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- Annexin V (vascular anticoagulant alpha).
¥ 115 mechanism of anticoagulation and its perspectives
as a future antithrombotic drug
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Introduction

oagulation factors and tissue factor require

The vitamin-K dependent ¢
:ds for their efficient expression of proco-

3 negatively charged phospholip

- agulant activity (1, 2).
Considerable understanding of the function of phospholipids in coagula-

¥ ion has emerged from studies with the prothrombinase complex (3, 4). The
catalytic effect evolves from the binding of the coagulation factors to the
& phospholipid surface and subsequent formation of intermolecular interac-
tions. The basic principle of this architecture is believed to be involved in
the other phospholipid dependent reactions in coagulation (1, 5).

Annexin V (formerly vascular anticoagulant alpha) was first discovered
in a particular protein fraction of an arterial tissue homogenate 2as
d anticoagulant activity (6)- Molecular

(%) Nawrorn, P P, D, A, HanpLE
¢ BLES Aol ey, by ¥, C. T. Esmon, D. M. : . :
roc. Natl. Acad, Sci. USA 83, 3460-3464 (1986 8 = Joning of its cDNA (7) revealed annexin V to be identical to lacental
(10) Mooxs, K. L. 4 i : : ; i
irltema]intianl;;f d;rfdi:: leh:i;:L ESM:&E Tumor necrosis factor leads o the @ anticoagulant protein (8), endonexin 11 (9), PP4 (10), lipocorun V (11) and
- n o 0 h . 4 b I . ' s '
Ml el S e, Blagdl77: 151191_?2; {198:}fmm the surface of bovine aoric o calphobmfhn (1%). Its primary Structure is orga.msec} ina 4-fold repeat qf a
(11) Nawrors, PP, D. M. STeRN: Modulation of endothelial , = (7/68 amino acid long conserved sequence, containing a consensus first
by tumor necrosis factor. J. Exp. Med. 163, 740-7:; ?;s:.;. = hmmfw pusse B described for 2 number of Ca?*-dependent membrane binding proteins
E=  (13), which constitute a new family of proteins termed the annexins (14,

12) B
(12) bii::ql;:;‘c:;r:;n:l.“l;.{ sjur;s‘ Ponzn,.G. Rf Majyedu: Interlenkin-1 (IL-1) induced
YRy ace expression of procoagulant activity in hum 1
I oo i i G s ; N primary structures have
Pad'wi; af.ma;“h.ﬁ 0;1 I‘::o:'ng'r:-!.‘« D& H..\Nm,r_x': An endothelial cell-dependent ¢DNA cloning techniques [for refs.
) . Proc. Natl. Acad, Sci. USA §2, 25232526 (1985). € i i
L . M. E, R K‘SCHLEEF, M. A. Gimerong, D. . LosguTtore: (11)‘ g (16)’ e (17)’
Ieg ]auo‘n of ﬂu:‘ fibrinolytic system of cultured human vascular endothelium b.
nterleukin 1. |, Clin. Invest. 78, 587-591 (1986). i

15). Up to date ten different annexins have been discovered and their
been elucidated by means of protein sequencing or
of annexin I-VI see PEPINSKY 1988

and annexin IX and X (18)].
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L b'e'spité' oé' 1:he accumulated Lche i i
. te ‘ mical and biological informati
annexins no clear picture about their physiological functions :xiz:ls g

pla;;na.of h.ealt'hy volunteers and major SUrgery patients.
¢ implications of our findings to the understanding of annexin V as a

physiological relevant anticoagul : :
antithrombotic drug is discussggl:l ant and as a potential anticoagulant/

Materials and Methods

Proteins ~ Recombinant annexin V was purifi i

‘ . purified from E. coli trans-
}f:r::: :,::E Placmid pRH291, containing the complete coding region of
S nn.b cé?) The coagulation factors were purified from bovine
e w:::;:r;{ 1113 Linprour eval. (22). Factor X and factor V were
n : ussel’s Viper Venom (23) and thrombin (22) respectively.
n?:;m}:mons :)f fact'm" Xa were determined by active site titration wit)l;
.I;:mnﬁi enyl-p -dguamd.mobe.m:?atc- hydrochloride. Prothrombin con-
- % Vns were e:c'rmmcd similarly after activation with Echis carinatus
Or Va concentration was determined by assessment of prothrom hinast;

activity under factor Va limitin iti 1
_ g conditions (22). 1o}
S e i T s (22). Annexin V concentration

s Meas‘xr{r_n.ent of potbrom!fz}mse activity in a purified system — Prothrom-
11]-:113.758 acuvity was determined at 37°C in buffer (50 mM Tris/HC]
PH.7.5, 100 mM NaCl, 3 mM CaCl, and 20 uM ZnCly), containing 1
;135 ;ﬁhohpxq veswl?s (20% PS/80% PC). In an Eppcndo:-f centrifugge tube
i Vr:ac;c:: _n}:c.lxture, containing buffer, vesicles and amounts o;
e 37:);: Tah and annexin V. as indicated was incubated for

