648 Biochemistry1998,37, 648—655

Annexin Il Tetramer Inhibits Plasmin-Dependent Fibrinolysis
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ABSTRACT. In this paper, we have characterized the regulation of plasmin activity by annexin Il tetramer
(Allt). Plasmin activity was measured by a fibrin lysis assay in which a fibrin polymer was produced
from purified components and the extent of polymer lysis was determined by following changes in turbidity.
Extrinsic lysis of the fibrin polymer, initiated by addition of tissue plasminogen activator (t-PA), was
totally blocked if Allt was present during fibrin polymer formation. Furthermore, fibrin polymer formed
in the presence of Allt was resistant to extrinsic lysis initiated by addition of plasmin. Allt bound to
fibrin polymer under conditions in which polymer lysis was inhibited. Plasmin-dependent extrinsic lysis
of the fibrin polymer was also blocked if Allt was present in the incubation medium, and under these
conditions the amidolytic activity of plasmin, measured with an artificial substrate, was inhibited about
5-fold. In contrast, in the absence of fibrin, and at an Allt/plasmin molar ratio of 526, the amidolytic
activity of plasmin was inhibited by only 22.3% 7.4% (meant SD,n = 5) by Allt. Plasmin-dependent
fibrinolysis was only slightly inhibited if fibrin polymer was formed in the presence of annexins I, 11, V,
or VI. These results identify Allt as aim »itro regulator of plasmin activity.

Cleavage and removal of fibrinopeptides A and B from  Annexin Il is a C&"-and phospholipid-binding protein that
soluble fibrinogen is catalyzed by thrombin, the terminal can exist as a monomer or as a heterotetramer. The
proteolytic enzyme of the coagulation cascade. The cleavedheterotetramer referred to as annexin Il tetramer (Alf)
fibrinogen, or fibrin monomers, spontaneously polymerizes, composed of two annexin Il subunits and two p11 subunits
forming a fibrin polymer that constitutes the major proteina- [reviewed in Waisman (1995)]. Annexin |l has been
ceous component of the hemostatic plug (Tracy, 1988; Stumpidentified as a 40 kDa endothelial cell surface protein that
& Mann, 1988). The hemostatic plug, referred to as the specifically and independently binds both t-PA and plasmi-
fibrin clot, is in addition to fibrin composed of platelets, nogen with high affinity Kq(t-PA) 25 nM,Kg(plasminogen)
erythrocytes, and other blood cells as well as other accessornyl61 nM, andKy(plasmin) 75 nM] (Cesarman et al., 1994).
factors. Subsequent removal of a fibrin clot occurs by The binding of these proteins to annexin Il resulted in a 20-
solubilization of the fibrin polymer to fibrin degradation fold increase in the rate of t-PA-dependent [Glu]plasminogen
products by proteolysis catalyzed by plasmin, the terminal activation and a 14-fold increase in the t-PA-dependent
enzyme of the fibrinolytic cascade. Whereas both coagula- activation of [Lys]plasminogen. Transient transfection of
tion and fibrinolysis, respectively, are necessary to prevent renal epithelial 293 cells with annexin Il cDNA resulted in
loss of blood and to maintain blood fluidity, regulation of a 4—6-fold greater expression of extracellular annexin Il and
these two antagonistic cascades is required to minimize ora 6-fold greater generation of plasmin by the transfected cells.
prevent the futile cycle of indiscriminate clot formation and On the basis of these observations of the effect of annexin
degradation. Although plasmin displays a broad trypsin- Il on the kinetics of t-PA-dependent conversion of plasmi-
like substrate specificity, fibrin-specific proteolysis is ac- nogen to plasmin, it has been suggested that annexin Il bound
complished by formation of plasmin within a fibrin clot. to the extracellular membrane accelerates the t-PA-dependent

Recently, a protein capable of binding both t-PA and Conversion of plasminogen to plasmin.
plasminogen was identified on the endothelial cell surface  Fibrin binds t-PA, plasminogen, and plasmin and therefore
(Hajjar & Hamel, 1990; Hajjar, 1991). This protein was functions not only as the fibrinolytic substrate but also as
subsequently identified as the €ebinding protein annexin  an allosteric activator of fibrinolysis. For example, fibrin
Il (Hajjar et al., 1994; Cesarman et al., 1994). structure plays a key role in the t-PA-dependent conversion
of plasminogen to plasmin (Carr & Alving, 1995). Since
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our preliminary results suggested that Allt bound to fibrin conjugated collagen type IV (CD-12052) was obtained from
polymer (Choi et al., manuscript in preparation) and another Molecular Probes.

