, e3e$@ 6@ W "Non-neurotoxic plasm 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 Deilmwm« ml ,IMMME
(DSPA) preferentially for the treatnment of stroke. Diff

pi ctures are summari zed under the term 2stroke” which correkati«in their
cl.inical synptons. According to the respective pathogenesis a first

naeror Thagi ¢ | nsul s 18 possi ble, 1 schaem c | nsul U (i sONMGIMMIIGI <

characterized in a reduction or interruption of the blood ciggdd.ation in
the brain due to a lack of arterial blood supply. Oten this is caused by
t hronbosis of an arteriosclerotic stenosed vessel or by arterio arterial,

respecti vel Y e (bt Blalsifioad R RIAHPAThEtOrS ittt rafRRd: | Nt er alia
on the perfo omn rarm suppryrng a

hypert oni a. Hovvever, only approximately 20 % of all cerebral |nsults are
caused by haenorrhagic insults. Thus, stroke due to thrombosis is nuch
nore relgvant. In conpatison . to t her tissue i.schaem as t.he ischaem a of
the. neur bfgI NipRERTE PRAAIISI P $e BerPaMtisduss OfaiasapurQipxi Hlasmyries

cel Ihs. hThetNat@isesrspectd||9efm tioé salva ostesmdueuotnmfust(pre) prefereatialip| ai ned
with the of the phenonenon "excitotoxicity" which is a
conpl ex fcoggﬁlgﬁ'gg%%ﬁ‘%tﬁbg( a plurality of reaction steps. The cascade is
initiated by ischaem c neurons affected by a | ack of oxygen which then | ose
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activated 3
ofrhagic insults is possible.

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

Haemorrhagic insuits 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 lose 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.



G utamate receptors regul ate vol tage dependent cation channels which are
opened by a binding of glutamate to the receptor. This results in a Na+ and
Ca2+ influx into the cell massively disturbing the Ca2+ dependent cellul ar
nmet abolism Especially the activation of the Ca2+ dependent catabolic
enzynmes could give reason to the subseqg@ent cell death (Lee, Jin-M et al.,
"The changi ng | andscape of ischaem c brain injury nechanisns"; Dennis W
Zhol "d utamate neurotoxicity and di seases of the nervous system').

Al t hough the nmechani sm of gl utamate nmedi ated neurotoxicity is not yet
entirely understood it is agreed upon that it contributes in a |arge extent
to the neuronal cell death follow ng cerebral ischaema (Jin-M Lee, et

al .). Besides safeguarding vital functions and stabilizing physiological
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St roke Tr|aI ( ECASS) patlents wer e treated vmthln atinme 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
Bart hel -1 ndex were exam ned as an Index for the disability or the
i'ndependent viability of patients. No significant inprovenment of the
viability was reported but an - even though not significant - increase of
mortality. Thus, it could be concluded;4a thronbolytic treatnment with rt-PA
of- patients being individually selected according to their respective case
hi story immediately after the beginning of the stroke could possibly be
advant ageous. However, a general use of rt-PAwithin the tinme frane of 6
hours after the onset of stroke was not recommended since an application
during this tine increases the risk of intracerebal haenorrhage (ICH (C
Lewandowski C and W I iam Barsan, 2001: Treatnent of Acute Stroke; in:

Annal s OEIeEVEéél‘bF@d’ud’t@@if‘ﬂbﬂﬁ (RBFriR deéra@éi%ﬁ brdducﬂﬁwmpy)cafaoétwﬁulgnﬁ eat nent
of strokg,was al so subject of a clinical trial conducted by the i onal

I nstit ut BPof Neur ol ogi ¢ Di sorder and Stroke (so called NI N DS rtPA St roke
Trial) in the USA. This trial concentrated on the effect of intravenous

rt-PA tr f e ons.
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effects of rt-PA treatnent within three hours after the onset of stroke
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the firs ter r oke e tota er of either dead or
di sabl ed patients was reduced when the thronbol ytica where applied within
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therapy Wwthrt 'S e only treatnment o rebral 1 schaem a
appr oved tes: he Food and Drug Administration (FDA) in the USA. However, it
is restricted to an application of rt-PA within three hours after the

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 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



onset of stroke. 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
applied in stroke treatnment outside the three hour tine franme. Accordingly,
mcroglia cells and neuronal cells of tbe hi ppocanpus produce t-PA which
contributes to the glutamate nedi ated excitotoxicity. This is concl uded
froma conparative study on tPA deficient and wild type m ce when gl utamate
agoni sts were injected in their hippocanpus, respectively. The t-PA
deficient mce showed a significant higher resistance agai nst external
(inthrathecal) applicated glutamate (Tsirka SE et al., Nature, Vol. 377,
1995, "Excitoxin-induced neuronal degeneration and sei zure -7_are
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DSPA being a suitable drug for stroke treatnent. Instead, recent strategies
aimng to inprove known thronbolytic treatnents try to apply the
t-hrombol yti ¢ substance no | onger intravenously but intraarterially via a
catheter directly close to the intravascul ar thronmbus. First experience is
avai l abl e with reconbi nant produced urogi-nase. Thus, possibly, the
necessary dose for thronbolysis and therewith negative side effects could
be reduced. However, this application requires a high technical expenditure
and is not avail able everywhere. Furthernore, the patient has to be
prepared in a tine consumng action. Tinme, 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 acti ' 3 0l ng-.ﬂ- : it ty. - VA : et her
clinical g@%ﬁéﬁ%%%rgnm‘lgﬁéglﬁteﬂg ée@gg’t?ésp tof g‘ﬁ?ﬁ%}\ttgrﬁnﬁiﬁo%h\ﬁqgttlrh%ke
Trial (1%erapnal myogardiealdnptargotvan Giin sk MR, ERWRe199@ atGitaationch@lg,) nhow
_g_ everg3dmpryeipdi cate a significant inprovement of nortality or a
prevention of stroke. A further new treatnent focuses neither on thronbus
nor on bl ood thinning or anti coagul ation but attenpts to increase the
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t- PA (see above). A concept to reduce excitotoxicity is therefore to apply
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(antagoni stic action) of the glutamate receptor of NVDA type is possible
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neur opr ot ect.i ves have not shown the expected success, possibly because

