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Figure 1 Fibrinolytic cascade.

The solid square indicates the plasminogen activation step, and the
dotted square indicates the plasmin-dependent fibrin degradation step.
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Figure 2  Structure of tPA.
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(3) Ineffective plasmin generation and its effective inactivation by a2AP in plasma.
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Figure 3  Spatiotemporal regulation of fibrinolysis.
maie (1) Effective plasmin generation and ineffective inacti-
vation by 02AP on a fibrin surface (upper left). tPA

(2) Anti-fibrinolytic & stablized forms a tri-molecular complex with plasminogen that
hemostatic thrombus.

has a loose conformation on fibrin, which accelerates
plasmin generation and the following fibrin dissolution.
(2) Anti-fibrinolytic & stabilized hemostatic thrombus
(upper right). The hemostatic thrombus is protected from
fibrinolysis by cross-linked 02 AP and by TAFIa through
aremoval of C-terminal lysine residue. (3) Ineffective
plasmin generation and its effective inactivation by
0a2AP in plasma (bottom). In plasma, Glul-plg adopts a
tight conformation such that it is difficult to activate.
Further, generated plasmin is effectively inactivated by
02AP.
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Figure 4 Preservation of high fibrinolytic
potential by secreted tPA on vascular
endothelial cells and its modification by
PAI-1.

After secretion from its containing gran-
ules, tPA stays on vascular endothelial cells
by binding through its heavy chain, which
is essential to preserve high fibrinolytic
potential. PAI-1, in turn, removes tPA from
the surface by forming high molecular
weight complexes.

Table 1 Correlations between plasma levels of tPA and PAI-1,
and ECLT as well as free tPA

ECLT free tPA*

tPA

mass 0.604 NS

activity -0.905 ™" 0.806 ™"

free tPA* -0.637 " -
PAI-1

total 0.868 -0.852 "

complex NS NS

free 0.863 ™ -0.879 "
ECLT - -0.637 "

free tPA*: calculated by equations (1) and (2) shown below as [tPA].

K1 K3
[tPA] + [PAI-1] T [tPA-PAI-1] — [tPA] +P ----- eq. (1)
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Regulation of

plasminogen activation potential

Factors to increase plasma PAI-1 level
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* menopause

= obesity
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- stress
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Figure S Plasminogen activation potential and its modifi-
cation.

Plasminogen activation potential is essentially determined by
the molar balance between tPA and PAI-1. The balance can
easily be altered and a thrombophilic state developed as a

plasminogen activation potential result of an increase in plasma PAI-1 levels.

RL7z6 512, MAERIZBWTY (PA & PAI-1 AYREH
SREFRRICAAET B EAGE L CRIA L 72 free tPA =i,
Mm4EF (PA [5PEL IED, F7- ECLT & A0 BT 2%
RL7z(Table 1)o ZILHDOFHIFL, HADIMMFEDOHT 2
BBRT VXYV INEDRENT VA TRELZE
R T o WIILD IMEE IR EE 138D TR ASE R B I
1 nM BUF), AEBRZEIARE  SHUTPEWBER T~
TANHEHT LI L% 5 (Fig. 5)o PAI-LIZEEAASE
HO—DTHA M A »EFEORIGT ML 2 15
%o MUMAEIZAE D DIC IZEEFE AL CHRUMIRIC X 2 %
B EDITH BH7)5, PAL-l BEIC & ARATEEO T
FIBEDOEFIIHHEEZ LN TS, T2 PAL- IR
B, IS CIRIRRIC B 2 AP E T 5720,
AZRY)  ZIEREEC BT IR A 7 OFN &% 2
SNTWDY, BFERISEHA A TH 5 PAL-1 G 2
OEMEIIIE SN IRARTH 5,
2. IBARETEEHDVIERBERRE

