Koni g Szynka von Renesse "Intravenous injection of non-neurotoxic

pl asm nogen activators for the treatnent of stroke" The invention refers to
the intravenous application of non-neurotoxic plasm - nogen activators, in
particul ar of genetically nodified plasm nogen activators and plasm nogen
act i vat or Kohig®BrytHaevos &ehasae of Desnodus rotundus (DSPA) for the treatnent of
stroke in humans. The treatnment of stroke with these plasm nogen activators
is knowmn fromthe international patent application PCT/EP02/ 12204, the

di scl osure of which is conpletely taken into reference. Cinical
characteristics and biochem stry of stroke Different clinical pictures are
summari zed under the term "stroke" which cor- relate in their clinical
synptonms. According to the respective pathogenesis a first differentiation
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Different clinical pictures are summarized under the term "stroke" which cor-
relate in their clinical symptoms. According to the respective pathogenesis a
first differentiation between these clinical pictures in so called ischaemic and
haemorrhagic insults is possible.

Ischaemic insults (ischaemia) are characterized in a reduction or interruption
of the blood circulation in the brain due to a lack of arterial blood supply.
Often this is caused by thrombosis of an arteriosclerotic stenosed vessel or
by arterio artenal, respecitively, cardial embolisms.

Haemorrhagic insults are based inter alia on the perforation of brain supply-
ing arterias damaged by arterial hypertonia. However, only approximately 20
% of all cerebral insults are caused by haemorrhagic insults. Thus, stroke
due to thrombosis is much more relevant.

In comparison to other tissue ischaemias the ischaemia of the neuronal tis-
sue is widely accompanied by necrosis of the effected cells. The higher inci-
dence of necrosis in neuronal tissue can be explained with the new under-
standing of the phenomenon "excitotoxicity” which is a complex cascade
comprising a plurality of reaction steps. The cascade is initiated by ischae-



-2 mc neurons affected by a | ack of oxygen which then | ose ATP instantane-
ously and depol arize. This results in an increased postsynaptic rel ease of
the neurotransmtter glutamate which activates nmenbrane bound gl ut anate
receptors regul ating cation channels. However, due to the increased gl uta-
mate rel ease glutamate receptors becone over actlvated G utamate receptors
regul at e VohigdgenkdepeRdessse cati on channel s whi ch 4r&14 Bpened by a bindi ng of
glutamate to the receptor. This resul-t2s-in a Nat+ and Ca2+ influx.into the
cell massively disturbing the Ca 2+ dependent cell ul ar met abol i sm
Especially the activation of the Ca2* dependent catabolic enzynes could
give reason to the subsequent cell death (Lee, Jin-M et al., "The changing
| andscape of ischaemc brain injury nmechanisns”; Dennis W Zhol "d utamate
neurotoxicity and di seases of the nervous system'). Al though the nmechani sm
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metabolism. Especially the actlvatlon of the Ca®* dependent catabolic

enzymes could give reason to the subsequent cell death (Lee, Jin-Mo et al.,,

"The changing landscape of ischaemic brain injury mechanisms"; Dennis W.

Zhol "Glutamate neurotoxicity and diseases of the nervous system").

Although the mechanism of giutamate mediated neurotoxicity is not yet
entirely understood it is agreed upon that it contributes in a large extent to
the neuronal cell death following cerebral ischaemia (Jin-Mo Lee, et al.).

Therapy of stroke

Besides safeguarding vital functions and stabilizing physiological parameter
the re-opening of the closed vessel has priority in the therapy of acute cere-
bral ischaemia. The re-opening can be performed by different means. The
mere mechanical re-opening, as e.g. the PTCA after heart attack, so far has
not yet led to satisfying results. Only with a successful fibrinolysis an
acceptable improvement of the physical condition of patients can be
achieved. This can be accomplished by a local application using a catheter
(PROCAT, a study with pro-urokinase). However, despite first positive
results this method has not yet been officially approved as a pharmaceutical
treatment.



-3 The naturally occurring fibrinolysis is based on the proteolytic activity
of the serine protease plasmn which originates fromits inactive precursor
by catalysis (activation). The natural activation of plasm nogen is

catal yzed by the plasm nogen activators u-PA (urokinase type plasm nogen
act i vat or )KeaigdSzyhkaPAn (Rehesseie pl asni nogen activat oty 8bt&urring naturally in
the body. In contrast to u-PA t-PA_fprms a so called activator conpl ex )
together with fibrin and plasm nogen. Thus, the catalytic activity of t-PA
is fibrin dependent and is enhanced in its presence approxi mtely 550-fold.
Besides fibrin also fibrinogen can stinmulate t-PA nediated catal ysis of

pl asm nogen to plasmn - even though to a snaller extent. In the presence of
fibrinogen the t-PA activity is only increases 25-fold. Al so the cleavage
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degradation products (FDP)) are stimulating t-PA.
Known therapeutic approaches
a) Streptokinase

Early attempts of thrombolytic treatment of acute stroke go back to the
1950s. First extensive clinical triais with streptokinase, a fibrinolytic agent
from beta-haemolysing streptococci, started only in 1995. Together with
plasminogen streptokinase forms a complex which catalyzes other plasmi-
nogen molecules into plasmin.

The therapy with streptokinase has severe disadvantages since it is a bacte-
rial protease and therefore can provoke allergic reactions in the body. Fur-
thermore, due to a former streptococci infection including a production of
antibodies the patient may exhibit a so called streptokinase resistance
making the therapy more difficult. Besides this, clinical trials in Europe
(Mutticenter Acute Stroke Trial of Europe (MAST-E), Multicenter Acute
Stroke Trial of ltaly (MAST-l)) and Australia (Australian Streptokinase Trial
(AST)) indicated an increased moriality risk and a higher risk of intracerebral



Koni g Szynka von Renesse 45 814 K -4 bl eeding (intracerebral haenorrhage,
ICH) after treating patients with strep- tokinase. These trials had to be
term nated early. b) Urokinase Alternatively, urokinase - also a classica
fibrinolytic agent - can be appli- cated. In contrast to streptokinase it
does not &®higlSzinkavbh @eidsee char acteris- tics sindé 8t4 Ks an enzynme natural ly
occurring in various body tissues. Itg4is an activator of plasm nogen and

i ndependent of a co-factor. Urokinase is pro- duced in kidney cell cultures.
c) reconbi nant t-PA (rt-PA) Extensive experience on therapeutic thronbolysis
Is available for the tissue type plasm nogen activator - the so called
rt-PA - (see EP 0 093 619, US 4,766,075), which is produced in reconbi nant
hanster cells. In the 90s sev- eral clinical trials were perforned
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¢) recombinant t-PA (rt-PA)

Extensive experience on therapeutic thrombolysis is available for the tissue
type plasminogen activator - the so called ri-PA - (see EP 0 093 619, US
4,766,075), which is produced in recombinant hamster cells. In the 90s sev-
eral clinical trials were performed world-wide using t-PA - with acute myo-
cardial infarction as the main indication - leading to partially non-understood
and contradictory results. In the so called European Acute Stroke Trial
(ECASS) patients were treated within a time frame of & hours after the onset
of the symptoms of a stroke intravenously with rt-PA. After 90 days the
mortality rate as well as the Barthel-Index were examined as an Index for the
disability or the independent viability of patients. No significant improvement
of the viability was reported but an - even though not significant - increase of
mortality. Thus, it could be concluded, a thrombolytic treatment with rt-PA of
patients being individually selected according to their respective case history
immediately after the beginning of the stroke could possibly be
advantageous. However, a general use of nt-PA within the time frame of 6
hours after the onset of stroke was not recommended since an application
during this time increases the risk of intracerebal haemorrhage (ICH) (C.
Lewandowski C and Wiliam Barsan, 2001: Treatment of Acute Stroke; in:
Annals of Emergency Medicine 37:2; S. 202 ff.).



Lewandowski C and W Iiam Barsan, 2001: Treatnent of Acute Stroke; in:

Annal s of Energency Medicine 37:2; S. 202 ff.). Konig Szynka von Renesse 45
814 K -5 The thronmbol ytic treatnent of stroke was al so subject of a
clinical trial con- ducted by the National Institute of Neurol ogic D sorder
and St r ok&ofig®zgaialved ReidisbDS rt PA Stroke Trial) i4% 8HWeKUSA. This trial
concentrated on the effect of intravenous rt-PA treatnment within only three
hours after the onset of the synptons. Patients were exam ned three nonths
after the treatnment. Due to the observed positive effects of this treatnent
on the viability of patients, rt- PAtreatment wthin these [imted tine
frame of three hours was recom nended al t hough the authors found a higher

risk for ICH Two further studies (ECASS | | Trial: Alteplase Thronbol ysis
for Acute Non- interventional Therapy in Ischaem ¢ Stroke (ATLANTIS))
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onrended. Even before, such results gave reason to sone other authors nere
sarcastic Two further studies (ECASS |l Trial; Alteplase Thrombolysis for Acute Non-

interventional Therapy in Ischaemic Stroke (ATLANTIS)) examined whether

the positive effects of rt-PA treatment within three hours after the onset of

stroke could be repeated even with a treatment within six hours time. How-

ever, this question couid not be answered affirmatively since no improve-

ment of the clinical symptoms or any decrease in mortality was observed.

The higher risk for ICH remained.

According to a review of all stroke trials first published in 1997 and updated
in March 2001, all treatments with thrombolytics {urokinase, streptokinase,
n-PA or recombinant urokinase) resulted in a significant higher mortality
within the first 10 days after the stroke while the total number of either dead
or disabled patients was reduced when the thrombolytica where applied
within six hour after stroke onset. This effects were mainly due to ICH. The
broad use of thrombolytica for the treatment of stroke was therefore not rec-
ommended.

