȃŢÚ 140μCD11c;ȃŽÚ 0μȃŢÚ 130
:ΈÚ̫Ů4̅P±Úē&-�Ņ 20C	�ROI8�"L“Analyze Particles”c��v8I
KμSize 4-InfinityμCircularity 0.00-1.00:̫Ů4μ%AreaP̨ɉ&-� 
 

 
Ņ 20. �Vh̐ʰȔº ��~ʲʠț�t�:ʠț��~  ̡
 A. B2208Ÿ(Lçɸˁ˓ēūȕ  ̅
 B. ImageJPɭ�3p��z�øĆƨ:Λɱá 
 C. ImageJPɭ�3ΈÚ̫Ů�ȃŽÚ 0μȃŢÚ 140	4±Úē&-ɱá 
 Bars. 500 µm 
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2.2.6 ˅̨ūʃȝ  ̩
� ˅̨̥Ȑ8;μ˅ ̨l�uVWS JMP �version 14.1.0, SAS Institute Inc.	Pɭ�-�˃
Ȓ:ǫÚ;μ¦ŤÚ�ŀøÅʳń interquartile range, IQR	4̔&-�į˘8�"L͖è
��~ʰîɷ͠:60-ʠț��~ʲ5͖è��~ʰîɷ͠:7�0-ʠț��~ʲ

: 2˘΅:ȯ͔8;μShapiro-Wilk:ȩ̞ƶȝŮƨ8μWilcoxon΢ÅĹȝŮPɭ�-� 
� į˘:͖è��~ʰîɷ͠:60-ʠț��~ʲ5ŸÜ:ιƥ��~ʲ:΅:š˘

΅:ȯ͔8;μShapiro-Wilk:ȩ̞ƶȝŮƨ8 Steel-DwassȝŮPɭ�-�¤ÜP < 0.05
P˅̨ūʃȅƽȱɊ5&-� 
� ʱ=#Ņ;μɦ �ʫ�ŀøÅǫ�Q1/4	�Jʫ�ŀøÅǫ�Q3/4	C4: IQRP̔&μɦ
:¦:ȱƓˍ�¦ŤÚP̔&-�΃Ė [̈́Q1/4 − 1.5 IQR, Q3/4 + 1.5 IQR]:Š86LǫÚ
;ŠMÚ5&3Öü8θ§4̔&μŠMÚP΍�-ǫÚ:ȃŢÚ�ȃŽÚP+M,M

ʱ:¤Ü8ö-=#:ʪ5&3̔&-� 
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2.3 ˃Ȓ 
 
2.3.1 �t�Ê̘ǇǊ 
� é3:�Vh�ćΘ΄76:̒ƨİÌɻ7!μ̒ƨ 4ͣ4ŬȟȬ%*LC4ɫŪ&
-�ȉ�t�Ê̘:Ǉ̒Ǽ΅;μ�µ4̑03Group 14ʻ 25øμGroup 24ʻ 30øμ
Group 34ʻ 15øP̛&-� 
 
2.3.2 ʠț��~ʲ?:͖è��~ʰîɷ͠:ȝ  ̩
� ̒ƨ 4ͣʈ:~s�u���̅ʽ8ILʠț��~ʲ:ȕ̅;μGroup 1: 13/20Î
�65.0%	μGroup 2: 11/15Î�66.7%	μGroup 3: 7/15Î�46.7%	4̰Fμ+M,Mʠ
ț��~ʲ?:͖è��~ʰîɷ͠6K5ûŮ&-� 
 
2.3.3 çɸˁ˓ēūȕ̅:ǍÈȌÀȝ̩�I>ǍĢɞɶƶ:ȝ̩�PNAd	 
� ȌÀ 9:ȕ̅ƶ�ȃGâM3�--FμȌÀ 94ȉȕ̅P̑0-�ȌÀ 94:HEV
8Ÿ(L PNAd:çɸˁ˓ēūȕ̅Pμìʅʿ˦8Ÿ(L PECAM-1/CD31:çɸˁ
˓ēūȕ̅μ��~ʰìʅʿ˦8Ÿ(LLYVE-1:çɸˁ˓ēūȕ̅5ȯ͔&-�Ņ
21	� 
� PNAd:çɸˁ˓ēūȕ̅4Ýʅ̈́ΤŒ8̈̅8ȕ̅%M-ʰ˰Ƞ͡�Ņ 21B	;μ
ìʅʿ˦8Ÿ(L PECAM-1/CD31:çɸˁ˓ēūȕ̅4ȕ̅%M-ʰ˰Ƞ͡�Ņ
21C	8ĳCM-�μ��~ʰìʅʿ˦8Ÿ(LLYVE-1:çɸˁ˓ēūȕ̅4;ȕ̅
%M7�0-�Ņ 21D	� 
� ìʅʿ˦8Ÿ(L PECAM-1/CD31:çɸˁ˓ēūȕ̅4˩ˣˁ˓¦8ȕ̅%M-
ʰ˰Ƞ͡�Ņ 21C	;μPNAd�I>LYVE-1:çɸˁ˓ēūȕ̅4;ȕ̅%M7�0
-�Ņ 21B, D	� 
� $:˃Ȓ�JμHEV4;7�Ȱʿ̐ʰ;μPNAd:çɸˁ˓ēūȕ̅4;ȕ̅%M
7�μ1CK PNAd:çɸˁ˓ēūȕ̅:HEV8Ÿ(LǍĢɞɶƶ�ʘ̰%M-� 
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Ņ 21. �VhȩƐιƥ��~  ̡
 A. HEȕ  ̅
 B. PNAd8Ÿ(Lçɸˁ˓ēūȕ  ̅
 C. PECAM-1/CD318Ÿ(Lçɸˁ˓ēūȕ  ̅
 D. LYVE-18Ÿ(Lçɸˁ˓ēūȕ  ̅
 Bars. 500 µm 
 
� 7�μ̐ʰH��~ʰ;��~ʲì:δ̈́8ÛŊ&3�L�μɨÈ4;7���~

ʲP~��T�Ēőˁ˓Ȣȉ�JŅ 21:I�8ı'Ξ4̋ù(L$5;ŃΙ460
--Fμìʅʿ˦8Ÿ(L PECAM-1/CD31�I>��~ʰìʅʿ˦8Ÿ(LLYVE-1
:çɸˁ˓ēūȕ̅:Ůͺē;̑O7�0-�  
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2.3.4 ��~ʲ:ˁ˓ūʃȝ  ̩
� éÎ8��3μHEȕ̅4ʠț��~ʲP̰Fμ̍̐HŜȬPʚĻ(Lǆ̝P̰F
7�0-��Vh��~ʲʠț�t�8�"L��~ʲ:Ţ %�Ņ 22	;μŸÜ:ι
ƥ��~ʲ; 2.76 �2.15-3.88	 mm2460-� 
� Group 1;VLN �+	�0.33 �0.21-0.46	 mm28Ÿ&3μVLN �–	�0.75 �0.34-2.13	 mm2