V.
neur opr oPBRRL AfSIrAKEd (0 be combined with thrombol ytic agents = -10 in order
to exhibit their protective effects. This applies to other substances (see

al'so fi 9Yhe 3‘8 roval of rt-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 gluta-
mate mediated excitotoxicity. This is concluded from a comparative study on t-
PA deficient and wild type mice when glutamate agonists were injected in their
hippocampus, respectively. The t-PA deficient mice showed a significant higher
resistance against external (inthrathecal) applicated glutamate (Tsirka SE et al.,
Nature, Vol. 377, 1995, "Excitoxin-induced neuronal degeneration and seizure



Even a conbi nati on of t-PA and neuroprotective agents results only in a
limted damage. Neverthel ess, the di sadvant ageous neurotoxicity of the
fibrinolytic agent as such is not avoided. It is therefore an object of the
present invention to provide a new therapeutic concept for the treatnent of
stroke in humans. According to the invelitiion the use of non-toxic

pl-asm nogen activating factors is suggested as outlined in claiml1 for the
t herapeutic treatnent of stroke. Further advantageous uses are subject of

i ndependent cl ains, respectively, as well as of further dependent clains.
The central idea of the invention is the use of a plasm nogen activator in
the treatnent of stroke, of which the mature enzyne exhibits an activity,
which is selectively increased by fibrin manifold, nanely nore than the
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famly consi st i nter ds aspartate tidine

40 and sevtamat@zreqqmrvef the MDA tmele@@w R @Laayagerp f NRA. vilig inbel ongs
also to éﬁé‘éséﬁrfhé)/re@épwﬂlsnﬁéti\&wsﬂe@aIt||ngkm éEnglﬁl@r ﬁésileeaéﬁ%gel\bﬁ@rr ighess, it
is known hat th ﬁh@ﬁét %g eé{ ﬁﬂﬂ Egtlve PA.fo theug @gse of

i ntroduc A9 YRS tFRP1RRo v BA2pg4is t'n%u%qq X Ytion
results Thusa, trleA exbibitsc neutojoxi€ effeet Ipy actvatingethé glutghwate InaceptbPéx) thend to
an incre éVIty of the mature enzynme (double chain t-PA) in the

presence o f| rin. Therefore, the introduction of at |east one amno acid
of the triade - or of an amno acid with the respective function in the
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and of AbblapgninhCelled1,(9PBIEF).| eads to a 20-fold increase of the
cynogenity, whereas the variant F305H alone already leads to 5 tines higher
cynogentity (EL Madisqg Kobe A, Gething MJ; Sanbrook JF, Coldsmth EJ
1993: c;oﬁmmaazmgs%@neppgmﬁ %&éﬂﬁ%\di'%%wqt@“ﬁ eﬁ?ﬁb@fehPAAS SRR B or y
Triad of figse 9'|I'IEhe$§Tn, alS6 itked Afored$sd tokidity‘ofthe retdmbit@nPt-PREESR Qfedtobrl n

t hese tPA ant w an actiyvit ncr.ease, of and
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conpri seeatesluﬁettlssue||mh|gm|bergQ§rﬁratmr8275E in order to prevent cI eavage by
plasm n at the cl eavage site Aug275-11e276, thereby converting the single
chain t-PA to the double chain form The nmutant site 8275E alone |eads to a
6. 900 f oPespite itsnauretoxicside; effect anskis inegrpagingreffeaban therensmiality t-MAdi son
EL 1995: wYardrpbved by ‘quvh.s cér?ohﬁ/p@e @xBl%’ﬂé%PB?'ihé\%éW@f Hérrmlasgmda spl ay
Substantially Enhanced Stimul ation Fibrin, 1n? Journal of Biological
Chemi stry 270, 31: 18319-18322).



The positions 305 and 292 of t-PA are honol ogous to the positions H s40 and
Ser32 of the known triade of the chynotryptic serine proteases. By the
correspondi ng substitutions introducing histidine or respectively serine,
these amno acids can interact with the aspartate477 of t-PAresulting in a
functional triade in the t-PA nutants {Bkdison et al., 1993). These t-PA
nmuat ants can be used for the treatnent of stroke according to the invention
because they show no or - conpared to wild type t-PA - a significantly
reduced neurotoxicity due to their increased fibrin specificity. For the
pur pose of disclosure of the nentioned t-PA nutants F305H, F305H; A292S

al one or in conbination with R275E we incorporate the publications of

Madi son et al., (1993) and Tachi as and Madi son (1995) hereby are fully
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formof serine proteases. After the cynogene is activated by cleavage this
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accordi ”@SIF? hﬁ?‘gh@gﬁf%‘%‘;" gbe%tﬁk‘rélft%ﬁt@%n nbodi nent according to the

i nvention, pl94 is substituted by
glutamate (D194E) or respectively by asparagine (D194N). In these nutants
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fibrin dEJERBGRSIP: dhe malient Bsdn be:Brapaed &1 éxHme CosVEnag iACkoRd T19e he

i nt r oduchoweaver, i9often limited! Thos, the pgrepaationProddes fortan gdditiohalaisk. Thi s
el ement is known fromtrypsine; it can also be found as a honol ogous part
in serine proteases and is especially characterized by three hydrophobic
am no ac Pdasentlyy newr cormeptsars diréttedatot anticoagulanig such @isdweparing@spirin
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-14 fibrin, they, in contrast, are responsible for an increased activity of
t he pl asm nogen activators (K Song-Hua, Tachias K, Lanba D, Bode W Madi son
EL, 1997: ldentification of a Hydrophobic exocite on Tissue Type