Even before, such results gave reason to some other authors mere sarcastic
statement that stroke patients had the choice to either die or 10 survive dis-
abled (SCRIP 1997: 2265, 26).



statenment that stroke patients had the choice to either die or to survive
di s- abled (SCRI P 1997: 2265, 26). Koni g Szynka von Renesse 45 814 K -6
Neverthel ess, so far the therapy with rt-PAis the only treatnment of acute
cerebral ischaem a approved by the Food and Drug Admi nistration (FDA) in

t he USA. HowaySaynkd toniRenessstricted to an applicat4®816K rt-PA within three
_hours after the onset of stroke. Recandinant plasm nogen activator is )
currently marketed under the desig- nation Alteplase or Reteplase for the
anal ogous drug. The latter is a thera- peutically active t-PA fragment with
a lower half-life period. The therapeutic dose for Alteplase is about
70-100 ny, for Reteplase 2 x 560 ng, whereat Alteplase is mainly applied
via a drip infusion and Reteplase via a bolus injection repeated twice in
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tissue pl asapiageis adinly aapplied via a dnp |nfu3|on and Reteplase via a bolus
injection repeated twice in an interval of about 30 min (Mutschler:
"Arzneimittelwirkungen”, 8" Edition, pages 512-513).

Side effects of t-PA
Neurotoxicity and Excitotoxicity

The approval of n-PA was reached in 1996. Before, in the year 1995, first
announcements about negative side effects of t-PA became known, which
provide an explanatory basis for its dramatic effects when applied in stroke
treatment outside the three hour time frame. Accordingly, microgiia cells and
neuronal cells of the hippocampus produce t-PA which contributes to the
glutamate mediated excitotoxicity. This is concluded from a comparative
study on t-PA deficient and wild type mice when glutamate agonists were
injected in their hippocampus, respectively. The t-PA deficient mice showed
a significant higher resistance against external (inthrathecal) applicated
giutamate (Tsirka SE et al., Nature, Vol. 377, 1995, "Excitoxin-induced neu-
ronal degeneration and seizure are mediated by tissue plasminogen activa-
tor"). These results were confirmed in 1998 when Wang et al. could prove
nearly a double quantity of necrotic neuronal tissue in t-PA deficient mice
when t-PA was injected intravenously. This negative effect of external t-PA
on wild type mice was only approximately 33 % (Wang et al., 1998, Nature,



tor"). These resutts were confirmed in 1998 when Wang et al. could prove
nearly a double quantity of necrotic neuronal tissue in t-PA deficient mce
when t-PA was injected intravenously. This negative effect of external t-PA
on wild type mce was only approximately 33 % (Wang et al., 1998, Nature,
Koni g Szyrimig/RmynRemeeeessd 814 K -7 "Ti ssue pl asth Bbg¥n activator (t-PA)

I ncreases neuronal danage after focal-7cerebral jschaemia in wild type and
t-PA deficient mce".) Further results on the stimulation of excitotoxicity
by t-PA were published by N cole et al. in the beginning of 2001 (Nicole
0., Docagne F Ali C Margaill I; Carneliet P; MacKenzie ET, Vivien D and
Bui sson A, 2001: The proteolytic activity of tissue-plasm nogen activator
enhances NVDA receptor-nediated signaling; in: Nat Med 7, 59-64). They
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age after qutamate agonist NMDA was applied. The NMDA agonist induced

excitotoxicity. Thus, 1-PA exhibits a neurotoxic effect by activating the

glutamate receptor of the NMDA type. Since the blood-brain barrier breaks

down in the affected tissue area during a stroke, soluble plasma proteins like

fibrinogen and as well therapeutically applied t-PA get into contact with the

neural tissue, where the t-PA, being stimulated by the fibrinogen, displays its

excitotoxic effect via the activation of the glutamate recepitor.

Despite its neurotoxic side effect and its increasing effect on the mortality t-
PA was approved by FDA. This can only be explained by the lack of harm-
less and effective atematives - thus it is due to a very pragmatic cost benefit
analysis. Therefore, there is still a need for safe therapies. However, if they
were still based on thrombolytica - in case it is not possible to find alterna-
tives to thrombolysis - the problem of neurotoxicity has to be considered (see
for exampie Wang et al. a.a.0.; Lewandowski and Barson 2001 a.a.0.).

Therefore, further examination of known thrombolytica including DSPA
{(Desmodus rotundus Plasminogen Activator) in order to develop new drugs
for stroke was terminated although principally all thrombolytica are poten-
tially suitable. Especially in case of DSPA its potential suitability for this
medical indication was pointed out earlier (Medan P; Tatlisumak T; Takano



tives to thronbolysis - the problem of neurotoxicity has to be considered
(see for exanple Wang et al. a.a. O ; Lewandowski and Barson 2001 a.a.0.).
Therefore, further exam nation of known thronbol ytica includi ng DSPA
(Desnmodus rotundus Pl asm nogen Activator) in order to devel op new drugs for
st roke wastongrSrymestved Rehesseugh principally all tH#5oBbbKytica are poten-
tially suitable. Especially in case ofg DSPA its potential suitability for
this nedical indication was pointed out earlier (Medan P; Tatlisumak T,
Takano Koni g Szynka von Renesse 45 814 K -8 K; Carano RAD; Hadley SJ; Fisher
M Thronbol ysis with reconbi nant Des- nodus saliva plasm nogen acti vator
(rDSPA) in a rat enbolic stroke nodel; in: Cerebrovasc Dis 1996:6; 175-194
(4th International Synposiumon Thronbolic Therapy in Acute |schaemc
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| mpr ovenerdiroRe tfeatineht.ty or a prevention of stroke. A further new treatnent
focuses neither on thronbus nor on blood thinning or anti coagul ati on but
attenpts to increase the vitality of cells danaged by the interruption of
bl ood suppAlyerfiative theddpletititl appwbadfe8l/ 51614 Al). To achieve this

antibiotics fromthe group of quinons, am noglycosides or
The investigation of alternative therapeutic approaches is currently e.g.
focused on anticoagulants like heparin, aspirin or ancrod, the active sub-
stance derived from the poison of the Malayan pit viper. Two further clinical
trials examining the effects of heparin (International Stroke Trial (IST) and
Trial of ORG 10172 in Acute Stroke Treatment (TOAST)) however, do not
indicate a significant improvement of mortality or a prevention of stroke.

A further new treatment focuses neither on thrombus nor on blood thinning
or anti coagulation but attempts to increase the vitality of cells damaged by
the interruption of blood supply (WO 01/51613 A1 and WO 01/51614 A1). To
achieve this antibiotics from the group of quinons, aminoglycosides or
chloramphenicol are applied. For a similar reason it is further suggested to
begin with the application of citicholin directly after the onset of stroke. In the
body, citicholin is cleaved to cytidine and choline. The cleavage products
form pant of the neuronal cell membrane and thus support the regeneration
of damaged tissue (US 5,827,832).

Recent research on safe treatment is based on the new finding that a part of
the fatal consequences of stroke is caused only indirectly by interrupted
blood supply but directly to the excito- or neurotoxicity including over acti-
vated glutamate receptors. This effect is increased by t-PA (see above). A
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achieved e.g. by substances binding to the phencyclidine side of the chan-
nels. Such substances can be phencyclidine, MK-801, dextrorphane or
cetamine.

So far, treatments with neuroprotectives have not shown the expected suc-
cess, possibly because neuroprotectives had to be combined with throm-
bolytic agents in order to exhibit their protective effects. This applies to other
substances.

Even a combination of t-PA and neuroprotective agents results only in a lim-
ited damage. Nevertheless, the disadvantageous neurotoxicity of the fibri-
nolytic agent as such is not avoided.

Non-neurotoxic plasminogen activators

Plasminogen activators for the treatment of stroke, the enzymatic activity of
which is highly selectively increased by fibrin many times over, i.e. by a fac-
tor greater than 650, are known from the international patent application
PCT/EP02/12204, the disclosure of which is completely taken into reference.

The character and administration of these plasminogen activators are based
on the knowledge, that the neurotoxicity of the tissue-plasminogen activator
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the strokegt-RAY ig ?@dinmmgl td)!trhelmnlgrtatrthalt)m@Mralriﬂ Bareieb isoipairst bhusPA

permeate into the neural ti - re it activates t-PA

it o1 naiBe 90w B Regeiie B e fliet iticndh ) e brefbad@dBe o1 Ui amat e

recept or dhe istroké@nddbai thetfibsinogén wirgslating ge the bwed crothes permeateder t o

prevent tRis tﬁfefr?&}r?l %ﬂeaﬁ%ﬂlaoﬂﬂ?n.a’?ﬁéﬁéaﬁ%rctibétegﬁ%A,e@hiqM‘inﬁﬂe&'lf' plays an

i ncreased selectivity Tor Tibrinand - as a reversal tonclusron - a

decr eased lgadsciot futheolissuet daraage by iagtivating theqgulamaie seeepiot peby thesequence,

t hat thes ' | ' not be activated or, in conparison to
oBYAL G0 BRRIATGIT IS oy

t-PA will r extent when fibrinogen perneates
fromthe blood into the neural tissue in consequence of the danmaged bl ood-

brai n bar nj ekdertoljfrevémeahis @ffdot VapRisnihbgem agivaier iscdpiptied! Whidkedisal tissue
for reason of its size an%&hn?‘gl ubj.l Lté. These Eéasm nogen activators are
thus  non PRI 3P dF1BaSSY SEIRFIVIC 10N TONm AN caS g ERVATSRIGREIEISIEN, (b s
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that these plasminogen activators will not be activated or, in comparison to
t-PA, will be activated to a much lower extent when fibrinogen permeates
from the blood into the neural tissue in conseguence of the damaged blood-
brain barrier, since their activator fibrin cannot enter the neural tissue for
reason of its size and insolubility. These plasminogen activators are thus
non-neurotoxic.

