Koni g Szynka von Renesse "Intravenous infection 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
activators fromthe saliva of Desnodus rotundus (DSPA) for the treatnent of
stroke in n tr nt_of stroke with these plasm nogen activators
i s known f}?%l’m'? h%ezqrnn%érvr?g}a?:geﬁ%?gﬁgt ent application PCT/EP02/12204, the

di scl osure of which is conpletely taken into reference. dinical
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
bet ween these clinical pictures in so called ischaem c and haenorrhagic
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arteriosclerotic stenosed vessel or by arterio arterial, respecitively,
cardi al enbolisnms. Haenorrhagic insults are based inter alia on the
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Clinical characteristics and biochemistry of stroke

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 biood 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-



m c 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 beconme over activated. dutamate receptors
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glutamate t receptor. resultélnaNa* 2+ influx into the
cell massively disturbing the Cat' depe&ndent cellular netabolism
Especially the activation of the Ca 2+ dependent catabolic enzymes could
give reason to the subsequent cell death (Lee, Jin-M et al., "The changing
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fibrinolysis is based roteolytic activit
metabolism. Especially the activation of the Ca dependent catabolic
enzymes could give reason fo 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 glutamate 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.



serine protease plasmn which originates fromits inactive precursor by
catalysis (activation). The natural activation of plasm nogen is catalyzed
by the plasm nogen activators u-PA (urokinase type plasm nogen activator)
and t-PA (tissue plasm nogen activator) occurring naturally in the body. In
contrast to u-PA t-PA forns a so called activator conplex together with

fibrin angéq_!islsgquggmoghﬁéhe%%% catal ytic actiyktgysqk t-PAis fibrin

dependent and ~is enhanced in i pressnce approxi mately 550-fol d. Besides
fibrin also fibrinogen can stinulate t'-PA nediated catal ysis of plasn nogen
to plasmn - even though to a smaller extent. In the presence of fibrinogen
the t-PA activity is only increases 25-fold. Al so the cl eavage products of
fibrin (fibrin degradation products (FDP)) are stimulating t-PA Known

t her apeuti c approaches a) Streptokinase Early attenpts of thronbolytic
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even t ug% to a smaltler e%dgnt. In the presence of fibrinogen the t-PA

activity is only increases 25-fold. Also the cleavage products of fibrin (fibrin

degradation products (FDP)) are stimulating t-PA.
Known therapeutic approaches
a) Streptokinase

Early attempts of thrombolytic treatment of acute stroke go hack to the

1950s. First extensive clinical trials with streptokinase, a fibrinclytic 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 ailergic 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 ltaly (MAST-I)) and Australia (Australian Streptokinase Trial
(AST)) indicated an increased mortality risk and a higher risk of intracerebral



t oki nase. These trials had to be term nated early. b) Urokinase
Alternatively, urokinase - also a classical fibrinolytic agent - can be
appli- cated. In contrast to streptokinase it does not exhibit antigenic
characteris- tics since it is an enzyne naturally occurring in various body
~tissues. It is an activator of plasm nogen and i ndependent of a co-factor.

Ur oki nase | s _pro-_duced in kidney cell cultures. mbi nant t-PA (rt-PA)
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type pl asm nogen activator - the so cafl-ed 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 world-wide using t-PA - with acute nyo-
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 tinme frane of 6 hours
after the bigsding (hitradeselrphpasmeriiages, seprBer iepting patient with strep- PA. After

90 days thgkin®Ret fhédd A4 Bad%c WEltbrAmat ‘thel -1 ndex were exanined as an
Index for the  di sa%i [ty or the i n];iepenég)g%fﬁﬂ{/i ability of patients. No

significant inprovenent of the viability was reported but an - even though
not signif prBpdkinakecrease of nortality. Thus, it could be concluded, a

thronbol ytic treatnment with rt-PA of patients being individually selected
according to their respective case history imediately after the begi nning
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uced in kidney cell cultures.

c) recombinant t-PA (rt-PA)

Extensive experience on therapeutic thrombolysis is available for the tissue
type plasminogen activator - the so called n-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 partiaily non-understood
and contradictory results. In the so 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.
L.ewandowski C and Wiliam Barsan, 2001: Treatment of Acute Stroke; in;
Annals of Emergency Medicine 37:2; S. 202 ff.).



The thronbol ytic treatnment of stroke was al so subject of a clinical trial
con- ducted by the National Institute of Neurologic D sorder and Stroke (so
called NNDS rtPA Stroke Trial) in the USA. This trial concentrated on the
effect of intravenous rt-PA treatnent within only three hours after the
-onset of the synptons. Patients were exam ned three nonths after the

treat nent. et t observed positive effects o treatnent on the
SPmrartt® PO LMK

viability of p tréatment. within these linmted time frane of
three hours was recom nended al t hough*t'he authors found a higher risk for
ICH Two further studies (ECASS Il Trial: Alteplase Thronbolysis for Acute
Non- interventional Therapy in |Ischaem c Stroke (ATLANTIS)) exam ned whet her
the positive effects of rt-PA treatment within three hours after the onset
of stroke could be repeated even with a treatnment within six hours tine.
How ever, this question could not be answered affirmatively since no

i nprove- nent of the clinical synptons or any decrease in nortality was

o rokectr i Aanfubaytic nekuhent o geNanalso SoBRKHLIE dRIchI L B DT &
1 ot nent s dustet i thenilatiota destitiecht Ned@iodt Lhsder had STok Gpatled
[ﬁco][vbi n?ntlxumgskﬂtmﬁt}okeeﬁuém?dtﬂkeﬁU%;sim E}ﬁat@@rciéhmét@d dmfrieaéf ffdot ofvm'dt hijn

e TI1rs aysS a f e, Str,o wnl | e e Lol a umer o | I dea or
i eabl oo phlreRlBud Lk PA hBS Rt SR A i OV ARETRES Shsebior J6E oo n
si x hour atymptehs dRatients atere Examiredd thres menths @ftenthe teatnent! Obe tdhe  br oad
use of thr&[/@gﬁﬂa%ée:}/gg é)fo%ftivreh&fécrtseﬁf ESFﬁgttre%‘iméﬁf BK?h%@?abﬁlﬁﬁro?‘;Q%‘iiSn@%-reC'

omended. “such’result ave reason to sone’ ot hier “aut hors mere
sa¢casti c Pét treatment within thasskémijadi émesframe ohérepohewstwasiehem-die or to

survive di ﬁe@@ﬁ%hﬁﬁgﬁltlﬁ%%a%rsma%ﬁjher[f%ﬂifgr feaynka von Renesse 45 814 K

-6 Neverthel ess, so e erapy wmth rt-PA1s the only treatnent of
acute

Two further studies (ECASS |l Triai: 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 could 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,

( 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).



cerebral ischaem a approved by the Food and Drug Adm nistration (FDA) in
the USA. However, it is restricted to an application of rt-PAwthin three
hours after the onset of stroke. Reconbi nant 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 faor QI tﬁpl ase i s about

70- 100 ny, <EI9FEREpkasee? Re068SR), whereat Al t &RI&Ri s mainly applied
via a drip infusion and Reteplase via-&-bolus injection repeated twice in
an interval of about 30 mn (Mutschler: "Arzneimttelw rkungen", 8th
Edition, pages 512-513). Side effects of t-PA Neurotoxicity and
Excitotoxicity The approval of rt-PA was reached in 1996. Before, in the
year 1995, first announcenents about negative side effects of t-PA becane
known, which provide an explanatory basis for its dramatic effects when
appl i ed i nNsventtkade$s,t sedamthe trarbpy detht hiePAHs dbehonly tteéatment adecute
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45 814 K Alleplase is mainly applied via a drip infusion and Releplase 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 it-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, microglia cells and
| neuronal cells of the hippocampus produce t-PA which contributes to the
glutamate mediated excitotoxicity. This is conciuded 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 {-PA was injected intravenously. This negative effect of external t-PA
on wild type mice was only approximately 33 % (Wang et al., 1998, Nature,



"Ti ssue plasm nogen activator (t-PA) increases neuronal damage after focal
cerebral ischaemia in wld type and t-PA deficient mce".) Further results
on the stinulation of excitotoxicity by t-PA were published by N cole et
at. in the beginning of 2001 (Nicole 0., Docagne F Ali C, Margaill 1I;
Carneliet P; MacKenzie ET, Vivien D and Buisson A, 2001: The proteol ytic
activity of tissue-plasm nogen activator enhances NVDA receptor-nedi ated

si gnal i ng; PO NBTYNER VBN '88%SSThey coul d prov§5t8r1éth - PA bei ng rel eased
by depol ari zed cortical neurons coul d-¥nteract with the so called NRL sub-
unit of the glutamate receptor of the NVDA type |leading to a cl eavage of
NRL. This increases the receptor's activity resulting in a higher tissue
dam age after glutamate agoni st NVDA was applied. The NVDA agoni st i nduced
excitotoxicity. Thus, t-PA exhibits a neurotoxic effect by activating the
gl utamate receptor of the NVDA type. Since the bl ood-brain barrier breaks
down i n t h¥isdukeephenindgesuactvata (CHPA)NDcreases oleerorsd dahayephftsmibcpl ot ei ns
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excitotoxicity. Thus, t-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 receptor.