Pl asm nogen Activator That Mdul ates Specificity for Plasm nogen, in:
Journal of Biological Chem stry 272; 3;91811-1816). In a preferred

enbodi nent t-PA is used show ng point nutations in the positions 420 to
423. |1f these residues are substituted by directed nutagenesis this

i ncreases the fibrin dependency of t-PAis increased by a factor up to

61. 000 (K Song-Hua et al.). Song-Hua et al. exam ned the point nutations
L420A, L420E, S421 G S421 E, P422A, P422G P422E, F423A and F423E. These
publications are fully incorporated by reference for disclosure of the use
accor di ngyéro dohRol m(ﬁ‘éﬁtéoé‘ sigMicarli mré&braeﬁvbif nsSrtaARly ¥ LR pRaVEHtIBRPECI ment
a nDdlfled i ssue plasm nogen activator wth an am no aC|d seqguence
accordlnﬁr?ﬁesEQ ID No. 1 (figure 13) is used. This nodified t-PA differs
fromthe wild type t-PA by the exchange of the hydrophobic am no acids in
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speci fi cPB27i83onpari son to the wild type tPA. The pl asninogen acti vator

(DSPA) fromthe saliva of the varrpl re bat (Desnpdus rotundus) al so shows a
ghly |§§reased activity in the ence of fibrin - in sgecific a

100 000- REFENG fESFaELLON PRlR Ireatrpent ip dagee Prptherngw iipding thaharartphither o t he
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cach ot hekeiftidhitity Is'¥hiehtBRES aphy. I3 ABuRItMeRvAs. ey%?ﬂ Bb e

act|V|t|es IeadI catlo eneric term DSPA.
DSPA i s ae%%\a&wnm qqa@olaatﬂfahwhdtbrm%w qg@“ﬁl‘"aﬂf@%io ORNFIBe NEYD and

g 83? 84fbxid effbctel Th r@ww‘adl toyalr@@gc@@r@bn@tobzwuty@w'eermmﬂpre guapase of
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Aa_soO i.s the, best nal asef omthis group. It
has an aﬂfh%“ d'eg%QfBEn%%tagPP'ﬁt e} § §¥eﬁl'@? @91a¥P'{?§e%dﬁReE§% ri son
to the ksodvanhumeaicmrrPéhmneis(ﬂmMoteqw&rﬁea aKdat zschmar et al, 1991 ).
However, there are two essential differences between t-PA and DSPA. Fi rstly
all DSPA has full protease activity as a si n | e chain nolecule, since it is
- in conArmpetﬂlvsiInhlblthm(arﬁa@msﬁ/@actm)oof dheqlulamatadeaeptor of NBdPAel | et

?)|SPA Ilgsfélggﬂsa 6§§iB[€ire tv\ﬁth 2- r?hziﬁfé E()) nh?‘?%ﬁl?ﬁi\t%h APV?'(YII QCarﬂth'-ElJ ty of
Br | ngmanANetPhgnohep &ggﬁﬁ oAgHomPompedliys Inniion,cane SEHEVER @i ty. of
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acti vi C i vi is

consi de)rlg%mgggég b%té@%g&g"ﬁ?ﬁgu%gw &f)ﬁ %’Eﬂ%ﬁ%or g&%ﬁgﬁét onlz shows a 7
to 9 fold increase (Bringmann et al., 1995). In conclusion, DSPA is
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pOSSIb|y because neuroprotectlves had to be comblned with thrombolytic agents



Because of its fibrinolytic characteristics and the strong simlarity to
t-PA, DSPA is an interesting candidate for the devel opnent of a

thronmbol ytic agent. Despite this, the therapeutic use of DSPA as a

t hronbol ytic agent was restricted to the treatnment of nyocardi na

infarction in the past, because - due-tf@ the contribution of t-PA to the
glutamat e i nduced neurotoxicity - no justified hopes existed, that a

pl asm nogen activator which is related to t-PA could reasonably be used for
a treatnment of acute stroke. Surprisingly it has been shown that DSPA has
no neurotoxic effects even though it shows a high resenbl ance (honol ogy) to
t- PA and even though the physiol ogical effects of the nolecules are
conparable to a |l arge extent. The above conclusion led to the idea that
DSPA af tiWor@bP RN thURGSORICVL erteeR! Tifs %ﬂghé@'i@@tﬁéﬂ Sutdaided @eet he
therapy o §tro i W thout ‘causi ng severe risks of neuronal tissue danage.
EspeC|aI?§° gllng is the fact, that DSPA can al so be used |ater than 3
hours after the onset of stroke synptons A further teaching of the pr esent

inventio t ey bove findings is the n. to fy or
pr oduce Bt RerSPingiPn A dPA SRR PerdReb e Aot taerpSe REPNBF, S FEDE ”  ne
essent i atlambgeadyevertheless, otheDdivadvastagsioas! neuradokiaitk off thmeflbrmmlyit(:oxi city
of t-PA #%sﬁi s the investigated rel ati onship between
structur ed-%ﬁ %‘%ﬂoétgpb ect s, making it possible to transform

neur ot oxi ¢ pl asm nogen activators into non-neurotoxic plasm nogen
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t he basi s of k |scovered neur ot oxi ¢ pl asm nogen activators.
The new FMER E@%?%ﬁ?@@&n\gﬂ pthoks Ubh%ﬁﬁﬁr ative exam nations of the

neur odegener ati ve effect of t-PA on one side and of DSPA on the other side

For “t no. SESSHIR fEfeivaRict? id fied 87 ML BRcGRaBnibaRE adafing Factel B C aci o
nodel (agyggasiedias audlined i caim Motosithe itbetapssitic dreatment of stroke.i burther t he
neur ot oxh&§vaHtH§Eow Gs@@ﬁf@&?ﬂé&t SMRdEYdridetlciapi! k&s?ﬁécﬂOel Fa&@lelids i d