B RET-OREIC L DR A IREER RS, 7T A3
=Y RAED D B, ERICRE AR L TR O%
BUHE I HAR N CTlEAsD TR, MiARTIDS 90% %
519, YIS OMOBER DN 5 & MARIEE 580 L <2
FTVEENDH, L TIELTLHERKT L %5750
EVIHIMELH LY, TIAI = U RBREICEHT
BABIE (KR MEAE R 75 (Ligneous Conjunctivitis) 1%, 7
T UDFELEREL 72D DT, T ARFE T PR Tl
BOFREGIAEE SN2, BIBEROA ey —Dit

September 25, 2011

FCIEHIME 23 5, a2AP DRIED 5 WIZRE TlX
[T & e S5, MR EOERIC &2 L)
B TH LY, FXIN ORI THHEML 7B 5
HI2SF20 55, FXIa 2L b a2AP D7 4 7 U\
OAAE LR MINAR DL UHEE 2 HND, PAI-
TKAEDBIL T LSOV THEE L TV B RERNE 1 6L 2%
LOVZDFHMIAHTH 7205 mATbIbNOREERL
72 PAT-1 ZARAEG]CIAARMBBCA 2 RS LI % FR 72,
Fo T RO KRS 272, (ZEERFICBIT S (PA
FEHEOBFFILD, Rk MImeO R ERIC L 20
Mmzb7-63 2%z 5N 5%, TAFI O T /RIEE T
XS 23 MIMEA SR 2RO S, Z oA EIRICEL
TIIRZ R DD o TAFIIZIE Thr325lle fs T2
BHY, ANHHEAL S IUS  KHHREETE D TR Te/lle B
P IESIE BRI 7T 2 FEI LR SN, i
EDOREATER SN TV DY,

BHIC

BEROHIHE L M L 720 RIEP A SR v 74
BERZAE D # PALL MUE CIAMAEED Y A7 OB
ThL, BRERCHEROTHROARRE R L, T
PAIL-1 21 & U723 A R fIFLR % IV CRA TS %
DDA ST S, tPA, PAL1 BL U uPA (X
RIE, FEOBMH, &H2\VIIHEEOT I, HESHIRSE S
OMEINCBIF DEEOEA SN TND, IO
ZHET DL THBROEAMIZ LY 9 5 L IfF S,

297



MU

X &

1) Rijken DC, Lijnen HR: New insights into the molecular
mechanisms of the fibrinolytic system. J Thromb Haemost
2009; 7: 4-13

2) Urano T, Takada Y, Takada A: Stimulation of the amidolytic
activity of single chain tissue-type plasminogen activator by
fibrinogen degradation products: possible fibrin binding sites
on single chain tissue-type plasminogen activator molecule.
Biochim Biophys Acta 1991; 1077: 245-252

DHEFA, WHETEW: TIAI =TT TR
y— - A ey —nEFE LR XFE - ki -
Bep (AT, PNESARL, B 2005, 606-613

4) Gebbink MF, Bouma B, Maas C, et al: Physiological
responses to protein aggregates: fibrinolysis, coagulation and
inflammation (new roles for old factors). FEBS Lett 2009;
583: 2691-2699

5) Urano T, de Serrano VS, Chibber BA, et al: The control of
the urokinase-catalyzed activation of human glutamic acid
1-plasminogen by positive and negative effectors. J Biol
Chem 1987; 262: 15959-15964

6) I © (-PA DA & AR REAE. JpiREd: B
1994; 13: 673-679

7) AU MR (S R, ORI, W W
M), SOt HE( 1995, 421-425

8) Urano T, Thara H, Suzuki Y, et al: Coagulation-associated
enhancement of fibrinolytic activity via a neutralization of
PAI-1 activity. Semin Thromb Hemost 2000; 26: 39-42

9) Bajzar L: Thrombin activatable fibrinolysis inhibitor and an
antifibrinolytic pathway. Arterioscler Thromb Vasc Biol
2000; 20: 2511-2518

10) BT - b R E SR T B0k
A, BUIIEEE A Ver. 2, 1998, 233-236

11) Carpenter SL, Mathew P: Alpha2-antiplasmin and its defi-
ciency: fibrinolysis out of balance. Haemophilia 2008; 14:
1250-1254

