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Anti-cancer facility by nano-particle using supramolecular complex by

DEAE-dextran-MMA graft copolymer/paclitxel as an artificial enzyme

Yasuhiko Onishi,Yuki Eshita, Rui-Cheng Ji,Takashi Kobayashi, Masayasu Onishi,

Masaaki Mizuno, Jun Yoshida, Yuichi Ishikawa, and Naoji Kubota

The supramolecular complex by DDMC/PTX which paclitxel (PTX) as guest is included to DEAE-dextran-

MMA copolymer (DDMC) as host formed a nano-particle of 50-300 nm size. It was very useful as DDS for anti-

cancer because of a stable polymeric micelle in vivo. MDR (multi-drug resistance) of melanoma cells B16F10 to PTX

has been clearly shown in survival maximal curve. However, DDMC/PTX complex showed a superior anti-cancer

efficacy following the Michaelis-Menthene kinetic, which may promote to tublin polymerization by allosteric reaction

like enzyme reaction. It was also confirmed that the DDMC/PTX complex shows a very superior anti-cancer activity to

PTX alone in mouse skin. The MST (median survival time) of DDMC/PTX groups [328 hours(T/C, 2.73)] was twice

as long as PTX of 176 hours(T/C, 1.46)(px 0.03). DDMC/PTX complex will be considered to be not degraded in cells,

and represents the efficacy as supramolecular intact different from other prodrug of PTX.

Key words: supramolecular complex, paclitxel, cancer cells, DEAE-dextran-MMA graft copolymer, MDR, artificial

enzyme
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0 3hacb DDMC b ß æ�è�ê�å�ñ547�5687Ìê
(transfection)

v ßhz7| ë)9 á b � HEK293 lqm ë�pq�Ü;: �±µ��±µ�<�= � x5� �?>
-galactosidase

<�= � ë
@*A î Ü æ è+ê+å�ñ�4��B6C7 ê ßEDBFyx e DDMC

÷ Ë
èñ æ v

130%a ßEG�â)H »(I u%J %� Û�Ü 11)Ý;°+ß
K%L%M ß u%J e DNaseN%O%P p ß)Q%Rfx�Sq¿yx%T � ÝU;V
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Fig. 1: HEK293lEm%npoEq*r DEAE-dextran sutEv)wyx{z 0|2}%~
DDMC s�t�v2w�x�z 130%

}5~�� x�v2���2w��2�E���
��� DEAE-dextran�B�E��� 1 � 10mg/mL� DDMC �*�2�
� 2 � 10 mg/mL� DDMC �B�E��� 3 � 20 mg/mL, DDMC
�B�)�p����� 28.6 mg/mL�

Fig. 2: DNA
~p�*�%� n)�%�,�p�(r DDMC/DNA

�)�
��� �( E¡)¢(�(£)¤E¥%¦ (DNase) §*¨%�)©*�(�%�)�(ª«

4ml ¬2�¨®�°¯�r DNase (RQ1 RNase-Free DNase,
Promega)

�
10 ± g

~
10x ²�³�´ ( µ·¶¸¶¸¹2º%»½¼¸¾À¿�ÁÂ�ÃÅÄÀÆÈÇ ¶É¶Ê¹2º�º5ËÍÌÏÎ�Ð ÆÑÇ ¶¸¹Òº Ã�ÓÍÃÅÄÕÔÉÆ×ÖØÂ2Ù ) � 0.1ml Ú 37Û�Ü � �)ÝpÞ ¥ßx�àár���§�â DNA ªYx[� Ü%ã �áä5¬�å�æ

633nm
�pçEè Úpé)ê��
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c � �
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ð�ò%ô ��<�@ # � 4 ë�ACB�D �FE � :HG ���JI�K �J���üCLNM � # DDMC OFP  CQSR�TVU � DNA WHX�YVZ[S\ :�>^]�_a`cb�dfe ,�g�h�i�j G�>lk�m # ����n�op �!qsr � o!���  �tvu!w�x � # DDMC /DNA
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3. DDMC/PTX ¯±° ²´³ µ´¶ ·±¸º¹»½¼¿¾ ÀÂÁÄÃºÅ ÆÈÇ

