Summary: The invention pertains to the use and production of non-neurotoxic
pl asm nogen . activating factors e.g. of Desnodus rotundus (DSPA) for the

t herapeutic treat- nment of stroke in humans in order to provide a new
therapeutic concept for treating stroke in humans. -2 "Non-neurotoxic

pl asm nogen activating factors for treating of stroke" The invention
pertains to the therapeutic use of non-neurotoxic pl asm nogen activators
especially fromthe saliva of Desnodus rotundus (DSPA) preferentially
for the treatnment of stroke. Different clinical pictures are summari zed
under the term "stroke" which correlate in '"their clinical synptons.
According to the respective pathogenesis a first differentiation between
these clinical pictures in so called ischaemic and haem orrhagic insults
is possible. Ischaemic insults (ischaema ) are characterized in a
reduction or interruption of the blood circulation in the brain due to a

| ack of arterial blood supply. Often this is caused by thronbosis of an
arteriosclerotic stenosed vessel or by arterio arterial, respecitively,
cardial enbolisns. Haenorrhagic insults are based inter alia on the
perforation of brain supplying ar%agk&; .damaged by arterial hypertonia .
However, only approximately 20 %o erebral insults are caused by
haenorrhagic insults. Thus, stroke due to throm bosis is nuch nore
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i ncreased postsynaptic rel ease of the neurotransmtter glutanmate which
activates nenbrane bound gl utamate receptors regul ating cati on channel s.
However, due to the increased glutamte rel ease gl utamate receptors becone
over activated. -3 G utamate receptors regul ate voltage dependent cation
channel s which are opened by a binding of glutamate to the receptor. This
results in a Nat and Ca 2+ influx into,the cell massively disturbing the Ca

2+ dependent cellular metabolism. Esp%0|ally the activation of the Ca 2+
dependent catabolic enzynmes could give reason to the subsequent cell death
(Lee, Jin-Mo et al., "The changing | and- scape of ischaemc brain injury

mechani sns"; Dennis W Zhol "G utamate neurotoxicity and di seases of the
nervous systenit). Al though the nechani smof glutamate nedi ated neurotoxicity
is not yet entirely wunderstood it is agreed upon that it contributes in a

| arge extent to the neuronal cell death follow ng cerebral ischaem a
(Jin-M Lee, “donaleurotoRiespldeminagengactivating fedtord for dreatinged stnedest abi | i zi ng
physi ol ogi cal paraneter the re-opening of the closed vessel has priority in
the therapy of acute cerebral ischaem a. The re-opening can be perforned by
different neans. The nere nechanical re-opening, as e.g. the PTCA after
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Ischaemic insults (ischaemia)} are characterized in a reduction or interruption of
the blood circulation in the brain due to a lack of arterial blood supply. Often this
is caused by thrombosis of an arteriosclerotic stenosed vessel or by arterio
arterial, respecitively, cardial embolisms.

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

in comparison to other tissue ischaemias the ischaemia of the neuronal tissue is
widely accompanied by necrosis of the effected cells. The higher incidence of
necrosis in neuronal tissue can be explained with the new understanding of the
phenomenon "excitotoxicity” which is a complex cascade comprising a plurality of
reaction steps. The cascade is initiated by ischaemic neurons affected by a lack
of oxygen which then fose ATP instantaneously and depolarize. This results in an
increased postsynaptic release of the neurotransmitter glutamate which activates
membrane bound glutamate receptors regulating cation channels. However, due
to the increased glutamate release glutamate receptors become over activated.



forns a so called activator conplex together with fibrin and pl asm nogen.
Thus, the catalytic activity of t-PAis fibrin dependent and is enhanced in
its presence approximtely 550-fold. Besides fibrin also fibrinogen can
stinulate t-PA nedi- ated catalysis of plasmnogen to plasnmn - even though
to a smaller extent. In the presence -of fibrinogen the t-PA activity is
only increases 25-fold. Also the -4 cl'eavage products of fibrin (fibrin
degradati on products (FDP)) are stimulating t- PA. Early attenpts of

thronbol ytic treatnent of acute stroke go back to the 1950s. First
extensive clinical trials wth streptokinase, a fibrinolytic agent from
bet a- haenol ysing streptococci, started only in 1995. Together wth

pl asm nogen streptokinase fornms a conpl ex which catal yzes ot her plasm nogen
nol ecules into plasm n. The therapy with streptoki nase has severe
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Besides safeguarding vital functions and stabilizing physiological parameter the
re-opening of the closed vessel has priority in the therapy of acute cerebral
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 im-
provement of the physical condition of patients can be achieved. This can be
accomplished by a local application using a catheter (PROCAT, a study with pro-
urokinase). However, despite first positive results this method has not yet been
officially approved as a pharmaceutical treatment.

The naturally occurring fibrinolysis is” based on the proteolytic activity of the
serine protease plasmin which originates from its inactive precursor by catalysis
(activation). The natural activation of plasminogen is catalyzed by the plasmino-
gen activators u-PA (urockinase type plasrhinogen activator) and {-PA (tissue
plasminogen activator) occurring naturally in the body. In contrast to u-PA, t-PA
forms a so called activator complex together with fibrin and plasminogen. Thus,
the catalytic activity of t-PA is fibrin dependent and is enhanced in its presence
approximately 550-fold. Besides fibrin also fibrinogen can stimulate t-PA medi-
ated catalysis of plasminogen to plasmin - even though to a smaller extent. In the
presence of fibrinogen the t-PA activity is only increases 25-fold. Also the



pl asm nogen activator - the so called rt-PA - (see EP 0 093 619, US
4,766,075), which is produced in reconbinant hanster cells. In the 90s
several clinical trials were perforned world-wi de using t-PA - with acute
nyocardi al infarction as the main indication - leading to partially

non- understood and contradictory results. In the so called European Acute
Stroke Trial (ECASS) patients were treatéd within a tine frane of 6 hours
after the onset of the synptons of a stroke intravenously -5 with rt-PA
After 90 days the nortality rate as well as the Barthel -1ndex were exam ned
as an Index for the disability or the independent viability of patients. No
significant inprovenent of the viability was reported but an - even though
not significant - increase of nortality. Thus, it could be concluded, a
thronbolytic treatnent with rt-PA of patients being individually selected
accor di mfeavagehmioductsesipiimin (fibrvadegtadstionyoroduetdi (RO amé tetimuliiindegi nni ng
of the J%oke could possibly be advantageous. However, a general use of
rt-PA wthin the tine frame of 6 hours after the onset of stroke was not
recommended since an application during this tinme increases the risk of
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t he due to a former streptococm infection including a productlon of antlbodles the
patient may exhibit a so called streptokinase resistance making the therapy more
difficult. Besides this, clinical trials in Europe (Multicenter Acute Stroke Trial of
Europe (MAST-E), Multicenter Acute Stroke Trial of Italy (MAST-I)) and Australia
(Australian Streptokinase Trial (AST)) indicated an increased mortality risk and a
higher risk of intracerebral bleeding (intracerebral haemorrhage, ICH) after
treating patients with streptokinase. These trials had to be terminated early.

Alternatively, urckinase - also a classical fibrinolytic agent - can be applicated. In
contrast to streptokinase it does not exhibit antigenic characteristics since it is an
enzyme naturally occurring in various body fissues. It is an activator of plasmino-
gen and independent of a co-factor. Urokinase is produced in kidney cell cul-
fures.

Extensive experience on therapeutic thrombolysis is available for the tissue type
plasminogen activator - the so called rt-PA - (see EP 0 093 619, US 4,766,075),
which is produced in recombinant hamster cells. In the 90s several clinical trials
were performed world-wide using t-PA - with acute myocardial infarction as the
main indication - leading to partially non-understood and contradictory resuits. In
the so called European Acute Stroke Trial (ECASS) patients were treated within
a time frame of 8 hours after the onset of the symptoms of a stroke intravenously



positive effects of rt-PA treatnent within three hours after the onset of
stroke could be repeated even with a treatnment within six hours tine.
However, this question could not be answered affirmatively since no.