-17 (144 n agqni st | ut amat e r ecept or the kainic acid type
(KA typeg f@\?&%@fbeﬁﬁ%ﬂwﬁm%nd AVPA gl ut anat e receptors Using a t-PA
deficient nouse stemas an experinental nodel it was possible to show that

Lhe 1 evel N roanef 9 81 A8 dhdadtion BVUIE bBe e AgsrioBel ARR e nat
t- PA. | ntreatmentsof, stsoke, ndfushioh tite matmwennyme mmmanaact;vnyo?vhmm under
the sanme aé?@ém%%@ésm&ggwnﬁgfmﬁ@? rﬂf?ﬁ %’%rtﬁﬁ‘g@?%@'sf? vity to kainic

acid (KA? s conclu neuro oXIC e -PA was not
i nduced by DSPA. A summary of these results is shown in table 2. Table 2:

SH: gggg ?gpﬁlta |u%@9$fhhe Ml RPhinOHER Bbﬂ@étﬁ%lécairawrsmngnﬁ@éﬁtrow atb%rsébld?ﬁmeaE ir 315
M) 1215, GUOQEREIRIGE D 1o 35508 SAiae BAPR HYAFLGa oo Y B5oka ig)plodd

(0. 124) 1Brain parrietdsstarBdgdd or Kistidped nThas ofibrirlogeh cikduBattng’ th e Bivbd) 17. 08
0. 363) 1Q 9) 50uM +
baise < ph b gher A Mg obliEl ﬁa&%ooiﬁﬁéﬁoﬂ@%@M%%%é%ﬁ%ﬁus. on
(18. 5316indaectly by @ctivatim the g atgareceplorox plasminagepooresaitain ifurdier e
exam nat figdife 8amageClh bRidr tBRAR)id iRy e tﬁélmvewen s%:gb@sfsomé ué@bﬁése of

t he DSPA concent ration. cou sensitivity of - PA
HoT i o enPloRTIanEy) HBAIG WhEh RN BHE S IRAVEATY 158 SPYiDVerSIAEs the. pa
concent r aigudtiented hiae KAetnced gbténtist e bHeragivated! lblySfIH)mﬁﬁbént OTHU%E this
concl us! Blshfifbod BAPRER RoREC - 37 dimpiaa'io™2Ba’ & abPUGESERHAR) RELC
activated by fibrinogen entering from the blood into neuronal tissue as a result of
damaged blood brain barrier, since t-PA’s activator fibrin cannot enter the
neuronal tissue due to its size. The plasminogen activators according to the

invention therefore are non-neurotoxic.



-18 respect to the stinulation of the neurodegeneration after

(see also figures 11 and 12). In the second nodel of neurodegeneration,

possi ble effects of t-PA as well

dependent neur odegeneration were conpared to wild type mce. For this
NMDA (as an agoni st of the gl-utfasrate receptor of the NVDA type)

pur pose,
was injected in wild type mce al one or
DSPA. Thi s nodel

under conditions,

as DSPA on the stinulation of the NVDA

KA treat nent

t he

In conbination with either t-PA or
all ows the conparison of the effects of these proteases
whi ch al ways | ead to a neurodegeneration and to an infl ux

of plasma proteins due to the breake down of the blood brain barrier (Chen

et al.,

1999). Wile working on this nodel the injection of NMDA | ed

to

reproduci ble lesions in the striatumof mce. The volunme of |esions was
I ncreased by a conbi ned inj ection of t PA and NVDA by at |east 50 %

co-injec
ext ensi

i on V\Ilth DSP. i trast not dto a ncr.ease or
cqrdine fo & peaterred, ABRoBManel they iyenfion BoRTeKE HasBinadess

The

ma

pr ot ei nsagtivatdrscare fused! wﬁiclﬁfmﬂpnge tdtelenstione elernbat |o¢Sl1henso nchll@eld by

SPA di d bl
B rani ©19064E Jiade A botielhikrFaiesR RIcWBRIRC L aRtdid S8R ohe ©
(nMmB) SESéHiiaA mbtmses @b tite hyntotRypsine family Ndansisting: PASBres tnieragisgVDA +

DSPA81. 63
Not si gni

not exist in t-PA which belongs also to the family of chymotrypsine 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 introduction 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 (A2928S) 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, A292S) respectively. In addition these mutants comprise a
substitution of Arg275 to R275E in order to prevent cleavage by plasmin at the
cleavage site Aug275-1le276, thereby converting 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-