460-�P = 0.048	� 
� Group 2; non-VLN �+	� 0.23 �0.21-0.45	 mm28Ÿ&3μnon-VLN �–	� 0.46 
�0.11-0.93	 mm2460-�P = 0.84	� 
� Group 3;FLN �+	�0.50 �0.21-0.93	 mm28Ÿ&3μFLN �–	� 0.30 �0.25-0.47	 mm2

460-�P = 0.52	� 
 

 

Ņ 22. �Vh��~ʲʠț�t�8�"L��~ʲ:Ţ % 
 FLN. free non-vascularized lymph node, ILN. inguinal lymph node, VLN. vascularized lymph  
 node, �+	. with afferent lymphatic reconnection, �–	. without afferent lymphatic reconnection, 
 *. P < 0.05 �Groupì:Wilcoxon΢ÅĹȝŮ	  
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2.3.4.1 ��~ʲ8�"LHEV:ˁ˓ūʃȝ  ̩
� Group 1:ȅ̇̐ʰȔº ��~ʲʠț˘4;μ͖è��~ʰîɷ͠:60-ʠț
��~ʲVLN �+	8��3μ˥:ε�ìʅʿ˦�ɞư46LHEV:ì˰�ǒƞ&-
ǆ̝�̣ŷ%M-�Ņ 23A, B	� 
� �ǲμ͖è��~ʰîɷ͠:7�0-ʠț��~ʲVLN �–	8��3;μPNAd8
Ÿ(Lçɸˁ˓ēūȕ̅:ȕ̅ƶ�̊/μHEV:ì˰�ɢŽē&-ǆ̝�̣ŷ%M-
�Ņ 23C, D	� 
 

 

Ņ 23. Group 1:ʠț��~ʲ: PNAd8Ÿ(Lçɸˁ˓ēūȕ  ̅
 A, B. ͖è��~ʰîɷ͠:60-ʠț��~ʲμVLN �+	 
 C, D. ͖è��~ʰîɷ͠:7�0-ʠț��~ʲμVLN �–	 
 A, C. Bars. 500 µmμB, D. Bars. 50 µm  
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� Group 2:ȅ̇̐ʰȔ˃ʾ��~ʲʠț˘4;μ͖è��~ʰîɷ͠:60-ʠț
��~ʲ non-VLN �+	8��3μHEV:ì˰�ɢŽē&-ǆ̝�̣ŷ%M-�Ņ 24A, 
B	� 
� �ǲμ͖ è��~ʰîɷ͠:7�0-ʠț��~ʲ non-VLN �–	8��3;μPNAd
8Ÿ(Lçɸˁ˓ēūȕ̅:ȕ̅ƶ�̊/μHEV:ì˰�ɢŽē&-ǆ̝�̣ŷ%M
-�Ņ 24C, D	� 
 

 
Ņ 24. Group 2:ʠț��~ʲ: PNAd8Ÿ(Lçɸˁ˓ēūȕ  ̅
 A, B. ͖è��~ʰîɷ͠:60-ʠț��~ʲμnon-VLN �+	 
 C, D. ͖è��~ʰîɷ͠:7�0-ʠț��~ʲμnon-VLN �–	 
 A, C. Bars. 500 µmμB, D. Bars. 50 µm  
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� Group 3:ͦΘ��~ʲʠț˘4;μ͖ è��~ʰîɷ͠:60-ʠț��~ʲFLN 
�+	8��3μHEV:ì˰�ɢŽē&-ǆ̝�̣ŷ%M-�Ņ 25A, B	� 
� �ǲμ͖è��~ʰîɷ͠:7�0-ʠț��~ʲ FLN �–	8��3;μPNAd8
Ÿ(Lçɸˁ˓ēūȕ̅:ȕ̅ƶ�̊/μHEV:ì˰�ɢŽē&-ǆ̝�̣ŷ%M-
�Ņ 25C, D	� 
 

 
Ņ 25. Group 3:ʠț��~ʲ: PNAd8Ÿ(Lçɸˁ˓ēūȕ  ̅
 A, B. ͖è��~ʰîɷ͠:60-ʠț��~ʲμFLN �+	 
 C, D. ͖è��~ʰîɷ͠:7�0-ʠț��~ʲμFLN �–	 
 A, C. Bars. 500 µmμB, D. Bars. 50 µm  
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2.3.4.2 ��~ʲ8�"LHEVǫ:ȝ  ̩
� �Vh��~ʲʠț�t�:��~ʲ8�"LˊHEVǫ/mm2�Ņ 26	;μŸÜ:ι
ƥ��~ʲ; 22.9 �21.3-27.6	460-� 
� Group 1;VLN �+	� 50.9 �36.9-61.0	8Ÿ&3μVLN �–	� 14.6 �5.8-24.4	460-
�P = 0.002	� 
� Group 2; non-VLN �+	� 54.3 �18.1-78.6	8Ÿ&3μnon-VLN �–	� 29.8 �4.5-63.4	
460-�P = 0.21	� 
� Group 3; FLN �+	� 49.7 �20.1-53.9	8Ÿ&3μFLN �–	� 12.3 �7.3-15.9	460-
�P = 0.009	� 

 

Ņ 26. �Vh��~ʲʠț�t�:��~ʲ8�"LˊHEVǫ/mm2 
 FLN. free non-vascularized lymph node, ILN. inguinal lymph node, VLN. vascularized lymph  
 node, �+	. with afferent lymphatic reconnection, �–	. without afferent lymphatic reconnection, 
 *. P < 0.05 �Groupì:Wilcoxon΢ÅĹȝŮ	 
 
� į˘:͖è��~ʰîɷ͠:60-ʠț��~ʲ5ŸÜ:ιƥ��~ʲ:΅:š˘

΅:ȯ͔4;μ��~ʲ8�"LˊHEVǫ/mm2;μGroup 1:VLN �+	�μŸÜ:
ιƥ��~ʲIKGȅƽ8š�0-�P < 0.001	�  
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� �Vh��~ʲʠț�t�:��~ʲ8�"LǒƞHEVǫ/mm2�Ņ 27	;μŸÜ:
ιƥ��~ʲ; 4.7 �3.4-7.3	460-� 
� Group 1;VLN �+	� 16.5 �9.7-22.9	8Ÿ&3μVLN �–	� 2.4 �0-2.8	460-�P < 
0.001	� 
� Group 2; non-VLN �+	� 2.5 �0-14.6	8Ÿ&3μnon-VLN �–	� 4.1 �0.3-9.1	460
-�P = 0.89	� 
� Group 3;FLN �+	�2.0 �0-16.7	8Ÿ&3μFLN �–	�0 �0-1.5	460-�P = 0.08	� 
 

 

Ņ 27. �Vh��~ʲʠț�t�:��~ʲ8�"LǒƞHEVǫ/mm2 
 FLN. free non-vascularized lymph node, ILN. inguinal lymph node, VLN. vascularized lymph  
 node, �+	. with afferent lymphatic reconnection, �–	. without afferent lymphatic reconnection, 
 *. P < 0.05 �Groupì:Wilcoxon΢ÅĹȝŮ	 
 