I mprovenent of the clinical synptons or any decrease in nortality was
observed. The higher risk for ICH rensined. Those partially contradictory
‘results have led to a high caution in"the use of rt- PA Already 1996 a
publ i cation of the Anmerican Heart Association pointed out the strong
skeptici sm anong doctors with respect to thronbolytic treatnent of -6
stroke; whereas there is no such skepticismw th respect to fibrinolytica in
the therapy of nyocardical infarct (van Gjn J, MD, FRCP, 1996 -
Circulation 1996, 93: 1616-1617). A rational behind this scepticismwas
firstly given in a sunmary of all stroke trials published 1997 (updated in
Mar ch 20dth) rt-Pochftel 8§ days s menalgw rate ashwelhas e Barthal-rdenaers
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The thrombolytic treatment of stroke was also subject of a clinical trial conducted
by the National Institute of Neurologic Disorder and Stroke (so called NINDS
rtPA Stroke Trial) in the USA. This trial concentrated on the effect of intravenous
rt-PA treatment within only three hours after the onset of the symptoms. Patients
were examined three months after the treatment. Due to the observed positive
effects of this treatment on the viability of patients, it-PA treatment within these
limited time frame of three hours was recommended although the authors found
a higher risk for ICH.

Two further studies (ECASS Il Trial: Alteplase Thrombolysis for Acute Noninter-
ventional Therapy in Ischaemic Stroke (ATLANTIS)) examined whether the
positive effects of nt-PA treatment within three hours after the onset of stroke
could be repeated even with a treatment within six hours time. However, this
question could not be answered affirmatively since no improvement of the clinical
symptoms or any decrease in mortality was observed. The higher risk for ICH
remained.

Those partially contradictory results have led to a high caution in the use of rt-
PA. Already 1996 a publication of the American Heart Association pointed out
the strong skepticism among doctors with respect to thrombolytic treatment of



announcenents about negative side effects of t-PA becane known, which
provi de an explanatory basis for its dramatic effects when applied in stroke
treatment outside the three hour time frane. Accordingly, mcroglia cells
and neuronal cells of the hippocanpus produce t-PA which contributes to the
gluta- mate nedi ated excitotoxicity. This is concluded froma conparative
study on t- PA deficient and wild type %ice when gl utamate agoni sts were
i'njected in their hippocanmpus, respectively. The t-PA deficient mce showed
a significant higher resistance against external (inthrathecal) applicated
glutamate (Tsirka SE et al., Nature, Vol. 377, 1995, "Excitoxin-induced
neur onal degeneration and seizure -7 are nedi ated by tissue plasm nogen
activator"). These results were confirned in 1998 when Wang et al. could
prove nearly a double quantity of necrotic neuronal tissue in t-PA

defi ci estroke; cwh\amas thdré isas isupk akegticishT avenmspleyt td Hibsinokted imreheef f ect

of exte al RA on wild typ 1 ce 0 te 90 ( _
al ., raR%tOG YBYOGG‘\?PECELE*%%&?H%%B W\@Q@F >§ltd%A) b¥rﬁ8%§‘8§e& eur onal
damage Sﬁt #616-d&dl7).cerebral ischaema in wild type and t-PA deficient
mce".) Further results on the stinulation of excitotoxicity by t-PA were

publ i shed by N cole et al. in the beginning of 2001 (Nicole 0., Docagne F
Ali C Raragianpl behind thisrasepticism weadiksthzgiverTn avswnevanpDohall sioke éaais A, 2001
The pro t fiqt e ispat n VDA
 ecen to?%h%{éoc 13@? u?dfg}'ed; g';n N/léﬁéh 2Bbmg&é&9‘8@ga&§ tHid r‘érvue?gu dﬁﬁ’r%‘ye ' hat
t- PA bebﬁbftlp@ﬁ%%ta@ %@r|sz(aﬁptelan@$ean-Pn%mromoeéunanh HEQKIRSE) Wi th t he

so cal | e NgH mu!@ iﬁcaﬁft H@ﬁer HoraBtphvithinegrPfit 10 dbye alivPind wRekéeadi ng

t I *s!g]‘l t t | t
2 hi ghermiIpS8adotalRHELEaet sitMer pSE traisatieh RREBN Rue TELCEHINER Pane DA
agoni st throchizdyticaxeheet appld withinTsikdour -aRér estiokbi drssed. Tieigr efferts everdf ect by

act | vat b0k e, SRR BRSRE Lol H5mp YR, (8P Rye HREBHETEr LRoe urtheT

expl anatory-concept Xi Ci esul'ts
was therefore not recommended.

Even before, such resulis gave reason to some other authors mere sarcastic
statement that stroke patients had the choice to either die or 1o survive disabled
(SCRIP 1997: 2265, 26).

Nevertheless, so far the therapy with n-PA is the only treatment of acute cerebral
ischaemia approved by the Food and Drug Administration (FDA) in the USA.
However, it is resfricted to an apphcatlon of -PA within three hours after the
onset of stroke.

The approval of it-PA was reached in 1996. Before, in the year 1995, first
announcements about negative side effects of +-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 gluta-
mate mediated excifotoxicity. This is concluded from a comparative study on t-
PA deficient and wild type mice when giutamate agdnists were injected in their
hippocampus, respectively. The {-PA deficient mice showed a significant higher
resistance against external (inthrathecal) applicated glutamate (Tsirka SE et al.,
Nature, Vol. 377, 1995, "Excitoxin-induced neuronal degeneration and seizure



indirectly fromthe conversion of plasm nogen in plasmn. According to this
nodel plasmn is the effector of neurotoxicity (Chen ZL and Strickland S,
1997: Neu- ronal Death in the hippocanpus is pronoted by plasm n-catal ysed
degradation of lamnin. Cell: 91, 917-925). A summarizing outline of the

ti me depending neurotoxic effect of t-PAis givenin figure 9. Therein also
the increased toxicity of the reconbi maht t- PA conpared to endogenic t-PA
beconmes evident. This is probably due to rt-PA being able to enter into
tissue in higher concentrations. Despite its neurotoxic side effect and its
increasing effect on the nortality t-PA was approved by FDA. This can only
be explained by the lack of harnmless and -8 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
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signaling; in: Nat Med 7, 59-64). They could prove that {-PA being released by

depolarized cortical neurons could interact with the so called NR1 sub-unit of the
glutamate receptor of the NMDA type leading to a cleavage of NR1. This in-
creases the receptor’s activity resulting in a higher tissue damage after gluta-
mate agonist NMDA was applied. The NMDA agonist induced excitotoxicity.
Thus, t-PA exhibits a neurotoxic effect by activating the glutamate receptor of the
NMDA type.

According to a further explanatory concept the neurotoxicity of t-PA resuits
indirectly from the conversion of plasminogen in plasmin. According to this model
plasmin is the effector of neurotoxicity (Chen ZL and Strickland S, 1897: Neu-
ronal Death in the hippocampus is promoted by plasmin-catalysed degradation
of laminin. Cell: 91, 917-925).

A summarizing outline of the time depending neurotoxic effect of -PA is given in
figure 9. Therein also the increased toxicity of the recombinant t-PA compared to
endogenic t-PA becomes evident. This is probably due to rt-PA being able to
enter into tissue in higher concentrations.

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 iack of harmless and



I nstead, recent strategies aimng to inprove known thronbolytic treatnents
try to apply the thronbol ytic substance no | onger intravenously but
intraarterially via a catheter directly close to the intravascul ar

t hrombus. First experience is available wth reconbinant produced

ur oki nase. Thus, possibly, the necessary dose for thronbolysis and
therewith negative side effects coul d-Bbe reduced. However, this application
requires a high technical expenditure and is not avail abl e everywhere.
Furthernore, the patient has to be prepared in a tinme consum ng action.