group had suggested that annexin Il bound plasminogen and Fibrin Polymer Lysis AssayFibrin polymer lysis experi-
plasmin but did not affect the activity of plasmin directed ments were performed in a volume of 400 at 25°C using
against an artificial amidolytic substrate (Cesarman et al., a Beckman DU 640 spectrophotometer to monitor changes
1994), we were interested in the possibility that Allt might in turbidity at 450 nm. To analyze intrinsic lysis, reaction
regulate plasmin fibrinolytic activity. We have therefore mixtures contained 50 mM Tris-HCI, pH 7.4, 100 mM NacCl,
examined the potential role of Allt in the regulation of 8 uM fibrinogen, 42 nM plasmin, 0.83 NIH unit/mL
plasmin activity using a fibrin polymer lysis assay system thrombin, and 5 mM CaGl Extrinsic lysis of the fibrin
and measuring plasmin fibrinolytic activity by tu_rb_ldlty. Our_ polymer was measured as above except that [Glu]plasmi-
results suggest that although Allt modestly inhibits plasmin nogen (200 nM) was included in the reaction mixture. After
amidolytic activity, Allt dramatically inhibits plasmin fi- turbidity had reached a stable level, 100 of 25 nM t-PA

brinolytic activity. (25 nM) was gently layered on top of the fibrin polymer
reaction mixture and turbidity was measured as described
EXPERIMENTAL PROCEDURES above. Lysis of fibrin polymer, produced in the presence

of plasma, was performed by incubating thrombin (0.83 NIH

Materials. Annexin Il tetramer (Allt) was pr(_apared from unit/mL), fibrinogen (5«M), plasmin (500 nM), and dialyzed
bovine lung (Khanna et al., 1990). As determined by SDS human plasma (4-fold diluted) in buffer A at 26. Lysis

PAGE and electrospray ionization mass spectrometry (ESI- o (Ao in all cases was determined by measuring the time

MS), the subunits of the purified bovine Allt were not 5 yphich the turbidity was decreased to 50% of the maximum
proteolyzed (Kang et al., 1997). Recombinant annexin Il | 5 e.

monomer, p11 subunit, and Allt were expresse&scheri- | . . | : idolvti -
chia coli (Kang et al., 1997). Final purification of recom- Plasmin A_ctwty Assay Plasmin amidolytic activity was
! ' measured with the substrated-horleucyl-hexahydrotyrosyl-

binant annexin Il from bacterial lysates involved ion- lysine p-nitroanilide (Spectrozyme 251) at 28 in a final
exchange chromatography on Fast-S, affinity chromatography y P P y

; . volume of 0.6 mL, in a buffer consisting of 50 mM Tris-
on heparinr-Sepharose, and gel-permeation chromatography

. . HCI, pH 7.4, 100 mM NaCl, and 5 mM Cag£l Typically
on Superose' 12. Typlcglly, we obtained abput 27 mg of the reaction was initiated by addition of plasmin (3.8 nM)
pure recombinant annexin Il fno 1 L of bacterial culture.

Amino acid sequencing of the recombinant annexin I and the reaction progress was monitored at 405 nm.

identified the N-terminus of the protein as STVHEIL. The , Data Analysis Nonlinear least-squares fitting was per-

M, of human recombinant annexin Il was determined to be formed with the computer program SigmaPlot (Jandel
38 480.84+ 7.24 by ESI-MS, which was similar to tHd, Scientific). Titration data were analyzed as detailed in the

38 472 deduced from the cDNA sequence of initiating Met SigmaPIlot reference manual with the four-parameter logistic
el b -

deleted, nonacetylated human annexin II. Final purification €duationf = (a = d)/[1 + (¥c)’] + d, wherea = plateau

of recombinant p11 involved ion-exchange chromatography veiue for the polymer_lz_atlon_prO(_:ests,— slope_parameter,

on Fast-Q and Fast-S and gel-permeation chromatography® = Value at the transition midpoinggs), andd = baseline

on Superose 12. About 30 mg of pure recombinant p11 was value fc.)r.complete flbrlnoly3|s. The non_lmear Ieast—squ_ares

purified from 1 L of bacterial culture. Gel-permeation CUTve-fiting was then iterated by allowing the four fitting

chromatography of recombinant p11 on Superose 12 columnsoaram?t_er§ tdqat while utilizing the Marquardt methoq for

established that the recombinant protein existed as a dimer € Minimization of the sum of the squared residuals.

