
'  � �

� � 4 � � 5 � � 0 �



 

 

 

 

 

Kupffer cells decrease metastasis of 

colon cancer cells to the liver  

in the early stage 
	

 

 

 

 

 

 

 

 

2015 
 

 



 i 

 
I         1 

 

II         

(1)        4 

(2)        4 

(3)       4 

(4)      5 

(5)      6 

(6)    6 

(7)    7 

(8)      7 

(9)    9 

(10)       9 

(11)       10 

(12)   10 

 

III          

      12 

	      12 

	 Cl2MDP    12 

	 Cl2MDP   13 

      14 

 −    14 

 −   

         14 

 −

         15 



 ii 

 −     16 

 

      16 

 

IV  

(1)    18 

(2)     19 

(3)  20 

(4)     21 

(5)      22 

 

V         25 

 

        54 

 

        55 

 

         



 iii 

 
 

1      26 

2       27 

1      28 

3       29 

4       30 

5       31 

2  

    32 

6      33 

7      34 

8        35 

9  36 

10      37 

11      38 

12  

        39 

13   40 

14  Cl2MDP   41 

15  Cl2MDP   42 



 iv 

16       43 

17      44 

18       45 

19     46 

20  TNF-α      47 

21  IL-1β      48 

22  

       49 

23   51 

24        52 

25  

       53 

 

  



 I 

ɞŨƓɆ�  
ǭ� � � Ǫˆ 

� ýȭǧȢɫǼ-�ɀƹ�+ɼʢ� ȬǥȎȦ�ȢʵƱ³Ǭ+ŜǱ��ʵƱû

0Ʒǃ{øƠ�<�('ǨǗ�<(Ȟ:=&�<�ȢʵƱ@ƔŅ�<ȎȦ,

}$'
<N\d|ȎȦ@ʚÏ�<(ȢɫǼ�øÃ� (õÞ�= �}ū'