I?lll% Qf% aspaRaté 94 eriltidile P drda sBRfé 32! fidwvever, ‘tﬂlsl@édécﬁdys@ i



-19 These results show that fibrin-free DSPA - in contrast to t-PA -
behaves |i ke an alnost inert protease in the central nervous system of a
mpnmal and al so of a human - and therefore does not contribute to the
neurotoxi c effects caused by KA or NVDA. Despite of the prejudi ce agai nst
the therapeutic use of t-PA |like proteitis-in stroke, this |acking
neur ot oxi city makes DSPA a suitable thronbolytic agent for the treatnent of
acute stroke. First results of the clinical trials show the transferability
of these results also for the treatnment of stroke in humans. It was found
that significant inprovenents can be achieved in patients after a
successful perfusion (inprovenent by 8 points NIHSS or NIHSS score 0 to 1
). Table 1 shows the data. Table 1: Patient Nl HSSBasel i nePost Tnt Da 7Da 30Da

L0571 a0o B A0 P8O SR DRI Tkl MR ShLttRy 7057

deat h3002% %%UM@PB@%G%@BQGQ@?& BHH’Etﬁy 339 &Y HIX1BIEANg neurotoxicity

of DSPA and of the other non-neurotoxic plasm nogen activators (see above)
ff th I k t t t the,. - f th

ol asni nojah PRgitns, &2 andrsed B FFA e Hoffuciisq His bpSians Ts4AGd | 11" ed

t o a shoBSer3garf thenkpewinottiade oihthe 8hyrotryptid serineé proteases. By ther cdree- | n
contrary c%r’&ﬁné s%%ﬂﬁfﬁhn&%ﬁtr@&uénﬂdg tHu&Fo‘?ﬁe 'o‘f‘tr%?ect[v%%?éﬁﬁ@'ﬁme%t@h{ g hours

or even Sl nce excCl OXi C
res ponseacldsuclagtmtﬂraet. with the aap@rtateﬂw mm&’&) Fesuiting iaa éumtmalrérmdenm

pati ent stRMEPAiruntd (MadidbaRt ai., P993).6 to 9 hours after the onset of
stroke synptoms. This option of ati mely unlinmted treatment with

non- neurot oxi ¢ activators is of special inportantance, since it allows for
the firsThesert-RA rutaats pahitenusedifoh the dieatmientlof stiokpt acoordiatefoytheven

W eh sur franian beeRiod e Sod 0 G BhmBerdd'fh MBI EPA B SFufifaRl, "o
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for the authorized use_o t1c agent for elselmn
DSPA as ¢RmpinadionymtheR248k- M@mraﬁqsmr@t?ntagnp%lwoaét@R/Maﬁlgo%rﬁmﬁho
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order to®1'¥%it the tissue damages i nduced by the glutamate occurring
naturally in the human body. Neuroprotective agents inhibiting the
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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 Asp194 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. It is also present in t-PA.

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



Further a conbination with cations can be advant ageous since cations,
especially Zn-ions, block the cation channel regulated by the glutanate
receptor and can therefore reduce neurotoxic effects. In a further
advant ageous enbodi nent, non-neurotoxi c plasm nogen activators can be
conbined with at |east one further thertheutic agent or with a
pharmaceutically tolerable carrier. The conbination with a therapeutic
agent which -21 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 exanples are conbinations with
anti biotics as quinones, anticoagulants as heparin or hirudin as well as
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brai ns ripwventioh. The hi ppocanpus regi on was renoved, transferred to
eppendorf tubes and incubated in an equal vol une (vv/v) (approx. 30-50 Nm

of 0,5 NP-40 lysis buffer containing no protease inhibitors (0,5 % NP-40,
10 M Tr Insai(pret};iFreﬁ embodimentNactiordingriiv thg dheentiongial motex)t.t-AAds usadnin
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( Bi o- Radabsergsandd 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 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 muta-
tions are only functionally relevant in the absence of fibrin. In the presence of



3. Zynographic analysis of the proteases The proteolytic activity in the
sanples and the brain tissue extracts was determ ned by zynographic

anal ysis according to the nmethod of Ganelli, Piperno and Reich (1974). The
sanples with reconbinant proteins (up to 100 nM or the brain tissue
extracts (20 Ng) were subjected to a (-11%499 SDS-PAGE under nonreduci ng
cenditions. The gels were renoved fromthe plates, washed in 1 triton X 100
for 2 hours and then overlaid onto an agarose gel containing polynerized
fibrinogen and plasm nogen (Granelli, Piperno and Reich, 1974). The gels
were incubated at 37C in a hum fied chanber until proteol ysed zones
appeared. 4. Intra-hippocanpal infusion of t-PA DSPA and subsequent
injection of kainic acid The kainic acid injury nodel was based on studies
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-24 WIld type mce (c57/Black 6) were anaesthetised and placed in a
sterertaxic frane (see above). Mce then received an unilateral injection
of 50 nnol NVDA in the left stratum injected alone or in conbination with
either 46 NMrt-PA or 46 pM DSPAal. As controls t-PA and DSPA were al so
injected alone (both at a concentratiomM®f 46 NM. The injection

caordi nates were: bregma -0,4 mm mdiolateral 2,0 mmand dorsoventral 2,5
mnm The solutions (1 NI total volunme for all treatnments) were transferred
over a period of 5 mnutes at a rate of 0,2 U/mn and the needle was |eft
in place for further 2 mnutes after the injection in order to mnimze the
reflux of fluid. After 24 hours the m ce were anaestheti sed and perfused
transcardially with 30 M PBS followed by 70 M of a 4 parafornal dehyd
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8. Quantppication of the |esion volune foll owi ng NVDA injection The
guantification of the striatal |esion volume was performed using the nethod
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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.