� į˘:͖è��~ʰîɷ͠:60-ʠț��~ʲ5ŸÜ:ιƥ��~ʲ:΅:š˘

΅:ȯ͔4;μ��~ʲ8�"LǒƞHEVǫ/mm2;μGroup 1:VLN �+	�μŸÜ
:ιƥ��~ʲIKGȅƽ8š�0-�P = 0.006	�  
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2.3.4.3 ��~ʲ8�"LˊHEVǫ8ĝFLǒƞHEVǫ:Ćİ:ȝ  ̩
� �Vh��~ʲʠț�t�:��~ʲ8�"LǒƞHEVǫνˊHEVǫ�Ņ 28	;μ
ŸÜ:ιƥ��~ʲ; 0.21 �0.15-0.31	460-� 
� Group 1;VLN �+	� 0.33 �0.25-0.41	8Ÿ&3μVLN �–	� 0.07 �0-0.14	460-�P 
= 0.01	� 
� Group 2; non-VLN �+	� 0.05 �0-0.19	8Ÿ&3μnon-VLN �–	� 0.13 �0.03-0.14	4
60-�P = 0.95	� 
� Group 3;FLN �+	�0.10 �0-0.21	8Ÿ&3μFLN �–	�0 �0-0.09	460-�P = 0.19	� 

 

Ņ 28. �Vh��~ʲʠț�t�:��~ʲ8�"LǒƞνˊHEVǫ 
 FLN. free non-vascularized lymph node, ILN. inguinal lymph node, VLN. vascularized lymph  
 node, �+	. with afferent lymphatic reconnection, �–	. without afferent lymphatic reconnection, 
 *. P < 0.05 �Groupì:Wilcoxon΢ÅĹȝŮ	 
 
� į˘:͖è��~ʰîɷ͠:60-ʠț��~ʲ5ŸÜ:ιƥ��~ʲ:΅:š˘

΅:ȯ͔4;μ��~ʲ8�"LǒƞHEVǫνˊHEVǫ;μGroup 1:VLN �+	�μ
Group 2:non-VLN �+	�I>Group 3:FLN �+	IKGȅƽ8ε�0-�P = 0.004 and 
P = 0.049, respectively	�  
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2.3.4.4 ��~ʲ8�"Lçɸʿ˦:ˁ˓ūʃȝ  ̩
� Group 1:ȅ̇̐ʰȔº ��~ʲʠț˘4;μ͖è��~ʰîɷ͠:60-ʠț
��~ʲ8��3μB2208Ÿ(Lçɸˁ˓ēūȕ̅4μʅ̈́8�"LBʿ˦:Ζʣ
(LǸʐ7ɑ˦Ƞ͡P̰F-�Ņ 29A	�CD38Ÿ(Lçɸˁ˓ēūȕ̅4μÝʅ̈́Τ
Œ8�"LTʿ˦:Ζʣ(Lȕ̅P̰F-�Ņ 29B	�CD11c8Ÿ(Lçɸˁ˓ēūȕ
̅4μǪŊ(LȤɠʿ˦:ɔɠ:ȕ̅P̰F-�Ņ 29C	� 
� �ǲμ͖ è��~ʰîɷ͠:7�0-ʠț��~ʲ8��3;μB2208Ÿ(Lçɸ
ˁ˓ēūȕ̅4μʅ̈́8�"LBʿ˦:Ζʣ(Lɑ˦Ƞ͡P̰F7�0-�Ņ 29D	�
CD38Ÿ(Lçɸˁ˓ēūȕ̅4μÝʅ̈́ΤŒ8�"LTʿ˦:Ζʣ(Lȕ̅P̰F
-�Ņ 29E	�CD11c8Ÿ(Lçɸˁ˓ēūȕ̅4μÝʅ̈́ΤŒ8ǪŊ(LȤɠʿ˦:
ɔɠ:ȕ̅P̰F-�Ņ 29F	� 
 

 
Ņ 29. Group 1:ʠț��~ʲ:B220μCD3μCD11c8Ÿ(Lçɸˁ˓ēūȕ  ̅
 A, B, C. ͖è��~ʰîɷ͠:60-ʠț��~ʲμVLN �+	 
 D, E, F. ͖è��~ʰîɷ͠:7�0-ʠț��~ʲμVLN �–	 
 Bars. 500 µm  
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� Group 2:ȅ̇̐ʰȔ˃ʾ��~ʲʠț˘4;μ͖è��~ʰîɷ͠:60-ʠț
��~ʲ8��3μB2208Ÿ(Lçɸˁ˓ēūȕ̅4μʅ̈́8�"LBʿ˦:Ζʣ
(Lɑ˦Ƞ͡P̰F-�Ņ 30A	�CD38Ÿ(Lçɸˁ˓ēūȕ̅4μÝʅ̈́ΤŒ8�
"LTʿ˦:Ζʣ(Lȕ̅P̰F-�Ņ 30B	�CD11c8Ÿ(Lçɸˁ˓ēūȕ̅4μ
ǪŊ(LȤɠʿ˦:ɔɠ:ȕ̅P̰F-�Ņ 30C	� 
� �ǲμ͖ è��~ʰîɷ͠:7�0-ʠț��~ʲ8��3;μB2208Ÿ(Lçɸ
ˁ˓ēūȕ̅4μʅ̈́8�"LBʿ˦:Ζʣ(Lɑ˦Ƞ͡P̰F7�0-�Ņ 30D	�
CD38Ÿ(Lçɸˁ˓ēūȕ̅4μÝʅ̈́ΤŒ8�"LTʿ˦:Ζʣ(Lȕ̅P̰F
-�Ņ 30E	�CD11c8Ÿ(Lçɸˁ˓ēūȕ̅4μÝʅ̈́ΤŒ8ǪŊ(LȤɠʿ˦:
ɔɠ:ȕ̅P̰F-�Ņ 30F	� 
 

 

Ņ 30. Group 2:ʠț��~ʲ:B220μCD3μCD11c8Ÿ(Lçɸˁ˓ēūȕ  ̅
 A, B, C. ͖è��~ʰîɷ͠:60-ʠț��~ʲμnon-VLN �+	 
 D, E, F. ͖è��~ʰîɷ͠:7�0-ʠț��~ʲμnon-VLN �–	 
 Bars. 500 µm  
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� Group 3:ͦΘ��~ʲʠț˘4;μ͖è��~ʰîɷ͠:60-ʠț��~ʲ8
��3μB2208Ÿ(Lçɸˁ˓ēūȕ̅4μʅ̈́8�"LBʿ˦:Ζʣ(Lɑ˦Ƞ
͡P̰F-�Ņ 31A	�CD38Ÿ(Lçɸˁ˓ēūȕ̅4μÝʅ̈́ΤŒ8�"LTʿ˦
:Ζʣ(Lȕ̅P̰F-�Ņ 31B	�CD11c8Ÿ(Lçɸˁ˓ēūȕ̅4μǪŊ(LȤ
ɠʿ˦:ɔɠ:ȕ̅P̰F-�Ņ 31C	� 
� �ǲμ͖ è��~ʰîɷ͠:7�0-ʠț��~ʲ8��3;μB2208Ÿ(Lçɸ
ˁ˓ēūȕ̅4μʅ̈́8�"LBʿ˦:Ζʣ(Lɑ˦Ƞ͡P̰F7�0-�Ņ 31D	�
CD38Ÿ(Lçɸˁ˓ēūȕ̅4μÝʅ̈́ΤŒ8�"LTʿ˦:Ζʣ(Lȕ̅P̰F
-�Ņ 31E	�CD11c8Ÿ(Lçɸˁ˓ēūȕ̅4μÝʅ̈́ΤŒ8ǪŊ(LȤɠʿ˦:
ɔɠ:ȕ̅P̰F-�Ņ 31F	� 
 