N\d|ȎȦ�ţ¸�<RE_JEy�ȢʵƱ³Ǭ0,ȬǥȎȦ,ŜǱ{Ʒ

ǃ{øƠ@�ɻ�<(��õÞ7
<�ɫǼ@ĬŅ�<+-ɀ�@ĵǖ�<Ȭ

ǥȎȦ�ʵƱ³+ŜǱ�<�(�Ĺʮ(*<�N\d|ȎȦ�ȬǥȎȦ+�

<ĭʫ@ű:�(�<+-�in vivo+��&��ȎȦ@Ɖȷ�ʵƱ³@ȬǥȎ

Ȧ�ĵǖ�&�<ǎƫ�'Ɍč�<ĹɆ�
<�ɾÏ,Ċʸ'-êĉƖſ+9

<ȐșĆǪɕ���ĸ'
# �ſǴǿ'-�Ǘ�ȿʴĶʑʿIVMˀ@Ǚ�

&N\d|ȎȦ(ȬǥȎȦ,ÄŁ@ɍƅ�<�(+9;�ȢɫǼůŽ+��&

N\d|ȎȦ�ȬǥȎȦ+�<ĭʫ@ű:�(�<�(@ǭǪ(� � 

Ďɡ(ūƭˆ 

� Fischer 344ʿ F344 ʟˀt\_+t\_ýȭǧȎȦƌ'
< RCN-H4 5x106 ¡

@ʰÄȨ�:Ŏ��<ȢɫǼs^v@Ǚ� �N\d|ȎȦ,ʚÏ+-�

Cl2MDPunX|q@ēʨȨ�:Ŏ��<ūƭ@Ǚ� �Qy_x|vȜʿ KC+

Ȝˀ(N\d|ȎȦʚÏȜʿKC-Ȝˀ, 2Ȝ@ɒĉ� ʿØȜ n=6 �ˀ�ĚßÝ

ȆǕ�'ʔȮİ�Ȣȹ,}ʅ@ȩɫ�ǌƟ*U]|T+êĉ��IVM@Ǚ�&

ȢʵƱ³ÄŁ@uCvYEq+Ɍč� �ȬǥȎȦ- Rhodamine 6G'Ɖȷ�

 7,@Ǚ��N\d|ȎȦ-ȿȷȌď¯unX|q@ɢʶ��<�('Ɖ



 II 

ȷ@Ɂ# �Úʅ�,�ȎȦ@ IVM,gDvY|@º;Ÿ<�('É¼� �

oUǭ+Ǡ×@Ŗ# ǌƟ*UtE`KtU@�Ǚ�<�('�Ú}ʅ�@ȑ

ŴǪ+Ɍč�<��Ôȧ(*;�µǓĻ@ő�� �Ɍč-ȬǥȎȦŎ� 20 ¹

İ�: 360 ¹İ4'Ɂ��ʵƱ³ŜǱȬǥȎȦŧ@ɕ�� �4 �N\d|

ȎȦƲĻÆ,ɕ�(�&Ȣ³RE_JEyʿTNF-α�IL-1βˀ,ƿĉ@Ɂ# �

ŜǱȬǥȎȦŧ,Ĝ��,İ,ɫǼĬŅ+),9�*ĭʫ@�<�ű:�+

�< 6�N\d|ȎȦ@ʚÏ�<YEpyO@ȬǥȎȦŎ� 2Ů¿�: 7Ů

İ, 5Ȝ+¹��ȬǥȎȦŎ� 14Ůİ+Ȣȱ@ş¸�&Ȣºǉ@�Ņ��=�

= 10ºǉ,ɫǼȒȇŧ@ɏƿ� � 

Ȓ� � � Ƈˆ 

� ȬǥȎȦ@ȑʓȨǪ+Ŏ��<(�ȢʵƱ'Ȭǥ÷Ƌ@ĬŅ�ʵƱ³ǬȎ

Ȧ{N\d|ȎȦ(ŜǱ�<ȬǥȎȦ@Ɍč�<�-èʣ'
# �ȬǥȎȦ

@ȑʰÄȨǪ+Ŏ��<(�Ŏ�ʔĀˁ¹ 30ǻİ9;ȢʵƱ@Ƴ=<ȬǥȎȦ

@ə6 �ʵƱ³ǬȎȦ(N\d|ȎȦ+ŜǱ�<ȬǥȎȦ@ə6�ŜǱ� 

ȬǥȎȦ-Ŵʕȑɾ((7+ŜǱ�ɍʚ�= �KC-Ȝ+��&ʵƱƔɸ,ǡġ�

ʵƱ³Ǭ,ǡġ-ə6*�# �ȬǥȎȦŎ� 20¹İ�: 120¹İ4'-�

KC+Ȝ( KC-Ȝ,�Ȝʕ'ʵƱ³ŜǱȬǥȎȦŧ+Ĝ@ə6*�# �ȬǥȎ

ȦŎ� 360¹İ'-KC+Ȝ(Ƥɭ�&KC-Ȝ,ʵƱ³ŜǱȬǥȎȦŧ-ŻĿ+

ü�# �4 �KC+Ȝ+��& 74ʾ,ȬǥȎȦ�N\d|ȎȦ(ŜǱ�&�

 �N\d|ȎȦ(ŜǱ� ȬǥȎȦ@ʤĂʴĶʑ'ɕ�� (�>�ȬǥȎ

Ȧ-N\d|ȎȦ+ɢʶ�=&� �ȢȐș�,RE_JEy-�KC-Ȝ(Ƥɭ

�& KC+Ȝ-ŻĿ+ʺ£'
;�N\d|ȎȦ�ƲĻÆ�=&� �4 �Ȭ