2. t-PA and DSPA activity is recovered in hippocanpal extracts prepared
fromt-PA -/- mce following infusion First it had to be confirnmed that the
i'nfused proteases were present in the brain of the infused aninmals and al so
retained their proteolytic activity while being in this conpartnent. To
address this point, t-PA -/- were infusggl-for seven days with either t-PA
or. DSPA (see above). Mce were then transcardially perfused with PBS and
the brains renoved. The ipsilateral and contral ateral hippocanpal regions
were isolated as well as a region of the cerebellum (taken as a negative
control). Tissue sanples (20 Ug) were subjected to SDS- PAGE and zynographic
-26 analysis according to the description in the nethods section. As can be
seen in figure 2, both t-PA and DSPA activities were detected in the
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I nfused DSPA is soluble and is indeed present in the hippocanpus. 4. DSPA
i nfusi on_does not restore kainic-acid nedi ated neur odegeneration in vivo
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sections were prepared and the neurons detected by N ssl staining. As shown

in figure 4, t-PA -/- mce infused wwth PBS were resistant to subsequent
chal | engA farther teachiiywef the pre¥ens irmventibnrthabebolvad fram fAe mbsve fiedings

oncent s BuieChifon 1 BRERT arhBuSe R R piab e adhval s A WED amayr (e
sensi ti vilay they reveahtiheressential iIcharacteristics of DSPA, especially the lack of the
neurotoxicity of t-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



A quantitation of those results was based on data obtained from12 mice in

each group.
neur odegener ati on was observed. The reason for that
related to the presence of DSPA. The conbi ned data consider this m nor
effect that was observed in the case affzhese 2 aninmals
treated with t-PA were sensitive against the KA treatnent.
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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



In order to confirmthat the injection of DSPA had indeed spread into the
hi ppocanpal region, i nmunohi stochem stry was perforned on coronal sections
by use of the DSPA antibody. The exam nation showed that DSPA did indeed
enter the striatal region. Kinetic analysis of the plasm nogen activation
by indirect chronogen test -29 I ndirerg-chronogen tests of the t-PA
activity were perforned using the substrate Lys-plasm nogen (Anerican

Di agnosti ca) and spectrocyne PL (Anmerican Di agnostica) according to Madi san
E.L., Gldsmth E.J., Gerard RD., Gething 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. GoI dsmth E. J., Gething MJ., Sanbrook J.F. and
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Di agnost |Q,*H}3$ Beng-18).i s a preparation of soluble fibrin nononeres gained
by the cleavage of highly pure human fibrinogen with the protease
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serine reitiondsee alssctabii3ht a position at |east partly honol ogous to
position 292, the histidine residue is |located at a position at |east
partly honol ogous to position 305 and the aspartate residue is |located at a
position at | east

Table 3:
Treatment Number of Mean lesion
group wild-type mice | volume (mm3)
(SEM)
NMDA alone 8 1.85 (0.246) l} P < 0.0001
NMDA + t-PA 8 3.987 (0.293) *
NMDA + DSPA 8 1.656 (0.094) **
t-PA alone 3 0.20 (0.011)
DSPA alone 3 0.185 (0.016)

** Not significant



partly honol ogous to position 447 of t-PA 4. Use of a plasm nogen
activating factor according to claim3 wherein the plasm nogen activating
factor is selected fromthe group of the follow ng t-PA nutants:

t- PA/ R275E; t-PA/ R275E, F305H; t-PA/ R275E, F305H, A292S. 5. Use of a

pl asm nogen activating factor accordingigo claim 1l wherein the plasnm nogen
activating factor carries a point nutation of the Aspl94 or of an aspartate
in a honol oge position, leading to a reduced stability of the catalytically
active conformation of the plasm nogen activating factor in the ab sence of
fibrin. 6. Use according to claim5 wherein Aspl94 is substituted by
glutamate or asparagine. 7. Use according to claim®6 wherein t-PA carries a
substitution of Aspl94 to 3 ul94 or Asnl94. -31 8. Use of a plasm nogen
activating factor according to claim1l wherein the plasm nogen activating
factor conprises at |east one nutation in its autolysis |oop, which reduces

t he functhesrresuliseshaw thatdibsiacfiee PSPA s septrastindt-BAas hehayes like@nvat i ng
factor iginidit iy Pr6Rast i ithe icentrl némuaqcf»?féih ¥ 4 tarhMalMaRd 186 ©f 3 at

| east ong nutation. n the autolysis 0 ects the am no acid i tions
450" 1 o 4B4TEN PTd thestore. S noh RptrBife 0 i BB SdktS Calisbd 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 results of the clinical trials show the transferability of these results 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 |Post Tmt [Day 7 |Day 30 |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 9 7 1 * *
1007 14 6 * * *
2001 19 20 - -- -- ICH, death
2002 15 21 - - - ICH, death
3001 8 7 16 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



10. Use according to claim9 wherein the nutation is selected fromthe
group consisting of the followi ng mutants: L420A, L420E, $S421 G S421 E,
P422A, P422G, P422E, F423A and F423E. 11. Use of a plasnmi nogen activating
factor according to claim1 wherein the plasm nogen activating factor is a
cynobgene conprising at | east one point-2@tati on preventing the catal ysis by
pl-asmin. 12. Use of a plasm nogen activating factor according to claim11l
wherein the point nutation is |ocated at the position 15 or 275 of t-PA or
at a position honol ogous to that. 13. Use according to claim12 wherein
glutamate is in the position 15 or 275. 14. Use of a plasm nogen activating
factor according to claim1l wherein the plasm nogen activating factor was

i solated fromthe saliva of the vanpire bat (DSPA). 15. Use of a
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onset.  of over 6 to 9 hours after the onset of stroke symptoms.