Time, however, is often limted. Thus, the preparation provides for an
additional risk. Presently, new concepts are directed to anticoagul ants such
as heparin, aspirin or ancrod, which is the active substance in the poison
of the malayan pit viper. Two further clinical trials examning the effects
of hepaeffactientikemativesal thBsribke dudricad venp pragmedtidrdoat beihefRa@nz0%iE2 in
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applic citicholin directly after the onset of stroke. In _the body,
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RAD; Hadley SJ; Fisher M: Thrombolysis with recombinant Desmodus saliva

plasminogen activator (rDSPA) in a rat embolic stroke model; in: Cerebrovasc

Dis 1996:6; 175-194 (4th International Symposium on Thrombolic Therapy in

Acute Ischaemic Stroke). DSPA is a plasminogen activator with a high homology

(resemblance) to t-PA. Therefore - and in addition to the disillusionment resulting

from the neurotoxic side effects of t-FPA - there were no further expectations, for

DSPA being a suitable drug for stroke treatment. |

Instead, recent strategies aiming to improve known thrombolytic treatments try to
apply the thrombolytic substance no longer intravenously but intraarterially via a
catheter directly close to the intravascular thrombus. First experience is available
with recombinant produced urokinase. Thus, possibly, the necessary dose for
thrombolysis and therewith negative side effects could be reduced. However, this
application requires a high technical expenditure and is not available everywhere.
Furthermore, the patient has to be prepared in a time consuming action. Time,
however, is often limited. Thus, the preparation provides for an additional risk.

Presently, new concepts are directed to anticoagulants such as heparin, aspirin
or ancrod, which is the active substance in the poison of the malayan pit viper.
Two further clinical trials examining the effects of heparin (/nternational Stroke
Trial (IST) and Trial of ORG 10172 in Acute Stroke Treatment {TOAST)) how-



excitotoxicity is therefore to apply so called neuroprotectives. They can be
used separately or in conbination with fibrinolytic agents in order to
mnimze neuro- toxic effects. They can lead to a reduced excitotoxicity
either directly e.g. as a glutamate receptor antagonist or indirectly by

i nhi biting voltage dependent sodium or,cal ciumchannels (Jin-M Lee et al.
a.a.0 ). A conpetitive inhibition (anthgdnistic action) of the glutamate |
receptor of NVDA type is possible e.g. with 2-am no-5-phosphonoval erate
(APV) or 2-am no-5- phosphonoheptanoate (APH). A non conpetitive inhibition
can be achieved e.g. by substances binding to the phencyclidine side of the
channel s. Such sub- stances can be phencyclidine, M-801, dextrorphane or
cetamine. So far, treatnents with neuroprotectives have not shown the
expect ed success, . possibly because neuroprotectives had to be conbined with
t hr omboleyel,cdaguitisdicate iansignifisant dmexanasnentt dle morisiitie ecta peevsitientef. Thi s
appl i es gt,gkQt her substances (see also figure 10). Even a conbination of
t-PA ang neuroprotective agents results only in a limted damage.
Nevert hel ess, the disadvantageous neurotoxicity of the fibrinolytic agent
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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 activated glutamate
receptors. This effect is increased by t-PA (see above). A concept to reduce
excitotoxicity is therefore to apply so calied neuroprotectives. They can be used
separately or in combination with fibrinolytic agents in order to minimize neuro-
toxic effects. They can lead to a reduced excitotoxicity either directly e.g. as a
glutamate receptor antagonist or indirectly by inhibiting voltage dependent
sodium or calcium channels (Jin-Mo Lee et al. a.a.0.).

A competitive inhibition (antagonistic action) of the glutamate receptor of NMDA
type is possible e.g. with 2-amino-5-phosphonovalerate (APV) or 2-amino-5-
phosphoncheptanoate (APH). A non competitive inhibition can be achieved e.g.
by substances binding to the phencyclidine side of the channels. Such sub-
stances can be phencyclidine, MK-801, dextrorphane or cetamine.

So far, treatments with neuroprotectives have not shown the expected success,
possibly because neuroprotectives had to be combined with thrombolytic agents



following findings: Due to tissue danmage in the brain caused by stroke the
bl ood brain barrier is damaged or destroyed. Thus, fibrinogen circulating
in the blood can enter into the neuronal tissue of the brain. There, it
activates t-PA which - indirectly by activating the glutamate receptor or
pl asm nogen - results in further tissue damage. In order to avoid this
effect the invention suggests the use_gfy a plasm nogen activator which is
highly fibrin selective and - as an inversion of the argunment - has a
reduced potential to be activated by fibrinogen. Thus, this plasm nogen
activator is not - or conpared to t-PA at | east substantially | ess -
activated by fibrinogen entering fromthe blood into neuronal tissue as a
result of danaged bl ood brain barrier, since t-PA' s activator fibrin cannot
enter the neuronal tissue due to its size. The plasninogen activators

according to the ipvention therefore are non-peurot 1 According to a
preferré'g Oéa%foﬁl %ngége'fiﬁ’éoﬁeﬁt}‘é‘h §AtS- e #BR %Sfﬂ’&’ N 1SF&t ors are
used, whilsdhfigamprd)se at | east one el enent of the so cal I ed cynopgene triade.
A conparable triade is known fromthe catalytic center of serine proteases

of the chynotrypsine famly consisting of three interacting am no acids
aspar t attevel94 comisnativmef 46°/aadd seuraprodctividoagares  ret bits onlyi iade lidoesl  not

oxi St 1 Dl VIS REl 008! BRL0aRIBAEANT [ RSNl YR AR seri ne

pr ot eases ess rec mut agenesi’s of
native tagePAaﬁ@luchh@nphﬂméedof i ntroducing at | east one of the above am no
acids at a swtable position results in a reduced activity of the

pr o- enzyrre S|n |l e chain t- PA) and to_an increased activity of the mature
enzyne |i g ebEet qfdh@h@resgﬂbyémroaftor PEMIGE aTRewelherapettise

|ntrodu@ohggppforgﬁetr@@ﬁhewﬁm@naﬁpﬁa-@g the triade - or of an amno acid
with the respective function in the triade - can increase the cynogenity of

t-PA (i.e. the ratio between the activity of the mature enzyne an the
acti vi t YAagiording tprtbe émmntion. thasuse obrohttotibeldsrhinogespeativitiog fyctos is

remar kaky b BRIEAS §ltint if dSinfYSol ths MU SHEBEE HeBtmbRE 6F 8FbkO FQideen the
advantageous uses are subject of independent claims, respectively, as well as of
further dependent claims.

The central idea of the invention is the use of a plasminogen activator in the
freatment of stroke, of which the mature enzyme exhibits an activity, which is
selectively increased by fibrin manifold, namely more than the 850-fold.

The use of the plasminogen activators according to the invention is based on the
following findings: Due to tissue damage in the brain caused by stroke the blood
brain barrier is damaged or destrocyed. Thus, fibrinogen circulating in the blood
-can enter into the neuronal tissue of the brain. There, it activates t-PA which -
indirectly by activating the glutamate receptor or plasminogen - results in further
tissue damage. In order to avoid this effect the invention suggests the use of a
plasminogen activator which is highly fibrin selective and - as an inversion of the
argument - has a reduced potential {c be activated by fibrinogen. Thus, this
plasminogen activator is not - or compared to t-PA at least substantially less -
activated by fibrinogen entering from the blood into neuronal tissue as a result of
damaged blood brain barrier, since {-PA’s activator fibrin cannot enter the
neuronal tissue due to its size. The plasminogen activators according fo the
invention therefore are non-neurotoxic.