 III 

ǥȎȦŎ� 14Ůİ,ȢɫǼȒȇę-�N\d|ȎȦ@ʚÏ�*�# Ȝ�9/

ȬǥȎȦ@Ŏ�� İ+N\d|ȎȦ@ʚÏ� Ȝ(Ƥɭ�&�ȬǥȎȦŎ�

¿+N\d|ȎȦ@ʚÏ� Ȝ'-Ⱥű+øÃ�&� � 

Ȟ� � � čˆ 

� ſǴǿ-�ȢɫǼĬŅ,ůŽ+��&N\d|ȎȦ�ȬǥȎȦ+�<ĭʫ

@ű:�+�< 6�ȢɫǼůŽ,U]\i'
<ȢʵƱ+��<ȬǥȎȦ,

ŜǱ+Ưǭ��IVM @Ǚ�&uCvYEq+Ɍč� �ýȭǧȢɫǼ'-ȑʓ

ȨǪ+Ȣȱ0ȬǥȎȦ�½ɿ�<�(�ǳ:=&�<�ȑʓȨǪ+ȬǥȎȦ@

Ŏ��<s^v'-�ČŲ+Ȭǥ÷Ƌ@ĬŅ��ȬǥȎȦ,ŜǱ@ɕ��<�

(-èʣ'
# ��, 6�ŭõ@ÐȞ+� ~'�ʰÄȨ�:ȬǥȎȦ,

Ŏ�@Ɂ�ȢɫǼs^v(� �Ŏ�� ȬǥȎȦ,}ʅ-�ʵƱ³ǬȎȦ(

N\d|ȎȦ+ŜǱ��ʤĂʴĶʑ'Ɍč� (�>N\d|ȎȦ(ŜǱ� 

ȬǥȎȦ-N\d|ȎȦ+ɢʶ�=&� �ʵƱ³ŜǱȬǥȎȦŧ-N\d|

ȎȦ@ʚÏ�<(ŻĿ+øÃ��N\d|ȎȦ,ɢʶ+9#&ʵƱ³ŜǱȬǥ

ȎȦŧ�ƽĒ� (Ǹâ�= �4 �ȢɫǼůŽ+��<ʵƱ³ŜǱȬǥȎ

Ȧŧ,Ĝ-�,İ,ȢɫǼȒȇĬŅ(ƺ�ʖ��
<(Ȟ:= ��*?"�

N\d|ȎȦ�ȢɫǼō¾+ª�ʋɆ*YEpyO-�ĵǖȬǥȎȦ�Ȣȱ+

½ɿ�<Ŵ'
<�(�Ǹâ�=<�N\d|ȎȦ,ȬǥȎȦɢʶ(N\d|

ȎȦ,ƲĻÆ+-ǯʖĻ�
<(,ŭõ�
<��ſǴǿ+��&7ȬǥȎȦ

Ŏ� 6 Ŵʕİ+N\d|ȎȦ,ƲĻÆ@ə6 �}ū'�N\d|ȎȦʖɹR

E_JEy+9#&ŜǱ¹Ă- 6Ŵʕİ�: 48Ŵʕİ+ǨǓ�øÃ�<(õÞ

�=&�<��ſǴǿ+��&-ʵƱ³ŜǱȬǥȎȦŧ,øÃ-ə6*�# �



 IV 

ýȭǧ+Ď�&ŉɂ@Ɂ�(�ŉɂš�'ȬǥȎȦ�ɀ�+ɼʢ��ɀƹ�+

ĵǖȬǥȎȦ�ə6:=<�ĵǖȬǥȎȦ-ȢɫǼµǨ,çĂ(õÞ�=&�

<�ſǴǿ,ȳĤĺǙ@Ȟł�<(�N\d|ȎȦ,ɢʶƙȧ@Ɯ+¾Ĵ�<

�(+9;�ýȭǧɂİȢɫǼµǨ@�ʗ�<Ū *ƪǦƭ+Ȓ/$�ÔȧĻ

�
<��æ,Ǵǿ+��<ɜʳ(�&-�Cl2MDP unX|q'N\d|Ȏ

Ȧ@ʚÏ� ǆ(��Ǚ� ȎȦƌ� 1 Ǿʵ,5'
# ǆ�ŕ�:=<�

Cl2MDP unX|q-ȢʵƱƔɸ+ĭʫ@���ʵƱ³Ǭ+7ĭʫ@�*

�# ����*�:�Cl2MDP unX|q-N\d|ȎȦ!�'-*�°ɪ

,oNxgB|T@ʚÏ�<�(�õÞ�=&�<�°&,oNxgB|T@

ʚÏ�<�(�ĵǖȬǥȎȦŧ+�<ĭʫ+ʖ�&-ĉʍÆ'�&�*��

IVM Ɍč+��&�ĵǖȬǥȎȦŧ-ɊɋǪ+�Ȝʕ'Ĝ@ə6*�# ��

�Ȝʕ,ĵǖȬǥȎȦŧ@ĉʍÆ�<ĹɆ�
<�4 �ſǴǿ'-ȎȦƌ@ 1

Ǿʵ��Ǚ�&�*���æ,ȒƇ��ȎȦƌǌŻ,Ǔɡ'
<,��ŵɽǪ

*Ǔɡ�@ű:�(�< 6�ǡ*<ȎȦƌ@Ǚ� s^v',ƒɔ�ĹɆ(

Ȟ:= � 

Ȓ� � � ɞˆ 

� ſǴǿ'-�IVM +9;ȬǥȎȦ(N\d|ȎȦ(,ŜǱ@uCvYEq'