+ 7€ reaction was initiated by addition of prothrombin
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and the prothrombin activation was measured by taking sequential samples
and adding these to a buffer of 50 mM Tris/HCI, pH 7.5, 100 mM NaCl,
20mM EDTA and 0.1 g/l soybean trypsin inhibitor, $-2238 was then
added and its hydrolysis was measured in 2 Cobas Bio (Hoffmann-La
Roche) autoanalyzer. Within this experimental framework the apparent Kd
of factor Xa binding to phospholipid bound factor Va was determined by
titration of the reaction mixture with factor Xa. The K., of prothrombin
was determined similarly by titration of the prothrombinase mixture,
10 pM factor Va, 1 nM factor Xa and 1 uM vesicles, with prothrombin.

Measurement of prothrombinase activity in plasma — Platelet free plasma
was prepared by differential centrifugation at room temperature and
contained 15 mM citrate. Normal plasma pool was prepared from blood
collected from at least 30 healthy volunteers. Control patients were at the
outpatient’s clinic for various reasons without history of thrombosis or
bleeding disorders. Plasma samples were also taken from patients immedi-
ately after major surgery.

The plasma was diluted 1:10 in buffer A. The diluted plasma was
incubated for 20 minutes with a variable amount of annexinV, 2 pM
prothrombin and 200 pM S-2238. Thrombin generation was started by
addition of 100 pM factor Va and 500 pM Xa. All reactions were limited
by the phospholipid concentration. The 5-2238 in the reaction mixture
prevents the formed thrombin from cleaving factor VIII and V and
fibrinogen, and obviates its inhibition by plasma proteinase inhibitors.

The prothrombin activation rate was determined by continuous record-
ing of the hydrolysis of 5-2238 in a photometer by means of light
absorption at 405 nm. The hydrolysis rate of 5-2238 is proportional to the
thrombin concentration in our experimental conditions. Hence after
attainment of a steady state thrombin formation rate (after 1-2 minutes),
when the thrombin concentration increases linearly with time, the light

adsorption A(t) as function of time t can be described by the equation:

A()=A0+ Al xt+ A2 x ¢
with A2 proportional to the thrombin generation rate:
A2 =1/2 x k1 x Vita-

k1 — an apparatus constant proportional to the conversion rate of $-2238
by thrombin and the extinction coefficient of the product.
Vi1a — the thrombin formation rate (nM/min).
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The coefficients A0, A1 and A2 were determined from a least squares fit
to the observed absorption curve and the rate of thrombin formarion is then
calculated from A2.

Measurement of prothrombinase activity at blood platelets — Human
platelets were obtained by wash procedures from platelet rich plasma as
described (24). Washed platelets were diluted to 1.2 x 10%/ml and incubated
with stimulus for 10 minutes at 37° C. Then 10 pM factor Va and 1 pM
prothrombin were added and after 5 minutes a mixture of 1 nM factor Xa,
10 nM thrombin inhibitor 1-2581 and 1 pM PGE-1 were added, Aliquots
were taken in time to’ determine the thrombin generation rate. Buffer:
25 mM Hepes, pH = 7.5, 136 mM NaCl, 2.68 mM KCI, 2.5 mM CaCl,,
25 mM glucose and 5 g/l bovine serum albumin.

Results

The interference of annexin V with the protein-protein interactions of the
prothrombinase complex — The heteromer prothrombinase complex cata-
lyses the conversion of prothrombin as effective as it does by virtue of the
specific intermolecular interactions (1). These interactions can be assessed
by kinetic analysis, such as titration of fixed amounts of vesicles, factor Va
and prothrombin with factor Xa and subsequent determination of the rate
of prothrombin activation. The obtained rates offer information on the
affinity of factor Xa for phospholipid bound factor Va (22).

Michaelis-Menten analysis by utration with prothrombin obtains the
parameters K, and V., of the prothrombin activation (3).

TanrE 1. Dissociation constants of Xa-phospholipid bound Va.
The rates of thrombin formation as presented in fig. 1 were analyzed by double reciprocal
plots, from which Kd values were determiined (+ 5.D., n >3).

