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図３ 血栓性血小板減少性紫斑病の発症機序 
VWF は 2050 アミノ酸からなる同一のサブユニットがジスルフィド結合で

連結したマルチマー構造として血管内皮細胞から分泌され、一部の VWF は

内皮細胞上に係留する。高分子量 VWF マルチマーは強い血小板凝集能を

示すが、低分子化されると凝集能は低下消失する。i）VWF マルチマーは低

ずり応力下で緩く結合した形をとる。ii）強いずり応力下では VWF マルチ

マーは血流方向に伸展した構造をとり、VWF の A2 ドメインが変性し

Tyr1605-Met1606 結合が露出する。iii）内皮細胞に係留した高分子量 VWF
マルチマーに GPIb を介して血小板が結合すると、弱いずり応力でも A2 ド

メインが容易に変性し、iv）ADAMTS13 により Tyr1605-Met1606 結合が切

断され VWF マルチマーが低分子化する。v）ADAMTS13 活性が欠乏する

と、血小板が高分子量 VWF マルチマーに結合し凝集塊を形成する。 

17



18



19



20



21



22



23



24



25



26



27



28



29



30



MASP-2

MASP-2 167)  

MASPs

MASP-2

MASP-2

168) MASP-1/-3 C4
CFB

MASP-1/-3

MASP-2 MASP-1/-3
C3

MASP-2
 

 (systematic review) 
164)

thrombo-inflammation

MBL

MASP-2 52)

 

 

 

8 2 5. tPA  

tPA tPA

tPA 4.5

tPA

tPA

tPA

169)

1 tPA C3

170) tPA C3

C3a

C3a
tPA

C3a

tPA

tPA
170)  

 
8 3.  

STEC-

HUS

171)

sC5b-9 D
HMGB1

31



32



33



34



35



36



66) http://exac.broadinstitute.org/variant/1-

196659237-C-T.  

67) Higasa K, Miyake N, Yoshimura J, Okamura 
K, Niihori T, Saitsu H, Doi K, Shimizu M, 

Nakabayashi K, Aoki Y, Tsurusaki Y, 
Morishita S, Kawaguchi T, Migita O, 

Nakayama K, Nakashima M, Mitsui J, 

Narahara M, Hayashi K, Funayama R, 
Yamaguchi D, Ishiura H, Ko WY, Hata K, 

Nagashima T, Yamada R, Matsubara Y, 

Umezawa A, Tsuji S, Matsumoto N, Matsuda 
F. Human genetic variation database, a 

reference database of genetic variations in 
the Japanese population. J Hum Genet. 61: 

547-553 (2016) 

68) Calippe B, Augustin S, Beguier F, Charles-
Messance H, Poupel L, Conart JB, Hu SJ, 

Lavalette S, Fauvet A, Rayes J, Levy O, Raoul 

W, Fitting C, Denefle T, Pickering MC, Harris 
C, Jorieux S, Sullivan PM, Sahel JA, Karoyan 

P, Sapieha P, Guillonneau X, Gautier EL, 
Sennlaub F. Complement Factor H Inhibits 

CD47-Mediated Resolution of Inflammation. 

Immunity. 46: 261-272 (2017) 
69) Rayes J, Roumenina LT, Dimitrov JD, 

Repesse Y, Ing M, Christophe O, Jokiranta TS, 

Halbwachs-Mecarelli L, Borel-Derlon A, 
Kaveri SV, Fremeaux-Bacchi V, Lacroix-

Desmazes S. The interaction between factor 
H and VWF increases factor H cofactor 

activity and regulates VWF prothrombotic 

status. Blood. 123: 121-125 (2014) 
70) Nolasco L, Nolasco J, Feng S, Afshar-

Kharghan V, Moake J. Human complement 

factor H is a reductase for large soluble von 
Willebrand factor multimers--brief report. 

Arterioscler Thromb Vasc Biol. 33: 2524-2528 

(2013) 

71) Barnum SR. C4a: An Anaphylatoxin in Name 

Only. J Innate Immun. 7: 333-339 (2015) 
72) Robertson N, Rappas M, Dore AS, Brown J, 

Bottegoni G, Koglin M, Cansfield J, Jazayeri 
A, Cooke RM, Marshall FH. Structure of the 

complement C5a receptor bound to the extra-

helical antagonist NDT9513727. Nature. 553: 
111-114 (2018) 

73) Foreman KE, Vaporciyan AA, Bonish BK, 

Jones ML, Johnson KJ, Glovsky MM, Eddy 
SM, Ward PA. C5a-induced expression of P-

selectin in endothelial cells. J Clin Invest. 94: 
1147-1155 (1994) 