I ntroduced am no acid residue and/or am no acid residues of the wild type
sequence. It is known that the nmutagenesis of the native t-PA with
substitution of Phe305 by His (F305H) and of Ala 292 by Ser (A292S) | eads
to a 20-fold increase of the cynogenity, whereas the variant F305H al one
al ready leads to 5 tines higher cynngggtlty (EL Madi son, Kobe A, Cething
M J; Sanbrook JF, Goldsmth EJ 1993: nverting Ti ssue Pl asn nogen
Activator to a Zynogen: A regulatory Triad of Asp-His-Ser; Science: 262,
419-421). In the presence of fibrin these t- PA nutants show an activity

I ncrease of 30.000 tinmes (F305H) and 130.000 tinmes (F305H, A292S)
respectively. In addition these nutants conprise a substitution of Arg275
to RR75E in order to prevent cleavage by plasnmn at the cleavage site
Aug275-11e276, thereby converting the single chain t-PAto the double chain
form The nutant site R275E alone leads to a 6.900 fold increase of the

fib ATi
112ty poRBPIhg bYa Praferted ehOieRt o 8P 50 n 2 ?f?-f?%f@rd@ﬂéncﬁ R
Sti nul agrbyatorsy arebused, whichy seriiseoft BB@#Sfo@ﬂ@aBe@h@ﬁﬁ of rt heogp, called

18319- 1%?#%beneﬂ?i%dléo$ﬁk tdd?ﬂﬁar%%ﬁe RS 92 Wfom}ﬁ %rﬁrtﬁeh@%hﬁ&oéénﬁe? dgrhe

positions H"s40 and the known_tr) ade of ﬁé%m)tr ptic serine

pr ot eas 88MNEyPROLRASESY P t @pSHWHEyBﬁ‘B@t farpiy &ﬁ’é‘slsﬁﬂgoﬁ ke Hieradinge or
respect aviethy aeis é@artétea@zlamm@m@@o@1&@@1@3@ Hevevet, hishBade pkat e477

f t-PA | I th PA t ant Madi t
2L 1058 B d A nbinh KR0S sl i ity vtk fie Srngie ©
accordi pg:)tEase:heI\Jevenﬂeeiess;nﬁ e kaowe, thatythehdivected onutageaspiar @fdnativent-1 d t ype

PR BAEIOPD BaRidol of BANGRRMELE AN by e didukheiiod agicaased f1bTIn

speC|f|c € pur pos osure o € nment Toned “t-PA it ant s
F305H; sgtba}ﬂe positen seBAE ior airaduesnirgictidty ohthe pro- Ramev(émgi@@pm Bte the

publ i cahPlo MRHress&d aeeﬂm, » of tﬁéaﬁ%r@%zyﬁ%md%ﬁb@aq%qiﬁmn(tih895)

her eby ar fuII corpora
y presence #1br: here%ore tﬁ/e lntroductlon 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. the ratio between the activity of the mature
enzyme an the activity of the 'pro—enzyme). As a result the fibrin specificity is
remarkably increased. This is due to conformational interaction between the
introduced amino acid residue and/or amino acid residues of the wild type
sequence.

It is known that the mutagenesis of the native t-PA with substitution of Phe305 by
His (F305H) and of Ala 292 by Ser (A292S) leads to a 20-fold increase of the
cymogenity, whereas the variant F305H alone already leads to 5 times higher
cymogentity (EL Madison, Kobe A, Gething M-J; Sambrook JF, Goldsmith EJ
1993: Converting Tissue Plasminogen Activator to a Zymogen: 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, A202S) respectively. In addition these mutants comprise a
substitution of Arg275 to R275E in order to prevent cleavage by plasmin at the
cleavage site Aug275-He276, thereby converting the single chain {-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-



ence. The increase of fibrin specificity of plasm nogen activators can
alternatively be achieved by a point nutation of Aspl94 (or an aspartate at
a honol ogous posi- tion). Plasm nogen activators belong to the group of
serine proteases of the chynotrypsin famly and therefore conprise the
conserved am no acid Aspl94, which is responsible for the stability of the
catalytic active conformation of the mmture proteases. It is known that
Aspl94 interacts with H s40 in the cynogenic formof serine proteases.
After the cynpgene is activated by cleavage this specific interaction is
interrupted and the side chain of the Aspl94 rotates about 170 in order to
forma new salt bridge with Ilel6. This salt bridge essentially contributes
to the stability of the oxyani one pocket of the catalytic center of the
mature serine proteases. It is also present in t-PA The introduction of a
poi nt nutation replacing Aspl94 prinma facie inpedes the formation or
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significant -13 increase of activity in"the presence of their co-factor
fibrin - especially in com parison to the mature wild type form- which can
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of fi br e irAcmugardbi(Madison et alsel9®3)ording to the invention. In a
preferred enbodi nent according to the invention, a nutant t-PA is used, in
whi ch A%_p194 I s substituted by glutamate (D194E) or respectiyely bé
aspar agi'mese(iDTA4Rptants qaRe b8 WiRchftstheneanent el sipke asgording dadbed 1 to
2000 f olildntiohlfecause they show no or - compared to wild type t-PA - a significantly

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 Madison et al.,.

(1993) and Tachias and Madison (1995) hereby are fully incorporated by refer-

ence.

The increase of fibrin specificity of plasminogen activators can alternatively be
achieved by a point mutation of Asp194 (or an aspartate at a homologous posi-
tion). Plasminogen activators belong to the group of serine proteases of the
chymotrypsin family and therefore comprise the conserved amino acid Asp194,
which is responsible for the stability of the catalytic active conformation of the
mature proteases. It is known that Aép194 interacts with His40 in the cymogenic
form of serine proteases. 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 aiso present in t-PA.

The introduction of a poirit mutation replacing Asp194 prima facie impedes the
formation or respectively the stability of the catalytic confirmation of serine
proteases. Despite this the mutated plasminogen activators show a significant



absence of fibrin, whereas in the presence of fibrin, an increase of
activity by a factor 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

cl eavage of the single chain t-PA at the peptide bond Argl5-11el6 by
plasmn, leading to the double chain formof t-PA This nutation al one

I ncreases the activation of t-PA by filBrin by the factor 12.000. For
reasons of disclosure of the t-PA nutations at positions 194 and 15, the
publ i cations of Strandberg and Madi son (1995) are fully incorporated by
reference. An increase of the fibrin dependency of plasm nogen activators
can al so be achieved by the introduction of point nutations in the so
called "autolysis loop”. This elenent is known fromtrypsine; it can al so
be found as a honol ogous part in serine proteases and is especially
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i ncr easewentionfi brin dependency of t-PAis increased by a factor up to
61. 000 (K Song-Hua et at.). Song-Hua et at. exam ned the point nutations

L420A, L420E,  S421 G S421 E, PA22A, P422G P422E, F423A and F423E. These
publ i calf grigreferred embodiment according to the invention, a mutant t-PA is used, in

which Asp194 is substituted by glutamate (D194E) or respectively by asparagine
(D194N). In these mutants the activity of t-PA is reduced 1 to 2000 fold in the
absence of fibrin, whereas in the presence of fibrin, an increase of activity by a
factor of 498.000 to 1.050.000 can be achieved. These mutants can further
comprise a substitution of Arg15 to R15E, which prevents the cleavage of the
single chain t-PA at the peptide bond Arg15-lle16 by plasmin, leading to the
double chain form of t-PA. This mutation alone increases the activation of t-PA
by fibrin by the factor 12.000. For reasons of disclosure of the t-PA mutations at
positions 194 and 15, the publications of Strandberg and Madison (1995) are
fully incorporated by reference.

An increaée 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 muta-
tions are only functionally relevant in the absence of fibrin. In the presence of



are fully incorporated by reference for disclosure of the use according to
the invention. According to a further advantageous enbodi ment a nodified
ti ssue plasm nogen activator with an am no acid sequence according to SEQ
D No. 1 (figure 13) is wused. This nodified t-PA differs fromthe wild type
t-PA by the exchange of the hydrophobic am no acids in the position 420 to
423 in the autolysis |oop as fol | ows? 14i-s420, Asp42l, Alad422 and Cys423.
This t-PA preferentially contains a phenyl alanine at the position 194.
Further the position 275 can be occupied by glutamate. Advantageously the
position 194 is occupi ed by phenyl alanine. Further, a nodified urokinase
can be used according to the invention. The urokinase according to the

i nvention can conprise the am no acid sequence according to SEQID No. 2
(figure 14) in which the hydrophobic am no acids of the autolysis |oop are
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are fully incorporated by reference for disclosure of the use according to the

invention.