Amino acid sequencing of the purified recombinant p11 Typically results are representative of at least three experi-

confirmed that the N-terminal sequence (PSQME) of the men'ts. ] )

recombinant protein was identical to that of the native p11. Miscellaneous TechniquesAllt concentration was de-

The M, of recombinant p11 was determined by ESI-MS as termined spectrophotometrically using an extinction coef-

11 068.284 0.23 by ESI-MS, which was very similar to ficient Azgonm= 0.68 for 1 mg/r_nL Allt. Collagenase aptivity

the M, 11 069.38+ 1.59 determined for the native p11. Al Was measured at 37T in a final volume of 10QuL in a

proteins were stored at70 °C in 40 mM Tris-HCI, pH 7.5, buffer consisting of 50 mM Tris (pH 7.6), 150 mM NacCl, 5

1 mM DTT, 0.1 mM EGTA, and 150 mM NaCl. mM CaCl, 0.8uM fluorescein-conjugated collagen type 1V,
Bovine intestinal mucosa heparin (3 kDa; 50 USP units/ and 0.12uM plasmin. Substrate hydrolysis was measured

. . . continuously as relative fluorescence units at an excitation
gig)ma;d tlr-]lrl?nq]:r:n 5(233821EliIr:_;rl:tnItt%:nplg)vz\;reoobt;;?:]ne%d ffrr%':]n of 494 nm, emission of 5_15 nm, and slit widths of 2 and 10
Genentech and was 8®0% single chain as determined by nm in a Model 650 Perkin-Elmer spectrofluorometer.
SDS-PAGE. [Glu]plasminogen, plasmin, and the plasmin presyLTS
amidolytic substrate, Spectrozyme 251 Hrorleucyl-
hexahydrotyrosyl-lysin@-nitroanilide) were obtained from Extrinsic Lysis of Fibrin Polymer. The presence of
American Diagnostica. Fibrinogen was obtained from Sigma annexin 1l on the outer surface of the endothelial cell and
and further purified by chromatography on Superose 12 to the reported activation of the t-PA-dependent conversion of
remove contaminating plasminogen. Frozen fresh plasmaplasminogen to plasmin by plasma-membrane associated
was thawed and dialyzed against 50 mM Tris-HCI, pH 7.4, annexin Il have suggested that annexin Il functions to
and 100 mM NacCl to remove anticoagulant. After centrifu- increase the local plasmin concentration on the endothelial
gation at 30006 for 30 min at 4°C, the plasma was cell surface (Cesarman et al.,, 1994). We have therefore
aliquoted and stored frozen at70 °C. Fluorescein- examined the possible role of annexin Il and Allt in the
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Ficure 1: Inhibition of extrinsic t-PA-dependent fibrin polymer  FGURE 2: Inhibition of extrinsic plasmin-dependent fibrin polymer
lysis by Allt. Thrombin (0.83 NIH unit/mL), fibrinogen (&M), lysis by annexin Il and Allt. Thrombin (0.83 NIH unit/mL) and

and plasminogen (200 nM) were incubated at°€5in buffer A fibrinogen (8uM) were incubated at 28C in buffer A (50 mM
(50 mM Tris-HCI, pH 7.4, 100 mM NacCl, and 5 mM Caflin Tris-HCI, pH 7.4, 100 mM NacCl, and 5 mM Cagin the absence
the absenceQ) or presence of annexin Il (8BM) (¥) or annexin (O) or presence of 0.8M (@), 0.5uM (v¥), 0.7uM (M) and 1uM

Il tetramer (1uM) (®). After a fibrin polymerization was complete  (®) of Allt. Fibrin polymer lysis was initiated by the addition of
(30 min), 100uL of 25 nM t-PA was layered on top of the fibrin ~ 1.25uM plasmin after 30 min and monitored by turbidity. Inset:
polymer and turbidity was measured as described in Experimental Effect of annexin 1l on extrinsic plasmin-dependent fibrin polymer

Procedures. lysis. The time required for the turbidity to decrease to half the
. . . L o difference between the plateau and baseline values is plotted against
regulation of plasmin activity using an vitro fibrin polymer the annexin Il concentration.

lysis assay. In this assay, fibrinogen, thrombin, and plas-
minogen were incubated in the presence or absence of
annexin Il or Allt and fibrin polymer dissolution was
activated by addition of t-PA. Polymerization and subse-
guent lysis were measured by turbidity.