74) Redecha P, Franzke CW, Ruf W, Mackman N, 

Girardi G. Neutrophil activation by the tissue 
factor/Factor VIIa/PAR2 axis mediates fetal 

death in a mouse model of antiphospholipid 

syndrome. J Clin Invest. 118: 3453-3461 
(2008) 

75) Kambas K, Markiewski MM, Pneumatikos IA, 
Rafail SS, Theodorou V, Konstantonis D, 

Kourtzelis I, Doumas MN, Magotti P, 

Deangelis RA, Lambris JD, Ritis KD. C5a and 
TNF-alpha up-regulate the expression of 

tissue factor in intra-alveolar neutrophils of 

patients with the acute respiratory distress 
syndrome. J Immunol. 180: 7368-7375 (2008) 

76) Kourtzelis I, Markiewski MM, Doumas M, 
Rafail S, Kambas K, Mitroulis I, Panagoutsos 

S, Passadakis P, Vargemezis V, Magotti P, Qu 

H, Mollnes TE, Ritis K, Lambris JD. 
Complement anaphylatoxin C5a contributes 

to hemodialysis-associated thrombosis. Blood. 
116: 631-639 (2010) 

77) Huber-Lang M, Sarma JV, Zetoune FS, 

Rittirsch D, Neff TA, McGuire SR, Lambris 

37



JD, Warner RL, Flierl MA, Hoesel LM, 

Gebhard F, Younger JG, Drouin SM, Wetsel 

RA, Ward PA. Generation of C5a in the 
absence of C3: a new complement activation 

pathway. Nat Med. 12: 682-687 (2006) 
78) Krisinger MJ, Goebeler V, Lu Z, Meixner SC, 

Myles T, Pryzdial EL, Conway EM. Thrombin 

generates previously unidentified C5 
products that support the terminal 

complement activation pathway. Blood. 120: 

1717-1725 (2012) 
79) Leung LLK, Morser J. Carboxypeptidase B2 

and carboxypeptidase N in the crosstalk 
between coagulation, thrombosis, 

inflammation, and innate immunity. J 
Thromb Haemost. (2018) 

80) Foley JH, Kim PY, Hendriks D, Morser J, Gils 

A, Mutch NJ, Subcommittee on Fibrinolysis. 

Evaluation of and recommendation for the 
nomenclature of the CPB2 gene product (also 

known as TAFI and proCPU): communication 
from the SSC of the ISTH. J Thromb Haemost. 
13: 2277-2278 (2015) 

81) Esmon CT. Inflammation and the activated 
protein C anticoagulant pathway. Semin 
Thromb Hemost. 32 Suppl 1: 49-60 (2006) 

82) Morser J, Shao Z, Nishimura T, Zhou Q, Zhao 
L, Higgins J, Leung LLK. Carboxypeptidase 

B2 and N play different roles in regulation of 
activated complements C3a and C5a in mice. 

J Thromb Haemost. 16: 991-1002 (2018) 

83) Mueller-Ortiz SL, Wang D, Morales JE, Li L, 
Chang JY, Wetsel RA. Targeted disruption of 

the gene encoding the murine small subunit 

of carboxypeptidase N (CPN1) causes 
susceptibility to C5a anaphylatoxin-mediated 

shock. J Immunol. 182: 6533-6539 (2009) 

84) Asai S, Sato T, Tada T, Miyamoto T, Kimbara 

N, Motoyama N, Okada H, Okada N. Absence 

of procarboxypeptidase R induces 
complement-mediated lethal inflammation in 

lipopolysaccharide-primed mice. J Immunol. 
173: 4669-4674 (2004) 

85) Plug T, Meijers JC. Structure-function 

relationships in thrombin-activatable 
fibrinolysis inhibitor. J Thromb Haemost. 14: 

633-644 (2016) 

86) Song JJ, Hwang I, Cho KH, Garcia MA, Kim 
AJ, Wang TH, Lindstrom TM, Lee AT, 

Nishimura T, Zhao L, Morser J, Nesheim M, 
Goodman SB, Lee DM, Bridges SL, Jr., 

Consortium for the Longitudinal Evaluation 

of African Americans with Early Rheumatoid 
Arthritis (CLEAR) Registry, Gregersen PK, 

Leung LL, Robinson WH. Plasma 

carboxypeptidase B downregulates 
inflammatory responses in autoimmune 

arthritis. J Clin Invest. 121: 3517-3527 (2011) 
87) Wang H, Ricklin D, Lambris JD. 