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 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 aiterna-
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.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



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 activator
(rDSPA) in a rat enbolic stroke nodel; in: Cerebrovasc Dis 1996:6; 175-194
(4 h International Synposiumon Thronbolic Therapy in Acute |Ischaemc
Stroke). DSPA is a plasm nogen activator with a high hormol ogy (resenblance)
to t-PA. Therefore - and in_ addition to the disil#g' ment resulting from
the neur ot HEISPESNERT ¥eDsFENSSS%PA - there were her expectati ons,
for DSPA being a suitable drug for stBoke treatnent. Alternative

t her apeuti c approaches The investigation of alternative therapeutic
approaches is currently e.g. focused on anticoagulants |ike heparin,
aspirin or ancrod, the active sub- stance derived fromthe poison of the

Mal ayan pit viper. Two further clinical trials examning the effects of
heparin (International Stroke Trial (IST) and Trial of ORG 10172 in Acute
St roke Tr e#t arang RASTHad ey efisheloMadthrombdlysist with recombirianhhies-
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citicholin_.s eave e.cl eav S orm
par t of t nEAeiea dereat fiiensineCtant ot LSRABRiTa RS TEGREREPEn of
?ged ti solee {relsinder®27, 832) . Recent research on safe treatnent is based on
he 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
neur ot oxi cAltgrnative therapeutic approaches

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 (infernational 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 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



vated glutamate receptors. This effect is increased by t-PA (see above). A
Koni g Szynka von Renesse 45 814 K -9 concept to reduce excitotoxicity is
therefore to apply so called neuroprotec- tives. They can be used separately
or in conbination with fibrinolytic agents in order to mnimze neurotoxic
effects. They can lead to a reduced excito- toxicity either directly e.g. as
a glutamate receptor antagonist or indirectly by inhibiting voltage
dependent K&diignPayrkal ¥POnTengmssl s (Jin-M Lee 0 &14K a.a.0). A
conpetitive inhibition (antagonistic aét- on) of the glutamate receptor of
NVDA type is possible e.g. with 2-am no-5-phosphonoval erate (APV) or 2-

am no- 5- phosphonohept anoate (APH). A non conpetitive inhibition can be

achi eved e.g. by substances binding to the phencyclidine side of the chan-
nel s. Such substances can be phencyclidi ne, MK-801, dextrorphane or
cetamne. So far, treatnents with neuroprotectives have not shown the

expect ed sumacesmss refoss iehtiyotbricay setheeeiopptotapply s salied neardproteerbi ned
hei r. otective effects.

with thro ol-ytic agents i,n ordrto xh|b|t
Thi e apnt i e PP RetheDetibl & Migimb baldlf Wi Nl dodthe Tha and
neur opr ot eirt onder dgeninimizesndrstooid yffemtsaTheyncantledd daregsluchdvexditoel ess, the
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t he treat nmighibilyig soltage depﬁed@ntzgpmmcora@ﬂ!wm 9haﬂnelwlﬁqhaHVIo d.¢¢i ghsly

sel ectivel y 4 |@areased by fibrin many tines over, i.e. by a fac- tor greater
than 650, are Known fromthe international pat ent application
PCT/ EP02/ 12204, the disclosure of which is conpletely taken into reference.

(e ﬁhark aCAeéoraBénmﬂmmm.bﬁt Iaﬂfhgafméti@eé@udﬂ aé‘ff”tHéO@ﬂHam@té Yataptér afe based
the ”OWRﬁype is pos&%lengugr C\)Atll’[?'\x Cér% 0- p}'\osphonovaﬁergé aFArE\r))ogeB activator
amino-5-phosphonoheptanoate (APH). A non competitive inhibition can be
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 (Fig. 10).

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



Koni g Szynka von Renesse 45 814 K - 10 (t-PA) is mainly due to the fact,
that the blood-brain barrier is inpaired or breaks down in consequence of
the tissue destruction in the brain caused by the stroke and that the
fibrinogen circulating in the blood can thus perneate into the neural
tissue of the brain. There it activates t-PA which indirectly leads to
further tissue danage by activating the glutamte receptor or by the

acti vat i onKefnipl Gsvihegern Reeessisove). I n order 6 $réekient this effect, a
pl asm nogen activator is applied, whiehQdis- plays an increased select|V|ty
for fibrin and - as a reversal conclusion - a decreased potential of
activation by fibrinogen. This has the consequence, that these plasm nogen
activators will not be activated or, in conparison to t-PA wll be
activated to a nmuch | ower extent when fibrinogen perneates fromthe bl ood
into the neural tissue in consequence of the damaged bl ood- brain barrier,

si nce thei ft-Fyt isvmtaﬂﬂg(fddértmtf@mmt tHesmttae ttldstﬁj Bﬁalh&iarhers%uﬁnpﬁalfed peason of
its size and i nsol ubi These ﬁ* as,m no @%vat s are
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a pref err etheesthykdi amchthatfthe liibnhogenntcwoniatm@m thax bloopl csihiie-pegeieateet | vat or s
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pr ot eases i@fadsrh@fmrlﬂyerdtsrswpsiaxmgaby lagticatingi thei glgtaoiateveeeptor nt by #ut i ng ami no
aci ds aspaéét%ﬁgi%m %ﬁgﬁﬁeﬂeg%m erine 32. However, this triade does

not exist 1nt ong soto the famly of chym) trypsine |like
serine proteases. Neverthel ess, is known, that the directed nutagenesis

OITq native fr&ittef @ pPél%ri@‘!ﬁlﬁ%cPfa blehﬂHb’@érﬂgcﬁFatble%Sé dpﬂ’@@ thldl'h@is- above -

no acids at a suitab os|.tion results in reduce aCtIVIt of the
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enzyme (dOd'@ir@a@étﬁlp@tént%A)oflamt:t/@lﬁbrpwsfﬁ;ﬁfm@g@h Thigr has tHhebaseduancehe intro-

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 consequence 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 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 atso 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.

—



duction of at |least one am no acid of the triade - or of an amno acid with
the respective function in the triade - can increase the cynogenity of t-PA
(i.e. Konig Szynka von Renesse 45 814 K -11 the ratio between the activity
of the mature enzyme an the activity of the pro- enzyne). As a result the
fibrin specificity is remarkably increased. This is due to confornmational

I nteraction between the introduced am no acid residue and/or am no acid
resi dues oKdrtie Wivdkeypenségoesee. It is known t H&t8thé nut agenesis of the
native t-PA with substitution of Phe3@%-by Hs (F305H) and of Ala 292 by
Ser (A292S) leads to a 20-fold 1increase of the cynogenity, whereas the
variant F305H alone already leads to 5 tinmes higher cynogentity (EL

Madi son, Kobe A, Gething MJ; Sanbrook JF, Goldsmth EJ 1993: Converting
Ti ssue Pl asm nogen Activator to a Zynogen: A regulatory Triad of

Asp- Hi s-Ser; Science: 262, 419-421). In the presence of fibrin these t-PA

mutants Shﬂh‘é’ raflo detivebh Yhé Q@t"\ﬁ@&ﬂ tﬁé n@u@@nzﬁm@%ﬁ thE3eably @ﬂﬁe@@ 000 tines
(F305H A2928 res ecti ve ts conpri

Cooat! t ut okt s Sulasitnenibrith Spb By I i Babi Mooty a1 Rl asmin at

t he cl eava@@eﬁjt:@nfétméﬂ&ﬁeh!lﬁt&?@;tldhﬂ&ﬁ@b&ﬂQb@mtm&hlcedgarhh@ wlmmﬁdu‘dﬂai n t-PA
to the double chai.n form_ The ant a R?75E al one |l eads to a 6.900 fold
hinE Py 5 8 s

i ncrease o0 ?ﬁ'd rﬁg@lupp@ QPB’]‘ ?%enﬁgchl as, Madi son EL 1995:

Variants of Tissue-type Plasm nogen Activator Wich Display Substantially

Enh d J | LRl 09i 270,
Cohances. S ghLn Y 5 o s 95081l B8 ARl SIS, 270,
p05| tions lPh baridissdr3@BH)fanchef RA2thy See ( Aﬂgiﬁklﬁﬁ%ﬁnbtaﬂﬁ)t-fold serine

br pt eases . 1nBipdisaeof ¢, FARMIH NANBHIR! redrith oSt PalAk Urdlg edlige or

pectively seri ne, no_aci ds can Interact Wt he’aspart at e477

re
of t-PA re§U iimeg Higher cymegentisn &l Madisrn.iphen. Gﬁﬂ'li\nng dn$§”@@@ﬁ son et
at., 1993) JF Tirs@srhitiPAE U1 998: S CoaleigUTREUEOPIdsheinb @t AgtVatsH tStd oke

accor di n9 2 mogen A regulatory Triad of Asp-His-Ser; Science: 262, 419-421). In the
presence of fibrin these t-PA mutants show an activity increase of 30.000
times (F305H) and 130.000 times (F305H, A292S3) respectively. {n addition
these mutants comprise a substitution of Arg275 to R275E in order to pre-
vent cleavage by plasmin at the cleavage site Aug275-lle276, 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 10 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 {-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 {o 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-



i nventi on because they show no or - conpared to wild type t-PA - a signifi-
cantly reduced neurotoxicity due to their increased fibrin specificity. For
the purpose of disclosure of the nmentioned t-PA nutants F305H;, F305H;, A292S
al one or in conbination with R2Z75E we i ncorporate the publications of Mdi
Koni g Szynka von Renesse 45 814 K -12 son et al., (1993) and Tachias and
Madi son (1995) hereby are fully incorpo- rated by reference. The increase of
fibrin speKFFF@H??yﬂgapﬂaéﬁﬁﬁ@@@ﬁeact|vators can éﬁﬁéﬁhﬁtlvely be achi eved
by a point nutation of Aspl94 (or an adPartate at a honol ogous position).