a) genetically modified plasminogen activators

According 1o a preferred embodiment of the invention, non-toxic plasmino-
gen activalors are used, which comprise at least one element of the so
called cymogene triade. A comparable triade is known from the catalytic
center of serine proteases of the chymotrypsine family consisting of three
interacting amino acids aspartate 194, histidine 40 and serine 32. However,
this triade does not exist in t-PA which belongs also to the family of chymo-
trypsine like serine proteases. Nevertheless, it is known, that the directed
mutagenesis of native t-PA for the purpose of introducing at least one of the
above amino acids at a suitable position results in a reduced activity of the
pro-enzyme (single chain t-PA) and to an increased activity of the mature
enzyme (double chain t-PA) in the presence of fibrin. Therefore, the intro-
duction of at least one amino acid of the triade - or of an amino acid with the
respective function in the triade - can increase the cymogenity of t-PA (i.e.
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presence of fibrin these t-PA mutants show an activity increase of 30.000
times (F305H) and 130.000 times (F305H, A292S) respectively. In addition
these mutants comprise a substitution of Arg275 to R275E in order to pre-
vent cleavage by plasmin at the cleavage site Aug275-1le276, thereby con-
verting the single chain t-PA to the double chain form. The mutant site
R275E alone leads to a 6.900 fold increase of the fibrin specificity of t-PA (K
Tachias, Madison EL 1995:; Variants of Tissue-type Plasminogen Activator
Which Display Substantially Enhanced Stimulation by Fibrin, in: Journal of
Biological Chemistry 270, 31: 18319-18322).

The positions 305 and 292 of t-PA are homologous to the positions His40
and Ser32 of the known triade of the chymotryptic serine proteases. By the
corresponding substitutions introducing histidine or respectively serine,
these amino acids can interact with the aspartate477 of t-PA resulting in a
functional triade in the 1-PA mutants (Madison et al., 1993).

These 1-PA mutants can be used for the treatment of stroke according to the
invention because they show no or - compared to wild type t-PA - a signifi-
cantly reduced neurotoxicity due to their increased fibrin specificity. For the
purpose of disclosure of the mentioned t-PA mutants F305H; F305H; A292S
alone or in combination with R275E we incorporate the publications of Madi-
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chain of the Asp194 rotates about 170° in order to form a new salt bridge

with lle16. This salt bridge essentially contributes to the stability of the

oxyanione pocket of the catalytic center of the mature serine proteases. It is

also present in t-PA.

The introduction of a point mutation replacing Asp194 prima facie impedes
the formation or respectively the stability of the catalytic confirmation of ser-
ine proteases. Despite this the mutated plasminogen activators show a sig-
nificant increase of activity in the presence of their co-factor fibrin - especially
in comparison to the mature wild type form - which can only be explained in
a way that the interaction with fibrin aliows a conformational change
promoting catalytic activity (L Strandberg, Madison EL, 1995: Variants of
Tissue-type Plasminogen Activator with Substantially Enhanced Response
and Selectivity towards Fibrin co-factors, in: Journal of Biological Chemistry
270, 40: 2344-2349).

In conclusion, the Asp194 mutants of the plasminogen activators show a
high increase of activity in presence of fibrin which enables their use
according to the invention.
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publ i - cations of Strandberg and Madison (1995) are fully incorporated by refer-
ence.

An increase of the fibrin dependency of plasminogen activators can also be
achieved by the introduction of point mutations in the so called "autolysis
loop". This element is known from trypsine; it can also be found as a
homologous part in serine proteases and is especially characterized by three
hydrophobic amino acids (Leu, Pro and Phe). The autolysis loop in
plasminogen activators is responsible for the interaction with plasminogen.
Point mutations in this area can have the effect that the protein-protein
interaction between plasminogen and plasminogen activators cannot be
effectively formed any longer. These mutations are only functionally relevant
in the absence of fibrin. In the presence of fibrin, they, in contrast, are
responsible for an increased activity of the plasminogen activators (K Song-
Hua, Tachias K, Lamba D, Bode W, Madison EL, 1997: Identification of a
Hydrophobic exocite on Tissue Type Plasminogen Activator That Modulates
Specificity for Plasminogen, in: Journal of Biological Chemistry 272; 3, 1811-
1816).

In a preferred embodiment t-PA is used showing point mutations in the posi-
tions 420 to 423. If these residues are substituted by directed mutagenesis
this increases the fibrin dependency of t-PA is increased by a factor up to
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am no aci cuAslysiernoep asclidwsg Hist 20-QAdpa2iio Ald4P2 and Cys423. This t-PA
preferentially contains a phenyl alanine at the position 194. Further the posi-
tion 275 can be occupied by glutamate. Advantageously the position 194 is
occupied by phenyl alanine.

Further, a modified urckinase can be used according to the invention. The
urokinase according to the invention can comprise the amino acid sequence
according to SEQ ID No. 2 (figure 14) in which the hydrophobic amino acids
of the autolysis loop are substituted by Val420, Thr421, Asp422 and Ser423.
Advantageously the urokinase is carrying an 1le275 and a Giu194. This
mutant shows - in comparison to wild type urokinase - a 500-fold increased
fibrin specificity.

Both mutants - urokinase as well as t-PA - were analyzed in semi quantita-
tive tests and showed a increased fibrin specificity in comparison to the wild

type t-PA.
b) plasminogen activator from Desmodus rotundus (DSPA)

The plasminogen activator (DSPA) from the saliva of the vampire bat
(Desmodus rotundus) also shows a highly increased activity in the presence
of fibrin - in specific a 100.000-fold increase. Thus it can be used preferen-
tially according to the invention. The term DSPA comprises four different



(figure 9) is used. This nodified t-PA differs fromthe wild type t-PA by
the exchange of the hydrophobic amno acids in the position 420 to 423 in
the autolysis loop as follows: H s420, Asp42l1l, Ala422 and Cys423. This t-PA
preferentially contains a phenyl alanine at the position 194. Further the
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an I1e275 and a Qul94. This nmutant shows - in conparison to wild type
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DSPAalpha so far is the best analyzed protease from this group. It has an
amino acid sequence with a homology greater than 72 % in comparison to
the known human t-PA amino acid sequence (Kratzschmar et al, 1991).
However, there are two essential differences between t-PA and DSPA.
Firstly all DSPA has full protease activity as a single chain molecule, since it
is - in contrast to t-PA - not converted into a double chain form (Gardell et al.,
1989; Kratzschmar et al., 1991). Secondly, the catalytic activity of DSPA is
nearly absolutely dependent on fibrin {Gardell et al., 1989; Bringmann et al.,
1995; Toschie et al.,, 1998). For example the activity of DSPAalphal is
increased 100.000 fold in the presence of fibrin whereas the t-PA activity is
only increased 550 fold. In contrast, DSPA activity is considerably less
strongly induced by fibrinogen, since it only shows a 7 to 9 fold increase
(Bringmann et al., 1995). In conclusion, DSPA is considerably more
dependent of fibrin and much more fibrin specific as wild type t-PA which is
only activated 550-fold by fibrin.

Because of its fibrinolytic characteristics and the strong similarity to 1-PA,
DSPA is an interesting candidate for the development of a thrombolytic
agent. Despite this, the therapeutic use of DSPA as a thrombolytic agent
was restricted to the treatment of myocardinal infarction in the past, because
- due to the contribution of t-PA to the glutamate induced neurotoxicity - no
justified hopes existed, that a plasminogen activator which is related to t-PA
couid reasonably be used for a treatment of acute stroke.



common cl assification under the generic term DSPA. DSPA is disclosed in the
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The new teaching is based on in vivo comparative examinations of the
neurodegenerative effect of t-PA on one side and of DSPA on the cother side
which are performed by using the so called kainic acid model and a model
for the examination of NMDA induced lesion of the striatum.

The kainic acid model (also kainic acid injury model) is based on the stimu-
lation of the neurotoxic glutamate cascade by the external application of
kainic acid (KA) as an agonist of the glutamate receptor of the kainic acid
type (KA type) and of the NMDA and AMPA glutamate receptors. Using a t-
PA deficient mouse stem as an experimental model it was possible to show
that the sensitivity of the laboratory animals against kainic acid only reached
the level of wild type mice after a supplementary application of external t-PA.
In contrast, an infusion of an equimolar concentration of DSPA under the
same experimental conditions does not restore the sensitivity to kainic acid
(KA). It was concluded that the neurotoxic effect of t-PA was not induced by
DSPA. A summary of these results is shown in figure 15 (table 1).

Quantitative examinations based on this model revealed that even a 10-fold
increase of the DSPA concentration could not restore the sensitivity of the t-
PA deficient mice to the KA treatment whereas already a 10-fold lower t-PA



t hough it shows a high resenbl ance (honol ogy) to t-PA and even though the
physi ol ogi cal effects of the nolecules are conparable to a |arge extent. The
above conclusion led to the idea that DSPA after all may be successfully
used as a thronbolytic agent for the therapy of stroke w thout causing
severe risks of neuronal tissue danage. Especially interesting is the fact,
t hat DSPAKenig Sayde voe Resasse | at er than 3 hours af 98r8thE onset of stroke
synptons. Experinmental proof for the-ri7ssing neurotoxicity of DSPA The new
teaching is based on in vivo conparative exam nations of the

neur odegener ati ve effect of t-PA on one side and of DSPA on the other side
whi ch are perfornmed by using the so called kainic acid nodel and a node

for the exam nation of NVDA induced |esion of the striatum The kainic acid
nodel (also kainic acid injury nodel) is based on the stinu- lation of the
neur ot oxi goptewteatiireledateckidntycdchtissid damagespphisdeadoio dfie ckacioi ¢ aci d
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comparison of the effects of these proteases under conditions, which always

lead to a neurodegeneration and 1o an influx of plasma proteins due to the

breake down of the blood brain barrier (Chen et al., 1999).