3.1. DDMC/PTX ÉËÊÍÌËÎËÏËÐÒÑÔÓÍÊËÕÖ
DSC Ê×ÕÈØ

Fig. 3 # DDMC/ PTX
¤  ÙQÙÚ § Y.ÛÙÜ PTX O

DSC Ý B�Þ�� iàß « q ¡ 4 ��á o!â 1
ã

DDMC /åä �æ eèç 102 é!0 > 2
ã

DDMC/PTX Ú § Y / DDMC 9.6

mg/PTX 0.385 mg0 > 3
ã

DDMC/PTX Ú § Y / DDMC

9.6 mg/PTX 0.709 mg0 > 4
ã

PTX
��*�ê q

4
ã o #!ë�ìD � w�í Oïîñð�O�òHóïôJ,N+�õ�ö�ðNO { ó÷ôJ,�+�W *ê

(Table 1)22)q

Fig. 3: DDMC/PTX ø�ù�ú�û�ü�ý�þCÿ�����������	�
�
PTX����lù�� (DSC ù�� ) � 1

�
DDMC� 2

�
DDMC/PTX ûü!ý (DDMC 9.6mg/PTX 0.385mg)� 3

�
DDMC/PTX û!ü!ý

(DDMC 9.6mg/PTX 0.709mg)� 4
�

PTX�

I bv_��6U o ò�� r�� :!G ê�� �%� �$O�� � / 94.9� 0 II �ï+ �"!�# T�U�$ ��%�& 4(' O���� / 171.8� 0 III � +)�*!+# TÙU O-,/. / 220.8
� 0(0 Hm 1

 

平成26年2月 大分大学工学部研究報告　第61号 －　19　－ 



20.6mJ/mg IV2434546 / 236
� 0 q k47 â 2

ã ;s¢ Ü 3
ã

O DDMC/PTX Ú § Y o�8!â49/: h�;!, U i PTX <=�>�?4@4A \ :6G ê o @ 4%4   ' } â G%} � @ 220.8� O�,�. o ��B « ê ò�óïôJ,�+�W | � � 4�CED qvM OM õ 4�' â DDMC/PTX Ú § Y�F o�8�â PTX WHGJI�KL U >4M h e 24N \ :6G ê @ O�õ I�K ' � ê q

3.2. DDMC/PTX ÉÂÊ ÌÂÎÂÏsÐÈÑPORQTSVUTWX)Y[Z]\

Fig. 4(a)
8

DDMC / ä � æ e ç 102%0 > PTX >?;÷¢
Ü DDMC/PTX Ú § Y�O�^E_a`cbedgfhfifkj�blfhfimon-prqtsvu�w
O"x x ò�y�h�z�+ ecU > * <?> Fig. 4(b)

8�L��|{�� O
X-H }4~/���4��� > *�ê ^/_���d��h��f�j���d��i��fimon-prq�u
w�O�x x ò�y�h�z$+ eèU > *�ê q PTX

8 ��d���fhfimonEp�q� u o Þ�� ��O�ò�y�W * <�> DDMC Û�Ü DDMC/PTXÚ § Y 8 ��dtblfhfimon-prq � u o�� �
, ` �!� '�Þ § \ D
N-H
â

O-H
â

NH-O O�}�~4�4� o ¢ ê ò�y�W��4� r��ê q÷r ' o�� D
DDMC/PTX Ú § Y > 8 >FÞ|� ��O�ò

y�W��4� \ > N-H
â

O-H O�ò�y�W�P ]���U�� ,�� o gæ e \ :�G ê q�M���8 > PTX O Þ�� ��W�õ � ê õCõ @o
DDMC õ Ú § Y�i6Z [s\ > L�� ' O Ú § Y�W ¤ 2QE��� § \ :HG ê ¬ iHßE� \ :F;a< â PTX O Þ § \ D

DDMC
8�L�� W Þ § \ :!G � G/��� ¢$<6@�]v_ e �

ô?,NW� �¡ \ :^G ê õ INK ' � / ]N_ ! U ô�,£¢ ]N_ e
�2ô�,-¤E¥E¦C0 >¨§ [÷\ D Ú § Y 8 ]N_ e �Vô ,-© � o¢�< ¤ 2 Q h e KHh o�ª \ :�« 2 o�¬� > *�ê ¬ W�
® r®� ê 21)q�M®� ' O ¬|8CL"�|{H��oF¤ 2 QND"¯ Y ���° A W�± ��:�G ê D�² > *�ê õ I�K ' � ê q \ 4 êo�L OHP ]4��U�� ,���³�O�g æ e 8 DDMC/PTX Ú §
Y >H´+µ�> *Cê q%M O M õ^W > DDMC/PTX Ú § YNW �¶�· õ \ D ¯ Y ��� ³�¸ <k¹ �H� :�G � u O�º�»�¼ o
� C :�; <?> L���o�8 PTX O"½�¾�¿ïõ DDMC O"À A
� '�Á @ m 2ïõHOH��� Þ § @ �C� \ :HG ê @ O�õ I�K' � ê q