According to a further advantageous embodiment a modified tissue plasminogen
activator with an amino acid sequence according to SEQ ID No. 1 (figure 13) is
used. This modified t-PA differs from the wild type t-PA by the exchange of the
hydrophobic amino acids in the position 420 to 423 in the autolysis loop as
follows: His420, Aspd421, Ala422 and Cys423. This t-PA preferentially contains a
phenyl alanine at the position 194. Further the position 275 can be occupied by
glutamate. Advantageously the position 194 is occupied by phenyl alanine.

Further, 2 modified urokinase can be used according to the invention. The
urokinase according to the invention can comprise the amino acid sequence
according to SEQ {D No. 2 (figure 14) in which the hydrophobic amino acids of
the autolysis loop are substituted by Vald20, Thrd421, Aspd22 and Ser423.
Advantageously the urokinase is carrying an tle275 and a Glu124. This mutant
shows - in compariscn to wild type urokinase - a 500-fold increased fibrin
specificity. '



common cl assification under the generic term DSPA. DSPA is disclosed in the
patents EP 0 352 119 Al and of US 6,008,019 and 5, 830, 849 whi ch are hereby
fully incorporated by reference for purpose of disclosure. DSPAy so far is
t he best anal yzed protease fromthis group. It has an ami no acid sequence
wi th 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
essential differences between t-PA and '8SPA.~ Fi rstly all DSPA has full

protease activity as a single chain nolecule, since it is - in contrast to
t-PA - not converted into a double chain form (Gardell et al., 1989;

Krat zschmar et al., 1991). Sec- ondly, the catalytic activity of DSPA is
nearly absolutely dependent on fibrin (Gardell et al., 1989; Bringmann et

al ., 1995; Toschie et al., 1998). For exanple the activity of DSPAal is
i ncreased 100.000 fold in the presence of fibrin whereas the t-PA activity
i s only Botbrreatamds 5500kinbde dsnwedrds &8 - DERA amdliyzed yn isemicesitittivabl y | ess
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dependetA.of fibrin and nmuch nore fibrin specific as wild type t-PA which is
only activated 550-fold by fibrin. -16 Because of its fibrinolytic
characteristics and thelstrong simlarity to t-PA DSPA is an interesting
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to the human t-PA. They alsc show similar physiclogical activities, leading to a

common classification under the generic term DSPA. DSPA is disclosed in the

patents EP 0 352 119 A1 and of US 6,008,019 and 5,830,849 which are hereby

fully incorporated by reference for purpose of disclosure.

DSPAw so far is the best analyzed protease from this group. It has an amino acid
sequence with a homology greater than 72 % in comparison to the known human
t-PA amino acid sequence (Kratzschmar et al, 1991). However, there are two
essential differences between t-PA and DSPA. Firstly all DSPA has full protease
activity as a single chain moleculg, since it is - in contrast to t-PA - not converted
into a double chain form (Gardell et al., 1989; Kritzschmar et al., 1991). Sec-
ondly, 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 DSPAa1 is increased 100.000 foid in the presence of fibrin
whereas the t-PA activity is only increased 550 fold. In conirast, 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.



sion led to the idea that DSPA after all may be successfully used as a
throm bolytic agent for the therapy of stroke w thout causing severe risks
of neuronal tissue damage. Especially interesting is the fact, that DSPA
can al so be used later than 3 hours after the onset of stroke synptons. A
further teaching of the present invention that evolved fromthe above
findings is the option to nodify or pridduce further plasmi nogen activators
in such a way that they reveal the essential characteristics of DSPA,
especially the lack of the neurotoxicity of t-PA The basis for this is the
I nvestigated rel ati onship between structure and bi ochem cal effects, making
It possible to transform neurotoxic plasm nogen activators into
non- neur ot oxi ¢ pl asm nogen activators and thereby to produce non-neurotoxic
pl asm nogen activators on the basis of known or newy discovered neurotoxic
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was posdraatemendof Bowetdiaiket he sensitivity of the |aboratory ani mals agai nst
kainic acid only reached the level of wild type mice after a supplenentary
application of external t-PA In caontrast, an infusion of an clp nmol ar

concent rRHPERINGLY IDBPA beraahavsthed RSRASES nreAedoteda @ffacthevepBwughor
restor e it §ifovee asm%;h veéemb@nk,él ﬁbﬁqo%g)g té WA aha e\m t6e0g§h @H@‘éh&f&@bg‘ihe
neur ot oxi A) %F 9 ){ A} Silfl1 3/ Hese
resul ts qai ’Q‘ﬁ ftHe rptalgpg es are comparable to a arge exten e abdve concl
sion led to the idea that DSPA after ali may be successfully used as a throm-
bolytic agent for the therapy of stroke without causing severe risks of neuronal
tissue damage. Especially interesting is the fact, that DSPA can also be used

later than 3 hours after the onset of stroke symptoms.

A further teaching of the present invention that evolved from the above findings
is the option to modify or produce further plasminogen activators in such a way
that they reveal the essential characteristics of DSPA, especially the lack of the
neurotoxicity of -PA. The basis for this is the investigated relationship between
structure and biochemical effects, making it possible to transform neurotoxic
plasminogen activators into non-neurotoxic plasminogen activators and thereby
to produce non-neurotoxic plasminogen activators on the basis of known or
newly discovered neurotoxic plasminogen activators.

The new teaching is based on in vivo comparative examinations of the neurode-
generative effect of t-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 examina-
tion of NMDA induced lesion of the striatum.

The kainic acid model (also kainic acid injury model) is based on the stimulation
of the neurotoxic glutamate cascade by the external application of kainic acid



Tabl e 2: Hi ppocanpal |ength intact (mm Treat nent

groupNunber Contral ateral i psitateral sidePercentage ofsidenean (SEM remai ni ng
ani mal smean (SEM) t-PA infusion (1.85 uM 1215.99 (0.208)3.63 (0.458)22. 7% +
KA DSPA infusion (1.851116.07 (0.124)13.8 (0.579)85.87 uM + KA t-PA

i nfusion (1.85 uM 316.75 (0.381)17.08 (0.363)101.97 + PBS DSPA i nfusion
(1.85315.75 (0.629)15.83 (0.363)100.501fM + PBS t-PA infusion (0.185315. 60
(0.702)5.07 (1.09)32.5 uM + KA DSPA infusion (18.5316.06 (0.176)13.80
(1.22)85.93 uM+ KA * P < 0.0001 Quantitative exam nations based on this
nodel reveal ed that even a 10-fold increase of the DSPA concentration could
not restore the sensitivity of the t-PA deficient mce to the KA treatnent
whereas already a 10-fold | ower t-PA concen- tration |ed to KA i nduced

ti ssue damages. This leads to the conclusion that DSPA possesses an at

I t 1 l.d ; 1 th
St mul at oo sran %@ﬁ?ﬁ%&@%%ﬁﬁ%ﬁ%ﬁ‘ﬁ e Ralthe Acrd BpEeiOTod i es
11 and ®8y ofitheWdDéeapd £AMbdetiutamateesartpsnel atindon t—%éeﬁggm m%zseffects
of t- PAsasmWRl 4n cREeMRBAtAMbNS iBvaIWREIR toEhbahMPR: SeRamdgNéf the

neur Ode?aebno% Otl’§f Oar}nmafs against kainic acid only reached the level of wild type mice
after a supplementary application of extermnal 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). 1t was concluded that the neurotoxic

effect of t-PA was not induced by DSPA. A summary of these results is shown in

table 2.
Table 2:
Hippocampal length intact {mm)
Treatment group Number ; Contralateral Ipsilateral side| Percentage
of side mean ( SEM) | remaining
animals | mean (SEM)
t-PA infusion (1.85 uM) 12 15.99 (0.208) 3.63 (0.458) 22.7*
+ KA
DSPA infusion (1.85 11 16.07 (0.124) 13.8 (0.579) 85.87
uM) + KA
t-PA infusion (1.85 uM) 3 16.75 (0.381) 17.08 {(0.363) 101.97
+ PBS
DSPA infusion (1.85 3 15.75(0.629) | 15.83 (0.363) 100.50
uM) + PBS
t-PA infusion (0.185 3 15.60 (0.702) 5.07 (1.09) 325
uM) + KA
DSPA infusion (18.5 3 16.06 (0.176) 13.80 (1.22) 85.93
uM) + KA
* P <(.0001