Pl asm nogen activators belong to the group of serine proteases of the
chynmotrypsin famly and therefore conprise the conserved am no acid Aspl94,
which is responsible for the stability of the catalytic active confornmation
of the mature proteases. It is known that Aspl94 interacts with Hi s40 in
the cynogenic formof serine proteases. After the cynogene is activated by

cl eavage t&irsespkc(109G) antieTatiaand Madis@r (19959 cheraitly hrefudlydecorpbai n of the
Aspl94 rot%&% abo t. 1700 in order to forma new salt bridge wth Ilel6.
This salt § 8¥ r%gg%'?ﬁq ally contributes to the stability of the oxyani one
pocket of the catalytic center of the mature serine proteases. is also

t P 194 i
Pact o i mpel MRSy of RFAGHE: *f%ﬂﬁfﬁ?ﬁﬁfg%eﬁ‘%ﬁ‘g .s{c.%ﬁﬁféﬂ*% e at al ytic
confi r mat i io®achieyed byueneoqnt ondaleso @e@m @rtan @sr.taftatwt atredn@basud nogen
activatorsy, éé?@d\ﬁ)?P’Fésﬁlmanéh Ca%ﬂbat'orsc bERPE tefthégfrbl‘.{;b by sbﬁné *b?ot@é@é@BFe of

their co-factor brin -~especi al in“co 1 son he "nat ur e | d type

form - whilbg @wm@tﬁygs%éaréwm%dn@wefﬁre §0w13?htﬁ>@ wnasqrvﬁ%aaum @Vo;lcw th
fiprin allgys19y CoMicH nat 'r@%tﬁins@dlé”ﬁﬂ tms ogeabilifig éfattﬁé%ét@iyiﬁ@t Ay (L

?Jtﬁ”‘éﬁﬁé?gm“{a%b%g%”@ﬂ oad N e SBOIRases ah P EHR LTRASP o ETTeC B n
co- f act or sHis40: inJthe BanoQEnRi fdrﬁgbﬁ@lerlﬁhepimMHsyes After the cymogene is

activated by cleavage this specific interaction is interrupted and the side

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. Itis

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 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 enabies their use
according to the invention.



270, 40: 2344-2349). In conclusion, the Aspl94 nmutants of the plasm nogen
activators show a high increase of activity in presence of fibrin which
enabl es their use according to the invention. Konig Szynka von Renesse 45
814 K -13 In a preferred enbodi nent according to the invention, a nutant
t-PA is used, in which Aspl94 is substituted by glutamate (D194E) or
respectivel asparagi ne_(D194N). In these nuta activity of t-PA

i s reduced *{D”'@ SO SPF RetRS@bsence of fi brlﬁgﬂ\ﬁiéﬂ?eas in the presence
of fibrin, an increase of activity byh’ifactor of 498.000 to 1.050.000 can
be achi eved. These nutants can further conprise a substitution of Argl5 to
R15E, which prevents the cleavage of the single chain t-PA at the peptide
bond Argl5- |1el6 by plasmn, leading to the double chain formof t-PA This
mutation alone increases the activation of t-PA by fibrin by the factor
12.000. For rea- sons of disclosure of the t-PA nutations at positions 194
and 15, thén pmbferr&cherinbndinmént&ocarcﬂn@tcgtrmhjwmtibmcmn(um%)w&iseumd |y

i ncor por at S - rea f
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nut ati ons iagpareging (Ba8ANY rnat!ne@eymutﬁnw dsh@ actlvnm @f éRAnsreducekndwa from
trypsine, '2boéaf6lcﬁ'u§QthaBsgﬁ€€ SSfilkin, h'f) eééhc%ebf ‘ﬂSnHreheaseS and

is especially characterize hree A ho achd (Leu, Pro and

Phe). The &ireRsmiod achviy ity aﬁagt@mqf O%ttovb%@§Opscaré§§oﬁ@mv%ifor t he
i nteracti omhaké mblapttae $eher (%?hﬁﬁséﬁtsiﬂisﬂﬂtﬁiohrbftﬁrbﬁ 546%15@%&@»16 the

effect that the prote rote |nteract| t ween m nogen
pl asmi nogeR' %@thé@%@%}éﬁﬁo@fj t@@ sipgleethaifdr yb‘fag ﬂﬁ%d)e&’ﬁ Sttﬂ%‘eg 1'ﬁﬁese
gat i ons ?ﬂe;eegfy pla‘snﬂn; lexiihd Yo tieé edcaule chairt hﬁrrabfs@me Diis frhbtation 1 n t he
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sons of disclosure of the t-PA mutations at positions 194 and 15, the pubii-
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



Hua, Tachias K, Lanba D, Bode W Madison EL, 1997: Identification of a

Hydr ophobi ¢ exocite on Ti ssue Type Pl asm nogen Activator That Modul at es
Specificity for Plasm nogen, in: Journal of Biological Chem stry 272; 3,
1811- 1816). In a preferred enbodinent t-PA is used show ng point nutations
in the posi- tions 420 to 423. |If these residues are substituted by directed
nmut agenesis this increases the fibrin dependency of t-PAis increased by a
factor up to 14 61.000 (K Song-Hua et al.). Song-Hua et al. exam ned the
poi nt nuBa00ONK EBde@hua ¢i420ESo8g-HLB, etSal2 EXamirkd2ihe puia Butdiong £ 426423A and
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advant agemislleimbonbrater bgaraﬁexdno‘.e fod discleswre optt'asmewgmuhngetoﬁlna/mvmlom th an
am no acid sequence according to SEQID NO 1 (figure 14) is used. This

nmodi fied,t-PA differ romthe wld type t-PA by t change of. the
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i nventi on. The uroki nase accordi ng to the inventi on can conpri se the am no

aci d seqiNafed andceyefiZig This tﬁbprqﬁeremﬁa"vzcocﬂﬁq'@whfgyl #lAnio 3¢ g pesition

hydropholbg gOHAG el Pssiin DS @At BE YSdcaple@ORy RiRamatdd Hdvhrageoly Wrl420,
Thr 421, Asp422 and Ser423. Advantageously the urokinase is carrying an

| 1e275 aR@sitiond hiseccumiedbyplhenv a'9ABRs - i n conparison to wild type
ur oki nase - a 500-fold increased fibrin specifity Bot h mutants - uroki nase
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i ncreased f1Btin Speci conpar|son
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(DSPA) fr S shovvs a
hi ghly i B 2, 0w o O t";‘ih' 'E%P%amgh’é&?g a B fRI R (R AR 188 G
substltuted by Vald420, Thrd21, Asp422 and Ser423. Advantageously the urokinase is
carrying an 11e275 and a Glu194. This mutant shows — in comparison to wild type
urokinase — a 500-fold increased fibrin specifity.

Both mutants — urokinase as well as t-PA — were analyzed in semi quantitative tests and

showed a increased fibrin specificity in comparison to the wild type t-PA.
b) plaminogen 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 preferentially according to the invention. The
term DSPA comprises four different



100. 000-fold increase. Thus it can be used preferentially according to the

i nvention. The term DSPA conprises four different Konig Szynka von Renesse
45 814 K -15 proteases, which fulfill an essential function for the vanpire
bat, nanely an increased duration of bleeding of the wounds of pray
(Cartwright, 1974). These four proteases (DSPAal phal, DSPAal pha2, DSPAbet a,

DSPAganma) . display a high simlarity (honol ogy) t ch.other and to the
human t - PAKDﬂﬁgﬁﬁYﬁﬁas%ﬂ/ REREPEE physi ol ogi cal géﬁa’\ﬁ ties, leading to a
conmon cl assification under the generid5term DSPA. DSPA is disclosed in the
patents EP 0 352 119 Al and of US 6,008,019 and 5, 830, 849 which are hereby
fully incorporated by reference for purpose of disclosure. DSPAal pha so far
is the best analyzed protease fromthis group. It has an amno acid
sequence with a honol ogy greater than 72 % in conparison to the known human

t-PA am no acid sequence (Kratzschmar et al, 1991). However, there are two
essenti al plctdasesnedectbétlfilban assBAtianfdnDSRAfor thersrhpiralbat, Deelyae f ul |

prot ease aghii [ ' ' [ ISt vfag | ntrast to
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strongly,| nduce | aen, | | n S (0] 0 I NCr ease
(Bri ngnannthétpag?m,s ':bi%s%égé Iﬁgc%{:@f‘aéﬁ?g% 6&%/&6?/%35@&@&5%%‘@'%?? _
dependent iedreby hullyinaogboraiel hpreterenbe ifor spreosé bEdasiosulel type t-PA which is
onty activated 550-fold by fibrin. Because of its fibrinolytic

characteristics and the strong simlarity to t-PA, DSPA is an interesting
candi dat e PSPAglEhadsy dapnthet best analymashbadtgase 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 DSPAalphat 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 -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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was restricted to the treatnent 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 plasm nogen activator
which is related to t-PA could reasonably be used for a treatnent of acute
stroke. Kong Szynka von Renesse 45 814 K -16 Surpr|S| y it has been shown
t hat DSPA KasiadEneuratsxi CRefrfeses even though Hdgs a hi gh resenbl ance
(homol ogy) to t-PA and even though the16physio|og|cal effects of the

nol ecul es are conparable to a | arge extent. The above conclusion led to the
i dea that DSPA after all nmay be successfully used as a thronbol ytic agent
for the therapy of stroke wi thout causing severe risks of neuronal tissue
damage. Especially interesting is the fact, that DSPA can al so be used
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uppl enentary application of external t-PA~ In contrast, an infusion of
an equi nol B¥MRIBABent rati on of DSPA under the sane experi rrent al conditions
does not restore the sensitivity to kainic acid