 
Ņ 31. Group 3:ʠț��~ʲ:B220μCD3μCD11c8Ÿ(Lçɸˁ˓ēūȕ  ̅
 A, B, C. ͖è��~ʰîɷ͠:60-ʠț��~ʲμFLN �+	 
 D, E, F. ͖è��~ʰîɷ͠:7�0-ʠț��~ʲμFLN �–	 
 Bars. 500 µm  
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2.3.4.5 ��~ʲ8�"LBʿ˦:Ćİ:ȝ  ̩
� �Vh��~ʲʠț�t�:��~ʲ8�"LBʿ˦:Ćİ�Ņ 32	;μŸÜ:ιƥ
��~ʲ; 26.4 �24.1-31.9	460-� 
� Group 1;VLN �+	� 27.9 �19.6-31.2	8Ÿ&3μVLN �–	� 41.4 �19.7-53.2	460
-�P = 0.11	� 
� Group 2; non-VLN �+	� 21.6 �13.2-38.7	8Ÿ&3μnon-VLN �–	� 34.4 �24.7-59.4	
460-�P = 0.21	� 
� Group 3; FLN �+	� 36.2 �27.9-43.3	8Ÿ&3μFLN �–	� 47.6 �29.8-61.9	460-
�P = 0.18	� 
 

 
Ņ 32. �Vh��~ʲʠț�t�:��~ʲ8�"LBʿ˦:Ćİ 
 FLN. free non-vascularized lymph node, ILN. inguinal lymph node, VLN. vascularized lymph  
 node, �+	. with afferent lymphatic reconnection, �–	. without afferent lymphatic reconnection 
 
� ��~ʲ8�"LBʿ˦:Ćİ8��3μį˘:͖è��~ʰîɷ͠:60-ʠț
��~ʲ5ŸÜ:ιƥ��~ʲ:΅:š˘΅:ȯ͔4;μ�)M:˘΅8Gȅƽƌ;

7�0-�  
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2.3.4.6 ��~ʲ8�"LTʿ˦:Ćİ:ȝ  ̩
� �Vh��~ʲʠț�t�:��~ʲ8�"LTʿ˦:Ćİ�Ņ 33	;μŸÜ:ιƥ
��~ʲ; 21.6 �17.4-30.2	460-� 
� Group 1;VLN �+	� 12.7 �3.5-23.2	8Ÿ&3μVLN �–	� 24.0 �15.3-43.9	460-
�P = 0.08	� 
� Group 2; non-VLN �+	� 24.6 �2.1-29.9	8Ÿ&3μnon-VLN �–	� 22.7 �2.2-55.0	4
60-�P = 0.65	� 
� Group 3; FLN �+	� 23.9 �12.0-32.2	8Ÿ&3μFLN �–	� 35.7 �20.8-53.8	460-
�P = 0.12	� 
 

 

Ņ 33. �Vh��~ʲʠț�t�:��~ʲ8�"LTʿ˦:Ćİ 
 FLN. free non-vascularized lymph node, ILN. inguinal lymph node, VLN. vascularized lymph  
 node, �+	. with afferent lymphatic reconnection, �–	. without afferent lymphatic reconnection 
 
� ��~ʲ8�"LTʿ˦:Ćİ8��3μį˘:͖è��~ʰîɷ͠:60-ʠț
��~ʲ5ŸÜ:ιƥ��~ʲ:΅:š˘΅:ȯ͔4;μ�)M:˘΅8Gȅƽƌ;

7�0-�  
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2.3.4.7 ��~ʲ8�"LȤɠʿ˦:Ćİ:ȝ  ̩
� �Vh��~ʲʠț�t�:��~ʲ8�"LȤɠʿ˦:Ćİ�Ņ 34	;μŸÜ:ι
ƥ��~ʲ; 0.12 �0.07-1.00	460-� 
� Group 1;VLN �+	� 1.05 �0.61-2.89	8Ÿ&3μVLN �–	� 0.90 �0.61-1.31	460
-�P = 0.63	� 
� Group 2; non-VLN �+	� 0.89 �0.54-3.77	8Ÿ&3μnon-VLN �–	� 0.95 �0.28-1.84	
460-�P = 0.65	� 
� Group 3; FLN �+	� 0.34 �0.13-1.79	8Ÿ&3μFLN �–	� 0.23 �0.13-1.17	460-
�P = 0.42	� 
 

 

Ņ 34. �Vh��~ʲʠț�t�:��~ʲ8�"LȤɠʿ˦:Ćİ 
 FLN. free non-vascularized lymph node, ILN. inguinal lymph node, VLN. vascularized lymph  
 node, �+	. with afferent lymphatic reconnection, �–	. without afferent lymphatic reconnection 
 
� ��~ʲ8�"LȤɠʿ˦:Ćİ8��3μį˘:͖è��~ʰîɷ͠:60-ʠ

ț��~ʲ5ŸÜ:ιƥ��~ʲ:΅:š˘΅:ȯ͔4;μ�)M:˘΅8Gȅƽƌ

;7�0-�  
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2.4 ˜ŷ 
 
2.4.1 ʠț��~ʲ?:͖è��~ʰîɷ  ͠
� ȉ�t�:ȅ̇��~ʲ˩ˣƚʠț46LGroup 1�I>Group 28�"L̒ƨ 4
ͣ4:͖è��~ʰîɷ͠ɦ;+M,M 65.0%μ66.7%460-��ǲμͦ Θ��~ʲ

ʠț46LGroup 3; 46.7%46KμGroup 1μ25ȯ@μÆ�͖è��~ʰîɷ͠ɦ
570-�$M;μǢö&-˸ʧ��~ʲPı˸ʧ8ͦΘ��~ʲʠț&-�Vh�

t�8��3μ̒ƨ 4ͣ8�"L͖è��~ʰîɷ͠ɦ; 100%460-5��ŔĶ
�Maeda et al., 2018b	5;ɶ7L˃Ȓ570-� 
� ʫ�ʩ8��3μȅ̇ιƥ��~ʲ˩ˣƚP˸ʧ8ʠț(L�qu�t�:̒ƨ 5
ͣ8�"L͖è��~ʰîɷ͠ɦ;μ˸ʧ��~ʲͰɅP̑�μιƥ��~ʲ˩ˣƚ

:åʪ86Lιƥ��~ʲPΚö%*-ŕİ; 57%5ȅƽ8ε�0-5��ŔĶ
�Rabson et al., 1982	�Jμȅ̇��~ʲ˩ˣƚʠț8��3μ̐ʰ:Ⱥè(L΂ͯÜ
;μ��~ʲ�˩ˣˁ˓8̜OM3�Kμéķƶ8��~ʲPΚöĬ˨7̐ʰȔ:7