This option of a timely unlimited treatment with non-neurotoxic activators is of
special importantance, since it allows for the first time to treat patients with acute
stroke symptoms safely even when diagnosis is delayed or the onset of the
stroke cannot be determined with sufficient security. In the prior art, this group of
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 to 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-neurotoxic 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



18. Use of a plasm nogen activating factor according to at |east one of the
above clains for the therapeutic treatnent of stroke patients in which the
onset of stroke is temporally not exactly determ ned. 19. Use of a

pl asm nogen activating factor according to at | east one of the above clains
for the therapy of stroke under avoi da®te-of the neurotoxicity of wild type
t--PA. 20. Tissue plasm nogen activating factor with an autol ysis | oop
conprising H s420, Asn421, Alad422 and Cys423. 21. Tissue plasm nogen
activating factor according to claim 20 characterized in a point nutation

I n position 194, which reduces the stability of the catalytically active
conformati on of the plasm nogen activating factor in the absence of fibrin.
22. Tissue plasm nogen activating factor according to claim?21
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conpr i si higudia B$20ell asmithigitickaling racetydealitytic acid.

A combination with at least one thrombin inhibitor can also be advantageous.
Preferentially, thrombomodulin and thrombomodulin analogs like for example
solulin, triabin or pallidipin can be used. Further combinations with anti- inflam-
matory substances are advantageous, since they influence the infiltration by
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) (c57/Black 6)
(Carmeliet et al., 1994) were supplied by Dr. Peter Carmeliet, Leuven, Belgium.

2. Protein extraction from brain tissue

The assessment of proteolytic activity in brain tissue following infusion of either t-
PA or DSPAa1 was performed by zymographic analysis (Granelli-Piperno and
Reich, 1974). After an infusion over a period of seven days into the 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).



27. Urokinase according to claim26 characterized in a point nutation in
position 194, which reduces the stability of the catalytic active
conformati on of the urokinase in absence of fibrin. 28. Urokinase according
to claim27 characterized in G ul94. 29. Urokinase according to at | east
one of the clainms 26 to 28 characteriz22+n at | east one point nutation
whi ch prevents the catalysis by plasm n. 30. Urokinase according to claim
29 characterized in 11e275. 31. Urokinase with an am no aci d sequence
according to Seq. ID No. 2. 32. Pharmaceutical conposition containing a
pl asm nogen activating factor according to at | east one of the above clains
and at | east one additional pharmaceutically active conponent or its
pharmaceutically acceptable salt. 33. Pharnaceutical conposition according
to claim32 characterized in a neuroprotective agent. 34. Pharnaceuti cal
conpositéon according to claigh$3 characterized in a glutamate receptor
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acet yl satdduglngc cesditlons. Therguls were removed from the plates, washed in 1 %
triton X 100 for 2 hours and then overlaid onto an 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 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
model 1007D, Alzet CA. USA) containing 100 pl of either PBS or recombinant
human t-PA (0,12 mg/ml, 1,85 uM) or DSPAa1 (1,85 uM) was implanted subcu-
taneously between the shoulder blades. The pumps were connected via sterile
tubes to a brain cannula and inserted through a burr opening made through the
skull at coordinates bregma -2,5 mm, midiolateral 0,5 mm and dorsoventral 1,6
mm in order to introduce the liquid near the midline. The cannula was fixed at the
desired position and the pumps were allowed to infuse the respective solutions
at a rate of 0,5 yl 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 pl PBS was injected unilaterally into the hippocampus. The coordinates were:



38. Pharmaceutical conposition according to claim 33 characterized in
antiinflammatory substances. 39. Pharnaceutical conpositions according to
claim 33 characterized in antibiotic agent. 40. Pharmaceutical conposition
according to claim 33 characterized in citicholine. 41. Use of a

phar maceutical conposition according t-®23t |east one of the clains 36 to 45
according to at least one of the clains 1 to 19. 42. Method for the
production of a drug for the treatnent of stroke containing one
non- neur ot oxi ¢ pl asm nogen activating factor conprising at |east one of the
follow ng steps for the nodification of the plasm nogen activating factor:

- introduction of at least a part of a cynobgenic triade; - substitution of
Aspl94 or a honol ogous aspartate for reducing the stabilisation of the
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5. Brain processing procedure

Five days after KA injection, the animals were anaesthetised and transcardially
perfused with 30 ml 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 um) of the brain were then cut on a freezing
microtome and either counter-stained with thionin (BDH, Australia) or processed
for immunohistochemical examination as described below.

6. Quantification of neuronal loss within the hippocampus

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

7. Intra-striatal NMDA excitotoxic lesions with or without t-PA or DSPA
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10%& () - pglja%/%lﬁ)eh);d ?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 pym) 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 methodologies. Coronal
sections were immersed in a solution of 3 % H,O, 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
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sections were incubated with the appropriate biotinylated secondary antibodies
(Vector Laboratories, Burlingame, CA, USA). This was followed by a final
incubation with avidin/biotin-complex (Vector Laboratories, Burlingame, CA,
USA) for 60 minutes before visualisation with 3,3'-diaminebebcidine/0,03 %
H.O,. Sections were then mounted on gelatin coated slides, dried, dehydrated
and coverslipped with permount.

B. Results

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

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 ug) were subjected to SDS-PAGE and zymographic



LS 109 ()- 9L "109%& ()- ,,109%& ()-3"

#)#" HH# ##, &&HCLS! 1098 L1 1096 & ()-T9! 10% & ()- & '10% & ()-, @0% & ()- 10
10 1095 "109& ()- && ' *****xmbCLs! 109& ,, 109% & ()- 10" 10" 10"93+! 10% & () -
LI (C109% & ()-L9$! 109 & ()-Ls! G 109% & ()-*,/81T22222dYNCLs! 109&

- -26 -

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

To further confirm that DSPA had indeed diffused into the hippocampal region,
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 result 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, 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 intrahipocampi-
cally 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 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
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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 neurodegenera-
tion was observed. The reason for that in unclear and possibly 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 treated with t-PA were
sensitive against the KA treatment. These results show that in case of an
infusion of t-PA or DSPAa1 in equimolar concentrations only the administering of
t-PA led to the restoration of sensitivity to KA induced neurodegeneration.