Experimental proof for the missing neurotoxicity of DSPA

The new teaching is based on in vivo comparative examinations of the
neurodegenerative effect of {-PA on one side and of DSPA on the other 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 ievel 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



(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 exam nations based on this nodel reveal ed that even a 10-fold

i ncrease of the DSPA concentration could not restore the sensitivity of the
t- PA deficient mce to the KA treatnment whereas already a 10-fold | ower

t- PA Konig Szynka von Renesse 45 814 K -17 concentration |led to KA induced
ti ssue danBgsds FPRVEkpegds erecGeconcl u- sion t hd® PIA possesses an at

| east 100 fold | ower neurotoxic potentildl- as t-PA with respect to the
stimulation of the neurodegeneration after KA treat- nment (see also figures
11 and 12). In the second nodel of neurodegeneration, the possible effects
of t-PA as well as DSPA on the stinulation of the NVDA dependent

neur odegeneration were conpared to wild type mce. For this purpose, NVDA
(as an agoni st of the glutamate receptor of the NVDA type) was injected in
w | d type ooroentr@tiondedrtoiA daddcdatissue darhbges.t Tisis lead®At®thddBPAciuThi s nodel
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comparison of the effects of these proteases under conditions, which always

lead to a neurodegeneration and to 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 resuit 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 ar NIHSS score 0 to 1). This is shown in figure 17 (table
3).

In a further experiment, it was tested, weather {-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



ments can be achieved in patients after a successful perfusion (inprovenent
by 8 points NTHSS or NIHSS score O to 1). This is shown in figure 17 (table
3). In a further experinent, it was tested, weather t-PA and DSPA were able
to perneate the damaged bl ood-brain barrier when being intravenously

adm ni stered and in consequence increase the tissue lesions in the brain. To
Koni g Szynka von Renesse 45 814 K -18 address this question, mce were

st er eot act iK€alit \Sivpketeen iReneRMBA in  order to 656%6b% ti ssue | esions in
the striatum followed by an intravened8- application of t-PA or DSPA 6 or
24 h after the NVDA injection. In conpari- son to a negative control, the
experinental aninmals showed an increase of the NVDA i nduced damaged ti ssue
area of about 30% when t-PA was given as an infusion 24 hours after the
NMDA injection; in contrast, the sane treatnment with DSPA did not produce
such an increase of tissue damage, although its penetration into the
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DSPA were intravenously applied in a corresponding manner 6 hours after
the NMDA-injection, an increase of the damaged tissue area was not yet to
be detected. This may be thereby explained, that the blood-brain barrier 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 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
gven in a time range of over 6 to 9 hours after the onset of stroke symptoms.



nogen activators (see above) offer the special advantage in stroke treatnent
that the use of these plasm nogen activators - in contrast to the wild type
t- PA- is not limted to a short nmaxi mum period of only 3 hours after the
onset of stroke. In contrary, the treatnment can be initiated later - for
exanple after 6 hours or even later, since there is nearly no risk of
stinulating excitotoxic responses. First clinical trials with DSPA prove a
saf e treat ivémig chzpakeents Revessen a tine range b 8dvidl 6 to 9 hours after
the onset of stroke synptons. Kbnig Szygka von Renesse 45 814 K -19 This
option of a tinely unlimted treatnent with non-neurotoxic activators is of
special inportance, since it allows for the first tine to treat patients
with acute stroke synptons safely even when di agnosis is delayed or the
onset of the stroke cannot be determined with sufficient security. In the
prior art, this group of patients was excluded fromthronbol ytic therapy
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i ntravenous adm ni stration of these non-neurotoxic plasm nogen acti- vators
for the treatnent of stroke has already been evaluated in clinical tri- als,

in which Dipflicatien 3F pristitSgd Pactibatrgroup of fibrinolytics - was intra-

In contrast to 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).



venously applied in these patients, thereby causing only m nor side effects.
These results of the clinical studies were unexpected, since it was well
known, that the intravenous application of t-PA and other comron fibri-
nolytics is associated with a severe risk of cerebral bl eedings (see above).
Koni g Szynka von Renesse 45 814 K -20 In order to reduce intra-cerebral

bl eedi ngs, recent efforts were nade to develop strategies to apply these
subst ancesKdmigoFevinkeraverdaskgsebut via the i ndBYrKerial route into the
direct vicinity to the intravascul ar tRBbenbus by neans of a catheter.
Practical experience for this is already available for the reconbinantly
produced uroki nase (PROKAT as a study with pro-urokinase). Since this node
of application allows for a significant reduction of the total dose, a
decrease in the dose-dependent side effects - thus also of the cere- bral

bl eedings - is realised. These significant advantages of the intra-arterial
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contravened by two possible drawbacks. First, this treatment prerequisites a
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-



However, the limtations conplicating the intra-arterial application - the
nar- row window in tine and the tissue damagi ng side effects - are not valid
for the plasm nogen activators applied according to the invention. Thus,
the intra-arterial application for reason of its undeni abl e advantages (see
above) in principle constitutes a very prom sing node of application for
non- neuro Koni g Szynka von Renesse 45 814 K -21 toxic plasm nogen

act i vat or sKanigvivaldkehvwanfaeesseen obvi ous to foldd4Kis path when
searching for a preferable node of appkication for these drugs.

Nevert hel ess, the applicant also for the non-neurotoxic plasmnogen activa-
tors has chosen to rely on the rather problematic intravenous application,
whi ch then surprisingly has proven to be advantageous. Moreover, the node of
application according to the invention also departs fromthe comon
therapeutic practice to nostly use an intranuscular injec- tion or an
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contai ni ng n%reeas%%”&rﬁar?oéenelé %BFenttlaF qugh has the aim to reduce the risk of an
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 flbrlnolytlcs consisting of foreign
( proteins like e.g. streptokinase.

tn 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 alsc be administered as a singie
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 pg/kg. In the examined



In the context of clinical studies it was found, that even the intravenous
application of surprisingly |ow therapeutic doses |ead to advant ageous
results. Preferable therapeutic results were e.g. achieved with doses

bet ween 90 pg/ kg and 230 pg/kg. Particularly preferable therapeutic results
here were achieved wth doses between 62,5 to 90 pg/kg. In the exam ned
Kdni g Szynka von Ranesse 45 814 K -22 patients, the periods between the
stroke andKihregappinkatvon Bernelssedrug were bet wdérB®@ Bnd 9 hours. By neans
of suitable exam nation nethods it was22possible to determ ne the onset of a
therapeutic effect (see Figures 20 to 29). DSPA as well as further
non- neur ot oxi ¢ pl asm nogen activators do not show tissue danagi ng side
effects. However, it can be advantageous to apply ( themin conbination
with a neuroprotective agent for the treatnment of stroke in order to limt
the tissue damages i nduced by the glutamate occurring naturally in the
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phencycl i dhg)g, MK- 801, dextrorphane or cetam ne. Further a conbination with
e

cations ca advant ageous since cations, especially Zn-ions, block the
cation channel regulated by the glutamate receptor and can therefore reduce
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prevent i onpfurdiyfihRBE HRiAKBodN N E@BhFotective agents inhibiting the glutamate
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 guisqualate 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 regulated 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 pallidipin can be used. Further combinations with



Advant ageous exanpl es are conbi nations with antibiotics as qui nones,

anti coagul ants as heparin or hirudin as well as with citicholine or
acetylsali- cylic acid. A conmbination with at |east one thronbin inhibitor
can al so be advanta- geous. Preferentially, thronmbonodulin and

t hrombonodul i n anal ogs |ike for exanple solulin, triabin or pallidipin can
be used. Further conbinations with Konig Szynka von Renesse 45 814 K -23
anti- i nflApmE SFyyivpstancienaseeadvant ageous, sfadd4tthey infl uence the
infiltration by |eucocytes. Bel ow t he- #®de of application and fornul ation
according to the invention is outlined by neans of distinct therapeutic
exanpl es. 4 Exanples ( Conparative exam nation of t-PA and DSPA. A

Met hods 1. Animals WIld-type mce (c57/Black 6) and t-PA deficient mce
(t-PA-/-mice) (c57/Black 6) (Carneliet et al., 1994) were supplied by Dr.
Peter Carneliet, Leuven, Belgium 2. Protein extraction frombrain tissue
The assessantinfldmpizgbgobytbstanesd ave tagvantadgeaus, tinssubef ahfigamoagthienf usi on of
ei t her t-PAH%r.DS% 1 mase%?rforned by zynographic analysis (Ganelli-

Pi perno an§HEIQRPY{@4BVer t er an i nfusion over a period of seven days into
t he hi ppocanpus, mice were anaesthetised, then transcardially perfused wth
PBS and t i T I LOn- - ransferred
o eppenddifOrUBEIBaE o srnlse By AP IoAIRHRe SRR TR RYE e "S- S0
pn) of 0, SoukingRl By measissofislistinet thasapaitid expmplesr ot ease i nhibitors (0,5 %
NP-40, 10 mM Tris-HCI pH 7,4, 10 nM NaCL, 3 nM MyCl 2,

-~ Examples

Comparative examination of t-PA and DSPA:

A. Methods

1. Animals

Wild-type mice (c57/Black 6) and t-PA deficient mice (t-PA-/-mice)
(cb7/Black 6) (Carmeliet et al., 1994) were supplied by Dr. Peter Carmeliet,

Leuven, Belgium.