�ͦΘ��~ʲʠț8ȯ@μ��~ʰ:îɷ͠�͈$KH(�Ξʣ�ɇž&3�Lɠ

ǀ5˜�JMLμ5˜ŷ&-� 
$:«Θ;μȉ�t�:Group 34;μɶǆ8Ţ %�ơɠ:ɶ7L��~ʲPʠț
(L-Fμ+J̼ơ:ιƥ��~ʲ:�ȧãʃͱ˖8IL͖è��~ʰǰʪ:Ĳ :

ͪ�76�ƣΟ&-Ĭ˨ƶ�˜�JML�C-μȅ̇��~ʲ˩ˣƚʠț46LGroup 
1�I>Group 24;μιƥ��~ʲķń:˩ˣƚPŢ˵±Φʭ8 3ͻˑİ(L-Fμ
ιƥ��~ʲP˸ʧ8ƈF͘Dμ˸ʧP΃;(LI�Ţ˵±Φʭ5˩ˣˁ˓P 1ͻˑ
İ(LGroup 3IKGμʠț��~ʲ:ņŮƶ�I!μ̒ƨ�Vh�ď�-Γ8μʠ
ț��~ʲ:ŬΜ�Õ-M-$5G�ł5˜�JML� 
 
2.4.2 ʠț��~ʲ:ˁ˓ūʃȝ  ̩
2.4.2.1 ʠț��~ʲ:îɫ 
� ʠț��~ʲ:îɫ;μ$MC4¨̛7ΆƲ°:�1460-�μš!;̐ʰȔ:

7�ͦΘ��~ʲʠț�t�8�"LŔĶ46L�Tammela et al., 2007	�ͧ ģ:�qu

�t�8��3μ̐ʰȔº ʠț��~ʲ;̒ƨ 4ͣ΅ȩƐ7ˁ˓áPˇǔ&-�μ
ͦΘʠț��~ʲ;4ͣ½ì8Ʃ�8ˍˇēP -&-5%ML�Rabson et al., 1982	�
&�&μͧģ:�Vh�t��Wolvers et al., 1999	H�qu�t��Ahrendt et al., 2008	
8��3μ̐ ʰȔ:7�ͦΘ��~ʲʠțHøĆ��~ʲʠț4Gμ̒ ƨ 3�8ͣ½ì
8��~ʲ:îɫ�̰FJM-5%ML�$:«Θ;μʠț��~ʲ:ǫHʠțͯÅμ

̒ƨ:ˁ˓ǙĨǼȇ76�ƣΟ&-Ĭ˨ƶ�˜�JML�Buettner and Bode, 2011; 
Tourani et al., 2016	� 
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� ȉʕʤ:̐Ⱥ:6L��~ʲʠț46LGroup 18��3μ͖è��~ʰîɷ͠:
60-ʠț��~ʲ;μ͖è��~ʰîɷ͠:7�0-ʠț��~ʲIKGȅƽ8˒

Ž&-�μ̐Ⱥ:7���~ʲʠț46LGroup 2�I>Group 38��3;μ+M
,M:͖è��~ʰîɷ͠:60-ʠț��~ʲ5͖è��~ʰîɷ͠:7�0-ʠ

ț��~ʲ:Ţ %:΅8ȅƽƌ;7�0-�$:˃Ȓ;μʠț��~ʲ?:͖è�

�~ʰîɷ͠:7�0-ŕİμʠț��~ʲ?:̐Ⱥ�+:��~ʲ:Ţ %:Õǔ

8ŵ£&--F5˜�JML� 
� �ǲμʠț��~ʲ?:͖è��~ʰîɷ͠:60-ŕİμʠț��~ʲ?:̐Ⱥ

�60-5&3Gμʠț&-ιƥ��~ʲ��f�X�u:˸ʧ��~ʲ8͙�Ţ 

%8��t��`�͈ μʠț��~ʲ?:̐Ⱥ:7�Group 2�I>Group 35ı
ʡƘ8˒Ž&-Ĭ˨ƶ�˜�JM-�+MJ:ʠț��~ʲ:˒Ž:ʡƘ;μʠț�

�~ʲ?:͖è��~ʰîɷ͠:7�0-ŕİ5ȅƽ7ƌ�7�0-�μ͖è��~

ʰîɷ͠:7�0-ʠț��~ʲ8��3ʠț��~ʲì:ʿ˦ŶƘ�ˁ˓ūʃ8ε

!̣ŷ%Mμ͖ è��~ʰîɷ͠:7�0-ŕİ:��~ɨ:ƮɪΔŲ5˜�JM-� 
 
2.4.2.2 ʠț��~ʲ8�"LHEV:îɫ 
� ʠț��~ʲ8�"LHEV:îɫ;μ$MC4�qu�Ahrendt et al., 2008; Liu et al., 
1992; Sasaki et al., 1994	H�Vh�Mebius et al., 1993	76:ďɜ�t�8��3ȝ̩%
M3 -� 
� ̐ʰȔº ˳΅˷��~ʲ:�quıʢʅ¡ʠț�t�8��3;μ32ĕéÎ4ʠ
ț��~ʲ?:͖è��~ʰîɷ͠;7!μʠț��~ʲ;̒ƨ 1�Ȅ4HEV;¢
Ǹʐēμɑ˦;ɇž&μ̒ ƨ 3�Ȅ4HEV;ABɁť&-5%ML�Liu et al., 1992	� 
� ıǆ4:̐ʰȔº ��~ʲʠț8͙�μ�Vh˸ʧ��~ʲ:͖è��~ʰùǰ

�t�8��3;μ̒ ƨ 7ǵ4HEV;ƓŎēμPNAd:ʀɧ�Æ¡�I>ʰ˰Ü:D
8΋Ƃ&μin vivo��~ɨ����`SqjU4;̒ƨ 8ǵ4��~ɨ����`�
80%½ Æ¡&-5%MμHEV:ȥ˨ˇǔ;͖è��~ʰ�J:ɂƶłũHǍĢǜʚ
ʿ˦8ÏŪ&3�LĬ˨ƶ�ʚĻ%M-�Mebius et al., 1991b	� 
� �ǲμ˳΅˷��~ʲPøĆ��~ʲʠț5&3˯ʅ̈́?˽ųʠț(L�qu�t

�8��3;μ̒ ƨ 10ǵ4HEV�ʘ̰%Mμ̒ ƨ 28ǵ4ȩƐ8͙�HEVPÄ�ʠ
ț��~ʲ:îɫ�̰FJM-5%ML�Sasaki et al., 1994	� 
� çɸƿÊƨ:HEV��t��`8;μ½¡:I�7¾̴�ǜļ%M3�L�Liao and 
Ruddle, 2006	�çɸƿÊ 2�5ǵƨ:��t��`ȇ8;μ��~ʲì:HEVǫ�Ś
Ċ&μBʿ˦8͈ł(L��~ʰǱɫ�͈ L�çɸƿÊ 7�10ǵƨ8;μ��~ʰ
Ǳɫ���_8ͩ&μ͖è��~ʰ�J:ɂƶłũHǍĢǜʚʿ˦8IKμ˥:ε�

