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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 arterial, 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 depolarize. This
results in an increased postsynaptic rel ease of the
neurotransmtter glutanmate which activates nmenbrane
bound glutamate receptors regulating cation channel S.
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whi ch are opened by a binding of glutanate to the
receptor. This results in a Nat and Ca 2+ influx into
the cell massively disturbing the Ca 2+ dependent
cellular netabolism Especially the activation of the
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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.




The naturally occurring fibrinolysis is based on the
proteolytic activity of the serine protease plasmn
whi ch originates fromits inactive precursor by
catal ysis (activation). The natural activation of
pl asm nogen is catalyzed by the plasm nogen
agétha%gm %é@ée type plasm nogegqagti vator)
|ssue p asm nogen, activator) occurring
naturally in the body. In cohtrast to u-PA t-PA
fornms a so called activator conplex together with
fibrin and plasm nogen. Thus, the catalytic activity
of t-PAis fibrin dependent and is enhanced in its
presence approxinately 550-fol d. Besides fibrin also
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streptococci infection including a production of

anti bodi es the patient may exhibit a so called
HKnewndherapauticappreashes naking the therapy nore
difficult. Besides this, clinical trials in Europe
(Multicenter Acute Stroke Trial of Europe (MAST-E),
M)IStrertokinase ute Stroke Trial of Italy (MAST-I )g and
Australi a (Australian Streptokinase Trial (AST))

iy SHEmeR TS PEE oAl & 85BRerdkel g8 Bhgl jo the
KI950s. First extenswe clinical tnals 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
(Multicenter Acute Stroke Trial of Europe (MAST-E), Multicenter Acute
Stroke Trial of Italy (MAST-)) and Australia (Australian Streptokinase Trial
(AST)) indicated an increased mortality risk and a higher risk of intracerebral



bl eeding (i ntracerebral haenorrhage, ICH) after
treating patients with strep- tokinase. These trials
had to be term nated early. b) Urokinase
Al ternatively, urokinase - also a classica
fibrinolytic agent - can be appli- cated. In contrast
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- since 1t is an enzyne naturally
occurring in various body tissues. It is an activator
of plasm nogen and i ndependent of a co-factor.
Uroki nase is pro- duced in kidney cell cultures. c)
reconbi nant t-PA (rt-PA) Extensive experience on
t herapeutic thronbolysis is available for the tissue
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W th acute nyo- cardial infarction as the main
imdirokinage - | eading to partially non-understood and
contradictory results. In the so called European Acute
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even though“not significant - increase of nortality.
Thus, it could be concluded, a thrombolytic treatnent
i) trecombiirant t-Ppa(ri-PA) s bei ng individually sel ected
according to their respective case history
i medi ately after the beginning of the stroke could
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SnginkantradicRey oesuitel5Irg the Kso called European Acute Stroke Trial
(ECASS) patients were treated within a time frame of 6 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 rt-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.).



-5 The thronbol ytic treatnent of stroke was al so
subject of a clinical trial con- ducted by the

Nati onal Institute of Neurol ogic D sorder and Stroke
(so called NNDS rtPA Stroke Trial) in the USA. This
tri al concentrated on the effect of intravenous rt-PA
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& vvere exam ned t hree nonths
after the treatment. Due to” %Xhe observed positive
effects of this treatnment on the viability of
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aut hors found a higher risk for ICH Two further
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According to a review of all stroke trials first published in 1997 and updated
in March 2001, all treatments with thrombolytics (urokinase, streptokinase,
rt-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 to survive dis-
abled (SCRIP 1997: 2265, 26).



-6 Nevertheless, so far the therapy with rt-PA is the
only treatnent of acute cerebral ischaem a approved
by the Food and Drug Adm nistration (FDA) in the USA
However, it is restricted to an application of rt-PA
within three hours after the onset of stroke.