Ɍč�<�(�¸ƃ �ȬǥȎȦ-N\d|ȎȦ(ŜǱ���,İȬǥȎȦ-

ɢʶ�= �N\d|ȎȦ@ʚÏ�<�('ŜǱȬǥȎȦŧ{ɫǼȒȇŧ-ø

Ã� ��æ,Ǵǿ'-�N\d|ȎȦ-ȬǥȎȦ,ȢɫǼůŽixWU@ō

¾�<��ű:�(*# � 

  



 1 

I  
 

( 1)

2015

1

23 29%

(1, 2)

(3-6) 77% 5 0

5% (7-13)( 2)

(2, 

14-19)( 1)

(20-24)  

(25)( 3)

( 4) 1993

(26)



 2 

(27-36)

(25, 35, 37-50)

CEA

Fas

VEGF

 

in vivo

( 5)

(51-59)



 3 

in vivo

(27, 35, 43, 44, 60)( 2)  

(61-66)
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II  

 
1  

Fischer 344 F344 200 250 g CLEA Japan, Inc., Tokyo, 

Japan

 

 

2  

RCN-H4 Riken Cell Bank, Tsukuba, Japan

RCN-H4 F344

(67, 68) 10% FBS G 100 U/ml

100 g/ml RPMI-1640 37

CO2 5% 95%  

 

3  

(52, 54, 55, 57)

PE-10, 0.28 / 0.61 mm  / ; Becton Dickinson, 



 5 

Sparks, MD RCN-H4 1x106 

PE-50, 0.58 / 0.96 mm  / ; 

Becton Dickinson, Sparks, MD RCN-H4 5x106 

 

 

4  

Cl2MDP Van Rooijen

(69) 86 mg

(Sigma-Aldrich Japan, Tokyo, Japan) 8 mg

(Sigma-Aldrich Japan) 10 ml 37

rotary evaporator (Eyela N1000-S, Tokyo Rikakikai, Tokyo, Japan) 

10 ml PBS 2 g

dichloromethylenediphosphonic acid disodium salt Cl2MDP

(Sigma-Aldrich, Japan) 2

5 µm (Millex-SV, Millipore, Billerica)

3000 rpm 15 4 PBS 10 ml

3000 rpm 15 4 PBS 4 ml

4 µm

(70) Cl2MDP 20 mg

0.017 mol/L (71) Cl2MDP

1 ml/body Cl2MDP

24 3



 6 

8 (72)  

 

5  

KC+ ; n=6 KC- ; 

n=6 2 6 KC+ 48

PBS 1 ml/body KC-

48 Cl2MDP 1 ml/body  

 

6  

(73)

(74)

2-(12-(7-nitrobenz-2-oxa 1,3-diazol-4-yl) amino) 

dodecanoyl-1-hexadecanoyl-sn-glycero-3-phosphocholine 

(NBD-C12-HPC; Molecular Probes, Eugene, OR, USA) 86 mg

(Sigma-Aldrich Japan, Tokyo, Japan) 8 mg

(Sigma-Aldrich Japan) 10 ml

37 rotary evaporator (Eyela N1000-S, Tokyo Rikakikai, 

Tokyo, Japan) 10 ml PBS

10 mg NBD-C12-HPC (Molecular Probes, Eugene, OR, USA)

2 5 µm (Millex-SV, 

Millipore, Billerica) 3000 rpm 15 4



 7 

PBS 10 ml 3000 rpm 15 4

PBS 4 ml

(73)

(73) 80 4 ml/kg

 

 

7  

RCN-H4 PBS

Rhodamine 6G (10-7 M; Sigma-Aldrich Japan, Tokyo, 

Japan) RPMI-1640 60

90%

PBS 5x106 /ml

PBS  

 

8  



 8 

(74)( 7) 50 mg/kg

(MK-V100; Muromachi Kikai Co. 