2. Protein extraction from brain tissue

Pl

The assessment of proteolytic activity in brain tissue following infusion of
gither 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 um) 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 MgCl2,
1 mM EDTA). The brain exiracts 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).



1 nmM EDTA). The brain extracts were honogeni zed by neans of a hand- held

gl ass honogeniser and left on ice for 30 m nutes. The sanples were 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.
Zynogr aphi ¢ anal ysis of the proteases The proteolytic activity in the

sanples and .the hrain tiss extracts was determ zynogr aphi c
anal ysi s a%g’or}'aiﬁﬁyrtjgat\ﬁ%” ﬁ?ﬂS&sgf Granelli, Pi 6§(racﬁébgnd Rei ch (1974). The

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

pol ymeri zed fibrinogen and plasm nogen (G anelli, Piperno and Reich, 1974).
The gels were incubated at 37C in a hum fied chanber until proteolysed
zones appeared. 4. Intra-hippocanpal infusion of t-PA DSPA and subsequent

injec- tiog of Z%B'g?a?‘iiicdaﬂm?s%f‘lirﬁ $dtdasdd ury nodel was based on studies
(1995). [ [

of Tsirka et al. The animal s were injected intraperitoneally (i.
p.) with atropine (4 ng/kg) and then anaesthetised with an i. p. injection

of sodi um pratHBRIONIticOhcHVIty MOIHedsampféd ehdathds braif etisseeeet AGedvad a

st er eot aX|$ frame agd a n Cro-0snoti G %ﬁpugﬁ Al zet nodel 1?%& @I zet CA.
USA) cont af #EAGNEE0PY IZYBIoGErpiNG  asbes!s Socp Prilfit M Ot P5ANEY: 12 g/ nd
1,hBS| SM gPipBBRAahd( Relh MW4).V\HEeisfavd1@l?$ edt@m@mmai{mieﬂu?lrotebst M@etbbt h_e

shoul der unps.._were, can Vi a er u o rain
camnut & and0 AV e BB gnlE Bui R B m R shb R S A PR SeT at”
copr di nat eBABiEegimder Iyohi-reducing ddoditives.allhe, gelsnmweanel rdovovedefiomathel, 6 mm i n
O e o, LBRIRALERHERCI | ! o 5208 16r 3 UrR%and M P BUBHAB 3RS dd xed a

the desire I'on and { o ' _
agarose gel containing polymerized fibrinogen and plasminogen (Granelli,

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, Aizet CA. USA) containing 100 ul 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,
midiclateral 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 ul 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



punps 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 nmice were reanaesthetised and again placed in the stereotaxic frane.
Afterwards 1,5 nnol of kainic acid Konig Szynka von Renesse 45 814 K -25
(KA) in 0,3 pl PBS was injected unilaterally into the hippocanpus. The coor-
dinates were: bregma -2,5 mm nedial-lateral 1,7 nm and dorsoventral 1,6
mm The ex&&B8oREvNKRAYOWASedESSRer ed for a dur atiodhidK 30 seconds. After
the kainic acid treatnent the injecti e@5needl e remai ned at these coordi nates
for further 2 mnutes in order to prevent a reflux of the liquid. 5. Brain
processi ng procedure ( Five days after KA injection, the aninals were
anaest heti sed and transcar- dially perfused with 30 M PBS foll owed by 70 m
of a 4 % paraformal dehyd solution, post fixed in the same fixative foll owed
by incubation in 30 % sucrose for further 24 hours. Coronal sections (40
pm of the(i‘bﬂi)aigro,wg@s;]&was ia}etctemuailéteraazt:im@ trrbcmm@nmn@mé 1f&1'et¢1:&fr-
counter-stagin wi th thioni BDH, _ Aust.rali or._progcesse r
minon ot BEAG Ware b s SRR goPahaRE RHERTH 4 i on o
neuronal | ows The keixoitatbeinhiKFfposasetivaied fquandurbticmtof G0 sfcomelsr Aftat | oss in
t he CAl- I C i el ds. 0 LEV. 0 . ri bed
(Tei rica ot 1 NAREGEIR Realph! FetRjectBn rgHleremiatndd R ifed utiree of e
dor sal hi pfsodampars? minutealin ordardo peevent grrefips ofwheeligridpar ed t aki ng care that
the parts indeed conprised the place of the CA-injection and | esion area.
The hi ppocanpal _subfiel ds (CAl - CA3 of these sections were traced by neans
of camera Puci dBraipdoe§sstig PrRCedBpocanpus. The entire | engths of the
supfi el ds was neasured by com parison to 1 mm standards traced under the

i £ ion._Th
safe mgni vaa a{y%nafter I(':(A injection, the animals were anaesthetised and transcar-

dially perfused with 30 mt PBS followed by 70 ml 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 hippecampus 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 iengths 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.



| engt hs of tissue with viable pyram dal neurons (having normal norphol ogy)
and | engths of tissue devoid of neurons (no cells present, no thionin
staining) was determ ned. The |l engths, 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 excitgto ic lesions with or

wi t hout t-BRNEF SHape wWad Rspeskrce (c57/ Bl ack 6% @E?éganaesthetised and
placed in a sterertaxic franme (see abd%e). Mce then received an unil ateral
injection of 50 nnol NVDA 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 NM. The

i njection coordinates were: bregma -0,4 mm mdiolateral 2,0 nm and
dorsoventral 2,5 mm The solu- tions (1 pl total volume for all treatnents)
wer e transt.er rlatraesteiatal pPMDAd estitbtoxit nieseensatwith ratt avittho® 2-RA /ori n and t he
needl e was Ieﬁﬁsbalplace for further 2 mnutes after the injection in order
to mnimze thée"reflux of fluid. After 24 hours the mce were anaesthetised
and perfused transcardially with 30 M PBS followed by 70 M of a 4 %

; | Lo .y ! . a oy _ eh
Pol Poved by Blict (B RER 0) e andbetiispB P4 plbah i & cibfepcdicl a2
then cut (Bampriseenakove)edicaidhan gesewae amdnilgsnalt BieatintoofgePatmal coat ed

gl ass sl i dgmDABin ReABH dtiafidh gpecgfﬁdteh&wé BB IPEoMBINfiBN MH Sivheirad\YAA

injection The quantif]catlion e striatal |esiaqn vol unme was, perforned
usi ng t he M BB&%HMH‘?&@“EyAéa‘F‘P'ﬂV%% @%A Aand %%@Wer?e@'is%dﬂ@étﬂ?ti ve
cqronal segloné i(both apANBOAGerthatidres aBaIMArFRe WiEEtioRr epatittated heréesi oned
area was visual lrpsgd usi ng. tI%I% C@ bavva n&t od aq}graﬁjg& | esi ﬁ./gﬁvollurre was
quant i fi e Het JOR SpdilaEral £, dﬁﬁﬁ?@ Gray P M NePEY ragi ng
Resear ch tions (1 pl total volume for all treatments) were transferred over a period of 5

minutes at a rate of 0,2 y/min and the needle 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 ym) 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 iesion 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. Immunchistochemistry
Immunohistochemistry was performed using standard methodologies.

Coronal sections were immersed in a solution of 3 % H,0-2 and 10 % metha-
nol for 5 minutes followed by an incubation in 5 % normal goat serum for 60



Inc., Brock University, Ontario, Canada). 9. | nmmunohistochem stry
| mmunohi st ochem stry was perforned usi ng 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 von Renesse 45 814 K -27 mnutes. The sections were incubated over
night either with an anti-G:AP antibody (1:1.000; %ko, Carpinteria, CA
USA) for tR&H8tSEYNER ¥Pd8ER6Stes, with an afdiSME 1 anti body
(1:1.000; Serotec, Raleigh, NC, USA) f@&rf - the detection of microglia 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, Burlingane, CA, USA). This was followed by
a final incubation with avidin/biotin-conplex (Vector Laboratories,
Burlingame, CA, USA) for 60 m nutes before visualisa- tion with
3, 3' - di am nehgbsi dhaese@}iots wand(aculSeedimes nighteeithezrwitio ant eti-GhAR)el atin
coated sli ednnpe at COMRTr $|d it : 10.
Enhancemngﬁgqoﬁgﬁ?ioggu?l%si%%gﬁﬁ%%cgg’ E‘lygw 1%Mﬁj %%{P?t{l)(ﬂnﬁ)%?tasltrﬁf ravenous
admi ni st r atyten, with enrRmtoMASSPAantivody dér QR0  iSriotas, Radeige, Nes farthin the
striatum : i !  Gh i s after
OV nj ecton el B MR o e ool RE DA e B P |
vein. As cOfBartinbd\fiar insing. Nhes sealiens WeiEdptabriad gvith e goeraariptess
:jnI used. dAbroﬁhY@Eedwcs@bén@én? _@uﬂ’ltilﬂ@dlités (Wf%rcﬁ)r!(l_blbéﬁht@ﬁ%,tlaﬁrlﬂn@&h?? @gl unme was
et erm ne a seco ri se .ani s i.ncl udi ng. 0 m ce were
i nj ected y@é’ﬁr iRy WS ﬁwe&ﬁ biyn# U@T%HEC@?%rPN‘@r atﬂglfﬂg'ﬁﬁﬁﬁ&m €4fter NVDA
i Rq ec- ti ofWeutor lbalsarateipse Burlihefaeneri QAL UBA) 6br b enihutes Wefclentigealisas gr oof hof
the prese PA: W] . Ny on tions i ned wit
an anti - oAEh W Peodi IneBPaP 03 e SerRE s e i Fdlid

on gelatin coated slides, dried, dehydrated and coverslipped with permount.