Reconbi_ nant pl asm_nogen activator is cur
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thera- peutically active t-PA fragnent with a | ower
hal f-1ife period. The therapeutic dose for Alteplase
is about 70-100 ny, for Reteplase 2 x 560 ny, whereat
Alteplase is mainly applied via a drip infusion and

Retepl ase via a bolus injection repeated twice in an
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"Exci toxi n-i nduced neu- ronal degeneration and sei zure

Bideefficaas of tPAt i ssue pl asmi nogen activa- tor").
These results were confirmed in 1998 when Wang et al.

could prove nearly a double quantity of necrotic
néenrofeadicityi sxlexéitotoxi@ity defi ci ent mce when t-PA was
injected intravenously. This negative effect of
external t-PA on wild type mce was

SHie BRbieEbo A aSERRETEE B 1996 Saeforavin the, year 1995, fist
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, microglia 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
glutamate (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,
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pl asm nogen activator (t-PA) increases neuronal damage
after focal cerebral ischaemia in wild type and t-PA
deficient mce".) Further results on the stimulation
of excitotoxicity by t-PA were published by N cole et

in_the beglnnlng of 2001 (N cole O. ne F Ali
d{oﬂﬁ? FEMNkg Yorcalenasst p; I\/IacKenZ| e Eﬁéjgff?& en D
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receptor-nediated signaling; in: Nat Med 7, 59-64).
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order to devel op new drugs for st roke was t er m nat ed

%es%?tléqps R(retljr%%)gg lsld% gilfelcttawdoﬁm éés‘fﬁg % (eac on ?he mortality t-
PA was approved by FDA. This can only be explained by the lack of harm-
less and effective alternatives - 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 example Wang et al. a.a.0.; Lewandowski and Barson 2001 a.a.O.).

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



tially suitable. Especially in case of DSPA its
potential suitability for this nedical indication was
poi nted out earlier (Medan P; Tatlisumak T; Takano
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Hadl ey SJ; Fisher M Thronbol ysis with reconbi nant

Des- modus sal iva_pl asm nogen acti vator ‘éfrtgg?) in a
AP NEHFAN S VPOKEISRMREPE i n:  Cer ebr ovd 1996: 6;
175-194 (4th International Syhposiumon Thronbolic
Therapy in Acute |Ischaemc Stroke). DSPA is a

pl asm nogen activator with a high honol ogy

(resenbl ance) to t-PA. Therefore - and in addition to
the disillusionnent resul ting fromthe neurotoxic side
effects of t- PA - there were no further expectatlons
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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 01/561614 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 part 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



the fatal consequences of stroke is caused only
indirectly by interrupted blood supply but directly
to the excito- or neurotoxicity including over acti-
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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



The character and admi nistration of these plasm nogen
activators are based on the know edge, that the
neurotoxicity of the tissue-plasm nogen activator
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According to a preferred embodiment of the invention, non-toxic plasmino-
gen activators 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.



pro-enzyme (single chain t-PA) and to an increased
activity of the mature enzyne (double chain t-PA) in
the presence of fibrin. Therefore, the intro- duction
of at |east one amino acid of the triade - or of an
amno acid with the respective function in the triade
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activity of the mature enzymellan the activity of the
pro- enzyne). As a result the fibrin specificity is
remarkably increased. This is due to conformationa
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agRRht Pispfel” Sabstantdlly Estbheéd Stimdation 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 t-PA mutants (Madison et al., 1993).

These t-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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SQREeSﬁPE@etn "of their co-factor fibrin - especially
in conmparison to the mature wild type form- which can
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Vg ippaeas@$. 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 allows 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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iIRérrrglasrest embpdiment aspording & Hie ipveniam, GOt tPA is used,
ln Qﬁ!ﬂcﬂoﬂsm e saphiitaird by JibesRateu{DIY4E Can résiddiioely by

f
Rebladite ?Piﬂgﬁiél&“@@%%fr%m@*%%@gt'?ﬂya%t%& thduegg 1 to
[2900i fixd bortte AutesEhice | dfefitrihywpeteasi i, tHee adésepceoott fierin, an

dstbLEe Cd?aeétﬂlv tgcﬁy fo LeoF /st AIE{H @%@El’a‘} b@@ DO@I eRe achieved.