While working on this model the injection of NMDA led to reproducible
lesions in the striatum of mice. The volume of lesions was increased by a
combined injection of t-PA and NMDA by at least 50 %. The co-injection with
DSPAa1 in contrast did not lead to an increase or extension of the lesions
caused by NMDA. Even in the presence of plasma proteins which can freely
diffuse in the region of the lesion induced by NMDA, DSPA did not result in
an increase neurodegeneration. A summary of these results is given in
figure 16 (table 2).

First results from clinical trials show the transferability of these results also
for the treatment of stroke in humans. it was found that significant improve-
ments can be achieved in patients after a successful perfusion (improvement
by 8 points NIHSS or NIHSS score 0 to 1). This is shown in figure 17 (table
3).

In a further experiment, it was tested, weather t-PA and DSPA were able to
permeate the damaged blood-brain barrier when being intravenously
administered and in consequence increase the tissue lesions in the brain. To



concentration led to KA induced tissue danmages. This |eads to the concl u-
sion that DSPA possesses an at |east 100 fold | ower neurotoxic potential as
t-PA with respect to the stinulation of the neurodegeneration after KA
treat- nment (see also figures 11 and 12). In the second nodel of
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type mice. For this purpose, NVDA (as an agonist of the glutamate receptor
of the NVDA type) was injected in wild type mce alone or in conbination
with either t-PA or DSPA. This nodel allows the conparison of the effects
of these proteases under conditions, which always lead to a

neur odegeneration and to an influx of plasna proteins due to the breake
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be detected. This may be thereby explained, that the blood-brain barner still
provided a sufficient barrier function at this moment of the t-PA or DSPA

injection.

These results show, that DSPA constitutes a mostly inert protease in the
central nervous system of a mammal (and thus also of a human) and, in
contrast to t-PA, does not produce a potentiation of the neurctoxicity induced
by KA or NMDA. This lack of neurotoxicity - against the general expectation -
makes DSPA a suitable thrombolytic for the treatment of acute stroke.

Therapeutic potential of the non-neurotoxic plasminogen activators

The lacking neurotoxicity of DSPA and of the other non-neurotoxic plasmi-
nogen activators (see above) offer the special advantage in stroke treatment
that the use of these plasminogen activators - in contrast to the wild type t-
PA - is not limited to a short maximum period of only 3 hours after the onset
of stroke. In contrary, the treatment can be initiated later - for example after
6 hours or even later, since there is nearly no risk of stimulating excitotoxic
responses. First clinical trials with DSPA prove a safe treatment of patients
even in a time range of over 6 to 9 hours after the onset of stroke symptoms.



Koni g Szynka von Renesse 45 814 K -18 address this question, mce were
stereotactically injected with NVDA in order to produce tissue lesions in
the striatum followed by an intravenous application of t-PA or DSPA 6 or
24 h after the NVDA injection. In conpari- son to a negative control, the
exper i mentkahigadBzymialven fhasssel an i ncrease of the M@EI4 Kduced damaged tissue
area of about 30% when t-PA was givenqjgas an infusion 24 hours after the .
NMDA injection; in contrast, the sane treatnent with DSPA did not produce
such an increase of tissue damage, although its penetration into the
damaged tissue area was positively detected by neans of an anti body
staining (see Fig. 18, 19). Wen t-PA or DSPA were intravenously applied in
a correspondi ng manner 6 hours after the NVDA-injection, an increase of the
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t he use of asm nogen activators - in contrast to the wild type t- PA
- isnot limted to a short maxi num period of only 3 hours after the onset

of stroke.applicativn 6f plashtifogéRActRAatoan be initiated later - for exanple
after 6 hours or even later, since there is nearly no risk of stinulating

excitotoxic
In contrast 1o the already established stroke therapeutic rt-PA, no validated

information is yet available for a possible mode of application for the stroke
treatment with the non-neurotoxic plasminogen activators.

It is thus the objective of the invention to provide an advantageous mode of
application for these non-neurotoxic plasminogen activators.

According to the invention, plasminogen activators, the activity of which is
increased in the presence of fibrin by a factor greater than 650, are intrave-
nously applied for the treatment of stroke.

The intravenous administration of these non-neurotoxic plasminogen acti-
vators for the treatment of stroke has already been evaluated in clinical tri-
als, in which DSPA - as an example for this group of fibrinolytics - was intra-
venously applied in these patients, thereby causing only minor side effects.

These results of the clinical studies were unexpected, since it was well
known, that the intravenous application of {-PA and other common fibri-
nolytics is associated with a severe risk of cerebral bleedings (see above).



responses. First clinical trials with DSPA prove a safe treatnent of
patients even in a tine range of over 6 to 9 hours after the onset of
stroke synptonms. Koni g Szynka von Renesse 45 814 K This option of a tinely
unlimted treatnment with non-neurotoxic activators is of special

i npor t anc &onigi 91gkaivion Behexes for the first tine tab8BBK patients with acute
stroke synptons safely even when diagmgsis is del ayed or the onset of the
stroke cannot be determned with sufficient security. In the prior art,

this group of patients was excluded fromthronbolytic therapy with pl as-

m nogen activators due to unfavorable risk estimtion. Consequently, an
essential contra-indication for the authorized use of a thronbol ytic agent
for stroke is elimnated. Application of plasm nogen activators In contrast
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time consuming preparation of the patient, which in stroke treatment is not
possible to be realized within the given window in time of just 3 hours. On
the one hand one sure can achieve a lower total dose. A higher concentra-
tion of the drug however will locally reach the terminal arterial vessels. In
consequence of the impaired barrier function of the vascular endothelium in
case of a stroke, the pharmaceutical substance will also reach the sur-
rounding tissues in locally high concentrations. There it may then exert
undesired side effects.

In contrast thereto, the concentration of the pharmaceutical substance will
be diluted by the venous blood flow in case of an intravenous application.
Thus, the intra-arterial injection is problematic in case of drugs having a tis-
sue destructing potential like t-PA (Forth, Henschler, Rummel, Starke:
"Pharmakologie und Toxikologie”, 6™ Edition, 1992, page 29).

However, the limitations complicating the intra-arterial application - the nar-
row window in time and the tissue damaging side effects - are not valid for
the plasminogen activators applied according to the invention. Thus, the
intra-arterial application for reason of its undeniable advantages (see above)
in principle constitutes a very promising mode of application for non-neuro-



-20 In order to reduce intra-cerebral bl eedings, recent efforts were nade to
devel op strategies to apply these substances no nore intravenously, but via
the intra-arterial route into the direct vicinity to the intravascul ar
thronbus by neans of a catheter. Practical experience for this is already
avai | abl e Hooig Szgeka voe®endsiseant | y produced ur oki na8e81PROKAT as a study with
pro-urokinase). Since this node of apglication allows for_a significant
reduction of the total dose, a decrease in the dose-dependent side effects
- thus also of the cere- bral bleedings - is realised. These significant
advantages of the intra-arterial application however are contravened by two
possi bl e drawbacks. First, this treatnent prerequisites a tine consum ng
preparation of the patient, which in stroke treatment is not possible to be
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anaphylactic shock (Mebs: "Gifttiere”, 2th Edition, 2000}).

In contrast to the t-PA as a natural bodily substance, the plasminogen acti-
vators applied according to the invention are either foreign proteins derived
from animals (like e.g. DSPA) or genetically modified bodily proteins dis-
playing novel epitopes in consequence of their structural differences. The
accompanying problem of anaphylactic reactions - in particular when apply-
ing high therapeutic doses, like it is commonly necessary in case of intrave-
nous application — applies also for other fibrinolytics consisting of foreign
proteins like e.g. streptokinase.

In a particularly advantageous embodiment, the plasminogen activators ap-
plied according to the invention are administered by means of a bolus injec-
tion (intravenous quick injection), which can also be administered as a single
intravenous quick injection containing the complete therapeutic dose.

in the context of clinical studies it was found, that even the intravenous
application of surprisingly low therapeutic doses lead to advantageous
results. Preferable therapeutic results were e.g. achieved with doses
between 90 pg/kg and 230 pg/kg. Particularly preferable therapeutic results
here were achieved with doses between 62,5 to 90 ug/kg. In the examined



in principle constitutes a very prom sing node of application for non-neuro
Kani g Szynka von Renesse 45 814 K -21 toxic plasm nogen activators. It
woul d t hus have been obvious to follow this path when searching for a
preferabl e node of application for these drugs. Neverthel ess, the applicant
al so for the non-neurotoxic plasm nogen activa- tors has chosen to rely on

t he rat heKopigdisyewepn Benesse avenous application, 4RBthKthen surprisingly has
proven to be advantageous. Moreover, -2Re node of application according to
the invention al so departs fromthe comon therapeutic practice to nostly
use an intramuscular injec- tion or an intravenous drip infusion in order to
adm ni ster proteins with an increased i nmunogeni c potential, which has the
aimto reduce the risk of an anaphylactic shock (Mebs: "G fttiere", 2th
Edition, 2000). In contrast to the t-PA as a natural bodily substance, the
pl asmi noggatients| thevpériods bgtpieeadhastrokeiang the appkcationaftthe drsg weeg t her
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resul ts. MFratdraiyabi thetthenap dotly cNearoprotective agentg.intaibiting \teel ghitammatoses
receptor competitively or non-competitively can be used. Useful combina-
tions are e. g. with the known inhibitors of the glutamate receptors of the
NMDA type, the kainic acid type or the quisqualate type, as for example
APV, APH, phencyclidine, MK-801, dextrorphane or cetamine.