Annexin V Kd
(nM) (pPM)
0 97 + 30
10 ] 441 + 166
100 554 + 157
1000 790 + 126
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Figu.rc 1, Interference of annexin V with prothrombinase. Titration with factor Xa.
Thle reaction mixture consisted of 100 pM Va, 1 uM PS/PC, | #M prothrombin and factor Xa
as indicated. Thrombin production was measured in the absence of annexin V (circles) and in
the presence of 10 nM (triangles), 100 nM (diamond) and 1 UM annexin V (squares).

When a mixture of 100 pM Va, 1 uM PS/PC vesicles, 1 MM prothrombin
and 3 mM Ca®* is titrated with Xa, the analysis of the observed reaction
rates reveal a Ky of 0.1 nM for the functional interaction between Xa and
phospholipid bound Va. The presence of annexin V in the mixture causes 2
descrease of this affinity in a dose-dependent manner (fig. 1, table 1). Since

a synergistic effect of zinc ions on the binding of annexin V was observed

(20) we added 20 WM Zn** ions to the purified system. Plasma has a
physiological amount of about 20 uM Zn?*. This indicates that annexin V
interferes with the interaction between Xa and Va either directly or
indirectly through interference with the phospholipid binding of these
factors.

: The affinity of the substrate for the enzyme complex was determined by
utration of a mixture, consisting of 10 pM Va, 1 nM Xa, 1 uM PS/PC
vesicles and 3 miM Ca®*, with prothrombin. Annexin V induces an increase
of the K, of the reaction to values, which could not be determined
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Viis (nM/min)

L
0 0.25 0.5 0.75 1
prothrombin (uM)

Figure 2. Interference of annexin V with prothrombinase. Titration with prothrombin.
The reaction mixture conststed of 10 pM Va, 1 nM Xa, 1 uM PS/PC and prothrombin as
indicated. Rate of thrombin formation was measured in the absence of annexin V (circles) and

in the presence of 10 nM (triangles) and 1 pM annexin V (squares).

anymore, indicating a strong interference with the enzyme substrate
interaction (fig. 2, table 2). -

Hence, annexin V has an intricate effect on the prothrombinase complex,
by interference through its phospholipid binding with probably all th.e
intermolecular interactions required for optimal enzymatic activity. This
mechanism entangles annexin V to be a very effective inhibitor of pro-
thrombinase activity if the reaction is limited by phospholipid .surface
availability. Implicit to its mechanism of action the efficacy of annexin V 10
inhibit prothrombinase reflects the availability of procoagulant phos-
pholipid surface. :

Analogously, it can be inferred that annexinV interferes with the
assembly of the other phospholipid dependent procoagulant complexes (25,
26, and fig, 3).
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TaeLE 2. Michaelis

-Menten parameters of prothrombin activation,

The Ky and Vi, were determined from double reciprocal plots of the rates of thrombin
formation versus prothrombin concentration (see fig. 2).

Annexin V Kn N e
(nM) (nM) (nM/min)
0 141 + 36 15+ 4
10 >1000 >8 g
1000 >5000 >4

Interference of annexin V with prothrombinase in plasma and on the
platelet surface — Prothrombinase activity of a purified system with known
amounts of phospholipids is compared to prothrombinase activity in
plasma with unknown quantities of procoagulant surface. Figure 42 shows
the effect of the annexin V concentration upon thrombin formation rate,
This rate steeply drops at low annexin V concentration, 20 nM annexin V
inhibits the prothrombinase activity in the presence of 1 uM phospholipid
vesicles for more than 80%. This is consistent with our earlier report that
annexin V binds with a ratio of 1 molecule to 42 molecules phospholipids
(20) of the outer leaflet of a membrane. From these latter data it is calculated
that 15 nM annexin V is required to cover 1 pM phospholipid vesicles,
assuming 66% of the phospholipid molecules in the outer leaflet.