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
ui; 10 mg/kg) were injected via the tail vein. As control 100 pl 0,9% NaCl
were injected and subsequently PBS infused. After 28 hours the animals
were killed and the lesion volume was determined.

( In a second ftrial sets of animals including up to 15 mice were injected
accordingly, with an infusions of {-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



B. Results 1. Infusion of t-PA or DSPA di sperses into the hippocanpus 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 proteolytic activity for the 7 day period of the
~infusion. 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. 2 r to determne the
proteolytlﬁcﬁﬁgﬁ§F¥9ka‘ﬁj@dﬁﬁ”§éﬁlal dil utions of ?E% Sfobes wer e subj ected
t o SPS- PAGE under non- reduci ng condit8ns and proteol ytic activity was
assessed by zynographic analyses. An aliquot of t-PA and DSPA whi ch 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 mnor |loss of DSPA or t-PA activity at an
i ncubation with either 25C or 37C over this period of time. 2. t-PA and
DSPA activity is recovered in hippocanpal extracts pre- pared fromt-PA -1I-
m ce fol | ohh@dnitialf expesimdtits sweret désigned tdheoniomi ithateabth Hang\h@d hPésed

Prot eases Wik BEASSRledtid Aoyt R11nel7 Ha5 ddHulesERniaLSnand @0

retained t el r roteo é tment. To
addr ess t herd, pdiqrqlpts of PRA-and WSRA |(h$QJ§6wl)fwere g@ubateaia@tsm tang aher t- PA

o1 (DSPA (s8¢ @hovedaydirof wiehdieh bidnTs Bbrerfind e potddippdaviviy, PBS and
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or 37°C over this period of time.

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 isclated as well as a region of the cere-

( bellum (taken as a negative control). Tissue samples (20 pg) were subjected
toc 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



di ffused within the hippocanpal region. As a control, no activity could be
detected in the extract prepared fromthe cerebellum 3. |nmunohi stochem cal
- assessment of DSPA Kbni g Szynka von Renesse 45 814 K -29 To further confirm
t hat DSPA had i ndeed diffused into the hi ppocanpal region, coronal brain
sections of t-PA -/- mce were anal ysed i nmunohi sto- chemcally after DSPA

i nfusi on. DSPA-antigen was detected in the hip- pocanpal region wth the
most proni RERtIsPAYNKAG'PN TREEEFEa of the infusi 4R 8™diKe. This result
confirns that the infused DSPA is soluBfe and is indeed pre- sent in the

hi ppocanpus. 4. DSPA infusion does not restore kainic-acid nmedi ated neurode-
generation in vivo t-PA -/- mce are characteristically resistant to kainic
acid (KA) nediated neurodegeneration. However, intrahippocanpal infusion of
rt-PA conpletely restores the sensitivity to KA-nediated injury. To

det erm ne whet her DSPA coul d be substituted for t-PA in this nodel, t-PA
-/- mce V\Ema‘ui’théu&edﬁim';)that S PAckhagpiindded diffidedeintbethet hiﬁgooamPSPA USihng a
m ni - osnot | ¢. punp. r ot rqu m ce re tested, .2 days.later the
it s et P il il S A e B fe pBEMERR BRI, ot or

t he ani nmal shamicallkidfleedDERA tifasiohr AdPBArantigeadwan ddgeeiear #d thedepabove) . As
controls, - - M i it h i ; . reatnment (N
23) " cor opgspalrelloR T iEe st BrodiehEGralhh e Breadbe g PR, VTG oo
stai ni ng. #e. Jiniswesult gardomedhataheriafused BSPA is solublecand if inslegdwireh PBS wer e
resi stant fo %‘r‘ﬁﬁeeﬁi?ﬁ%aﬁﬁ%.' enge with KA However, infusion of reconbinant

t-PA restoreé sensitivity'to KA treatnent. In contrast, infusion of the sane
concentration of DSPA into the hippocanpal region did not alter the

sepsitivity ofpSPA #fuEIGS deekhotArélitard iKathicoaciel nidHisRd axiirbdevas based

on‘ dat a obt ai ned fr?.m 12 mce in
generation in vivo

t-PA -/- mice are characteristically resistant to kainic acid (KA) mediated
neurodegeneration. However, intrahippocampal infusion of rt-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
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



each group. In 2 of the 12 mce infused with DSPA a snmall extend of

_ nheur odegenerati on was observed. The reason for that in unclear and pos-
sibly not related to the presence of DSPA. The conbi ned data consider this
m nor effect that was observed in the case of these 2 animals. Al 12 mce
Koni g Szynka von Renesse 45 814 K -30 treated with t-PA were sensitive

agai nst th%.KA tﬁeatgent. These results show that4 i@ﬁg se of an infusion of
t-PA or DSPAYYSi RZ¥Q6Pnérar-EbRESH ra- tions only %H m ni stering of t-PA
led to the restoration of sensitivity-88-KA induced neurodegeneration. 5.
DSPA i nfusion does not result in mcroglial activation The restauration of
the KA sensitivity of the t-PA -/- mce caused by a t-PA infusion also
results in a mcroglia activation (Rogove et al., 1999). To as- sess the
degree of mcroglial activation follow ng t-PA or DSPA infusion and

subsequent KA treatnent, coronal sections of mce were subjected to an

i munohi st teatedi wih sPAi werey stositive taganstdhei KAogeatmedl Theseineguithe Mac- 1
anti body. Ihey iestiAaakl @hrPhfldhs %'F'?-'f%! ¥ pgPQl Q\V‘ﬁe@ﬂn{ﬁlﬁ’rﬁcdr{&HﬁhP“
resulted in a clear 1ncrease 1n Mac-1 positive cells. 'S was not observed
in mce itosealyiherdogpisteringelt-PAned de dae retoationgpsenséyitide Kesul t in

the activaguesd pkurbddgeaktfione! | s follow ng KA treatnment. 6. Titration of
DSPA and t-PA in the m'ce hippocanpus region. The concentration of t-PA used

for the infusion was based on the concen- tration described by Tsirka et al.

(1995) (108pl opsPAlixfuSion dbds dot PéAult id Ricrdflialnictivativnperi nents were
repeated using a 10-fold |lower of t-PA (0,185 pM and a 10-fold higher

amount of DSPA (18,5 pM. The |lower t-PA con- centration was still able to
regt ore th&hseastauratiohyoft ihelA tseesitivitntof theBPA & mispaauskdibyt @t€3% was t he

caused a | TTHTST sl R, B MlaieRl 4RI PRabtid et S TB00) ot 854 M oml
poi nt out $érs theSgrdead miotodliehactivatian follewiagdd?Afor DSPA infusion and
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) (100ul of 0,12 mg/mi [1,85 pM]). The
KA-injury experiments were repeated using a 10-fold lower of t-PA (0,185
¢M) 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 littie neuronal loss following KA treatment.
These data strongly point out that DSPA does not lead to an increase of
sensitivity to KA.



sensitivity to KA. Konig Szynka von Renesse 45 814 K -31 7. Effect of t-PA
~and DSPA on NVDA-dependent neurodegeneration in wild type mce The effects
of t-PA and DSPA were al so exanined in a nodel of neurode- generation in
wild type mice. The injection of t-PAin the striatumof these mce
provably led to an increase of the neurodegenerative effects caused by the
gl utamat e anal ogue NVDA (Nicole et al., 2001). NNDA was |njected into the
stri atal ré@ﬁﬁﬁ5§?ymkﬁdv@9p@ema§?ﬁrlthe presence 450814 KPA or DSPA (each 46
NM with a total volume of 1 pl. After 3324 hours the brains were renoved and
the size of the lesions was quantified according to the Callaway nethod
(Call anay et at., 2000) (see above). As can be seen in figure 7, injection
of NMDA al one caused a reproducible lesion in all treated mce (N=4). Wen
t-PA and NVDA were applied together, the size of the |esions was increased
about 50 % (P<0,01, n=4). In a clear contrast the co- injection of NVDA and
the sane concentration of DSPA did not lead to an increase in lesion size

conpar ed t nj e of | one di d not lead to a
ot bet abl o neurHah 8t dimA diE sk &n NufilhHanandart iéifogabenBratf g

adm ni ster ed almwédditypeanidestent with the results of Nicole et at. (2001).
These data show that the presence of DSPA does not increase

neur odegeneration even during a neurodegenera- tive event. In order to
conf i r m t hdbe teilectmpettifoand (DEZRAVETRIaIsDde@inpd éad mode! pheeuttdepocanpai

i on, y f
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stri at al r@@ﬁ%ﬁm\'ﬂ pheled doaibingegasesif th ﬁ@eprcaiﬁﬁeﬁ!@g@wea%ﬁe%pa@wdapw ndi r ect
chpomogen frRsdlutiimatd 2paiclife NMDAERR R et 1K

NMDA was injected into the striatal region of wild type mice in the presence
of t-PA or DSPA (each 46 M) 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 7, 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 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



-32 Indirect chronogen tests of the t-PA activity were perfornmed using the
sub- strate Lys-plasm nogen (Anerican Di agnostica) and spectrocyne PL
(Ameri can Di agnostica) according to Madisan E.L., Goldsmth E J., Gerard
R D., Gthing M-J., Sanbrook J.F. (1989) Nature 339 721-724; WMadison
E.LO, Goldsmth E J., Gething MJ., Sanbrook J.F. and Bassel -Duby R S.