Further a combination with cations can be advantageous since cations,
especially Zn-ions, block the cation channel reguiated by the glutamate
receptor and can therefore reduce neurotoxic effects.

in a further advantageous embodiment, non-neurotoxic plasminogen acti-
vators can be combined with at least one further therapeutic agent or with a
pharmaceutically tolerable carrier. The combination with a therapeutic agent
which supports the reduction of tissue damage by vitalizing the cells is
especially advantageous, since it contributes to the regeneration of already
damaged tissue or serves for the prevention of further stroke incidents.
Advantageous examples are combinations with antibiotics as quinones,
anticoagulants as heparin or hirudin as well as with citicholine or acetylsali-
cylic acid.

A combination with at least one thrombin inhibitor can also be advanta-
geous. Preferentially, thrombomodulin and thrombomodulin analogs like for
example solulin, triabin or paliidipin can be used. Further combinations with



bet ween 90 pg/ kg and 230 pg/kg. Particularly preferable therapeutic results
here were achi eved with doses between 62,5 to 90 pg/kg. In the exam ned
Koni g Szynka von Renesse 45 814 K -22 patients, the periods between the
stroke and the application of the drug were between 3 and 9 hours. By neans
of suit ablkengSzymkaatoh Baness¢ hods it was possi bl e 468 1eKer mi ne the onset of a
t herapeutic effect (see Figures 20 t02329). DSPA as well as further
non- neur ot oxi ¢ pl asm nogen activators do not show tissue damagi ng side
effects. However, it can be advantageous to apply themin conbination with
a neuroprotective agent for the treatnent of stroke in order tolimt the
ti ssue damages induced by the glutamate occurring naturally in the human
body. Neuroprotective agents inhibiting the glutamate receptor
conpet i ti \gphiy iﬁﬂarﬁﬂﬁtcﬁﬁ%&tﬂdc\é@'%e@@d@ﬁag@cﬁ& swicef tHeyCipfiBenGe thd ons are e.
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the kai ni dnfifration 9}5&%’@“@@ qui squal ate type, as for exanple APV, APH,
phencycl i di ne, MK-801, dextrorphane or cetam ne. Further a conbination with
cations c be .advant agequs. si.nce cations.. es i.al lLy.Zn:ion bl ock the
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pl asm nogen acti- vators can be conbined with at | east one further
t herapeutic agent or with a pharmaceutically tolerable carrier. The
conbi nat i on EXamples: her apeuti ¢ agent which supports the reduction of tissue
damage by vitalizing the cells is especially advantageous, since it
contributes to the regeneration of alread darmaged tissue or serves for the
prevent i ofCOMpaIAtiveexamination att-FA.erd Dgﬁcﬁant ageous exanpl es are
conmbi nations with antibiotics as qui nones, anticoagulants as heparin or
hi rudi n aSAVﬁll %s with citicholine or acetylsali-

. Methods

1. Animals

Wild-type mice (c57/Black 6) and t-PA deficient mice (t-PA-/-mice)
(c57/Black 6) (Carmeliet et al., 1994) were supplied by Dr. Peter Carmeliet,
Leuven, Belgium.

2. Protein extraction from brain tissue

The assessment of proteolytic activity in brain tissue following infusion of
either t-PA or DSPAa1 was performed by zymographic analysis (Granelli-
Piperno and Reich, 1974). After an infusion over a period of seven days into
the hippocampus, mice were anaesthetised, then transcardially perfused
with PBS and the brains removed. The hippocampus region was removed,
transferred to eppendorf tubes and incubated in an equal volume (w/)
(approx. 30-50 ym) of 0,5 % NP-40 lysis buffer containing no protease
inhibitors (0,5 % NP-40, 10 mM Tris-HCI pH 7,4, 10 mM NaCL, 3 mM MgCi2,
1 mM EDTA). The brain extracts were homogenized by means of a hand-
held glass homogeniser and left on ice for 30 minutes. The samples were
then centrifuged and the supernatant was removed. The amount of proteins
present was determined (Bio-Rad-reagent).
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PAGE under non-reducing conditions. The gels were removed from the

plates, washed in 1 % triton X 100 for 2 hours and then overiaid onto an

agarose gel containing polymerized fibrinogen and plasminogen (Granelii,

Piperno and Reich, 1974). The gels were incubated at 37°C in a humified

chamber until proteolysed zones appeared.

4. Intra-hippocampal infusion of t-PA, DSPA and subsequent injec-
tion of kainic acid

The kainic acid injury model was based on studies of Tsirka et al. {1995).
The animals were injected intraperitoneally (i. p.) with atropine (4 mg/kg) and
then anaesthetised with an i. p. injection of sodium pentobarbitol (70 mg/kg).
Afterwards mice were placed in a stereotaxic frame and a micro-osmotic
pump (Alzet model 1007D, Alzet CA. USA) containing 100 pi of either PBS
or recombinant human t-PA (0,12 mg/mi, 1,85 uM) or DSPAa1 (1,85 pM)
was implanted subcutaneously between the shoulder blades. The pumps
were connected via sterile tubes to a brain cannula and inserted through a
burr opening made through the skull at coordinates bregma -2,5 mm,
midiolateral 0,5 mm and dorsoventral 1,6 mm in order to introduce the liquid
near the midline. The cannula was fixed at the desired position and the
pumps were allowed to infuse the respective solutions at a rate of 0,5 pl per
hour for a total of 7 days.

Two days after infusion of the proteases the mice were reanaesthetised and
again placed in the stereotaxic frame. Afterwards 1,5 nmol of kainic acid



then centrifuged and the supernatant was renoved. The anmount of proteins
present was determ ned (Bi o-Rad-reagent). Konig Szynka von Renesse 45 814 K

-24- . 3. Zynographic analysis of the proteases The proteolytic activity in
the sanples and the brain tissue extracts was determ ned by zynographic
anal ysi s aweigrStymg oo Rehesseret hod of Granel i, Pidse8thdKand Reich (1974). The

sanples with reconbi nant proteins (upgse 100 nM or the brain tissue
extracts (20 pg) were subjected to a (10 %9 SDS- PAGE under non-reducing
conditions. The gels were renmoved fromthe plates, washed in 1 %triton X
100 for 2 hours and then overlaid onto an agarose gel containing

pol yneri zed fibrinogen and pl asm nogen (Ganelli, Piperno and Reich, 1974).
The gels were incubated at 37C in a hum fied chanber until proteolysed
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1,85 pM or DSPAal (1,85 pM was inplanted subcutaneously between the

shoul der bl ades. The punps were connected via sterile tubes to a brain
cannul a arfd i n&rainprecessing procedure openi ng nade through the skull at

coordinates bregma -2,5 mm midiolateral 0,5 nmmand dorsoventral 1,6 mmin
order to introduce . .the liquid near the mdline. The cannula was fixed at
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sol uti ons diliyapeérfisedonitld 30 Al PBSrfollowed by 70 m! of a 4 % paraformaldehyd

solution, post fixed in the same fixative followed by incubation in 30 %
sucrose for further 24 hours. Coronal sections (40 pm) of the brain were then
cut on a freezing microtome and either counter-stained with thionin (BDH,
Australia) or processed for immunohistochemical examination as described
below.

6. Quantification of neuronal loss within the hippocampus

The quantification of neuronal loss in the CA1-CA3 hippocampal subfields
was performed as previously described (Tsirka et al., 1995; Tsirka et al,,
1996). Five consecutive parts of the dorsal hippocampus from all treatment
groups were prepared taking care that the parts indeed comprised the place
of the CA-injection and lesion area. The hippocampal subfields (CA1-CA3)
of these sections were traced by means of camera lucida drawings of the
hippocampus. The entire lengths of the subfields was measured by com-
parison to 1 mm standards traced under the same magnification. The
lengths of tissue with viable pyramidal neurons (having normal morphology)
and lengths of tissue devoid of neurons {no cells present, no thionin staining)
was determined. The lengths, representing intact neurons and neuronal
losses over each hippocampal subfield were averaged across sections and
the standard deviations were determined.



hour for a total of 7 days. Two days after infusion of the proteases the

m ce were reanaesthetised and again placed in the stereotaxic frane.
Afterwards 1,5 nnol of kainic acid Kanig Szynka von Renesse 45 814 K -25
(KA) in 0,3 pl PBS was injected unilaterally into the hippocanpus. The coor-
di nat es waiseig zy@gvan REnssem  medi al -1 ateral 1, 7 4mB®hd dorsoventral 1,6

nm  The excitotoxin (KA) was delivereggfor a duratlon of 30 seconds. After
the kainic acid treatment the i njection needle remai ned at these coordi nates
for further 2 minutes in order to prevent a reflux of the liquid. 5. Brain
processi ng procedure Five days after KA injection, the animals were

anaest heti sed and transcar- dially perfused with 30 M PBS foll owed by 70 m
of a 4 % parafornmal dehyd solution, post fixed in the sane fixative foll owed

by i ncubata, Onmﬁa?s(in&’talsnmeemfotbxrd hesioRd With' or withen[t-BACéF ons (40
pm of the brwre then cut on a freezing mcrotome and either

counter-stain h thionin (BDH, Australia) or processed for
i mmunohi st ochem cal exam nation as described below. 6. Quantification of
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minutes at a rate of 0,2 pl/min and the needie was left in place for further 2
minutes after the injection in order to minimize the reflux of fluid. After 24
hours the mice were anaesthetised and perfused transcardially with 30 ml
PBS followed by 70 ml of a 4 % paraformaldehyd solution, post fixed in the
same fixative for 24 hours with followed by incubation in 30 % sucrose for
further 24 hours. Brains were then cut (40 pm) on a freezing microtome and
mounted onto gelatin coated glass slides.