As shown in Figure 1, the two respective processes of
fibrin polymerization (clotting) and fibrinolysis are indicated
by an initial rapid increase in turbidity to a plateau value
(polymer formation) and, after addition of t-PA to the fibrin
polymer, a subsequent return to the value of nonpolymerized
material (fibrinolysis). The time required for the turbidity
to decrease to half the difference between the plateau and |
baseline values was designated as the transition midpoint 1ee88888e3000000e
(Aos) and was taken as a measure of plasmin fibrinolytic 0.0 %
activity. Fibrin polymer formed in the presence ofuM
annexin Il yielded arhos of about 301 min compared to an Ficure 3: Inhibition of plasmin-dependent intrinsic fibrin polymer
Aos of about 224 min for fibrin polymer formed in the 12 & i Ol LR PP o ibrinogen (&,
absence of annexin Il. This suggested that the plasminzng plasmin (42 nM) were incubated at %5 in buffer A in the
fibrinolytic activity is only slightly inhibited by annexin Il.  absence®) or presence of annexin Il tetramer (closed symbols),
In contrast, when fibrin polymer was formed in the presence and turbidity was measured as described in Experimental Proce-
of 1 uM Allt, fibrin polymer lysis was completely abolished ~ dures. The concentrations of Allt were 0.081 (@), 0.063uM
and anA s value could not be determined. Even after 48 h, (Y): 0-1254M (M), 0.254M (#), 0.54M (a), and 1uM ().
significant lysis of the fibrin polymer was not observed (data Allt was proteolyzed over a period of-B h (data not
not shown). These results therefore establish that Allt shown). The inhibitory effect of Allt was concentration-
substantially inhibits t-PA-dependent extrinsic lysis of fibrin  dependent and aboutM Allt was required to completely
polymer. However, mechanistically the inhibitory effect of inhibit plasmin-dependent fibrinolysis. In contrast, high
Allt could be due to inhibition of the t-PA-dependent concentrations of annexin Il produced only a modest inhibi-
conversion of plasminogen to plasmin or due to a direct effect tion of extrinsic plasmin-dependent fibrin polymer lysis
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on plasmin activity. (Figure 2, inset). These results therefore establish that Allt
We therefore examined the effect of Allt on the plasmin- inhibits plasmin activity directly.
dependent extrinsic lysis of fibrin polymer. In this experi- Intrinsic Lysis of Fibrin Polymer We also examined the

ment, fibrin was polymerized by incubation of thrombin and effect of Allt on plasmin-dependent intrinsic lysis of fibrin
fibrinogen in the presence or absence of Allt. After a stable polymer. Fibrin polymer was prepared by incubation of
fibrin polymer was formed, plasmin was added to initiate fibrinogen, thrombin, and plasmin in the presence or absence
fibrinolysis. As shown in Figure 2, fibrin polymers that of Allt and the rates of fibrin polymer lysis were compared.
formed in the presence of Allt were resistant to plasmin- As shown in Figure 3, Allt inhibits fibrinolysis under these
dependent fibrinolysis. Furthermore, SBBAGE analysis conditions. The inhibition of plasmin activity by Allt was

of the fibrin polymer suggested that less than 10% of the concentration-dependent and as little as 008 Allt
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Ficure 4: Inhibition of intrinsic plasmin-dependent fibrin polymer
lysis by annexin Il. Intrinsic plasmin-dependent in vitro fibrin
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Ficure 5: Effect of Allt on the amidolytic activity of plasmin.
The amidolytic activity of plasmin was assayed in buffer A at 25

polymer lysis was measured by turbidity as described in the legend °C with Spectrozyme 251 substrate (10M1) in the absenced)

of Figure 3 except that annexin Il was substituted for Allt. The
concentrations of annexin Il present during fibrin polymerization
were 0 O), 0.5uM (@), 2.5uM (¥), 5uM (M), 10uM (¢) and 20
UM (A). Inset shows\y 5 versus various concentrations of annexin
1.

produced a significant inhibition of fibrinolysis. Further-
more, as observed for the extrinsic lysis of fibrin polymer,
1 uM Allt completely inhibited the intrinsic lysis of fibrin
polymer.