ncrease f
O et ghb N A2k o SE.pefich
'Br'é@e%drtggﬁ% gﬂeéiié?gt?\zﬂh% difdl eaé}%éﬂftaPA B tlﬁ?é}I Blebtid& dndNArg15-
re
B e PlREiNy Pacte 1 188 dotibie, epdes todL obf-PA s ppytation
chdgresn thenegsesf thplaativativrgent-BAt by b by thae fadtsin12600. For rea-

as%ws%i\feﬁ%aé{sd ? crf tma'rtqid/k'%utgﬁoéﬁ1 aPBbFﬁloHyHQH'&@S1 5 nthtehﬁubll-
foatiansg rqu%tramberg amnlvlﬂdmrb&?r&ﬁ)rﬁfeafyllﬁ ingpsporabed By refer-

k. in serine proteases and is especially
characterized by three hydrophobic am no acids (Leu,
Pro and Phe). The autolysis loop in plasn nogen
30 incpéagesof ther fitrpodspdnderico roftgiasrnimogeacictioators thn also be
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¥opho%?c§ Ia(l)nDI%o acids e(\liglr}t Pro and Phe). The autolysis loop in
plasmmogen 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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of the autolysis Ioop are substltuted by Val420, Thr421, Asp422 and Ser423.
Advantageously the urokinase is carrying an lle275 and a Glu194. 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
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1995; Toschie et al.,, 1998). For example the actlwty of D PAaIpha1 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 t-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
could reasonably be used for a treatment of acute stroke.
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t-PAto the glutamate i nduced neurotoxicity - no

Jsmbnémgqr |2|(h2t92b@ﬂ shéWn thBRDSPAhasMdpearbtedt i efdcld even
IS use

thodidhuit 36 3 gk iPatrablBoes thadalogT R RPA ariFevtfiolgh the
4ihy8ibdbgical eﬂéc&mfphesmn@lcylestarbamnmm'abbhtovm larhatex@BPAThe
Na%va. Jh%\‘”s?c%rﬁﬁoc t@ftlﬁ%f(ﬁe?‘a ﬂY%rDSbﬁoé‘ﬂ& b rﬁ%}?% ﬁ.]é?:'eggfully

resenb ance ven tho
pisgdi as o@.tbwmmlmtage@f fohdhedhetapyeof &tr@k@owﬁla@tabp@usmg

ts‘évére,l ﬁéltgse Bgéf&@tgfonam@suél@@#%géo'Eé'péél'aﬂ n'wtéﬂsétiﬂgt |Bethe fact,
1S PSR co %S%doaws%r'at@ﬁéh%ef REUR Bte (i oYeet Abstroke

aynptogs. severe risks of neuronal tissue danage.
Especially interesting is the fact, that DSPA can

al so be used later than 3 hours after the onset of
Fxpecimentalproat fortthegnissing aeusetaxicity of D&EP AT ssi ng
neurotoxi city of DSPA The new teaching is based on in
Vvivo conparative exam,nations of the

nd§r H8¥y 19 V& dcen g ‘t”V@,&QS'ﬂprﬁBV%l%@”HHa“QﬂS of the
[eidfodey etrieeatwef@fedldﬂ@PA/\bn oneagide padfof DERIA lon theiolger side

&Qﬁﬁﬁ’ et PstSBORi.G e 78 ElleB e AT tpodel & model

ThrethleaexanmnammOﬁNhVﬁ?DA (rdusedulesion of the striaynur y nodel )
is based on the stinmu- lation of the neurotoxic

huet l?gﬁfceamg Srr(ujgdde(? (g%otkg?nlgxatc% ﬂ]?tljryarﬁgéelzlﬁ}s asedo 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
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%‘?ffds@ iRC 51' or@g}’(\gnt& 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
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contrast to t-PA does not produce a potentiation of the neurotoxicity 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.
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tATcBFdiNg d6 the invstRitngasinogde avtivators, 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 t-PA and other common fibri-
nolytics is associated with a severe risk of cerebral bleedings (see above).
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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-
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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 ug/kg and 230 pg/kg. Particularly preferable therapeutic results
here were achieved with doses between 62,5 to 90 ug/kg. In the examined
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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 pallidipin can be used. Further combinations with
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Wild-type mice (c57/Black 6) and t-PA deficient mice (t-PA-/-mice)
(cb57/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/v)
(approx. 30-50 pm) 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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acid injury nodel was based on studies of Tsirka et

al. (1995). The aninmals were injected
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heeértmirhn%rls \f/ere 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 pl of either PBS
or recombinant human t-PA (0,12 mg/ml, 1,85 uM) or DSPAa1 (1,85 uM)
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
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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.
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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 using 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
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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 t-PA or DSPA disperses into the hippocampus of t-PA -
/- mice and retains proteolytic activity
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brain of the infused animals and aiso retalned their proteolytlc activity while
being in this compartment. To address this point, -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 ug) 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
activity 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
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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
t-PA restored sensitivity to 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
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The concentration of t-PA used for the infusion was based on the concen-
tration described by Tsirka et al. (1995) (100ul of 0,12 mg/ml [1,85 uM]). 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.
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mcrease in lesion size compared to NMDA alone