12) Madoiwa S, Sakata Y: Fibrinogen and fibrin degradation

298

products by leukocyte elastase. Nippon Rinsho 2004; 62
(Suppl 12): 611-614

13) Suzuki Y, Mogami H, Thara H, et al: Unique secretory
dynamics of tissue plasminogen activator and its modulation
by plasminogen activator inhibitor-1 in vascular endothelial
cells. Blood 2009; 113: 470478

14) SARBET, TREFPTHE (14 (PA S UY PAIL-1 HUERIE
DEF| T MA» S OFERE— HRMRIEImS:
X5 2007; 18: 247-254

15) Urano T, Suzuki Y, Arakida M, et al: The expression of
exercise-induced tPA activity in blood is regulated by the
basal level of PAI-1. Thromb Haemost 2001; 85: 751-752

16) Okamoto A, Sakata T, Mannami T, et al: Population-based
distribution of plasminogen activity and estimated preva-
lence and relevance to thrombotic diseases of plasminogen
deficiency in the Japanese: the Suita Study. J Thromb Hae-
most 2003; 1: 2397-2403

17) Mehta R, Shapiro AD: Plasminogen deficiency. Haemophilia
2008; 14: 1261-1268

18) Suzuki T, Ikewaki J, ITwata H, et al: The first two Japanese
cases of severe type I congenital plasminogen deficiency
with ligneous conjunctivitis: successful treatment with direct
thrombin inhibitor and fresh plasma. Am J Hematol 2009;
84: 363-365

19) Fay WP, Shapiro AD, Shih JL, et al: Brief report: complete
deficiency of plasminogen-activator inhibitor type 1 due to a
frame-shift mutation. N Engl ] Med 1992; 327: 1729-1733

20) Iwaki T, Tanaka A, Miyawaki Y, et al: Life-threatening
hemorrhage and prolonged wound healing are remarkable
phenotypes manifested by complete plasminogen activator
inhibitor-1 deficiency in humans. J Thromb Haemost 2011; 9:
1200-1206

21) Kozian DH, Lorenz M, Marz W, et al: Association between
the Thr325Ile polymorphism of the thrombin-activatable
fibrinolysis inhibitor and stroke in the Ludwigshafen Risk
and Cardiovascular Health Study. Thromb Haemost 2010;
103: 976-983

WRE % Vol. 51 No. 3



[ ]

Fibrinolytic System
Tetsumei Urano

Department of Physiology, Hamamatsu University School of Medicine, Shizuoka, Japan

Key words: plasminogen, tissue-type plasminogen activator (tPA), plasminogen activator inhibitor type 1 (PAI-1)

Fibrinolysis is the phenomenon by which fibrin clots generated by the coagulation system are dissolved. This can be
divided into two steps: plasminogen activation and plasmin-dependent fibrin degradation. Both steps are finely regulated
by many factors, which enables the lysis resistance of immature hemostatic thrombi and at the same time, the quick disso-
lution and removal of excess amounts of thrombi. The first step is essentially determined by a molar balance between tis-
sue plasminogen activator (tPA) and plasminogen activator inhibitor type 1 (PAI-1). The latter is known to increase in
plasma levels under a variety of physiological states including aging, obesity, hyperlipidemia, and inflammation, which
results in the development of a thrombophilic state. The second step is mainly controlled by both thrombin-activatable
fibrinolysis inhibitor (TAFI) and o2-antiplasmin (o:2-AP). Activated TAFI is a carboxypeptidase and removes C-terminal
lysine, which is essential for effective activation of plasminogen on fibrin surfaces. «2-AP is the principle inhibitor of plas-
min and inhibits its activity by forming high molecular weight complexes in fluid phases. It is also cross-linked to fibrin by
a function of activated FXIIla and protects hemostatic fibrin clots from premature dissolution. The details of these control
mechanisms are discussed in this review.

(J Jpn Coll Angiol, 2011, 51: 293-299)
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