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 concen-
tration led to KA induced tissue damages. This leads to the conclusion that
DSPA possesses an at least 100 fold lower neurotoxic potential as t-PA with



conpared to wild type mce. For this purpose, NVDA (as an agonist of the
glutamate receptor of the NVDA type) was injected in wild type mce al one or
in conbination with either t-PA or DSPA. This nodel allows the conparison
of the effects of these proteases under conditions, which always lead to a
neur odegen- eration and to an influx of plasnma proteins due to the breake
down of the blood brain barrier (Chen18t- al., 1999). Wite working on this
nodel the injection of NVDA led to reproducible lesions in the striatum of
m ce. The volune of |esions was increased by a conbined injection of t-PA
and NVDA by at |east 50 % The co-injection with DSPAal in contrast did not
| ead to an increase or extension of the |esions caused by NVDA. Even in the
presence of plasnma proteins which can freely diffuse in the region of the

| esi on i nduced by NVDA, DSPA did not result in an increase neurodegen-

erati onpdgRet 8 % saRuatdh of MRl fedoddhs Bh deres 1faiMean (dRShRB

gr oupwi Ir_d-type %%e@@l ur%e%)n(O (@%M d iérgf%ohem. 85 (ttgazr?l%) LI%\/DA +

t - PA83. bgwresol heng )NVDA + DSPAS1. 656 (0.094) ** t-PA al one30.20 0.011 DSPA
al one30. 185 0.016 ~* P < 0.0001 ** Not significant -19 These results show

that fibrin-free DSPA - i.n contrast to t- - b es lik
! Pn I’the secom? model Cl)f neurodegeneration, the posgglaeveﬁectls 0 t?IQA as weli

as DSPA on the stimulation of the NMDA dependent neurodegeneration were
compared to wild type mice. For this purpose, NMDA (as an agonist of the
glutamate receptor of the NMDA type) was injected in wild type mice alone or in
combination with either t-PA or DSPA. This model allows the comparison of the
effects of these proteases under conditions, which always lead to a neurodegeri-
eration and to an influx of plasma proteins due to the breake down of the blcod
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 {-PA and NMDA by at least 50 %. The co-injection with DSPAa1 in
contrast did not lead to an increase or extension of the lesions caused by NMDA.
Even in the presence of plasma proteins which can freely diffuse in the region of
the lesion induced by NMDA, DSPA did not result in an increase neurodegen-
eration (see also table 3).

Tabie 3:
Treatment Number of Mean lesion
group wild-type mice | volume (mm®)
(SEM)
NMDA alone 8 1.85 (0.246) ”. > < 0.0001
NMDA + t-PA 8 3.987 (0.293)
NMDA + DSPA 8 1.656 (0.094) **
{-PA alone 3 0.20 (0.011)
DSPA alone 3 0.185 (0.016)

** Not significant



al nrost inert protease in the central nervous systemof a mammual and al so of
a human - and therefore does not contribute to the neurotoxic effects
caused by KA or NVDA. Despite of the prejudice against the therapeutic use
of t-PAlike proteins in stroke, this |acking neurotoxicity makes DSPA a
suitable thronbolytic agent for the treatnment of acute stroke. First
results of the clinical trials show thRd@vansferability of these results
also for the treatnent of stroke in humans. It was found that significant

I nprovenents can be achieved in patients after a successful perfusion

(i nprovenent by 8 points NIHSS or NIHSS score O to 1). Table 1 shows the
data. Table 1: PatientN HSS Basel i nePost TntDa 7Da 30Da 90sAEs
100112744*Re- I nfarction 100289200 10038101210 100484200 1005111145*
1006971** 1007146*** 20011920------ | CH, death 20021521------ | CH, death
30018765* 3002151698* 3003101921*--Death day 39 The | acki ng neurotoxicity of

DSPA anﬁ_ of the other non-neuraot oxb%gpl asm nogen activators (see above)
of fer t HAESELERHILS 8AOWNNaLEDIRTGE BREA r éneapliest trdrPhte bepaves ke @t hese

pl asm negebseriiygiodesse in theCodhfAShiervBus Rstdnt &f byRRnMmBRand igisdef a
human - and therefore does not contribute to the neurotoxic effects caused by
KA or NMDA. Despite of the prejudice against the therapeutic use of t-PA like
proteins in stroke, this lacking neurotoxicity makes DSPA a suitable thrombolytic
agent for the treatment of acute stroke.

First resuits of the clinical irials show the transferability of these resuits also for
the treatment of stroke in humans. It was found that significant improvements
can be achieved in patients after a successful perfusion (improvement by 8
points NIHSS or NIHSS score 0 to 1). Table 1 shows the data.

Table 1;
Patient NIHSS |
Baseline |PostTmt |Day7 |Day30 |[Day 90 |sAEs
1001 12 7 4 4 * Re-Infarction
1002 8 9 2 0 0
1003 8 10 12 10 *
1004 8 4 2 0 0
1005 11 11 4 5 *
1006 g 7 1 * *
1007 14 6 * * >
2001 19 20 - - —- ICH, death
2002 15 21 - - —~ ICH, death
3001 8 7 |6 5 >
3002 15 16 9 8 *
3003 10 19 21 * — Death day 39

The lacking neurotoxicity of DSPA and of the other non-neurotoxic plasminogen
activators (see above) offer the special advantage in stroke treatment that the



limted to a short maxi num period of only 3 hours after the onset of stroke.
In contrary, the treatnent 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 safe
treatment of patients even in a tinme range of over 6 to 9 hours after the
onset of stroke synptons. This option‘é¥)a tinmely unlimted treatnment with
non- neurotoxi ¢ activators is of special inpoantance, since it allows for
the first time to treat patients with acute stroke synptons safely even
when di agnosis is delayed or the onset of the stroke cannot be determ ned
with sufficient security. In the prior art, this group of patients was
excluded fromthronbol ytic therapy with plasm nogen activators due to
unfavorabl e risk estimation. Consequently, an essential contra-indication
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patients was excluded from thrombolytic therapy with plasminogen activators due
to unfavorable risk estimation. Consequently, an essential contra-indication for

the authorized use of a thrombolytic agent for stroke is eliminated.

DSPA as well as further non-neurotoxic plasminogen activators show no tissue
damaging side effects. However, it can be advantageous o apply them in
combination with a neuroprotective agent for the treatment of stroke in order to
limit the tissue damages induced by the glutamate occurring naturally in the
human body. Neuroprotective agents inhibiting the glutamate receptor competi-
tively or non-competitively can be used. Useful combinations are e. g. with the
known inhibitors of the glutamate receptors of the NMDA type, the kainic acid
type or the quisqualate type, as for example APV, APH, phencyclidine, MK-801,
dextrorphane or cetamine.

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

In a further advantageous embodiment, non-neurctoxic plasminogen activators
can be combined with at least one further therapeutic agent or with a pharma-
ceutically tolerable carrier. The combination with a therapeutic agent which



supports the reduction of tissue damage by vitalizing the cells is

especi ally advantageous, since it contributes to the regeneration of

al ready danmaged tissue or serves for the prevention of further stroke

i hci dents. Advant ageous exanples are conbinations with antibiotics as

gui nones, anticoagulants as heparin or hirudin as well as with citicholine
or acetylsalicylic acid. A conbination2dth at | east one thronbin inhibitor
can al so be advantageous. Preferentially, thronbonodulin and thronmbonodulin
anal ogs like for exanple solulin, triabin or paliidipin can be used.