8. Quantification of the lesion volume following NMDA injection

The quantification of the striatal lesion volume was performed using the
method described by Callaway et al. (2000). Ten consecutive coronal sec-
tions spanning the lesioned area were prepared. The lesioned area was
visualised using the Callaway method and the lesion volume was quantified
by the use of a micro computer imaging device (MCID, Imaging Research
Inc., Brock University, Ontario, Canada).

9. Immunohistochemistry
Immunohistochemistry was performed wusing standard methodologies.

Coronal sections were immersed in a solution of 3 % H,0; and 10 % metha-
nol for 5 minutes followed by an incubation in 5 % normal goat serum for 60



and |l engths of tissue devoid of neurons (no cells present, no thionin
staining) was determ ned. The lengths, representing intact neurons and
neuronal | osses over each hippocanpal subfield were averaged across
sections and the standard deviations were determ ned. Konig Szynka von
Renesse 45 814 K -26-, 7. Intra-striatal NVDA excitotoxic lesions with or
wi t hout t KepigdzynkBSPARwdsge t ype nice (c57/ Bl ack &P &kt K anaest hetised and
placed in a sterertaxic frane (see alk@we). Mce then received an unil ateral
injection of 50 nnmol NMDA in the left stratum injected alone or in
conbination with either 46 pM rt-PA or 46 pM DSPAal. As controls t-PA and
DSPA were also injected alone (both at a concentration of 46 pM. The

i njection coordinates were: bregna -0,4 mm mdiolateral 2,0 nm and
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10. Enhancement of the tissue lesions induced by NMDA injection by
intravenous administration of t-PA or DSPA

In order to induce tissue lesions within the striatum, mice were stereotacti-
cally injected with NMDA. Six hours after NDMA injection t-PA or DSPA (100
pl; 10 mg/kg) were injected via the tail vein. As control 100 uf 0,9% NaCi
were injected and subsequently PBS infused. After 28 hours the animals
were killed and the lesion volume was determined.

In a second trial sets of animals including up to 15 mice were injected
accordingly, with an infusions of t-PA or DSPA 24 hours after NMDA injec-
tion and a subsequent determination of the tissue damage. As proof of the
presence of DSPA within the brain, coronal sections were stained with an
anti-DSPA antibody according to standard methods.

B. Results

1. Infusion of -PA or DSPA disperses into the hippocampus of t-PA -
/- mice and retains proteolytic activity



Inc., Brock University, Ontario, Canada). 9. | nmmunohistochem stry

| mmunohi st ochem stry was perforned using standard net hodol ogi es. Coronal
sections were imersed in a solution of 3 % H202 and 10 % netha- nol for 5
m nutes followed by an incubation in 5 % normal goat serumfor 60 Konig
Szynka vomkoRgrizgse wbb R8dets& -27- , minutes. The 45814 Kns wer e i ncubat ed
over night either with an anti-CGFAP .agti body (1:1.000;, Dako, Carpinteria,
CA, USA) for the detection of astro- cytes, with an anti-MAC-1 anti body
(1:1.000; Serotec, Raleigh, NC, USA) for the detection of mcroglia or with
pol ycl onal anti-DSPA anti bodies (Schering AG Berlin). After rinsing, the
sections were incubated with the appropriate biotinylated secondary

anti bodi es (Vector Laboratories, Burlingame, CA  USA). This was followed by
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2. t-PA and DSPA activity is recovered in hippocampal extracts pre-
pared from t-PA -/- mice following infusion

First it had to be confirmed that the infused proteases were present in the
brain of the infused animals and also retained their proteolytic activity while
being in this compartment. To address this point, t-PA -/- were infused for
seven days with either t-PA or DSPA (see above). Mice were then transcar-
dially perfused with PBS and the brains removed. The ipsilateral and con-
tralateral hippocampal regions were isolated as well as a region of the cere-
bellum (taken as a negative control). Tissue samples (20 pg) were subjected
to SDS-PAGE and zymographic analysis according to the description in the
methods section. As can be seen in figure 2, both t-PA and DSPA activities
were detected in the ipsilateral region of the hippocampus, while some
aclivity was also detected on the contralateral side. This indicates that the
infused proteases not only retained their activity in the brain but had also
diffused within the hippocampal region. As a control, no activity could be
detected in the extract prepared from the cerebellum.

3. immunohistochemical assessment of DSPA



anti - DSPA anti body according to standard nethods. B. Results 1. Infusion of
t- PA or DSPA di sperses into the hi ppocanpus of t-PA - /- mce and retains
proteolytic activity Konig Szynka von Renesse 45 814 K -28 The initial
experinments were designed to confirmthat both DSPA and t-PA retain their
pr ot eol yt ikenigQzinkatvpn Renessdie 7 day period of thed5fiKon. To this end,
~aliquots of t-PA and DSPA (100 nnol) .were incubated at 37 C and at 30C for
7 days in a water bath. In order to determne the proteolytic activity, 5
fold serial dilutions of the probes were subjected to SPS-PAGE under non-
reduci ng conditions and proteolytic activity was assessed by zynographic
anal yses. An aliquot of t-PA and DSPA which had been kept frozen for a
period of 7 days was used as a control. As can be seen in figure 1 there was

only a m Ny filftfes €dnfiABPthalr DEPRAhaAtindbbY difusey iimeuhel hippodhfrpagi t her 25C
or 37C over this
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cere- bellum (taken as a negative control). Tissue sanples (20 Ng) were
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in the methods section. / an be seen in tigure and DSPA
activities woeRERHQR{IEYMO the ipsilateral region of the hi ppocanpus,
whi | e sone

t-PA -/- mice are characteristically resistant to kainic acid (KA) mediated
neurodegeneration. However, intrahippocampal infusion of n-PA completely
restores the sensitivity to KA-mediated injury. To determine whether DSPA
could be substituted for t-PA in this model, t-PA -/- mice were infused intra-
hipocampically with either t-PA or DSPA using a mini-osmotic pump. For
both groups 12 mice were tested. 2 days later the animals were injected with
kainic acid and left to recover. 5 days later the animals were killed and the
brains removed and prepared {see above). As controls, t-PA -/- mice were
also infused with PBS prior to KA treatment (N = 3).

Coronal brain sections were prepared and the neurons detected by Nissl
staining. As shown in figures 4a and 4b, t-PA -/- mice infused with PBS were
resistant to subsequent challenge with KA. However, infusion of recombinant
1-PA restored sensitivity 1o KA treatment. In contrast, infusion of the same
concentration of DSPA into the hippocampal region did not alter the
sensitivity of the animals to KA.

A quantitation of those results was based on data obtained from 12 mice in
each group. In 2 of the 12 mice infused with DSPA a small extend of
neurodegeneration was observed. The reason for that in unclear and pos-
sibly not related to the presence of DSPA. The combined data consider this
minor effect that was observed in the case of these 2 animals. All 12 mice



activity was also detected on the contral ateral side. This indicates that
the infused proteases not only retained their activity in the brain but had
also diffused within the hippocanpal region. As a control, no activity
could be detected in the extract prepared fromthe cerebellum 3.

| mmunohi stkesigesrydalvoagsmsssarent of DSPA Koni g SzydbaBMoK Renesse 45 814 K

729 To further confirmthat DSPA had.iggdeed diffused into the hippocanpal
region, coronal brain sections of t-PA -1- mce were anal ysed i mmunohi st o-
chemi cally after DSPA infusion. DSPA-antigen was detected in the hip-
pocanpal region with the nost promnent staining in the area of the infusion
site. This result confirns that the infused DSPA is soluble and is indeed
pre- sent in the hippocanmpus. 4. DSPA infusion does not restore kainic-acid
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tested. 2 days later the animals were injected with kainic acid and left to
recover. day ' Ki . brains renmoved and
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prior to KA treatnment (N = 3). Coronal brain sections were prepared and the
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subsequent KA treatment, coronal sections of mice were subjected to an

immunohistochemical staining for activated microglia cells using the Mac-1

antibody. The restauration of KA sensitivity following t-PA infusion resulted in

a clear increase in Mac-1 positive cells. This was not observed in mice

infused with DSPA. Hence, the presence of DSPA does not result in the

activation of microglia cells following KA treatment.