(1990) Prog.. NatlL. ad. Sci, U S: A 87, 3530-3533 |, as Madi son E. L.,
Gol dsmi th EEN1S %Yﬁﬁﬁg\’%‘f?”%ﬁﬁ ook J.F. and egl?va#‘@ R D (1990) J. Biol.
Chem 265, 21423-21426. Tests were perf&fmed both in the presence and
absence of the co-factor DESAFIB (Anerican Diagnostica). DESAFIB is a
preparation of soluble fibrin nononeres gained by the cl eavage of highly
pure human fibrinogen with the protease batroxobin. Batroxobin cleaves the
Argl6- Glyl7-binding in the Aa-chain of fibrinogen and thereby rel eases

fibrinopeptid A. The resulting des-AA-fibrinogen representing fibrin | nono-
mers is solndiest chronagerbtesie ef Hie +-R& adpity aeeral perfaroiedr gsirg dhe Bhb- concen-

tration of - Rl RS i f 5 t i pit he pres-
ence of m%ﬁ%B&ﬁﬁ%%,egaﬁéﬁ%ﬁ% i@l%gbgsenc o%ﬁat h%eg(t)r-%f;g%{}:eo:m I ndi rect
chronogen t&Bedcam Diganqstisabaseordingitg Madisan Eili-mialdsmitib.éeGemrbnogen
|S:t aBdar df t R?E%? (%@pﬁltgofdffplr Eﬁﬁhtﬁf@@?rﬂFD@ g&@)tzrg'@cgﬂé@%cﬂzﬂmﬁﬂgnéz‘dié&mg above.
robes o p a u on ni , 25- g zynme, 0,
Lys- pl asm ég-é%n %&@'%?W@?fgm Wtfmg%ﬁ%rﬁ% é-%s%%qe%a?ﬁ@@é@l/ g@er e
per for WEdbﬂiQQ!@gIPr?@. Mg, RC%.ES]@QJSS:AWJ%}SD-%EP% Well 8ERison EAO, p%/ m
cyanogen braonj de nts_ of, fibrinoge merj can n ca),.or
OOpg/ M of éf) "%'?1 E@?‘ggwqgﬂ'é’m ﬁtﬁnrl?a{'gP@J e&qddéeﬁgg'ﬁ%"ﬁ‘g&édgngh@i S were
perfornmed Chem 260t P1423-gl4P@sTasid whee petforenatk hoih yn Wes presstneenambed at a
wave | engt 0 ( - 1 0. r | .ar. Devi ces
Therm)max"gb ng%réfag.{@l gﬁ?%%a(to%ﬁ%ﬁf?&%@%%ﬁ%ﬁ%@%}n?g@ \ﬁ%ﬁ]gﬁgnaesse 45
814 K - 33preparation of soluble fibrin monomeres gained by the cleavage of highly
pure human fibrinogen with the protease batroxobin. Batroxobin cleaves the
Arg'8-Gly'"-binding in the Ac-chain of fibrinogen and thereby releases
fibrinopeptid A. The resulting des-AA-fibrinogen representing fibrin | 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 uM 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 ui 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 pg/ml
DESAFIB, 100 ug/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.



8. DSPA also in case of intravenous application does not cause an increase
~of neural tissue damages In the striatumof mce, tissue |esions were
~induced by the injection of NVDA followed by the intravenous application
of t-PA or DSPA 6 or 24 hours thereafter. In conparison to a negative
control, the experinental ani- mals showed an i ncrease of about 30% of the
damaged tissue area Bro- duced by the NNDA—injectu% 1 m?en t- PA was given as
an intrave 9 AEYO RS YA JACAEFEE after the NNDA—lR?é% ion; this was in
contrast to DSPA, which did not cause3Such an increase of the tissue
damages (see Fig. 18). By the staining of coronal sections with an

anti - DSPA- anti body, it was possible to detect, that the DSPA intravenously
adm ni stered 24 hours after the NMDA- injection had perneated into the
damaged tissue areas (see Fig. 19). In case of a corresponding intravenous
application of t-PA or DSPA 6 hours after the NVDA-injection, an increase
of the damaged tissue area was not yet to be detected. This nay have its

reason in ghat = hrai ' is H‘?ﬂ% = PA or DSPA
applicati o?f stPPﬁo?!)é\%)ﬁ\e%agbg?ﬁﬁt@\gﬁ a?bple@aﬁ?unc elsghd %(él‘il%et us also in
case of i ntraviesease ppnevnalitissurpdamagesdi spl ay neurotoxic side effects.
Koni g Szynka von Renesse 45 814 K -34- References:. Baranes D, Lederfein D,
Huang YY, Chen M  Bail e¥ CH, Kandel ER 1998.  Ti ssue pl asm nogen activator
contri but el the datugt Of phisse tisSUBTIBSIONG WETe d 4 dygthswimiestion pk

hi ppocanmpaNMDA& s SoliowWkelr bpahbWalrav&eslis Bpglcatiba- of2bPABbr mpmAns RBr & uber D,
Li ese A, Tpschi t
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Beart PM &t%éoo B§/ tlflge f\mbﬁr:'iﬁi’écﬁ%, %RBRtF"A was given as an intravenous infu-

sion 24 hours after the NMDA-injection; this was in contrast to DSPA, which

did not cause such an increase of the tissue damages (see Fig. 18). By the

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. 19). 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 blood-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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activating factor is DSPA al pha 1. 4. Use of the plasm nogen activating
factor according to claiml or 2 wherein the dosage is from62.5 to 90

pg/ kg. 5. Use of a plasm nogen acti va_t_%gg.factor according to claim1l
wherein the plasm nogen activating factor conprises at |east a histidin or
serine residue formng together with an aspartate residue at |east a part
of a cynﬂ@@i’e triade. 6. Use of a plasm nogen activating factor according to
claim5 wherein the serine residue is located at a position at |east partly

honol ogops t 4100 .St cine. residue . sition
at | eastharL%F%?%d)trlé@ﬁ{c'}]g%%ﬁ af@?@%?‘%%%%%@fﬂ%@ 'ggﬁ}léa?’t% %@ g’(j?fg‘%?%l?g@ IS
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Use of a pl asdlican@nnionid waitimaet bogtioRs, WRereasdine pidshmisdgah Naclivating fautdt it he

pl asm nogen _ activating factor i elected fromthe group of the follow ng
t- PA nut ant §9WWWFME53??RW%§%M%;LPN R275E, F305H, A292S. 8. Use
of a plasm nogen activating factor according to claim1l wherein the

pl asm nogen ysacd iavighdniBodeR Gcfifating FdcldP Sccbrdify B cIaH Ath&Bctedsel RethBSREYF or of

an aspartate in_a honol ogue positian, |eading,t edyced st abi i of the
Catal e cal 1GF BRSORSeR AR AR Fackh ob Doymedcs il dp A e oG o i n

t he absence asteptabby $ait.thédeoflyse according to claim 8 wherein Aspl94 is
substituted by glutamate or asparagine. 10. Use according to claim?9
conprisipng a sgfgsti tution of 'As'ﬁlgag with ul94 or_Asnl94. 3~ 11. Use of
a pl asni hogetredt @ RIamingen aetivaing, tactor arengiingloctiaimmg. Wherras SPIY RIFRENIRASER ni nogen
activating faatiating faotopisiBs3PA alphd £ast one nutation in its autolysis | oop,

whi ch reduces the functional interactions between plasm nogen and

pl asm nogen activating factor in the absence of fibrin. 12. Use according
to cl ai nf-11 Wagef derplagmineaes actiftingideiat aesarding toiglaina (s 2yrdiesein Hisifosdaedet s t he
am no acid pe#& 61.9e004Rkdg 0 423 of wild type t-PA or honol ogous positions.
13. Use according to claim 12 wherein the nutation is selected fromthe
group consisting of the followi ng nutants: L420A, L420E, S421 G $S421 E,
P422A, Pa22&sepof xp plaspinogem agtwating4fager according to claim 1 wherein the plasminogen

activating factor comprises at least a histidin or serine residue forming together with an
aspartate residue at least a part of a cymogene triade.

