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研究成果の概要（和文）：DIC治療薬として使用されている遺伝子組換えトロンボモジュリン製剤にはヒストン
を中和する作用があり、ヒストンによる血小板凝集や好中球細胞外トラップ(NETs)放出を抑制することを細胞レ
ベルで確認した。また、ヒストン投与によるDICモデルにおいて、遺伝子組換えトロンボモジュリン製剤がNETs
放出を抑制しうること、臓器障害を軽減しうる可能性を動物実験レベルで確認した。さらには、遺伝子組換えト
ロンボモジュリン製剤にコンドロイチン硫酸鎖が付加されたもの(タイプII)は、従来の製剤よりも、ヒストンに
よる血小板凝集やNETs放出を効果的に抑制することを確認した。

研究成果の概要（英文）：Recombinant thrombomodulin (rTM) inhibited histone-induced platelet 
aggregation and neutrophil extracellular trap (NET) formation in vitro. rTM also inhibited 
histone-induced NET formation in kidneys, and attenuated histone-induced renal dysfunction in rats. 
rTM with a chondroitin sulfate side chain (rTM type II) had higher affinity for histone H3 and H4 
than the traditional rTM (Type I), and thus, inhibited histone-induced platelet aggregation and NET 
formation more efficiently than rTM type I. These findings suggest that rTM type II can be a 
promising therapeutic option for sepsis-associated disseminated intravascular coagulation. Further 
studies are needed to elucidate in vivo effects of rTM type II in septic conditions.

研究分野： 救急・集中治療

キーワード： 敗血症　播種性血管内凝固症候群　細胞外ヒストン　トロンボモジュリン　コンドロイチン硫酸

  ２版



	 	 	

 
DNA

	

	

NETs 	

	

Nat 

Med. 2009;15:1318-21 	

 

	 DIC

	

	

	 	

	

rTM

PLoS One. 2013;8:e75961. Lab Invest. 

2014;94:569-85 	 NETs

	 	

	

DIC

	 	

J Intensive Care. 2014 2(1):65  

rTM DIC

2008

	 	

DIC

Intensive Care Med. 

2013;39:644-52 	

II 	rTM

Crit Care 

Med. 2013;41:2069-79 	

 

	

DIC

	

rTM

PLoS One. 2013;8:e75961. 	

	

rTM 	

	

I 	

II

 

	

	

Lab Invest. 

2014;94:569-85 	 	

	

	

rTM II 	 rTM

I

	

 

 

 

	

	

in vitro in 

vivo 	 	rTM
I II

rTM II

	

DIC
	

	in vitro in vivo

 

 



 
(1) 	

H3 H4

	 	

	

rTM  

(2) 	

H3 H4

	 rTM

 

(3) rTM II 	 I
	

H3 H4

	 I 	

	

I  

(4)

rTM

	 I II

	  
 

 

(1) H3

H4 	

NETs

 

Control� H3(2.5ug/ml)+H4(2.5ug/ml)�

H3(5ug/ml)+H4(5ug/ml)� H3(10ug/ml)+H4(10ug/ml)�

 

H3 	 DIC

PLoS One. 2013;8:e75961.

NETs

NADPH DPI

	

NETs

 

PMA �

H3 + H4�

PMA  + DPI�

H3 + H4 + DPI�

 

H3

H4 NETs 	

rTM 	rTM

NETs  

H3+H4� H3+H4+rTM1(50ug/ml)�

H3+H4+rTM1(10ug/ml)� H3+H4+rTM1(5ug/ml)�

 

NETs 	

	rTM  

 



(2) H4

rTM

I II 	

	

II  

	

rTM	 Histone	H4	(1	μM) rTM	II Histone	H4	(1	μM)

0	μM
0.5	μM
1	μM
2	μM
10	μM

rTM	

rTM	type	I rTM	type	II

0	μM
0.5	μM
1	μM
2	μM
10	μM

rTM	

 

(3) rTM I II

	 II

10kDa 	

	

I II 	

 

 

	rTM NAPiCOS

	 II

I

	

 

 

	 NETs

rTM 	 I

II 	

II NETs

 

 

Control� H3+H4�

H3+H4+rTM1� H3+H4+rTM2�

 

(4)

	 	NETs

Cit H3  

Cit. H3�H&E�

 

	

rTM 	

NETs 	

 

 
rTM I II in vivo

	

II 	

	

I II

	in vitro

in vivo

 



 

	

 

 

 

(1) , , ,   
 

 14 705-711 2017 

 
(2) Liaw P, Ito T, Iba T, et al. DAMP and DIC: 

The role of extracellular DNA and DNA-binding 

proteins in the pathogenesis of DIC  

Blood Rev. 30 257-261 2016 

10.1016/j.blre.2015.12.004.  

 

(3) Kakihana Y, Ito T, Nakahara M, et al. 

Sepsis-induced myocardial dysfunction: 

pathophysiology and management  

Journal of Intensive Care 4 22 2016 

10.1186/s40560-016-0148-1  

 

(4) Iba T, Ito T, Maruyama I, et al.  

Potential diagnostic markers for disseminated 

intravascular coagulation of sepsis  

Blood Rev. 30 149-155 2016 

http://dx.doi.org/10.1016/j.blre.2015.10.002  

 

(5) Ito T, Kakihana Y, Maruyama I.  

Thrombomodulin as an intravascular safeguard 

against inflammatory and thrombotic diseases  

Expert Opin Ther Targets 20 151-158 2016 

10.1517/14728222.2016.1086750  

 

(6) ,  
disseminated intravascular 

coagulation(DIC) net effect  

  22 499-504 2015 

http://doi.org/10.3918/jsicm.22.499  

 
 

 

(1) �� DIC  

117  2018  

(2) , , et al.

DIC  

45  2018  

(3) DAMPs/alarmins

 

49  2017  

(4) ������������� 

11 SSC 2017  

(5) DIC

 

44  2017  

(6) NETs

 

44  2016  

(7) Ito T, and Maruyama I 

Anti-inflammatory and anticoagulant roles of 

thrombomodulin in sepsis-associated DIC 

1st joint Meeting of ISFP and PA 2016  

(8) �������������

�����  

78  2016  

(9)  

NETs 

38  2016  

(10) DIC

 

38  2016  

(11) Ito T Uncontrolled immunothrombosis as 

a basis of sepsis-associated DIC 

89  2016  

(12)  

Protective roles of thrombomodulin in nuclear 

DAMPs-associated thrombosis 

77  2015  

(13) DIC

~immunothrombosis ~ 

37  2015  



 

(1) ,  

 

2016 360 

(2)  

 

2015  189 

(3)  

 

2015  251 

 

 

○  

○  

 

 
(1)  

ITO TAKASHI  
 

 
20381171 

 
(2)  

 
 
(3)  

MARUYAMA IKURO  
 

 
20082282 

 
NAKAHARA MAYUMI  

 
 

90707514 
 

KAWAHARA KO-ICHI  
 

 
10381170 

 
(4)  

NAGASATO TOMOKA  
 

 
YAMADA SHINGO  

 
 