Ltd, Tokyo, Japan)

37

PE-50; Becton Dickinson, Sparks, MD

(Olympus Corporation, Tokyo, Japan) 

(75) ( 8)

(5 x 106 ) 60 (55)

1 30

100 W

(BX 30 FLA-SP; Olympus, Tokyo, 

Japan) CCD (DVC-0; DVC, Austin, TX, 

USA) (GV-HD 700/1; Sony, Tokyo, 

Japan) (10 x 0.3 – 20 

x 0.7; Olympus Corporation) x 325 – x 650
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10

20 40 60 120 360

1 30

10  

 

9  

i

20 0.2 mm2

1  

ii

iii  

 

10  

6 tumor necrosis factor (TNF)-α

interleukin (IL)-1β

6

RPMI-1640 50 ml 1% CHAPS Lysis Buffer 500 µl

9

2000 g 25 3 -20

TNF-α IL-1β 

enzyme-linked immunosorbent assay ELISA   (R&D Systems, 



 10 

Minneapolis, MN, USA)  

 

11  

2

1 mm3 2.5%

Ultracut S microtome Leica Aktien-gesellschaft, Vienna, 

Austria

H-7000 Hitachi, Tokyo, Japan

 

 

12  

5 n=6

( 9)  

i KC+ 2 PBS

 

ii 2 KC-

2 Cl2MDP  



 11 

iii 1 KC1D-

1 Cl2MDP

iv 3 KC3D-

3 Cl2MDP

v 7 KC7D-

7 Cl2MDP

5x106 RCN-H4

10%

10 4 µm
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III  

 
 

 

	  

10

11

1 30

 

 

	 Cl2MDP  

Cl2MDP

Cl2MDP 2

12 Cl2MDP
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13

Cl2MDP 2

Cl2MDP

 

 

	 Cl2MDP  

Cl2MDP

PBS Cl2MDP 2

14

80

KC+ KC-

KC+ 32.3±0.7 

/ KC-  0.7±0.1 / KC- <0.001

15  

 

 

 



 14 

 

 

	  

16

  

 

−  

2

17



 15 

 

  

	  

18

KC+ 20 40

60 120 360 3.75±0.24

2.23±0.16 2.19±0.14 2.08±0.13 1.03±0.1 /

KC-

20 40 60 120 360

3.29±0.20 2.52±0.20 2.33±0.24 2.19±0.25 1.55±0.14 

/ KC-

20 120 KC+ KC-

360 KC+ KC-

KC+

19

20 360 18.6±2.5% 43.6±4.8% 47.5±4.8%

54±4.7% 74.4±5.2%

 



 16 

 

−   

TNF-α IL-1β 20 21

KC+

360 TNF-α 16.4±5.2 53.7±2.81 pg/ g liver 

P<0.05 IL-1β 2700±223 3990±262 pg/ g liver

KC- TNF-α

9.9±6.25 8.5±2.07 pg/ g liver

IL-1β 223±39.5 280±76.6 pg/ g liver

KC+ KC- TNF-α

IL-1β KC+ (P<0.05)  

 

 

 

360

KC+

2 KC- 1

KC1D- 3

KC3D- 7



 17 

KC7D- 5

5 2

22

500 1000 µm

KC-

23

zone1 area

24 KC+ KC- KC1D-

KC3D- KC7D- 0.15±0.04 57.6±4.4 3.9±0.4

0.19±0.04 0.19±0.05 /

KC1D- KC7D- KC-

(p<0.05)  
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IV  
(1)  

1998

2003

(35, 51, 53, 76-80) 2003 Haier

Sprague-Dawley HT29

CC531 in vivo

(52)

(54, 55, 57)

single cell

 



 19 

 

(2)   

(25)  

in vivo 

25

KC+

in vitro

(81)

(33)  



 20 

KC+

KC- 360

 

 

(3)  

 

(26)

(82)

Nishizaki VX-2 in 

vivo

(20) Ito



 21 

(21)

2 3

5 (22, 23)

disease-free survival (24)

(23) 24

(23, 83, 84)

 

 

(4)   

(33)