6. Titration of DSPA and t-PA in the mice hippocampus region.

The concentration of t-PA used for the infusion was based on the concen-
tration described by Tsirka et al. (1995} (100pl of 0,12 mg/ml [1,85 pM]). The
KA-injury experiments were repeated using a 10-fold lower of t-PA (0,185
pUM) and a 10-fold higher amount of DSPA (18,5 uM). The lower t-PA con-
centration was still able to restore the sensitivity to KA treatment (n=3). Of
special interest was the finding that the infusion of 10 fold increased DSPA
concentration only caused a little neuronal loss following KA treatment.
These data strongly point out that DSPA does not lead to an increase of
sensitivity to KA.



concentration of DSPA into the hippocanpal region did not alter the
sensitivity of the animals to KA. A quantitation of those results was based
on data obtained from12 mice in each group. In 2 of the 12 mce infused
with DSPA a snmall extend of neurodegeneration was observed. The reason for
that in unclear and pos- sibly not related to the presence of DSPA. The
conmbi ned ddnig SepmeivdeRendsiss minor effect that wed &kKrved in the case of
these 2 animals. Al 12 m ce Konig Szwyika von Renesse 45 814 K -30 treated
with t-PA were sensitive against the KA treatnment. These results show that
i n case of an infusion of t-PA or DSPAal in equinolar concentra- tions only
the admnistering of t-PA led to the restoration of sensitivity to KA

i nduced neurodegeneration. 5. DSPA infusion does not result in mcroglial
activation The restauration of the KA sensitivity of the t-PA -1- mce
caused by a t-PA infusion also results in a mcroglia activation (Rogove et

o Depa i T us ESTPL AT R A EERA af N e Rlerf e BusBBb Rt dt' 17 ce vor e
subj ected to amwilchtypeomice ochemi cal staining for activated microglia cells
using the Mac-1 antibody. The restauration of KA sensitivity follow ng t-PA

infusion resulted in a clear increase in Mac-1 positive cells. This was not
observed iThenefiects iohftife andi DEPASPere alsamxamined i ésmadel of n@smedoes not
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Tsirka et g g mé.e.a@a.eauegaé NMDA., (N?cd@éfrhl [Jody. PM). The KA-injury

experinments were repeated using a 10-fold Tower of t-PA (0,185 pM and a
10-fol d hi gher amount of DSPA (18,5 pM. The |lower t-PA con-
NMDA was injected into the striatal region of wild type mice in the presence

of t-PA or DSPA (each 46 uM) with a total volume of 1 pl. After 24 hours the
brains were removed and the size of the lesions was quantified according to
the Callaway method (Callaway et al., 2000} (see above). As can be seen in
figure 4, injection of NMDA alone caused a reproducible lesion in all treated
mice (N=4). When t-PA and NMDA were applied together, the size of the
lesions was increased about 50 % {P<0,01, n=4). In a clear contrast the co-
injection of NMDA and the same concentration of DSPA did not lead to an
increase in lesion size compared to NMDA alone.

Injection of 1-PA or DSPA alone did not lead to a detectable neurodegenera-
tion. The lacking effect of 1-PA when being administered alone is consistent
with the results of Nicole et al. (2001). These data show that the presence of
DSPA does not increase neurodegeneration even during a neurodegenera-
tive event.

In order to confirm that the injection of DSPA had indeed spread into the
hippocampal region, immunohistochemistry was performed on coronal sec-
tions by use of the DSPA antibody. The examination showed that DSPA did
indeed enter the striatal region.

Kinetic analysis of the plasminogen activation by indirect chromogen test



centration was still able to restore the sensitivity to KA treatnment (n=3).
O special interest was the finding that the infusion of 10 fold increased
DSPA concentration only caused a little neuronal |oss follow ng KA
treatment. These data strongly point out that DSPA does not |ead to an

I ncrease of sensitivity to KA. Konig Szynka von Renesse 45 814 K -31 7.

Ef fect of KonipAzpmd vDSRENesse NVDA- dependent neur odé§efilék&tion in wild type

m ce The effects of t-PA and DSPA wer@2al so exam ned in a nodel of neurode-
generation in wild type mce. The injection of t-PA in the striatum of these
m ce provably led to an increase of the neurodegenerative effects caused by
the gl utamate anal ogue NVDA (Nicole et al., 2001). NVMDA was injected into
the striatal region of wild type mce in the presence of t-PA or DSPA (each
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and the silrzdireﬂt chrembgsi tasts \ehthe LR aétivitg wereqgpetiormedousiheh&aubaway met hod

of DA SRS chtrsBRSinedift RTcen DieBRARYT BRE, heclroBirE. Fin-a) *“wnen

t - PA and NADerican Diagpostied) acgendireg fo Madisare &.lof Gdidsmitle H.0nGeraed i ncr eased

b d
the sano dbRecrEring AE; SelfoblaPh FRRG\Rauid 3a80 7o) TANAKAL, on o 2o

conpared tELANSAoldsmith. Eulnj Gething Mod., Sambreek Ddrsand Basselubyf.Bead to a
det ect abl § e%rlﬁﬁ)‘égﬂéﬂr Acal! QE! U-@Q éﬁ%hdw\?@jé ?§twé?lf ad Waﬁléﬁ}?ﬁ \bei ng

adm ni ster | one 1 s _consi st ent e resuy et al (2001).

These dat SAdWR Fad., ﬁ?@“ﬂgé@én(ﬁéﬁr@bmobﬁﬂﬂ afskserasd R-Re (9%
neur odegeItet 1265, SMaR33U4PBY TesREWens pBABRNEd Doty th & Fesén@e%ﬂﬁr to

confirmt h%se}}ge? olf rtlhg %tol-fggto?nggﬂélé]?Rrﬁeﬁggr? cblaBﬁgsa}ncas ESAW:GI‘B is a
preparation of soluble fibrin monomeres gained by the cleavage of highly
pure human fibrinogen with the protease batroxobin. Batroxobin cleaves the
Arg'®-Gly'"-binding in the Aca-chain of fibrinogen and thereby releases
fibrinopeptid A. The resulting des-AA-fibrinogen representing fibrin 1 mono-
mers is soluble in the absence of the peptide Gly-Pro-Arg-Pro. The concen-
tration of Lys-plasminogen was varied from 0,0125 up to 0,2 pM in the pres-
ence of DESAFIB and from 0,9 to 16 uM in absence of the co-factor.

Indirect chromogen tests in the presence of different stimuli.

indirect chromogen standard tests were performed according to the publica-
tions cited above. Probes of 100 pi total volume containing 0,25-1 ng
enzyme, 0,2 uM Lys-plasminogen and 0,62 mM spectrocyme PL were used.
The tests were performed either in the presence of buffer, 25 ug/mi
DESAFIB, 100 pg/ml cyanogen bromide fragments of fibrinogen (American
Diagnostica) or 100ug/mi of the stimulatory 13 amino acid peptide P368. The
analysis were performed in microtiter-plates and the optic density was
determined at a wave length of 405 nm every 30 seconds for 1 hour in a
"Molecular Devices Thermomax". The reaction temperature was 37 °C.
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staining of coronal sections with an anti-DSPA-antibody, it was possible to

detect, that the DSPA intravenously administered 24 hours after the NMDA-

injection had permeated into the damaged tissue areas (see Fig. 15). In

case of a corresponding intravenous application of t-PA or DSPA 6 hours

after the NMDA-injection, an increase of the damaged tissue area was not

yet to be detected. This may have its reason in that the blocod-brain barrier at

this moment of the t-PA or DSPA application still provided a sufficient barrier

function. DSPA thus also in case of intravenous application does not display

neurotoxic side effects.
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t hronbol ysis with Desnpbdus salivary plasm nogen activator in dogs. Fast and

per si st enty r e¢aeRbf 4 pldspiinbyen AblivatmgorMetd?@cedrding to claim 1 character-
ised in the use of the plasminogen activating factor of Desmodus
rotundus (DSPA) or the pharmaceutically acceptable salt thereof.

3. Use of a plasminogen activating factor according to claim 1 wherein the
plasminogen activating factor comprises at least a histidin or serine
residue forming together with an aspartade residue at least a part of a
cymogene triade.

4. Use of a plasminogen activating factor according to claim 3 wherein the
serine residue is located at a position at least partly homologous to
position 292, the histidine residue is located at a position at least partly
homologous to position 305 and the aspartate residue is located at a
position at least partly homoiogous to position 447 of 1-PA.

5. Use of a plasminogen activating factor according to claim 4 wherein the
plasminogen activating factor is selected from the group of the fol-
lowing t-PA mutants: t-PA/R275E; t-PA/R275E, F305H; t-PA/R275E,
F305H, A292S.

6. Use of a plasminogen activating factor according to claim 1 wherein the
plasminogen activating factor carries a point mutation of the Asp194 or
of an aspartate in a homologue position, leading to a reduced stability
of the catalytically active conformation of the plasminogen activating
factor in the absence of fibrin.



adm nistration. Crculation. 90:421-426. Kanig Szynka von Renesse 45 814 K
-38 Cains: 1. Use of a plasm nogen activating factor, the activity of which
is enhanced be at |least 650 fold at the presence of fibrin for the manu-
facture of a intravenously applicable nmedi canment for the treatnent of
stroke. 2.KobkgeSzgfikavoplRasesseiogen activating fact ord%8tbKding to claim1
character- ised in the use of the plagwnogen activating factor of Desnodus,
rotundus (DSPA) or the pharmaceutically acceptable salt thereof. 3. Use of a
pl asm nogen activating factor according to claim1l wherein the plasnm nogen
activating factor conprises at least a histidin or serine residue formng
together with an aspartade residue at |east a part of a cynobgene triade. 4.
Use of a plasnm nogen activating factor according to claim3 wherein the
serine residue is located at a position at |east partly honol ogous to

position 292, the histidine residue is |.oc d at,a.posjtion . at |least partly
honol ogous’*t 0 Qﬁ%ﬁ?q%ﬂmsde clakp @h‘@ﬁ%%eﬂéﬁsﬁﬁl égr'%ﬁjggwﬂf%d &’58&!‘@5‘3&? a
position at | erssparigine, honol ogous to position 447 of t-PA 5. Use of a

pl asm nogen activating factor according to claim4 wherein the plasm nogen
activating factor is selected fromthe group of the fol- lowng t-PA

mut ant s:  t8. PAARRY AEcordingAtdrR2kom, 7 F3ubptising RASBRSREon RI0AEP18292ih 6. Use of

a pl asm nogen i i ctor according to claim1 wherein the
pl asm nogen ag‘m%‘!?’hég%éc‘?or carries a point nutation of the Aspl94 or of

an aspartate in a honol ogue position, leading to a reduced stability of the
catal yticaj |y (e bLplaSmintdeH activalihg HRoPAGITHINGY6 k1AM 1 WAkHEIA the
plasminogen activating factor comprises at least one mutation in its
autolysis loop, which reduces the functional interactions between
plasminogen and plasminogen activating factor in the absence of fibrin.