We also found that annexin Il produced a concentration-

dependent inhibition of plasmin activity in the intrinsic fibrin

or presence®) of 2 uM Allt. The reaction was initiated by the
addition of 3.8 nM plasmin. Inset: Inhibition of plasmin amidolytic
activity (expressed as the percentage of plasmin amidolytic activity
in the absence of Allt) is plotted as a function of the Allt/plasmin
molar ratio. Plasmin amidolytic activity was measured as described
above except that the reaction was conducted at room temperature
in a final volume of 20QuL and the plasmin amidolytic rate was
measured in a microplate reader.
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polymer lysis assay. As shown in Figure 4, measurable Fiure 6: Interaction of Allt with fibrin. Fibrin polymer was

inhibition of intrinsic fibrin polymer lysis required 2.56M
annexin Il and a half-maximal change # s required 6.3
uM annexin Il (Figure 4, inset). Interestingly, unlike the
results observed with Allt (Figure 3), high concentrations
of annexin Il did not totally block fibrin polymer lysis.
Saturating concentrations of annexin Il delayed fibrin
polymer lysis from anAqs of about 84 min to amys of
about 118 min.

Effect of Allt on the Plasmin Amidolytic Agty. The
results presented in Figures—3 establish that plasmin

formed by incubation of thrombin (0.83 NIH unit/mL) and
fibrinogen (8uM) at 25 °C in buffer A. After a polymerization
was complete, 1@M Allt was added without (A) or with 0.xM

(B), 1 uM (C), 2 uM (D), or 4 uM heparin (E) and the fibrin
polymer was incubated for 30 min at 2&. The fibrin polymer
was washed with buffer A and then subjected to SIPAGE. (F)
Annexin Il standard; (G) fibrin polymer incubated in the absence
of Allt.

activity of heparin on the interaction of Allt and fibrin is
due to the interaction of heparin with either or both of these
proteins. We are currently examining in detail the kinetics

activity, assayed in the presence of its physiological substrateof binding of Allt to fibrin and the mechanism by which

fibrin, is substantially inhibited by Allt. For example, in
the case of plasmin-dependent fibrin polymer lysis, we
observed that uM Allt totally inhibited the fibrinolytic
activity of 1.25uM plasmin (Figure 2). However, as shown
in Figure 5, when plasmin activity (3.8 nM) was assayed
with the artificial amidolytic substrate-norleucyl-hexahy-
drotyrosyl-lysinep-nitroanilide, only a 22.3% 7.4% (mean
+ SD, n = 5) inhibition of plasmin activity was observed in
the presence of @M Allt. The half-maximal inhibition of
plasmin amidolytic activity required about 0.8M Allt and
was maximal in the presence of aboyt Allt (Figure 5,
inset). The inhibition of the amidolytic activity of plasmin
by Allt was observed regardless of the order of addition of
plasmin, Allt, or substrate (data not shown).
Allt-Dependent Inhibition of Fibrin-Associated Plasmin
Activity. We have also examined the possibility that Allt
binds to fibrin. As shown in Figure 6, Allt binds to fibrin

heparin reverses this binding (Choi et,ahanuscript in
preparation). Considering our observation that Allt binds
to fibrin (Figure 6), it is possible that Allt inhibits the lysis
of fibrin polymer by binding to fibrin and inducing a
conformational change in fibrin that blocks the interaction
of plasmin with fibrin. We have therefore examined the
possible mechanism by which Allt inhibits plasmin activity.
Fibrin polymer was formed by incubation of thrombin and
fibrinogen, and after the fibrin polymerization was complete,
extrinsic lysis of the fibrin polymer was initiated by addition
of 1 uM plasmin. As shown in Figure 7, the simultaneous
addition of Allt and plasmin resulted in significant inhibition
of extrinsic fibrin polymer lysis. Fibrin polymer lysis was
completely blocked by about BM Allt. After 720 min,
the artificial amidolytic substrat®-norleucyl-hexahydro-
tyrosyl-lysinep-nitroanilide was added to control (no Allt)
or reaction mixtures that contained Allt. As shown in Figure