Further conmbinations with anti- inflam mtory substances are advant ageous,
since they influence the infiltration by |eucocytes. Conparing exam nations
of t-PA and DSPA are nethods: 1. Animals WIld-type mce (c57/Black 6) and
t-PA deficient mce (t-PA-/-mce) (c57/Black 6) (Carneliet et al., 1994)
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period of seven _ days 1nto the hippocam  pus, mce were ahaesthetised, then
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equal volune (wv) (approx. 30-50 pm of 0,5 % NP-40 |lysis buffer
containing no protease inhibitors (0,5 % NP-40, 10 mM Tris- HCl pH 7,4, 10
mVi NaCL, A Tambing b2, with eMIeSEA)ne Thientisiaiinhieitbr @ahsalserise duvangeroned by
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leucocytes.
Comparing examinations of t-PA and DSPA are methods:
1. Animals

Wild-type mice (c57/Black 6) and t-PA deficient mice (t-PA-/-mice) (¢57/Black 6)
(Carmeliet et al., 1994) were supplied by Dr. Peter Carmeliet, Leuven, Belgium.

2. Protein exiraction from brain tissue

The assessment of proteolytic activity in brain tissue following infusion of either t-
PA or DSPAx1 was performed by zymographic analysis (Granelli-Piperno and
Reich, 1974). After an infusion over a period of seven days into the hippocam-
pus, mice were anaesthetised, then transcardially perfused with PBS and the
brains removed. The hippocampus region was removed, transferred to eppen-
dorf 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 MgCi2, 1 mM EDTA). The brain extracts were
homogenized by means of a hand-held glass homogeniser and left on ice for 30
minutes. The samples were then centrifuged and the supernatant was removed.
The amount of proteins present was determined (Bio-Rad-reagent).



The proteolytic activity in the sanples and the brain tissue extracts was
deter- mned by zynographic analysis according to the nmethod of G anefli,
Pi perno and Reich (1974). The sanples with reconbi nant proteins (up to 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

pl ates, washed in 1 % triton X 100 for22- hours and then overlaid onto an
agarose gel containing polynerized fibrinogen and pl asm nogen (G anelli,

Pi penro and Reich, 1974). The gels were incubated at 37Cin a humfied
chanber until proteol ysed zones appeared. 4. |ntra-hippocanpal infusion of
t- PA, DSPA and subsequent injection of kainic acid The kainic acid injury
nodel was based on studies of Tsirka et a). (1995). The animals were
injected intraperitoneally (i. p.) with atropine (4 ng/kg) and then
anaesthetised with an i. p. injection of sodium pentobarbitol (70 ng/kg).
After- wards mce were placed in a stereotaxic frane and a m cro-osnotic
punp (AlZetZymegraphiconTaysiaiof éie proteas?y contai ning 100 pl of either PBS or
reconbi nant human t-PA (0,12 ng/m, 1,85 NM or DSPAal (1,85 NM was

i npl ant subcu- taneogusly between the shoul der bl ades. The purrpé
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he gels were incubated at 37°C in a humified chamber until proteolysed zones

appeared

4. Intra-hippocampal infusion of t-PA, DSPA and subsequent injection 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). After-
wards mice were placed in a stereotaxic frame and a micro-osmotic pump (Alzet
mode! 1007D, Alzet CA. USA) containing 100 ul of either PBS or recombinant
human t-PA (0,12 mg/ml, 1,85 pM) or DSPAa1 (1,85 uM) was implanted subcu-
taneously between the shouider blades. The pumps were connected via sterile
tubes to a brain cannula and inserted through a burr opening made through the
skull at coordinates bregma -2,5 mm, midiolateral 0,5 mm and dorsoventral 1,6
mm in order to introduce the liquid near the midline. The cannula was fixed at the
desired position and the pumps were allowed to infuse the respective solutions
at a rate of 0,5 y! 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 (KA) in
0,3 pi PBS was injected unilaterally into the hippocampus. The coordinates were:



toxin (KA) was delivered for a duration of 30 seconds. After the kainic acid
treatnent the injection needle remained at these coordinates for further 2
mnutes in order to prevent a reflux of the liquid. 5. Brain processing
procedure Five days after KA injection, the animls were anaesthetised and
transcardially perfused with 30 mM PBS followed by 70 mM of a 4 %

par af or mai dehyd sol ution, post fixed-28¢the sane fixative followed by

i ncubation in 30 % sucrose for further 24 hours. Coronal sections (40 pm
of the brain were then cut on a freezing mcrotone and either
counter-stained with thionin (BDH, Australia) or processed for

i mmunohi st ochem cal exam nation as descri bed below. 6. Quantification of
neuronal |oss within the hippocanpus The quantification of neuronal |oss in
t he CAl - CA3 hi ppocanpal subfields was perforned as previously described
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microtome and either counter-stained with thionin (BDH, Australia) or processed

for immunohistochemical examination as described below.

6. Quantification of neuronal loss within the hippocampus

The quantification of neuronal loss in the CA1-CA3 hippocampal subfields was
performed as previously described (Tsirka et al., 1995; Tsirka et al., 1996). Five
consecutive parts of the dorsal hippocampus from all treatment groups were
prepared taking care that the parts indeed comprised the place of the CA-
injection and lesion area. The hippocampal subfields (CA1-CA3) of these
sections were traced by means of camera lucida drawings of the hippocampus.
The entire lengths of the subfields was measured by comparison fo 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.

7. Intra-striatal NMDA excitotoxic lesions with or without t-PA or DSPA



pM DSPAal. As controls t-PA and DSPA were al so injected alone (both at a
concentration of 46 pM. The injection coordinates were: bregma -0,4 mm

m di ol ateral 2,0 mm and dorsoventral 2,5 mm The solutions (1 pl total
volume for all treatnments) were transferred over a period of 5 minutes at a
rate of 0,2 pl/mn and the needle was |left in place for further 2 m nutes
after the injection in order to mnimze the reflux of fluid. After 24
hours the mice were anaesthetised and2ferfused transcardially with 30 ni
PBS followed by 70 mM of a 4 % paraformal dehyd sol ution, post fixed in the
sane fixative for 24 hours with followed by incubation in 30 % sucrose for
further 24 hours. Brains were then cut (40 pm on a freezing mcrotone and
nounted onto gelatin coated glass slides. 8. Quantification of the |esion
vol ume followi ng NVDA injection The quantification of the striatal |esion
vol une was perforned using the nethod described by Callaway et al. (2000).
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paraformaldehyd solution, post fixed in the same fixative for 24 hours with
followed by incubation in 30 % sucrose for further 24 hours. Brains were then cut
(40 pm) on a freezing microtome and mounted onto gelatin coated glass slides.

8. Quantification of the lesion volume following NMDA injection

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

9. Immunohistochemistry

Immunohistochemistry was performed using standard methodelogies. Coronal
sections were immersed in a solution of 3 % H,0, and 10 % methanol for 5
minutes followed by an incubation in 5 % normal goat serum for 60 minutes. The
sections were incubated over night either with an anti-GFAP antibody (1:1.000;
Dako, Carpinteria, CA, USA) for the detection of astrocytes, with an anti-MAC-1
antibody (1:1.000; Serotec, Raleigh, NC, USA) for the detection of microglia or
with polyclonal anti-DSPA antibodies (Schering AG, Berlin). After rinsing, the



i ncubation with avidin/biotin-conplex (Vector Laboratories, Burlingame, CA,
USA) for 60 m nutes before visualisation with 3,3 -di am nebebci di ne/ 0, 03 %
H202. Sections were then nmounted on gelatin coated slides, dried, dehydrated
and coverslipped with pernount. B. Results 1. Infusion of t-PA or DSPA

di sperses into the hippocanpus of t-PA -/- mce and retains proteolytic
activity The initial experinents were €d2Sikgned to confirmthat both DSPA and
t-PAretain 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 Cand at 30C for 7 days in a water bath. In order to determ ne the
proteolytic activity, 5 fold serial dilutions of the probes were subjected
t o SPS- PACE under non-reducing conditions and proteolytic activity was
assessed by zynographi c anal yses. An aliquot of t-PA and DSPA which had
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The initial experiments were designed to confirm that 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 nmol) were incubated at 37 °C and at 30°C for 7 days in
a water bath. In order to determine the proteolytic activity, 5 fold serial dilutions of
the probes were subjected to SPS-PAGE under non-reducing conditions and
proteolytic activity was assessed by zymographic analyses. An aliquot of t-PA
and DSPA which had been kept frozen for a period of 7 days was used as a
control. As can be seen in figure 1 there was only a minor loss of DSPA or t-PA
activity at an incubation with either 30°C or 37°C over this period of time.