ʨǲÈȡ:ìʅʿ˦�ɞư:ǃəHEV�îɫ(L� 
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� ȉʕʤ4;μ͖è��~ʰîɷ͠:60-ʠț��~ʲ8��3μʠț��~ʲP

̐Ⱥ:ȅɕ4ȯ͔(L$5�4 -�́ HEVǫ/mm2�I>ǒƞHEVǫ/mm2;μGroup 
1:VLN �+	�μŸÜ:ιƥ��~ʲIKGȅƽ8š!μ+:Ćİ46LǒƞHEVǫ
νˊHEVǫ;μGroup 1:VLN �+	�μGroup 2: non-VLN �+	�I>Group 3: FLN 
�+	IKGȅƽ8ε�5��˃ȒPƫ-� 
� $:˃Ȓ;μʠț&-ιƥ��~ʲ;˒Ž(L�μGroup 1:VLN �+	8��3:
Dμ��~ʲì:ȥ˨ʃȠ͡46LHEV�I>ǒƞHEVPš!Õ0--FμĜÅΞ
ʣ6-K:ˊHEVǫ�I>ǒƞHEVǫ5&3μȅƽƌ�ö-5˜�JM-�+MP
ǒƞHEVǫνˊHEVǫ5&3̔(5μGroup 1:VLN �+	;μŸÜ:ιƥ��~ʲ
5ȅƽƌ;7!μGroup 2: non-VLN �+	�I>Group 3: FLN �+	IKGȅƽ8š!
70-5Ǘ�L$5�4 L�1CKμ̐Ⱥ:6L��~ʲʠț:ǲ�μ̐Ⱥ:7�

��~ʲʠț8ȯ@μIKš!:ȥ˨ʃ7ǒƞ&-HEVPÕǔ&3�-5˜�JM
-� 
� ½ :˃Ȓ�Jμʠț��~ʲ��f�X�u:��~ʰ5îɷ͠(L$58Ċ�μ

ʠț��~ʲ?:̐ȺG��~ʲ:ȥ˨ʃHEVÕǔ:-F8͸̛7̛ʽ46L5˜
�JM-� 
� Ǆ�;Ǣö&-˸ʧ��~ʲPı˸ʧ8ͦΘ��~ʲʠț&-�Vh8B16F10�
�{��ʿ˦Pʠț&-�t�8��3μB16F10��{��ʿ˦Pʠț&-.":c
�u���:ȩƐ˸ʧ��~ʲ8ȯ@μ̒ƨ 6ͣ�˱ɽʠțƨ 2ͣ	:Ā͑ʠɠǀ4ʠ
ț��~ʲ8�"LHEV:ì˰�ǒƞ&3�7�$5Pʚ&-�Maeda et al., 2018a	�
̐Ⱥ:7�ͦΘ��~ʲʠț8��3μʠț��~ʲ��Ǽʃ7ª̐Ⱥɠǀ8Ύ0-

˃ȒμHEV�̉˒&μ��~ʲì?:��~ɨ:̐ʰŠ͇ͦ�ΔŲ%MμɥƫçɸĦ
Ƶ�ɇ̕&-Ĭ˨ƶPʚ&-Ǆ�:ŔĶ�Maeda et al., 2018a	5İO*3˜�L5μ̐
ʰȔº ��~ʲʠț;ȥ˨ʃHEVPÕǔ(L$58IKμʠț��~ʲ:çɸ˨
:̣ɔ�JGȅɭ46L$5�ʚĻ%M-� 
 
2.4.2.3 ʠț��~ʲ8�"Lçɸʿ  ˦
� �Vh:��~ʲ8�"Lȥ˨ʃHEV:ƷƐƶˇǔ8;μHEV:ìʅʿ˦�ʀɧ
(L���u]f�βĩŴÈ�Liao and Ruddle, 2006	P·&-f`w�Ãͩ�͸̛46
K�Browning et al., 2005	μCD11cΐƶȤɠʿ˦ɯȍ:���u]f��+:f`w�
Ãͩ8IL��~ɨ����`8͸̛46L�Moussion and Girard, 2011	5%ML� 
� ʫ�ʩ5ıȡ8μ�)M 3˘8��3Gμ͖è��~ʰîɷ͠:60-ʠț��~
ʲ;μ͖è��~ʰîɷ͠:7�0-ʠț��~ʲIKGμʅ̈́8�"LǸʐ7ɑ˦

Ƞ͡P̰F-��ǲμ͖è��~ʰîɷ͠:7�0-ʠț��~ʲ;μ��~ʲì:

ʿ˦ŶƘ�ε�-FǸJ�7ɑ˦Ƞ͡P̰F7�0-�ʅ̈́8�"LǸʐ7ɑ˦Ƞ͡
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81�3;μ͖è��~ʰ�J��~ʲì?þͩ&-ǍĢHǍĢǜʚʿ˦8Ÿ(LB
ʿ˦Ƶʮ�͈ 3�LĬ˨ƶPʚĻ(Lǆ̝5˜�JM-� 
� ��~ʲ8�"LBʿ˦μTʿ˦μȤɠʿ˦:Ćİ;μį˘8�"L͖è��~ʰ
îɷ͠:ȅɕ4ȅƽƌ;7�0-�C-μ��~ʲ8�"LBʿ˦μTʿ˦μȤɠʿ
˦:Ćİ;μį˘:͖è��~ʰîɷ͠:60-ʠț��~ʲ5ŸÜ:ιƥ��~ʲ

:΅:š˘΅:ȯ͔8��3Gȅƽƌ;7�0-�ʠț��~ʲ:çɸʿ˦P̭Ð(

L-F8;μçɸƿÊ�Ƴ̛46L5˜�JM-�ͧģ8;μǛ̦ƶʅ˶ɓP̱ż(

L-F:ʅ˶?:Z]dm���Liao and Ruddle, 2006	Hgxu���Z���k�
�Betts et al., 2003	:ŗƍμ�rg͆̐ɨPĊ�-RibiSg�}�u�Hoke et al., 1995	
HĠʂ:¨̛n�~_̈́46LZ�S����PĊ�-ŭé��U�uSg�}�u

�Browning et al., 2005; Joseph et al., 2014; Liao and Ruddle, 2006	:ʅ¡ȴŻH˱ɽʿ˦:
ʠț�Maeda et al., 2018a; Rabson et al., 1982	76�ŔĶ%M3�L�C-μȉȝ̩;�
�~ʲ8�"Lįçɸʿ˦:Ćİ4:ȯ͔46Kμʿ˦ǫ:ͪ��ĦǺ%M7�0-