Fig. 4(a)
8�� D

DDMC
o ;%G�: ��d�fhfhfimonEp�q� u o C-H OÂ}�~���� o ¢ ê ò�yvi!ß « W âsM O�2Q|Ã ��Ä 1�3 W�± M���Å ^�_�g æ e W�± M ê DE² â ò

y�Æ _ ` 8 k�Ç�D o�� �J, ` �HZïõH� ê qvM O�2 Q|Ã
��Ä 1%3 o ¢ ê �%� D ��ÈJÉ�Ê 8 > L O DDMC/PTXÚ § Y > 8 ¢�< � ��Ë ` ��ò�yïõ�� C :FG ê ¬ 4|' @
º�Ý r�� ê q w�¡ O M õ ¢�< Fig. 4(a)> Fig. 4(b)

8�¤

Table 1: DSCÌ�Í"Î PTX ÐÏ"��ÑÓÒ���ÔÖÕ��|ÑÓÒ��
Ï��|ÑkÒ�� T(I) � T(II) � T(III) ÔÓÕ��|ÑÓÒ�� (IV) �

T(I) T(II) 0 H(II) T(III) 0 H(III) T(IV)� �
mJ/mg

�
mJ/mg

�
94.9 171.8 9.605 220.8 20.6056 236

Fig. 4: DDMC/PTX ø!ùàúàû!üàý�*×ÂØ�ÏÂÙ�Ú*Û/�VÜÝ
��
(a) ÞH×-Øàßàáãâåäiætçèçéç�ê|äëçèçèìgí�îðï�ñò� (b)X-H ó-ôàõEöàß
á�� 1
�

DDMC � 2
�

DDMC/PTX ûFü�ý � DDMC 9.6mg/PTX
0.385mg� � 3

�
DDMC/PTX ûCü�ý � DDMC 9.6mg/PTX

0.709mg�è� 4
�

PTX�
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Fig. 5: DDMC/PTX ûFü6ý��÷�ø�ù"ùJÔÓú�Ò���û�ü�� (a) ÷
øFù�ù (b)�ýú"Ò��ÐûHü��
2 Q Z [ O�þ�O DDMC/PTX Ú § Y�O ��� ����� Þ §
O�ÿ���i6ß \�� G ê q

3.3. ���ÂÊ��	��
�����	���
K�Ë�����N�� � GVI�� Q 3������ nano Partica SZ-

100 g(� Ë ��! o ¢ " DDMC/PTX Ú § Y�O���#42%$
õ'&4Ë�!)(%*�Ý%+-, D). � D DDMC/PTX Ú%/10 2 �3 4�5�6�7�8 , ��9%: (�; > �4�-, D�.

Fig. 5(a)< Fig. 5(b) 2>=@?BA �C#EDF$@G 200-300 nm<
&ÂË>HI(F* [ (KJCLCMF�FNE�FOP�RQTSE�VUXWZYF[ISFOE! ]

GF\E] "_^@`ba +36 mV cCd a>eFf�g)h . Fig. 6 2 SEMi1j e G%\%]lk ^>` ]nm%op]nq1r 3psnt%ulvxw <Iy /
,�zFr�{ 500 nm e�f�| s <�r�{ 200-300 nm }�~���p� Q'�%� 2n^ ` v e%f1gEh . ,n\ ,)] s dx�E�l, h
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Fig. 7: �*�2�|�2�2�2� B16F10 ·&�-�$�=�&�-�& -¡*¢£¥¤ ¹��^�^�\�-�¦ ]¡
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�2S*µ / K)Þ s Ø ³ v'w h�f Õ e%f k[Z �1� e G PTX¶2·P¸ �èÞ z-Z[7 ¶-· e G PTX
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� ¡��*¹ ¸�º ¡ p|�»�¼ 4�q*r Õ�½ 4 Ë �@Ì îÍ¿nñ }
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Fig. 8: A8BDCFEHGHIDJ B16F10 KFLNMFOQPSR DDMC-T:UWVXHY[Z�\ P PTX]H^H_�`:a,T�U:V X8Y,Z�\ ]cb DDMC-T�UV X�YdZ�\ P DDMC/PTX]8^�_�`eK MTT (WST8) f�g�hiFj�k
48 l�m,b
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Fig. 14: PTX ¨ ( ñ )
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Fig. 15: DDMC/PTX ¸�¹�º�»�¼�½%¾À¿�Á%Â�Ã
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