(85-87) TNF-α

 IL1-β KC+ TNF-α IL1-β

in vivo

CX-1 (43) in vitro

CX-1 H-59 (44)

AH130 

OK432



 22 

(88)

T

Mise AH130 in vitro

OK432 TNF

(89)

(88)

TNF-α IL-1

(44, 47, 90) E

P 6 12

ICAM-1 VCAM-1 24-48

(45, 90) 6

KC+

ICAM-1 VCAM-1

24 48

 

 

(5)   

Cl2MDP

1



 23 

Cl2MDP 1989

van Rooijen (69) Bogers Cl2MDP

1 2

6 8

(72) Cl2MDP

Cl2MDP

(71)

Cl2MDP

Cl2MDP

Cl2MDP

Cl2MDP
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1
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V  
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1  

 

23 29%

 

本邦におけるがん部位別罹患率の推移 

（年） 

人口10万対 

（人） 

国立がん研究センターがん対策情報センター 

0		

20		

40		

60		

80		

100		

120		

1975	 1985	 1995	 2005	 2015	

胃癌 

肺癌 

肝臓癌 

大腸癌 

大腸癌肝転移 
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2  

23% 30 48%

77 5

0 5  

  

  

大腸癌肝転移の77%が切除不可能.  

切除可能 

切除不能 

５年生存率 
30～48% 

５年生存率 
0～5% 
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1 (16)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

�
 �
� 5����	(%) ���(%) �	���(%) 

Scheele	J,	et	al. 226 38 61 43 
Doci	R,	et	al 107 30 69 41 
Rosen	et	al 280 25 - - 

Sugihara	K,	et	al. 159 48 60 32 

Gayowski	TJ,	et	al 204 32 72 - 
Fong	Y,	et	al 456 38 52 25 
Rees	M,	et	al. 107 37 69 38 
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3  
 

 

接着 侵入 増殖 肝転移形成 

肝転移の最初のステップは「接着」である. 

肝転移形成のステップ 
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4  
 

 

  

類洞内皮細胞 

肝細胞 

クッパー細胞 

肝星細胞 

類洞 

クッパー細胞 

腫瘍細胞 

腫瘍細胞 

肝類洞内を流れる腫瘍細胞 

,	 	 .	
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5  

in vivo

 

  

  

TC 

	

	

KC 
TC 

KC 
TC 

KC 

TC 

TC 
	

	 	

KC 
TC 

	

	
	

	
	 	

TC 	
	 	

in vivo でクッパー細胞と腫瘍細胞を染色し, 腫瘍細胞が類洞内を循環している 
状況下で観察することで明らかとなる.  
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2
 

 
 

  

       

Bayon	LG	

(Hepatology	1996) 
Wag/Rij	

rats  
1x106

 
	

 
2days . 

Anirudha	G		

(Clin.	Exp	Metastasis	

2001) 

In	vitro - - - - CEA

	 . 

Higashi	

(Clin.	Exp	Metastasis	

2002) 

C57BL/6	

mice 
 1x106 	

 
7days .	

 

Sturm	JW	

(IJC	2003) 
Balb/c	

mice 
 3x105

 
	

IVM	

 

0,	1,	4,	8	days TNF-α

. 

KhaZb	AM	

(Am	J	Pathol.	2005) 
C57BL/6	

mice 
 1x106

 
	

 
2,	6,	10,		

16	hours 
. 

Kruskal	

(Radiology	2010) 
Nude	

mice 
 2x106

 
	

IVM 
0,	1,	3,	6	days . 
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6 (91) 

 

KC+ KC	 2

20 40 60 120 360

 

  

  

Cl2MDP 
liposome 

■ KC- group n = 6�

20 min 40 min 60 min 

IVM 

0 min -80 min 

NBD-C12-HPC 
liposome 

Tumor cells�

120 min -2 day 

PBS 

■ KC+ group n = 6�

360 min 

20 min 40 min 60 min 

IVM 

0 min -80 min 

NBD-C12-HPC 
liposome 

Tumor cells�

120 min -2 day 360 min 
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7 (92) 

 

CCD PC

 

  

生体蛍光顕微鏡システム 

CCD camera 

Time recorder 

TV monitors 

cover 
glass 

Arterial 　 
　line 

Intravenous 
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