and this binding is reversed by heparin. The binding of Allt 7, inset, the amidolytic activity of plasmin was also sub-
to heparin did not result in the dissociation of the p11 subunit stantially inhibited in the presence of Allt. These results
(data not shown). Considering that both Allt and fibrin bind demonstrate that the interaction of plasmin, fibrin, and Allt
heparin (Kassamt al, 1997), it is unclear if the inhibitory  results in the inactivation of both plasmin fibrinolytic (Figure
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Ficure 8: Inhibition of t-PA-dependent extrinsic lysis of fibrin
polymer by other annexins. Fibrin polymerization was initiated by
incubation of thrombin (0.83 NIH unit/mL), fibrinogen (@M),
and plasminogen (200 nM) without any annexi®) @nd with 1
uM Allt (W), 5 uM annexin | @), 5 uM annexin Il (v), 5 uM
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FiGure 7: Amidolytic activity of plasmin during Allt-dependent
inhibition of in vitro fibrin polymer lysis. Fibrin polymerization
was initiated by incubation of fibrinogen (@M), and thrombin
(0.83 NIH unit/mL) in a 40QuL reaction mixture. After 30 min,
100 uL of plasmin (1uM) was added without@) or with (filled

symbols) various concentrations of Allt, and the turbidity was
measured at 450 nm. After 720 min, the whole reaction mixture
excluding the fibrin polymer was added to 3 mL of buffer A

containing 20Q«M Spectrozyme 251 amidolytic substrate, and after
5 min, the reaction was quenched with 5.5% TCA. After centrifu-
gation (14500, 15 min), the supernatant was removed and the

annexin V @) or 5 uM annexin VI (a). Thirty minutes after
initiation of fibrin polymerization, fibrinolysis was initiated by
addition of 25 nM t-PA. Inset: Effect of the recombinant proteins
on extrinsic plasmin-dependent fibrin polymer lysis. The concentra-
tions of recombinant proteins used were®),(10uM p11 @), 10

uM p36 (@), or 7uM Allt (H). Plasmin (1.2%M) and recombinant

optical density of the supernatant was measured at 405 nmproteins were added to the fibrin clot at 30 min.

(presented in the inset). The concentrations of Allt used were 0

(O, A), 1uM (@, C), 2uM (v, D), 5u4M (M, E), and 1QuM (¢,
F). Inset: Amidolytic activity of plasmin in the presence of Allt is

subunit of Allt nor annexin Il inhibits intrinsic plasmin-
dependent fibrin polymer lysis. In contrast, recombinant Allt

plotted as a percentage ratio of the amidolytic activity of plasmin ; S ; i .
measured in the absence of Allt. To compensate for the small Substantially inhibits plasmin-dependent fibrin polymer lysis.