$5G�ł5˜�JM-� 
 
2.4.3 ΋ɲ 
� ȉʕʤ8;μȧ8͜@L΋ɲ�6L� 
� ʫ�8μȉ�Vh�t�;��~Ƚ˱:�t�4;7��&�&μ˼Ɨʃ8;̐ʰ

Ȕº ��~ʲʠț;μ¦ʬƘ�Jͤ̑&-��~Ƚ˱:ƹ˝8ͫƵ%ML̒ƛ46

L��Vhƨˡ:��~Ƚ˱:�t�5&3;μƠǩű4΄ʀ%M-ιƥͯ8 30Gy
ĜŁ:ǧŻˍɘŻ&- 1ͣ΅ƨ8μıιƥ:ʅ˶Péķƶ8ù΍&μ��~ʰP 10-0
wU��ʸ4 3ͻ˃ʾƨ8μ˸ʧ��~ʲ5ιƥ��~ʲPù΍&μʅ˶8éķƶ:
^�q��4 LI�ιƥù΄ͯ:ʅ˶ːP¡Ɨ:ʭˠ8ˑİņŮ(L5��ǲȳ

�Oashi et al., 2012	Hιƥ:ʅ˶Péķƶ8ù΍&- μιƥ��~ʲPķń:˩ˣˁ
˓PĳF3ù΍&μ˸ ʧ��~ʲ:Āƨ:��~ʰP 10-0wU��ʸ4˃ʾƨ8μ˸
ʧ��~ʲPķń:˩ˣˁ˓PĳF3ù΍&μf�c�f�uPιƥù΄ͯ:ʅ˶΅

8¡Ɨ:ʭˠ5ˑİņŮ(L5��ǧŻˍɘŻPɭ�7�ǲȳ�Iwasaki et al., 2017	�
6L��)M:ǲȳ�Iwasaki et al., 2017; Oashi et al., 2012	G��~Ƚ˱�t�:Ê̘Ǽ
8μιƥ��~ʲ�ù΍%ML-Fμȉ�t�PÊ̘(L$5;¢Ĭ˨46L� 
� ʫ±8μ˼Ɨ8��3;̙ǫÖ:��~ʲPĳE̐ʰȔº ͦΘ̙İˁ˓ʠț5&

3̐ʰȔº ��~ʲʠț�̑OMμvw�GιƥμˮʧμΨ¡76:ʅ¡��~ʲ

�Jʥ˳˳΅˷μŢˈ76:˴˰ì��~ʲC4ȡ�46L�ȉ�t�;μĜ�:�

�~ʲʠț46L-Fμ��~ʲʠț:�t�5&3;μΝƐ8Ĝʼē%M-G:4

6L� 
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� ʫ�8μ̒ƨ 4ͣ5���Ǽɔ4:ʠț��~ʲP̭Ð&-�μʠț��~ʲ:î
ɫP̣ŷ(L-F8;μ̒ƨIK΁ȇ΅˂ͧ&-Ǽȇ8�"ḶŷGƳ̛46L��

qu:̐ʰȔ:7�øĆ��~ʲʠț�t��Ahrendt et al., 2008	8��3μ̒ƨ 2ͣ
4�Ǽʃ8ʖŜ%M-Bʿ˦μTʿ˦ΤŒ�̒ƨ 8ͣ4îɫ&-5%Mμ̒ƨ 8ͣ4
:ʠț��~ʲ:̭ÐGȝ̩(Lƽ˙�6L5˜�JML� 
� ʫŀ8μʠț��~ʲ:HEVP̭Ð(L-F8;μʰ˰Ƞ͡46LHEV:ˁ˓ū
ʃ̣ŷ�ƳΣ5˜�μHEV:ŮͺēPˁ˓h�Uv�J:ɱḁ́Ȑ5&3̑0-�
PNAd8Ÿ(Lçɸˁ˓ēūȕ̅4ȕ̅%M-Šķ100 µm2½ :ʰ˰Ƞ͡PHEV5
&3[V�u&μͧģ:ŔĶ�Lee et al., 2012; Qian et al., 2006	8Ɋ'3μ+:�/ì˰
80 µm2½ :ʰ˰Ƞ͡Pȥ˨ʃ7ǒƞHEV5&3[V�u&-��ȧãʃ7˫ʰȠ
͡:±ȧãùɛ4:̭Ð46Kμ˫ʰ:͒8Ÿ&3ŏʉ7ùɛ57J7�0-˫ʰ:

ΞʣPɉŮ(L 4μ+:Ξʣ̗ȩ:̨ʯ�Qian et al., 2006	Gȝ̵̩Χ46L�C-μ
ì˰ 80 µm2½ :ʰ˰Ƞ͡Pȥ˨ʃ7ǒƞHEV5&3Ů˙&-�μ$M;ʿΜ˫:
ȃŽʉƥ5%ML 10 µm�J̫Ů%M-Ú46L�Qian et al., 2006	��Vhιƥ��
~ʲ8; in vivo̎æΪƯͿ8IḶŷ4μìƥ 15�120 µm:ʿΜ˫�6Kμ+:�
/HEV;Ýʅ̈́ΤŒ8ŪŊ(L_�hV�ìƥ 20 ± 4 µm	�J_�h��ì˰ 42 ± 18 
µm	8øΫ%MLʿΜ˫46L5%M�von Andrian, 1996	μȥ˨ʃHEV:Ů˙8;ȝ
̩:Éŋ�6L� 
� %J8μHEV:ȥ˨̭Ð5&3μ��~ɨ5HEV5:ͬǎʃ̢ĹƶP)KƵĈŪ
Ŋ¡8̣ŷ(L in vitro��~ɨ-HEV˃İSqjU�Butcher et al., 1979; Mebius et al., 
1993; Stamper and Woodruff, 1976; Streeter et al., 1988	HμǧŻƶıÅãʽ4Ȣ̺&-�
�~ɨP�Vh8Μ˫ìǌ£&-ƨ8Ȣʃ��~ʲ:ǧŻˍͺPɉŮ(L in vivo��
~ɨ����`SqjU�Mebius et al., 1991b; Streeter et al., 1988	76Gȝ̩(Lƽ˙
�6L5˜�JML�C-μHEV8ʀɧ(LL�j�_p��\�vøũ PNAd:c
Sn�~_46L glycosylation-dependent cell adhesion molecule 1HCD34μ�I>$M
J:øũ8ĳCMLL�j�_p�:̰̺Ƞ͡fS����h���UhXʷ;Pİǃ
(L�c�h͑ʠʹʽHN�Sjp�`�cd���6�ʗ͵͑ʠʹʽ76:ͭÃũʀɧ
Pȝ̩(L$5�Liao and Ruddle, 2006	GHEV:ȥ˨̭Ð:�ǲȳ46L� 
� ʫ²8μʠț��~ʲ:çɸʿ˦P̭Ð(L-F8;μçɸƿÊ�Ƴ̛46L5˜

�JML�C-μȉ�t�4;ʠț��~ʲ:ˁ˓ūʃ̣ŷ�ƳΣ5˜�μçɸʿ˦

:ŮͺēPˁ˓h�Uv�J:ɱḁ́Ȑ5&3̑0-�ˁ˓ūʃ̣ŷ;4 7!7L

�μ���dUu�u��Pɭ�L$58IKμįçɸʿ˦PCD4ΐƶ��~�Tʿ
˦μCD8ΐƶʿ˦ßŲƶTʿ˦μɑ˦ƶ��~�Tʿ˦76:̯ʿ7d�jquC4
Ůͺē&3̭Ð(L$5�Maeda et al., 2018a	;Ĭ˨46L5˜�JML�  