10. Use according to claim 8 wherein at least one mutation in the autolysis
loop affects the amino acid positions 420 to 423 of wiid type t-PA or
homologous positions. ‘

11. Use according to claim 9 wherein the mutation is selected from the
group consisting of the following mutants: L420A, L420E, S421G,
S421E, P422A, P422G, P422E, F423A and F423E.

12. Use of a plasminogen activating factor according to claim 1 wherein the
plasminogen activating factor is a cymogene comprising at least cne
point mutation preventing the catalysis by plasmin.

13. Use of a plasminogen activating factor according to claim 11 wherein
the point mutation is located at the position 15 or 275 of -PA or at a
position homologous to that.

14. Use according to claim 12 wherein glutamate is in the position 15 or
275.



factor in the absence of fibrin. Konig Szynka von Renesse 45 814 K -39 7.
Use according to claim6 wherein Aspl94 is substituted by glutamate or
asparagi ne. 8. Use according to claim7 conprising a substitution of ASP194
with G ul94 or Asnl94. 9. Use of a plasm nogen activating factor according
to cl ai m Konigetzgnha vioh®engsisasni nogen activating f #&&t4 Konpri ses at | east one
mutation in its autolysis |oop, whichgreduces the functional interactions
bet ween pl asm nogen and pl asni nogen activating factor in the absence of
fibrin. 10. Use according to claim8 wherein at |east one nutation in the
autolysis loop affects the am no acid positions 420 to 423 of wild type
t-PA or honol ogous positions. 11. Use according to claim9 wherein the
mutation is selected fromthe group consisting of the follow ng nmutants:
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nmut ati on prev@ysd@8. t he catal ysis by plasmn. 13. Use of a plasm nogen
activating factor according to claim 1l wherein the point nutation is

| ocated at the position 15 or 275 of t-PA or at a position honologous to
that. 14. 16se Usecacehirdiggiio daim thwherghethe plagmimegean activating faptori®si ti on 15

or  275. Koni gnsiedsetPlh B fufdichth Kositish 7, Whignareaaced e o cl ai m 1

wherein the plasm no?en activatlng ¢ . ) )
stability of the catalytically active conformation of the plasminogen acti-

vating factor in the absence of fibrin.

17. Use according to claim 15 wherein the plasminogen activating factor is
characterized in Phe194.

18. Use according to claim 1 wherein the plasminogen activating factor is
characterized in at least one point mutation which prevents the cataly-
sis by plasmin.

19. Use according to claim 17 wherein the plasminogen activating factor
comprises Glu275.

20. Use according to claim 1 wherein the plasminogen activating factor
comprises an amino acid sequence according to Seq. ID No. 1.

21. Use according to claim 20 wherein the plasminogen activating factor is
urokinase with an autolysis loop comprising Val420, Thr421, Asp422
and Ser423.

22. Use according to claim 20 wherein the urokinase is characterized in a
point mutation in position 194, which reduces the stability of the cata-

Iytic active conformation of the urokinase in absence of fibrin.

23. Use according to claim 21 wherein the urokinase comprises Gilu194.



prises an autolysis |oop conprising H s420, Asn421, Ala422 and Cys423. 16.
Use according to claim1l wherein the plasm nogen activating factor is
characterized in a point nutation in position 194, which reduces the
stability of the catalytically active conformation of the plasm nogen acti -
vating factor in the absence of fibrin. 17. Use according to claim15

wher ei n t Hénjgl Sesmianog&ienessei vating factor is ch#%8t4Ki zed in Phe194. 18.
Use according to claim1 wherein the-plfasm nogen activating factor is
characterized in at | east one point nutation which prevents the cataly- sis
by plasmn. 19. Use according to claim 17 wherein the plasm nogen activating
factor conprises 3 u275. 20. Use according to claim1l wherein the

pl asm nogen activating factor conprises an am no acid sequence according to
Seq. ID No. 1. 21. Use according to claim20 wherein the plasm nogen

acti vat i n@4. adiser accordingaioi orees of Hhea blaims &0t tol 32 whdreiopgheanpkinasags Val1420,
Thr421, Asp42 : 23 L ; i erein the

ur oki nase is (?:cﬁ'gr?%g?'eﬁre#’dg@()a ti Iéa%t ﬁ%Pﬁﬁ%‘ﬂg{%o%l@ oesr\TI:e ﬁ &’owél@,é&?\hi ch
reduces the stsitbby plagmit. t he cata- |ytic active conformation of the

ur oki nase in absence of fibrin. 23. Use according to claim 21 wherein the

ur oki nase conprises 3 ul94. Konig Szynka von Renesse 45 814 K -41 24. Use
accor di ng 3% 446 agcardingde Llaim pavheseipahamiasninoger agHvaphaemmprises

characteri zed 4 ébqifenc8tboRiieg RPSBY. MINBL 20N which prevents the cataly- sis
by plasmn. 25. Use according to claim1 wherein the plasm nogen activator

conpri ses
26. Use according to one of the above claims characterized in a drip infu-

sion.

27. Use according to one of the above claims characterized a bolus injec-
tion.

28. Use according to claim 26 characterized a single bolus injection.

29. Use according of a urokinase comprising ILE275 for the manufacture of
a medicament for the treatment of stroke wherein the urokinase is
injected intravenously.

30. Use according 1o one of the above claims for the therapeutic treatment
of stroke in humans at least 3 hours after stroke onset.

31. Use of a plasminogen activating factor according to at least one of the
above claims for the therapeutic treatment of stroke in humans at least
6 hours after stroke onset.

32. Use of a plasminogen activating factor according to at least one of the
above claims for the therapeutic treatment of stroke in humans at least
9 hours after stroke onset.



a sequence according to Seq. ID No. 2. 26. Use according to one of the above
clains characterized in a drip infu- sion. 27. Use according to one of the
above clains characterized a bolus injec- tion. 28. Use according to claim
26 characterized a single bolus injection. 29. Use according of a urokinase
conpri si ngkshigE2¥ikafvon Retesseranuf act ure of a nedi cdn®@M Kf or the treatnent of
stroke wherein the urokinase is injegped intravenously. 30. Use according
to one of the above clains for the therapeutic treatnent of stroke in
humans at | east 3 hours after stroke onset. 31. Use of a plasm nogen
activating factor according to at | east one of the above clains for the
therapeutic treatnent of stroke in humans at |east 6 hours after stroke
onset. 32. Use of a plasm nogen activating factor according to at |east one

?f tPe gatgsve lﬁe?t%ﬂ@pfa{%ﬁniﬁb@eﬁ b@gmmgtfh@tdga%agmm td)gt Fefa‘spbﬁ%isd? érhwgrrﬁns az ,
eas ours after str onset . Kon z von Renesse . -

33. Use of a Ep%ﬁiqlﬂi@'@nf%éil?? %’PH@&%@%B@%@C&W% P%t'%ﬂtsl"éa‘(ﬁri'é’bne of the
above cl ai ns figg ohdet dfstrokpdsitenipdratphoeekaclly deteokinegat i ents in which the
onset of stroke is tenporally not exactly determ ned. 34. Use of a

pl asm nogen activating factor according to at | east one of the above clains
for the t 84 afpiseodf & plaskenogere activalinddacier @iccofdingnuableasbaneidf yheof wi | d

type t-PA 35, ATt ' et G I p 'ﬁtqg. n
activating fagtbcggpg écc%ﬁ@??\g‘gt‘%&gpgl%ég@ﬂgne 0 ;&Q'er}%a gvéga@ ai mssand at
| east one additoxicitoefawildblypersAuti cal Iy active conponent or its

phar maceutical |y

35. Pharmaceutical composition containing a plasminogen activating factor
according to at least one of the above claims and at least one addi-
tional pharmaceutically active component or its pharmaceutically
acceptable satt.

36. Pharmaceutical composition according to claim 34 characterized in a
neuroprotective agent.

37. Pharmaceutical composition according to claim 35 characterized in a
glutamate receptor antagonist.

38. Pharmaceutical composition according to ciaim 36 characterized in a
compelitive or non-competitive antagonist.

39. Pharmaceutical composition according to claim 34 characterized in at
least one thrombin inhibitor, preferentially selected from the group of
the following substances: thrombomodulin, thrombomodulin analogues,
triabin, pallidipin or solulin.

40. Pharmaceutical composition according to claim 34 characterized in at
least one anticoagulant agent, preferentially selected from the group of
the following anticoagulant agents: hirudin, heparin, acetylsalicylic acid
or ancrod.



acceptabl e salt. 36. Pharmaceutical conposition according to claim 34
characterized in a neuroprotective agent. 37. Pharmaceutical conposition
according to claim 35 characterized in a glutanate receptor antagonist. 38.
Phar maceuti cal conposition according to claim36 characterized in a
conpet i ti wasnfy SAYAK wAMRRAEdski ve antagoni st. 39. Phmggpse@utical conposition
accordi ng to claim 34 characteri zed i_rhaa_t I east one t hronbi n i nhi bitor,
preferentially selected fromthe group of the follow ng substances:

t hr ombonodul i n, thronbonodul i n anal ogues, triabin, pallidipin or solulin.
40. Pharmaceutical conposition according to claim 34 characterized in at

| east one anticoagul ant agent, preferentially selected fromthe group of
the foll ow ng anticoagul ant agents: hirudin, heparin, acetylsalicylic acid
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subst ances. 42"'“Pﬂﬁlaﬂi{ﬁ@@ﬂ supstaneRfvsi ti ons according to claim 34
characterized in anti- biotic agent. 43. Pharmaceutical conposition

according to claim 34 characterized in i ticholine
42. Pharmaceutical compositions accordmg to claim 34 characterized in

anti- biotic agent.

43. Pharmaceutical composition according to claim 34 characterized in
citicholine.