inhibitory effect of Allt on the amidolytic activity of plasmin, a  These results therefore suggest that the antifibrinolytic
duplicate sample taken at 720 min corresponding to the reaction activity of Allt requires the participation of both subunits
conducted in the absence of AlIDY was adjusted to ZM Allt of the protein.
before addition of amidolytic substrate (inset, B). Intrinsic Lysis of Fibrin Polymer Produced in Plasma
7) and amidolytic activity (Figure 7, inset). Considering that Plasma contains a variety of proteins that are involved in
Allt produces only a slight inhibition of plasmin amidolytic  the regulation of thrombosis and fibrinolysis. Furthermore,
activity in the absence of fibrin (Figure 5), the results suggest the formation of fibrin polymers occurs on the surface of
that the formation of a complex between Allt, fibrin, and the endothelial cells that are bathed in plasma. Our previous
plasmin results in a conformational change in Allt or plasmin results established that Allt inhibited the fibrinolytic activity
or both of these proteins. As a result of this(these) confor- of plasmin. We also examined the effect of Allt on plasmin
mational change(s), both the amidolytic and fibrinolytic activity using a fibrin polymer formed in the presence of
activity of plasmin is inhibited. plasma. As shown in Figure 9, in the presence of plasma
Specificity of the Regulation of Plasmin Adgty. Allt is and absence of Allt, fibrin polymerizes and is dissolved
a member of a large family of Cabinding proteins. In rapidly. However, if fibrin polymer is formed in the presence
order to assess whether or not the regulation of plasminof plasma and Allt, subsequent dissolution is dramatically
activity was specific to Allt, we tested several annexins as inhibited. Furthermore, the similar potency of Allt for
potential antifibrinolytic proteins. Fibrin polymer was inhibition of the lysis of both the fibrin polymer formed in
formed by incubation of thrombin, fibrinogen, plasminogen, plasma and the fibrin polymer formed with purified com-
and an annexin protein. After the fibrin polymerization was ponents suggests that plasma does not contain factors that
complete, extrinsic fibrin polymer lysis was initiated by inactivate the inhibitory activity of Allt.
addition of t-PA. As shown in Figure 8, at 5 times the  Allt Does Not Inhibit the Collagenolytic Acity of
concentration of Allt, annexins 1A s = 327 min), Il Aos Plasmin Several annexins, including annexin Il, have been
= 310 min), V o5 = 332 min), and VI Ays = 372 min) shown to bind to collagen (Genge et al., 1992; Wirl &
had only a slight inhibitory effect on plasmin activity when Schwartz-Albiez, 1990; Pfaffle et al., 1990; Wu et al., 1991).
compared to fibrin polymer prepared in the absence of We have also observed the binding of Allt to type IV
annexin fos = 221 min). collagen (data not shown). Since plasmin has been recently
Recently our laboratory produced prokaryotic cDNA shown to degrade collagen type IV (Mackay et al., 1990;
expression constructs for both annexin 1l and the p11 subunitAkeli et al., 1991), we examined the effects of Allt on
and demonstrated that the recombinant subunits were strucplasmin collagenolytic activity. As shown in Figure 10, Allt
turally identical to the native proteins isolated from bovine did not affect the plasmin collagenolytic activity. This
lung (Kang et al., 1997). This has allowed analysis of the suggests that the inhibition of plasmin fibrinolytic activity
role of the Allt subunits in the Allt-dependent inhibition of by Allt is not a general effect of Allt on plasmin proteolytic
fibrinolysis. As shown in the Figure 8 inset, neither the p11 activity.
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potent regulator of plasmin activity vitro. Furthermore,
when analyzed at similar concentrations, recombinant Allt
but not recombinant annexin Il or p11 subunit inhibited the
plasmin-dependent fibrin polymer clot lysis. The inhibition
of plasmin activity by Allt was observed under a variety of
experimental conditions including t-PA-dependent extrinsic
lysis of Allt-containing fibrin polymer (Figure 1), plasmin-
dependent extrinsic lysis of Allt-containing fibrin polymer
(Figure 2), plasmin-dependent intrinsic lysis of Allt-contain-
ing fibrin polymer (Figure 3), and plasmin-dependent
extrinsic lysis of fibrin polymer (Figure 7). Collectively,
these results suggest that Allt is a specific and potent
regulator of plasmin fibrinolytic activityn vitro.

Under experimental conditions in which Allt blocked the
plasmin-dependent lysis of fibrin polymer, plasmin activity
measured with an artificial amidolytic substrate was also
attenuated (Figure 7, inset). In contrast, the amidolytic

(0.83 NIH unit/mL) fibrinogen (5uM), and plasmin (500 nM) in aqtivity pf ple}smin in the apsence of fibrin polymer was o_nIy
(v). Turbidity was measured as described in Experimental Proce- three important points. First, Allt substantially inhibits the

dures. activity of plasmin directed toward its physiological substrate,
fibrin, but does not inhibit the plasmin activity directed
toward the artificial amidolytic substrate. Second, since in
the presence of fibrin both the fibrinolytic and amidolytic
activities of plasmin are inhibited by Allt (Figure 7), it is
unlikely that Allt binding to fibrin (Figure 6) either sterically
blocks the plasmirfibrin interaction or induces a confor-
mational change in fibrin resulting in inhibition of the
plasmin-fibrin interaction. If the binding of Allt to fibrin
did inhibit the subsequent binding of plasmin to fibrin, it
would be expected that the plasmin would retain full
amidolytic activity under these conditions. Therefore, it is
possible that fibrin colocalizes Allt and plasmin to the fibrin
filament, which results in the formation of a fibrirAllt —
plasmin ternary complex in which plasmin is inactive. Our
observation that both the amidolytic and the fibrinolytic
activities of plasmin are inhibited in the presence of both
fibrin and Allt but not in the presence of Allt and the absence
of fibrin (Figure 7) is consistent with this proposed mech-
anism. Third, Allt does not inhibit the collagenolytic activity
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Ficure 9: Inhibition by Allt of plasmin-dependent intrinsic lysis

of fibrin polymerized in plasma. Dialyzed human plasma was
diluted 4-fold into buffer A and incubated at 2& with thrombin
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Ficure 10: Allt does not inhibit the collagenolytic activity of
plasmin. Collagen type IV was preincubated at°&7for 10 min

in the absence®) or presence@) of 2 uM Allt in a buffer
containing 50 mM Tris (pH 7.5), 100 mM NaCl, 5 mM CaCand
0.8uM fluorescein-conjugated collagen type IV. The reaction was

initiated by addition of 0.12uM plasmin, and the relative

fluorescence was continuously monitored. Results are expresse

as the meantSD, n = 3.