 64 

3 ˊǓ�I>˃  ̷
 
3.1 ȉʕʤ�JƫJM-Ǳʒ  ̝
� ʫ�ʩ 
� ȼ˴śď˫Ṗ5(Lιƥ��~ʲ˩ˣƚP˸ʧ��~ʲǢöͯ8ʠț(L�
Vh̐ʰȔº ��~ʲʠț�t�Pʘʨ&-� 

� ȉ�t�:̒ƨ 4ͣ8�"L͖è��~ʰîɷ͠ɦ; 64.0%460-� 
� ̒ƨ3ͣ½Ί:ICG̎æ��~ʰ͡ƣ4͖è��~ʰîɷ͠P¯ɉĬ˨460-� 
� ͖è��~ʰîɷ͠:60-ʠț��~ʲ;μ͖ è��~ʰîɷ͠:7�0-ʠ

ț��~ʲIKGȅƽ8˒Ž&-� 
 
� ʫ±ʩ 
� ʠț��~ʲ?:͖è��~ʰîɷ͠:60-ŕİμ̐ ʰȔº ��~ʲʠț:

ǲ�μ̐Ⱥ:7���~ʲʠț8ȯ@μʠț��~ʲ:ˊ HEVǫ8ĝFLǒƞ
HEVǫ:Ćİ�ȅƽ8ε�0-� 

� çɸƿÊPĊ�7�0-ȉ�t�8��3μ��~ʲ8�"L Bʿ˦μTʿ˦μ
Ȥɠʿ˦:Ćİ;μ�)M:˘΅8GȅƽƌP̰F7�0-� 

 
3.2 Ǳʒ̝:ƽ  ̇
� ʫ�ʩ8��3ʘʨ&-�Vh̐ʰȔº ��~ʲʠț�t�;μ�Vh8��3

11&�7�ιƥ��~ʲP˸ʧ��~ʲǢöͯ8ʠț(L$54μʠț��~ʲ:
Ĝʼ7ˁ˓ūʃȯ͔�Ĭ˨46L��Vh;�quIKGǍÈʬ:̮̌�äů&3�

L-Fμ¶ƨ:ʠț��~ʲ:çɸʹ5&3:ȥ˨̥Ȑ8ȅɭ7�t�46L� 
� $MC4μʠț��~ʲ?:��~Ⱥ���~ʲ8�"LHEV:ˇǔ8͸̛46
L$5;ǫš!ŔĶ%M3�L�μʠț��~ʲ?:̐Ⱥ�HEV86:I�8ƣΟ
(L�5��ŔĶ;7�0-�ʫ±ʩ8��3μȥ˨ʃ��~ʹîȠʴ8;μʠț�

�~ʲ��f�X�u:��~ʰ5îɷ͠(L$58Ċ�μʠț��~ʲ?:̐ȺG

��~ʲ:ȥ˨ʃHEVÕǔ:-F8͸̛7̛ʽ46L5˜�JM-�̐ʰȔº �
�~ʲʠț;μȥ˨ʃHEVPÕǔ(L$58IKμʠț��~ʲ:çɸʹ5&3:
ȥ˨:̣ɔ�JGȅɭ46L$5�ʚĻ%M-� 
 
3.3 ¶ƨ:ƃ  ́
� ̐ʰȔº ��~ʲʠț;μŀˡ:��~Ƚ˱8Ÿ(LȲɿ5&3:˼ƗŔĶ�ʊ

ȧ�4�L�μ�C.ŇΓʃ8ȢɊē%M-̒ƛ;7�:�ɧɠ46L� 
� %J8͙Ɣ4;μåţƶ:˫ʰŦơ8Ÿ(L̐ʰȔº ��~ʲʠț:˼ƗƵɭG
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ŔĶ%M-�Roka-Palkovits et al., 2018	�˫ʰŦơ;μƂǆʃ7˫ʰơǃɶƐ8IKɫ
'-åţƶ:ɺŞ46KμɺŞPȠǃ(L˫ʰ:ʢΫ8IKďΜ˫ŦơμΜ˫Ŧơμ

Ȱʿ̐ʰŦơμ��~ʰŦơ�I>+MJ:ɄİŐ˫ʰŦơ8øΫ%ML�Enjolras, 
1997	�ʅ˶:��u�U�Ǯ�Ȱʿ̐ʰŦơ	μΜ˫ɾ�Μ˫Ŧơ	μγ�͐ͯˁ˓:ˢ
Ţ: 3ưPG1ɹƹ5&3ŔĶ%M-Klippel-TrenaunayɻÙ˘�Klippel and Trenaunay, 
1900	;μ56%8��~ʰŦơPİÌ�Maari and Frieden, 2004	&μ��~Ƚ˱Pɫ'L�
C-μKlippel-TrenaunayɻÙ˘: 9�13%;μ̏ʧ˓ɓPİÌ&�Gloviczki et al., 1991; 
Jacob et al., 1998	μƕžȇ�J˔K͚($5Gš��¶ƨμ��~Ƚ˱PİÌ(L˫ʰ
Ŧơ8Ÿ&3Gμçɸʹ5&3:ȥ˨PÌ*G1̐ʰȔº ��~ʲʠț:ͫƵǒŢ

:Ĭ˨ƶ�6L� 
� ȉ�t�Pɭ�3μ̐ʰȔº ��~ʲʠț8�"Lʠț��~ʲ:ȥ˨:̥ȐP

%J8ͤFL$54μȉȲɿȳ:ͫƵH΋ɲ81�3:œʙʃt�n57K�L$5

�¯ƻ%ML� 
 
3.4 ¶ƨ:̵Χ 
� ˼Ɨ8Ğ&-̣ɔ4μʠț��~ʲ?:̐Ⱥ:ĎȒP̥Ǹ(L-F8;μȉ�t�

Pɭ�3μIK΁�̒ƨ̣ŷȇ΅P̫Ů&3μçɸƿÊPĊ�LůβʹPȝ̩(LƳ

̛�6L5˜�JML� 
� %J8͙ƔμŢˈ76:˴˰ì��~ʲPɭ�-̐ʰȔº ��~ʲʠț�Agko et 
al., 2018; Ciudad et al., 2017	8��3μIKε�çɸ˨�ȇƦ%M3�Kμ+:ďɜ�
t�:ȝ̩�I>ȉ�t�5:ȯ͔Gȅɭ46L5˜�JML� 
� ȉ�t�;μ�u5ɶ7Kμ��~Ⱥ5&3˸ʧ��~ʲ: Ⱥ4;7�ιƥ��

~ʲP˸ʧ8ʠț(L-Fμ˸ʧ��~ʲ: Ⱥ:��~ȺPʉǛʃ8ΔŲ&7��

+&3μȉ�t�Pɭ�3μıʢʠțĬ˨7B16F10��{��ʿ˦ȗPɭ�-˱ɽ
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