In figure 4b the thrombin generation rate in a normal pool of plasma is
plotted as a function of the annexin V concentration. Since no phos-
pholipids were added to the plasma, the observed prothrombinase actvity
must be associated with procoagulant surfaces present in the plasma. In this
situation a concentration of 3 nM annexin V already suffices to reduce the
prothrombinase activity by 80%. Thus our pooled plasma had procoagu-
lant surface area available equivalent to about 150 nM PS/PC vesicles,

The plateler membrane presents a more physiological model of a
procoagulant surface. The prothrombinase activity of added factor Va
(10 pM) and factor Xa (1 nM) in a platelet suspension, activated by various
sumuli, was determined in the absence or presence of annexin V. The
Procoagulant activity of platelets stimulated by thrombin (10 aM) alone or
in combination with collagen (10 pg/ml) or by calcium ionophore (A23187,
10 M) could be almost completely blocked by 1 uM annexin V. Figure 5
shows a titration with annexin V of the procoagulant activity of platelets
that were stimulated with 10 uM A23187, which is the strongest stimulus
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Phospholipid dependent
coagulation

Vila

(extrinsic)

Reaction blocked
by Annexin V

\

Fibrin
Clot

Figure 3. Simplified presentation of the coagulation pathway and the sites where phes-
pholipids play a pivoral role. .
Coagulation is initiazed by the exposure of tissue factor (TF) to the blood (2). Enzymatic

canversions lead to the formation of thrombin, the key enzyme in coagulation. The activations

of factor IX and X by TF/VIla, the activation X by IXa and the activation of prthrombin by
Xa are greatly enhanced by phospholipids (3, 32). Annexin V inhibits these reactions through
a high affinity binding to the phospholipids (hatched boxes).
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Figure 4. Effect of annexin V concentration on prothrombinase in 2 purified system and in

plasma. A: Annexin V was added to prothrombinase (1 uM vesicles, 100 pM factor Vi, 1 nM

factor Xa and 1 pM prothrombin) to buffer (50 mM Tris/HCI, pH 7.4, 100mM NaCl,

3 mM CaCl;, 20 uM ZnCly, 0.5 mg/ml ovalbumin, T = 37° C). B: Annexin V was sdded to

dilured plasma, followed by measurement of added factor Xa ~ factor Va activity. 100 pM

factor Va, 500pM factor Xa, 2uM prothrombin. Buffer: 50 mM Tris/HCI, pH 7.5,
100 mM NaCl, 10 mM CaCl,, 0.5 g/l ovalburnin, T = 37° C.
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i ibiti lant activity by annexin V.
Figure 5, Inhibition of platelet procoagu ok
The thrombin g:ncrm’on of 10 pM factor Va, 1 nM facror Xa and 1 uM prothror?::x;dvs{:
: ed in a suspension containing 1.2 X 10° platelets per ml. The platelets were acti y
- - 10 uM A23187.

for procoagulant activity expression. Under the given cond%ifiqns about
250 nM annexin V blocks 80% of the platelet procoagulant activity.

Prothrombinase measurements in patients plasma and the smc@t:é?_dxry :_:
annexin V inbibition - The physiological re]ev.ance of a:mdemn .Tisnor__
anticoagulant and its use as an anticoagulant/anfldlrc?mbonc rug l:mwn 3
only depend on the dose-effect relation of annexin V in plasma as SF? e
figure 4b but also on the patients piasm-as procoagulant sitaruj. rﬁ)uimd
shows the prothrombinase activity in various ?I:.asma samples, ;te i
without the addition of annexin V or phosphoh;.uc.i. The observi;h .T:. i .
appeared to range widely. This procoagulant activity c.t)u:I b_ih i 1tzo 1;;
annexin V (Fig. 6). Extrapolation from the results obtame. with our f: .
plasma, it can be estimated that the amount of annexin Vo gu.'hﬂ;d.ly
inhibition would range from 3 aM plasmla concentration in g/
volunteers to up to 30 nM in patients immediately after major surgery.
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Figure 6. Variation in procoagulant surfaces in different plasmas.
Platelet free plasmas were prepared from citrated blood pooled from various healthy donors,
controls and surgery patients, The procoagulant status of these'plasmas were determined by
the prathrombinase reaction as deseribed in fig. 4b.

these latter cases the increased Procoagulant activity may be attributed to
damaged tissue releasing phospholipid structures and/or activation of
platelets accompanied by shedding of vesicles. In such thrombotic states
higher concentrations of annexin V would be required in order to attain

effective inhibition of prothrombinase activity at the localised sj tes of injury
and/or cellular activation.