of plasmin (Figure 10). This result suggests that Allt is not

£ general inhibitor of plasmin proteolytic activity. Finally,

we have observed that the amidolytic activity of t-PA
measured in the presence of fibrin was not inhibited by Allt

DISCUSSION (data not shown). This result establishes that Allt is not a
These studies were undertaken to investigate the role ofgeneral serine protease inhibitor.
annexin 1l and annexin Il tetramer in the regulation of It is not surprising that the inhibitory effect of Allt on
plasmin fibrinolytic activity. Earlier reports demonstrated plasmin activity is dependent on the presence of fibrin.
that annexin Il was present on the outer surface of endothelialPlasmin displays a broad trypsin-like substrate specificity.
cells and that extracellular annexin 1l bound t-PA, plasmi- Fibrin-specific proteolysis is accomplished by formation of
nogen, and plasmin, with high affinity. Since the binding plasmin within the fibrin polymer. The binding of plasmin
of t-PA and plasminogen to annexin Il resulted in an increase to the fibrin polymer is mediated by one or more of the five
in plasmin amidolytic activity, it was concluded that annexin N-terminal heavy-chain lysine-binding sites or kringle do-
Il acts as a fibrinolytic receptor by facilitating the t-PA- mains (of plasmin) that recognize lysine residues in fibrino-
dependent conversion of plasminogen to plasmin (Hajjar et gen (Fleury et al., 1993; Liu & Gurewich, 1992; Nesheim
al., 1994; Cesarman et al., 1994). Since this laboratory alsoet al., 1990; Hoylaerts et al., 1982). Activation of plasmi-
reported that the amidolytic activity of plasmin was unaf- nogen is also rendered fibrin-specific by virtue of the affinity
fected by annexin Il, their results predicted that endothelial of t-PA for fibrin and the resulting fibrin-dependent, t-PA-
cell annexin Il would participate in the constitutive produc- catalyzed plasminogen activation. Fibrin thus binds both
tion of large amounts of fully active plasmin. t-PA and plasminogen and thereby functions not only as the
In the present paper we have demonstrated that Allt, but fibrinolytic substrate but also as an allosteric activator of
not other annexins such as annexin I, Il, V, and VI, is a fibrinolysis. Our data demonstrate that fibrin can also
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interact with Allt, which results in the inhibition of plasmin  and revascularization. The adhesion, spreading, and migra-
activity. tion of endothelial cells is thought to involve the recognition

Itis also interesting that Allt, but not the annexin Il subunit @nd binding of these cells to specific domains of the fibrin
or p1l subunit of Allt, is a potent inhibitor of plasmin molecule. Our results therefore present the possibility that
activity. Although Allt consists of two copies of the annexin the Allt t_hat is present on the extracelll_JIar surface of th_e
Il subunit and two copies of a p11 subunit, the association endothelial cell may act to block plasmin-dependent lysis
of the p11 subunit with the annexin Il subunit modulates Of céll-surface associated fibrin. Alltis unique among the
many of the biochemical properties of the protein [reviewed 2NNeXins in thqt this protein |nh|b|t$ t.h_e flbrlnolyt|g activity
in Kang et al. (1997) and Waisman (1995)]. For example, of plasmin. T_h|s presents the poss!blhty that certain stimuli,
Allt, but not annexin Il, bundles F-actin (lkebuchi & Such as possibly the phosphorylation of Allt, may act as a
Waisman, 1990), aggregates chromaffin granules at physi_regulatory_ mechanism by affeqtmg th_e _conformanon_ of Allt
ological C&* concentrations (Drust & Creutz, 1988; Jones and cfausm_g_AIIt to release its inhibitory constraints on
et al., 1994), modulates Cchannels (Nilius et al., 1996), Plasmin activity.
and participates in exocytosis (Chasserot-Golaz et al., 1996).
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