Injection of t-PA or DSPA alone did not lead to a detectable neurodegenera-
tion. The lacking effect of t-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
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Indirect chromogen standard tests were performed according to the publica-
tions cited above. Probes of 100 pl 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/ml 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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-38 Cains: 1 Use of a plasm nogen activating factor,
the activity of which is enhanced be at | east 650
fold at the presence of fibrin for the nanu- facture
of a intravenously applicabl e nedi canent for the
treatnment of stroke. 2. Use of a plasm nogen

er- ised

tivating factor_according to claiml
?ﬁo?ﬁ%%%§%5§\T%bRﬁQ§ﬁﬁ%oge activatingﬁfgc gr of
Desnodus rotundus (DSPA) or *¥he pharmaceutical ly
acceptable salt thereof. 3. Use of a plasm nogen
activating factor according to claiml wherein the
pl asm nogen activating factor conprises at |east a
histidin or serine residue form ng together with an
qﬁgartade residue at |east a part of a cynopgene
tY?Hfe. 4. Use of a plasninogen activating factor
according to claim3 wherein the serine residue is
l;oca ey t p y I t Qi .
oo, 158 Y08 PRRINSG acifANha PRI RTRERAR ' Gnich s
posi enbaneed beaglt lepal 65§ foldortotheguasenes pbébrin dar thesmanu-
and A&,As BRE! iRir8vé skt @ppicdtie #afcathedt fPARbIm@ht of
| east partly honol ogous to position 447 of t-PA. 5.
Use &#0Kepl asni nogen activating factor according to
claim4 wherein the plasm nogen activating factor is
elected fromthe group..of,. th ol - | ow t  PA

1 a0t & B eder dufiosl BelchagonRihg % il 1 gharacter-
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activating factor carr a point ‘mutation of the
Aspl94 or of an aspartate in a honol ogue position,
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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 homologous to position 447 of t-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.



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 d ul94 or Asnl94. 9. Use of a plasm nogen
activating factor according to claim1l wherein the

pl asm nogen activating factor conprises t st one
P SFYFa VYo BRESRE s | oop, whi ch r@tq% ‘g t he
functional interactions betws®r plasni nogen and

pl asm nogen activating factor in the absence of
fibrin. 10. Use according to claim@8 wherein at | east
one mutation in the autolysis |oop affects the am no
acid positions 420 to 423 of wild type t-PA or

honol ogous positions. 11. Use according to claim?9
wherein the nutation is selected fromthe group
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Cys423. 16. Use according to claim 1l wherein the

pl asm nogen activating factor i sl char act Eﬁrfj zed 'bn a )
P& niUsaacaardingita GRITY & wiierainAt lepstane Rulation ipfge autolysis
loop affects the amino acid positions 420 to 423 of wild 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 one
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 t-PA or at a
position homologous to that.

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



stability of the catalytically active conformation of
the plasm nogen acti- vating factor in the absence of
fibrin. 17. Use according to claim15 wherein the

pl asm nogen activating factor is characterized in
Phel94. 18. Use according to claim1l wherein the

pl asm nogen activating factor is char act,[s din at
Me2RiE BiRY & MO NTPAESST whi ch prevents %1%& al y-

sis by plasmin. 19. Use accodding to claim 17 wherein
t he pl asm nogen activating factor conprises d u275.
20. Use according to claim1l wherein the plasm nogen
activating factor conprises an am no acid sequence
according to Seq. ID No. 1. 21. Use according to claim
20 wherein the pl asm nogen activating factor is

dbok Usgs eceardingato SlRIGY swhereid he opfgsmiaggnvagtivaging com-

Thf 42lisedSad 22utoRBE R BdmpEisind S4is226 0AHNAA 1t GAlG422 nand

0 wherein the urokinase is characterized in a poi nt
rrut atQy§f28n posi tion 194, which reduces the stability
of the cata- Iytic active conformati on of the