Discussion

Annexin V (vascular anticoagulant alpha) was first discovered in arteries
of human umbilical cords due to it strong anticoagulant potency (6), It was
then hypothesized that the mechanism of action differed from the ones of
the known anticoagulants. Several following studies have confirmed the
hypothesized mechanism, that annexin V interferes with the phospholipid
binding of the coagulation factors (19, 21). In addition this study
demonstrares that annexin V bound to the phospholipid surface also has the
potency to interfere with the assembly of prothrombinase and with the
interaction of the substrate with the complete prothrombinase. Thus the
Presence of annexin V at the lipid surface apparently interferes with the
Protein-protein interactions at the lipid surface required for expression of
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'pmtﬁfdr;abil;aée‘.acﬁvity. Since the different phospholi?id.de;):fnf::; }1;::

coagul.m . 1 share the same arc]mc?cture, it is inferred t

annexin \tf iiot?rgezl:swiﬁa the other phospholipid depe;dcnt re;c':hti:ns :: e:;
imi its i ) ith prothrombinase. n

: similar as to its mterferencew? P ' Tk

. :;:zhmism completes the set of mec.hamsms. regulating the activity of i:

heteromer procoagulant complex, cdmpﬁfmg enzyme, substrate, n.

enzymauc protein cofactor and phospholipid surface (1, 27).

pecial ism is its ized action at sites of vessel
ial feature of this mechanism is its localize :
wa?l ?nit:z.ry'md at plasma membranes of pertur.IE;’d an(ih @::ejozleélz :I:jf
align. ubli ions, 28). This mechani
malignant cells (unpublished observations, S b
iological importance to regulate coagulation : )
ignr;;isshl)t;s;:ll;g:he plzgroes'sion of the activation of coag;l;?on f:fctors b;\ir c;:
i iva lation factors from the surface, w
also displaces already activated coagu ; i L e
le to inactivation by
in the soluble compartment are susceptib ; -
::;z;:gu;a:? x‘:xechanisms like the antithrombin II1/heparin pathway.

Annexin V is synthesized in vascular E:ndorhclial cells (29, ?0); hl.: Iz:s:ic;
signal peptide that would suppdort active Exi:en;]a:isdasul?;e ;1}1 o
i i cellular .
routes (7, 8) but it has been found in extra ul: it
i i ether this occurs through ¢
he moment remains uncertain wh . :
&tr:.-ucgh an as yet unidentified secretory pathwa}fr.u Defpnc ;he cozf;m}i}i:
hysiological function of ann
amount of accumulated data the phy ‘ il
i i ole as an anticoagulan
t been clarified so far, while an important role i i
Escn doubted (29). Regardless its true pl‘lysmlog:cal function :}ni:sx;nm
acts as a strong anticoagulant once present in blood. The featu:cfs ey
antit:(;ngulant mechanism, which has been demonstrated o u:i: o
vivo, makes it an atractive tool for the treatment of hemostatic E}js;ed
The ;11erits of annexin V as a therapeutic agent, compared to the establish .
ones (heparins and coumarins) remain to be demonstrated by in viv

experiments. i

Summary

Annexin V is an anticoagulant, that binds with high aff%m':}.' torfpmci;
agulant phospholipids. This binding results in a compos:;e :r:;e e;ti:rr:v
1 i hrombinase complex. Anne
with the assembly and function of the prot in: il
ini holipid bound factor Va
the affinity of factor Xa for phospholip _
-i‘_ine:::;s:ss :h:lz,“ oft}l:'bro:hrombin. The anticoagulant ﬁfficacy of annexin V
is governed by the amount of procoagulant phospholipids.
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Not only procoagulant surfaces of synthetic phospholipids are neu-
tralized by annexin V but also surfaces of activated platelets and surfaces
present in plasma. Major Surgery causes a significant increase in the amount
of available procoagulant surface in the patients plasma, The Procoagulant
activity of this surface is inhibited by annexin V.
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il Passagerer Lupus-Inhibitor
bei einem sechs Jahre alten Midchen bei gleichzeitiger
passagerer Thrombopenie seines Vaters

A.-M. MINGERS und N. HErMBURGER :

¥ lﬁl;:;d ;mer K-as;is’tij; von 1984 méchte ich auf einen Gesichtspunke
» Oen man bei der Frage nach der Atiologi
Lupus-Inhibitoren mitberiicksichtigen sollte, e S

tome i 1
— :l:: ginzen Korper. beginnend am schmerzenden Knéchel. Etwa eine
orher war die gesamte Familie an einer Gastroenteritis erkrankt

Taserie 1. Gerinnungsparameter bei Lupus-Inhibitar

(weiblicher Patient, ¢ Jahre),
Pathologische Befunde

Akuivirit

T

S +++ (PTV)
Fakeor 11 e
Fakror VIII e e
Fakror IX ot
Fakeor X1 Wk
Faktor XI1 S
BIumngszeit ey

(subagual)

Normale Befunde
Thrombozyten (230000/pl)
Faktoren I, v w11 und X

Antithrombin 117
Plasminogen, az-Antiplasmin

FSP
PTV < Plasmatauschversuch
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