2. t-PA and DSPA activity is recovered in hippocampal extracts prepared 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 transcardially perfused
with PBS and the brains removed. The ipsilateral and contralateral hippocampal
regions were isolated as well as a region of the cerebellum (taken as a negative
control). Tissue samples (20 pg) were subjected to SDS-PAGE and zymographic



t he hi ppocanmpus, while some activity was al so detected on the contral ateral
side. This indicates that the infused proteases not only retained their
activity in the brain but had also diffused within the hi ppocanpal region.
As a control, no activity could be detected in the extract prepared from

t he cerebellum 3. | nmunohi stochem cal assessnent of DSPA To further confirm
t hat DSPA had i ndeed diffused into the2@ippocanpal region, corona) brain
sections of t-PA -/- mce were anal ysed i mmunohi stochem cally after DSPA

i nfusi on. DSPA-anti gen was detected in the hippocanpal region with the nost
prom nent staining in the area of the infusion site. This result confirns
that the infused DSPA is soluble and is indeed present in the hi ppocanpus.
4. DSPA i nfusion does not restore kainic-acid nedi ated neurodegeneration in
vivo t-PA -/- mice are characteristically resistant to kainic acid (KA)
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coronal brain sections of t-PA -/- mice were analysed immunohistochemically

after DSPA infusion. DSPA-antigen was detected in the hippocampal region with

the most prominent staining in the area of the infusion site. This resuit confirms

that the infused DSPA is soluble and is indeed present in the hippocampus.

4. DSPA infusion does not restore kainic-acid mediated neurodegeneration in
vivo

t-PA -/- mice are characteristically resistant to kainic acid (KA) mediated
neurodegeneration. However, intrahippocémpal infusion of rt-PA completely
restores the sensitivity to KA-mediated injury. To determine whether DSPA could
be substituted for {-PA in this model, t-PA -/- mice were infused intrahipocampi-
caily with either -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 stain-
ing. As shown in figure 4, 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



A quantitation of those results was based on data obtained from12 mice in
each group. In 2 of the 12 mce infused with DSPA a small extend of

neur odegenera- tion was observed. The reason for that in unclear and
possibly not related to the presence of DSPA. The conbi ned data consi der
this mnor effect that was observed in the case of these 2 animals. Al 12
mce treated with t-PA were sensitive2dgai nst the KA treatnent. These
results show that in case of an infusion of t-PA or DSPAal in equi nol ar
concentrations only the admnistering of t-PAled to the restoration of
sensitivity to KA induced neurodegeneration. 5. DSPA infusion 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 assess the degree of mcroglial
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5. DSPA infusion does not result in microglial activation

The restauration of the KA sensitivity of the t-PA -/- mice caused by a t-PA
infusion also results in a microglia activation (Rogove et al., 1999). To assess the
degree of microglial activation following t-PA or DSPA infusion and subsequent
KA treatment, coronal sections of mice were subjected to an immunchistochemi-
cal staining for activated microglia cells using the Mac-1 antibody. The restaura-
tion of KA sensitivity following t-PA infusion resuited 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 concentration
described by Tsirka et al. (1995) (100ut of 0,12 mg/ml [1,85 pM]). The KA-injury
experiments were repeated using a 10-fold lower of t-PA (0,185 uM) and a 10-
fold higher amount of DSPA (18,5 uM). The lower t-PA concentration 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



7. Effect of t-PA and DSPA on NMDA- dependent neurodegeneration in wild "type —

m ce The effects of t-PA and DSPA were al so exam ned in a nodel of

neur odegen- eration in wild type mce. The injection of t-PAin the striatum
of these mice provably led to an increase of the neurodegenerative effects
caused by the glutamate anal ogue NVMDA (Nicole et al., 2001). NVDA was
injected into the striatal region of w.l.d type mce in the presence of t- PA
or DSPA (each 46 pM with a total voluf® of 1 pl. After 24 hours the brains
were renoved and the size of the |esions was quantified according to the

Cal |l away nethod (Call away et at, 2000) (see above). As can be seen in figure
7, injection of NMDA al one caused a reproducible lesion in all treated m ce
(N=4). \When 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 NWMDA and the sane concentration of DSPA did not |lead to an
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i mmunohi st 8A%M& ry was performed on coronal sections by use of the DSPA
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glutamate analogue NMDA (Nicole et al., 2001). -

NMDA was injected into the striatal region of wild type mice in the presence of t-
PA or DSPA (each 46 pM) 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 neurodegeneration.
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 neurodegenerative event.

In order to confirm that the injection of DSPA had indeed spread into the
hippocampal region, immunohistochemistry was performed on coronal sections
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



M-J., Sanbrook J.F. (1989) Nature 339 721-724; Madison E.LO, Goldsmth
E.J., Gething MJ., Sanbrook J.F. and Bassel-Duby R S. (1990) Proc. Natl.
Acad. Sci U S:A 87, 3530-3533 as well as Madison E.L., Goldsmth E. J.,
‘Getthing M J., Sanbrook J.F. and Gerard R D. (1990) J. Biol. Chem 265,
21423-21426. Tests were perforned both in the presence and absence of the
‘co-factor DESAFIB (Anerican Diagnostical9 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

Arg96-d yl1l7-binding in the AU-chain of fibrinogen and thereby rel eases
fibrinopeptid A. The resulting des-AA-fibrino- gen representing fibrin |
;nmononers is soluble in the absence of the peptide Gy- Pro-Arg-Pro. The
concentration of Lys-plasm nogen was varied fromO0,0125 up to 0,2 pMin the
presence of DESAFIB and fromO0,9 to 16 pMin absence of the co-factor.
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activating fTAactor for thé treatnent of Stroke, ereln bri n
“speci fi ci IFSBY Waie PPESHTAGgRANad i thet PrRpanset andi abseman dtheormo-i3sisd t o

wild typeDESHFIB (American Diagnostica). DESAFIB is a preparation of soluble fibrin
monomeres gained by the cleavage of highly pure human fibrinogen with the
protease batroxobin. Batroxobin cleaves the Arg*®-Gly'-binding in the Ac-chain
of fibrinogen and thereby releases fibrinopeptid A. The resuiting des-AA-fibrino-
gen representing fibrin | monomers is soluble in the absence of the peptide Gly-
Pro-Arg-Pro. The concentration of Lys-plasminogen was varied from 0,0125 up
to 0,2 uM in the presence of DESAFIB and from 0,9 to 16 uM in absence of the
co-factor.

Indirect chromogen tests in the presence of different stimul.

Indirect chromogen standard tests were performed according to the publications
cited above. Probes of 100 pt fotal volume containing 0,25-1 ng enzyme, 0,2 uM
Lys-plasminogen and 0,62 mM spectrocyme PL were used. The tests were
performed either in the presence of buffer, 25 ug/ml DESAFIB, 100 pg/mi
cyanogen bromide fragments of fibrinogen (American Diagnostica) or 100ug/mi
of the stimulatory 13 amino acid peptide P368. The analysis were performed in
microtiter-plates and the optic density was determined at a wave length of 405
nm every 30 seconds for 1 hour in a "Molecular Devices Thermomax". The
reaction temperature was 37 °C.
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New Claim 1:

Use of a plasminogen activating factor for the treatment of stroke, wherein
the fibrin specificity of the plasminogen activating factor is enhanced com-
pared to wild type t-PA.