B BB S i RS B hg o
Szynkharasteredese agngmutation i pogifion 4, a&bléhoreﬁgce% the
one %faﬂnlﬂ?z‘? Eﬁa%céﬁy ggtl\)@%rﬂ‘bﬂnéﬁ% o Pl ;51§§rﬁ|r10‘gen acti-

char act er | east oi nt nmutation which
pr evé’ﬁf'@gtfﬁ‘f%oﬁ:'ﬁttﬁﬁﬁbsgn%e Bgﬂﬁﬂrgsm n. 25. Use according
to claiml1 wherein the plasm nogen activator conprises
ence accordin
eollEeedtioa sfotem €5 Fivendnetiatuindden cefvaing fagtor s
a dr icharatterizesl ioiPhe2®4. Use according to one of the
above clains characterized a bolus injec- tion.

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-

lytic active conformation of the urokinase in absence of fibrin.

23. Use according to claim 21 wherein the urokinase comprises Glu194.



28. Use according to claim 26 characterized a single
bol us injection. 29. Use according of a urokinase
conprising I LE275 for the manufacture of a nedi canment
for the treatnent of stroke wherein the urokinase is
injected intravenously. 30. Use according to one of
the above clains for the therapeutic tre %
ool Sy heHRS BeNes8R] 3 hours after 43(&@& onset
31. Use of a plasm nogen actidlating 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 pl asm nogen
activating factor according to at |east one of the

above clains for the therapeutic treatment of stroke
i24. hiaenaceardingatetonepohthe slains &0 tex 22 heseisthe wekingse is

SzynlghaVRRerRRERSH 183st8ie Boint #utdBon W\‘R:rpf)re%'ents the cataly-

pl asm nogen activating factor according to at |east
one &fS PBlasEWdve clains for the therapeutic treatnent
of stroke patients |n which the onset of stroke is

B RlE e oS S PELFER B8 biadiingUBE i dign gprprises
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under avoi dance of the neuro- toxicity of wld type

t-PA. 35. Pharmaceutical conposition containing

Pas HseoaesPrdngi toanengf mc@f&ve alainas ghapdieyized 'neaagf'P infu-
one @fort.he above clainms and at | east one addi- tional
phar maceutically active conponent or its

pharmaceutically acceptable salt. 36. Pharmaceutica
@frpdiset acoordingdodinmegof thecalaove Glainns aharscterizedda ibelus injec-
neur ?QF\Ot ective agent. 37. Pharmaceutical conposition
accordinhg to claim35 characterized in a glutamate
receptor antagoni st. 38. Pharnaceutical conposition

BC ON B dopdifgdb Elak® 2 aiaatmrizé@d difgld 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 to 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.



conpetitive or non-conpetitive antagonist. 39.

Phar maceuti cal conposition according to claim 34
characterized in at |east one thronbin inhibitor,
preferentially selected fromthe group of the

foll ow ng substances: thronbonodulin, thronmbonodulin

anal ogues, triabin, pallidipin or solulj 40.
PREP IR AN b M5 IFBn according to Jtﬁn%H‘rRM

characterized in at |east orf anticoagul ant agent,
preferentially selected fromthe group of the

foll ow ng anti coagul ant agents: hirudin, heparin,
acetylsalicylic acid or ancrod. Konig Szynke von

Renesse 45 814 K -43 41. Pharmaceutical conposition
according to claim 34 characterized in_anti-

i3 | Ainenobon plaamispger estivating fastarracseding 40 at least one of the

gg{ripfé‘ﬂg}/%tcl{l‘%in%cfﬁgrtﬁé NHelaPebtiditiBadhefhaf 3FbIRS haehtsn which

agent. 43. Pharmaceutical ,conposition
e cortl RGSELRT ATk ETRaAINeL FYeu S ietSEhe ol | ne.
34. Use of a plasminogen activating factor according to at least one of the

above claims for the therapy of stroke under avoidance of the neuro-
toxicity of wild type t-PA.

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 salt.

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 claim 36 characterized in a
competitive 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.



Konig Szynka von Renesse 45 814 K
-43 -

41. Pharmaceutical composition according to claim 34 characterized in
anti- inflammatory substances.

42. Pharmaceutical compositions according to claim 34 characterized in
anti- biotic agent.

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