Complement-activation fragment C4a 

mediates effector functions by binding as 
untethered agonist to protease-activated 

receptors 1 and 4. Proc Natl Acad Sci U S A. 
114: 10948-10953 (2017) 

88) Coughlin SR. Thrombin signalling and 

protease-activated receptors. Nature. 407: 
258-264 (2000) 

89) Kataoka H, Hamilton JR, McKemy DD, 

Camerer E, Zheng YW, Cheng A, Griffin C, 
Coughlin SR. Protease-activated receptors 1 

and 4 mediate thrombin signaling in 

endothelial cells. Blood. 102: 3224-3231 
(2003) 

90) Nording H, Langer HF. Complement links 

38



39



103) Hamilton KK, Hattori R, Esmon CT, Sims PJ. 

Complement proteins C5b-9 induce 

vesiculation of the endothelial plasma 
membrane and expose catalytic surface for 

assembly of the prothrombinase enzyme 
complex. J Biol Chem. 265: 3809-3814 (1990) 

104) Sims PJ, Wiedmer T. Repolarization of the 

membrane potential of blood platelets after 
complement damage: evidence for a Ca++ -

dependent exocytotic elimination of C5b-9 

pores. Blood. 68: 556-561 (1986) 
105) Wat JM, Foley JH, Krisinger MJ, Ocariza LM, 

Lei V, Wasney GA, Lameignere E, Strynadka 
NC, Smith SA, Morrissey JH, Conway EM. 

Polyphosphate suppresses complement via 

the terminal pathway. Blood. 123: 768-776 
(2014) 

106) George JN, Nester CM. Syndromes of 

thrombotic microangiopathy. N Engl J Med. 
371: 654-666 (2014) 

107) Yoshida Y, Miyata T, Matsumoto M, 
Shirotani-Ikejima H, Uchida Y, Ohyama Y, 

Kokubo T, Fujimura Y. A novel quantitative 

hemolytic assay coupled with restriction 
fragment length polymorphisms analysis 

enabled early diagnosis of atypical hemolytic 

uremic syndrome and identified unique 
predisposing mutations in Japan. PLoS One. 
10: e0124655 (2015) 

108) Kato H, Nangaku M, Hataya H, Sawai T, 

Ashida A, Fujimaru R, Hidaka Y, Kaname S, 

Maruyama S, Yasuda T, Yoshida Y, Ito S, 
Hattori M, Miyakawa Y, Fujimura Y, Okada 

H, Kagami S, Joint Committee for the 

Revision of Clinical Guides of Atypical 
Hemolytic Uremic Syndrome in Japan. 

Clinical guides for atypical hemolytic uremic 

syndrome in Japan. Clin Exp Nephrol. 20: 

536-543 (2016) 

109) Fakhouri F, Zuber J, Fremeaux-Bacchi V, 
Loirat C. Haemolytic uraemic syndrome. 

Lancet. 390: 681-696 (2017) 
110) Goodship TH, Cook HT, Fakhouri F, Fervenza 

FC, Fremeaux-Bacchi V, Kavanagh D, Nester 

CM, Noris M, Pickering MC, Rodriguez de 
Cordoba S, Roumenina LT, Sethi S, Smith RJ, 

Conference Participants. Atypical hemolytic 

uremic syndrome and C3 glomerulopathy: 
conclusions from a "Kidney Disease: 

Improving Global Outcomes" (KDIGO) 
Controversies Conference. Kidney Int. 91: 

539-551 (2017) 

111) Kato H, Nangaku M, Okada H, Kagami S. 
Controversies of the classification of TMA and 

the terminology of aHUS. Clin Exp Nephrol. 
22: 979-980 (2018) 

112) Fremeaux-Bacchi V, Fakhouri F, Garnier A, 

Bienaime F, Dragon-Durey MA, Ngo S, 
Moulin B, Servais A, Provot F, Rostaing L, 

Burtey S, Niaudet P, Deschenes G, Lebranchu 

Y, Zuber J, Loirat C. Genetics and outcome of 
atypical hemolytic uremic syndrome: a 

nationwide French series comparing children 

and adults. Clin J Am Soc Nephrol. 8: 554-562 
(2013) 

113) Fujisawa M, Kato H, Yoshida Y, Usui T, 
Takata M, Fujimoto M, Wada H, Uchida Y, 

Kokame K, Matsumoto M, Fujimura Y, 

Miyata T, Nangaku M. Clinical 
characteristics and genetic backgrounds of 

Japanese patients with atypical hemolytic 

uremic syndrome. Clin Exp Nephrol. (2018) 
114) Ricklin D, Reis ES, Lambris JD. Complement 

in disease: a defence system turning offensive. 

40



41



42



43



44



45