6. Use of a plasminogen activating factor according to claim 5 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.

7. Use of a plasminogen activating factor according to claim 6 wherein the plasminogen
activating factor is selected from the group of the following t-PA mutants: t-PA/R275E; t-
PA/R275E, F305H; t-PA/R275E, F305H, A2928S.

8. 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.

9.  Use according to claim 8 wherein Asp194 is substituted by glutamate or asparagine.

10. Use according to claim 9 comprising a substitution of Asp194 with Glu194 or Asn194.



14. Use of a plasm nogen activating factor according to claim1l wherein the
pl asm nogen activating factor is a cynogene conprising at |east one point
mut ati on preventing the catalysis by pl—é&ﬁ n. 15. Use of a plasm nogen
activating factor according to claim 14 wherein the point nutation is

| ocated at the position 15 or 275 oft-PA or at a position honol ogous to
that. 1611 Udseaicoplasmigogen adtivgating factamhagcefdinggto glaimat wherein thetiasminegen i on 15

or 275. 17. demtzagfe@fodwﬁ fisas Gt %Qﬂohe"iﬁlﬂét@nﬁn ttbautalyﬁsnﬂdﬂomah fsdubasathe NQ
factor conpris a4 2 and

toly 0 n
Oye423. 16" Ll dp A e M T R T DA RS, AR T2 Dl ng
factor is craasenseefflyidd in a point nutation in position 194, which reduces
the stabili ty of the catalytically active conformation of the plasm nogen

tivati ct ab f . fib di 18
e L B e SaBT U LB e BRSNS ST 55
Use accor di ragnincaaid pasitiofs $2{btodi2 of wild tppeatd™i ordgemicgous mnong factor is

characterized in at |east one point nutation which prevents the catal ysis
by plasmn. 21. Use accordin o claim 20 wherein the Iasm no en actlvatl ng
fact or crq)’rrprqsé’é&?c‘édﬁﬁf‘sc'a'”‘z whgrgindhe srting *Stﬁﬁ'e&?eglffﬂ"l

pl asm nogen taelloveing mgtathL@OAcMﬂﬂEl S45 Ga 8424, ﬁazzxacﬂmzeemzerﬁpmzasmod ding to
Seq. 1D No. ghpy@23. Use according to claim1 wherein the plasm nogen
activating fact or is urokinase with an autolysis |oop conprising Val42o0,

Thr 421, Asp422 and Ser423. 24. Use according to claim 23 wherein the

ur oki nase4.i wsei‘raraﬁhahinag@ adtivatingOfactbr B3toRfingo diaim pmbteirotmel@ahmiwdgbnh

reduces the chahhh ddlorGh o QB8R LU RCk ey SROTARTAARN Afodklifhg e O| nase

in absence o accor I nase
conpri ses Gogtelysis by@lasie according to one of the clains 23 to 25 V\/ner ein
t he urokinase is char acterized in at |east one p0| nt nut atl on V\/m ch

prevents SI S asm 27. e c erein the
D1 o nolfn Ul apodin il aReded Fearifo R hsteh FedgM e €5 g
Use accor di riecates abthe positiom#d abdpef tPAionat a:nmi’fianh@nolﬁmﬂﬂtmthat dr| p i nf usi on.

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

17. Use according to claim 1 wherein the plasminogen activating factor comprises an
autolysis loop comprising His420, Asnd21, Ala422 and Cys423.

18. Use according to claim 1 wherein the plasminogen activating factor is characterized in a
point mutation in position 194, which reduces the stability of the catalytically active

conformation of the plasminogen activating factor in the absence of fibrin.

19. Use according to claim 18 wherein the plasminogen activating factor is characterized in
Phe194.

20. Use according to claim 1 wherein the plasminogen activating factor is characterized in at
least one point mutation which prevents the catalysis by plasmin.

21. Use according to claim 20 wherein the plasminogen activating factor comprises Glu275.

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



29. Use according to one of the above clains characterized in a bolus
injection. 30. Use according to claim26 characterized in a single bolus
injection. 31. Use of a urokinase conprisi%hg-1 LE275 for the manufacture of a
medi cament for the treatnent of stroke wherein the urokinase is injected
intravengusly. 32. Use according.to one of the above clainms for the

t her apeu$ C q/ste@&f"?@ﬁ? ?‘bf:'a‘é“i f &Pé’gq"ht?‘e REFsEINOISH a¢tivaing factp s veokinepe Mt 80 ok e
onset. 33. ldmhais l@pooapnsingyein2@dhiazatAspg2? at Ser42iccording to at | east one
of the above clainms 1 to 30 for the therapeutic treatnent of stroke in
humans at | east 6 hours after stroke onset.  34. Use of a pl.asn npgen
activati#y f1setasFordivg de aleimy 23 whatein Bg okisgse irchprasteerd, i %B%{'i‘trfﬁ“tit' d"30 for
t he t her apeuositiont rio4t whioh reduces rtk atabiityhofirthescadlyticeative Sohformatioaf dfethe St r oke
onset. 35. 3 : l en activating factor according to at |east one
of the above ¢ glgéré@g%@&rgég or the therapeutic treatnent of stroke
patients in which the onset of stroke is tenporally not exactly determ ned.
36. Use zd. asplaesdriing gedaimcia whkdimthefurskinate osmtsises Gu1ba at | east one of the
above clains 1 to 30 for the therapy of stroke under avoi dance of the
neurotoxicity of wild type t-PA. -+i 37. Pharnmaceutical conposition

cont ai ni #y dJ9sl ageering deaneaefithe alaimer X tacboyhessin tedirekinase isgharactasized Bréé of t he
above cl ai Mhegkt bife gt Miatidh whitd prevets trddidyskglpidshiad, maceut i cal |y active
conponent or its pharmaceutically acceptable salt. 38. Pharnaceuti cal
conposition according to claim37 characterized in a neuroprotective agent.
39. Phar 2&cdisei agbrdingnisodiaim o rwhareinrtoé mpsminogem iantiv@®r clompeigased i seaeence a

gl utamat e reeeRting o &4 #YNBIst. 40. Pharnaceutical conposition according to
claim 39 characterized in a conpetitive or non- conpetitive antagonist. 41.
Phar maceuti cal conposition according to claim37 characterized in at |east
one t hr o2i rUseiasborbing tr one4d theRibaverclainsicharattedzediiroa dtip mfus@acor ding to claim
37 characterized in that the at |east one thronbin inhibitor is selected

fromthe ggr oup of the follow ng substances: thronmbonodulin,
29. Use according to one of the above claims characterized in a bolus injection.

30. Use according to claim 26 characterized in a single bolus injection.

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

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

33. Use of a plasminogen activating factor according to at least one of the above claims 1 to
30 for the therapeutic treatment of stroke in humans at least 8 hours after stroke onset.

34. Use of a plasminogen activating factor according to at least one of the above claims 1 to
30 for the therapeutic treatment of stroke in humans at least 9 hours after stroke onset.

35. Use of a plasminogen activating factor according to at least one of the above claims 1 to
30 for the therapeutic treatment of stroke patients in which the onset of stroke is
temporally not exactly determined.

36. Use of a plasminogen activating factor according to at least one of the above claims 1 to
30 for the therapy of stroke under avoidance of the neurotoxicity of wild type t-PA.



t hr ombonodul i n anal ogues, triabin, pallidipin, or solulin. 43.

Phar maceuti cal conposition according to claim 37 characterized in at | east
one anticoagul ant agent. 44. Pharnaceutical conposition according to claim
43 characterized in that the at | east oneT|anticoaguIant agent is selected
fromthe group of the foll ow ng anticoagul ant agents: hirudin, heparin,
acetylsalicylic acid or ancrod. 45. Pharnaceutical conposition according to

cl ai m 373zharehadeutien cbrﬂp@d‘tfoh doﬁfalnﬁi@’@bléémmo§étb§c§tﬁ£lﬁ'@5fact6|6acc8hﬁh’gnﬁ(é¥Ut i cal
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Pharnaceutlc%ﬁ N a P7ed
citicholi ne_component or its pharmaceutically acceptable salt.

38. Pharmaceutical composition according to claim 37 characterized in a neuroprotective
agent.

39. Pharmaceutical composition according to claim 38 characterized in a glutamate receptor
antagonist.

40. Pharmaceutical composition according to claim 39 characterized in a competitive or non-
competitive antagonist.

41. Pharmaceutical composition according to claim 37 characterized in at least one thrombin
inhibitor.

42. Pharmaceutical composition according to claim 37 characterized in that the at least one
thrombin inhibitor is selected from the group of the following substances: thrombomodulin,

thrombomodulin analogues, triabin, pallidipin, or solulin.

43. Pharmaceutical composition according to claim 37 characterized in at least one
anticoaguiant agent.

44, Pharmaceutical composition according to claim 43 characterized in that the at least one
anticoagulant agent is selected from the group of the following anticoagulant agents:

hirudin, heparin, acetylsalicylic acid or ancrod.

45. Pharmaceutical composition according to claim 37 characterized in anti-inflammatory
substances.

46. Pharmaceutical composition according to claim 37 characterized in antibiotic agent.

47, Pharmaceutical composition according to claim 37 characterized in citicholine.