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 immunohistochemi-
cal staining for activated microglia cells using the Mac-1 antibody. The restaura-
tion 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 concentration
described by Tsirka et al. (1995) (100l of 0,12 mg/ml [1,85 uM]). 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
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little neuronal loss following KA treatment. These data strongly point out that
DSPA does not lead to an increase of sensitivity to KA.

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

The effects of t-PA and DSPA were also examined in a model of neurodegen-
eration in wild type mice. The injection of t-PA in the striatum of these mice
provably led to an increase of the neurodegenerative effects caused by the
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 uM) with a total volume of 1 pl. After 24 hours the brains
were removed and the size of the lesions was quantified according to the
Callaway method (Callaway et al., 2000) (see above). As can be seen in figure 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

10"Z[[[[[]1**"bCL@' 109%.10% & ()-L '109% & ()-f& "10% & ()-, @0% & ()- 10"
10" 10" 95
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Indirect chromogen tests of the t-PA activity were performed using the substrate
Lys-plasminogen (American Diagnostica) and spectrocyme PL (American
Diagnostica) according to Madisan E.L., Goldsmith E.J., Gerard R.D., Gething
M.-J., Sambrook J.F. (1989) Nature 339 721-724; Madison E.LO., Goldsmith
E.J., Gething M.J., Sambrook J.F. and Bassel-Duby R.S. (1990) Proc. Natl.
Acad. Sci U.S:A 87, 3530-3533 as well as Madison E.L., Goldsmith E.J., Gething
M.J., Sambrook J.F. and Gerard R.D. (1990) J. Biol. Chem 265, 21423-21426.
Tests were performed both in the presence and absence of the co-factor
DESAFIB (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 Aa-chain
of fibrinogen and thereby releases fibrinopeptid A. The resulting 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 stimuli.

Indirect chromogen standard tests were performed according to the publications
cited above. Probes of 100 pl total volume containing 0,25-1 ng enzyme, 0,2 uM
Lys-plasminogen and 0,62 mM spectrocyme PL were used. The tests were
performed either in the presence of buffer, 25 ug/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.
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Claims:

1. Use of a plasminogen activating factor for the treatment of stroke wherein
the activity of the plasminogen activating factor is enhanced by more than
650 fold in the presence of fibrin.

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

3. Use of a plasminogen activating factor according to claim 2 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.

4. Use of a plasminogen activating factor according to claim 3 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, A292S.

5. 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 homologe position, leading to a reduced stability of the cata-
lytically active conformation of the plasminogen activating factor in the ab-
sence of fibrin.

6. Use according to claim 5 wherein Asp194 is substituted by glutamate or
asparagine.

7. Use according to claim 6 wherein t-PA carries a substitution of Asp194 to
Glu194 or Asn194.
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. Use of a plasminogen activating factor according to claim 1 wherein the

plasminogen activating factor comprises at least one mutation in its autolysis
loop, which reduces the functional interactions between plasminogen and
plasminogen activating factor in the absence of fibrin.

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

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

11. Use of a plasminogen activating factor acco_rding to claim 1 wherein the
plasminogen activating factor is a cymogene comprising at least one point
mutation preventing the catalysis by plasmin.

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

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

14. Use of a plasminogen activating factor according to claim 1 wherein the
plasminogen activating factor was isolated from the saliva of the vampire bat
(DSPA).

15. Use of a plasminogen activating factor according to at least one of the above
claims for the therapeutic treatment of stroke in humans at least 3 hours
after stroke onset.
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22, Tissue plasminogen activating factor according to claim 21 characterized in
Phe194.

23. Tissue plasminogen activating factor according to at least one of the claim
20 to 22 characterized in at least one point mutation which prevents the ca-
talysis by plasmin.
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Tissue plasminogen activating factor according to claim 23 characterized in
Glu275.

Tissue plasminogen activating factor with an amino acid sequence according
to Seq. ID No. 1.

Urokinase with an autolysis loop comprising Val420, Thr421, Asp422 and
Ser423.

Urokinase according to claim 26 characterized in a point mutation in position
194, which reduces the stability of the catalytic active conformation of the
urokinase in absence of fibrin.

Urokinase according to claim 27 characterized in Glu194.

Urokinase according to at least one of the claims 26 to 28 characterized in at
least one point mutation which prevents the catalysis by plasmin.

Urokinase according to claim 29 characterized in 1le275.
Urokinase with an amino acid sequence according to Seq. ID No. 2.
Pharmaceutical composition containing a plasminogen activating factor

according to at least one of the above claims and at least one additional
pharmaceutically active component or its pharmaceutically acceptable salt.

Pharmaceutical composition according to claim 32 characterized in a

neuroprotective agent.

Pharmaceutical composition according to claim 33 characterized in a
glutamate receptor antagonist.
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38. Pharmaceutical composition according to claim 33 characterized in anti-

inflammatory substances.

39. Pharmaceutical compositions according to claim 33 characterized in anti-
biotic agent.

40. Pharmaceutical composition according to claim 33 characterized in citicho-
line.

41. Use of a pharmaceutical composition according to at least one of the claims
36 to 45 according to at least one of the claims 1 to 19.

42. Method for the production of a drug for the treatment of stroke containing
one non-neurotoxic plasminogen activating factor comprising at least one of
the following steps for the modification of the plasminogen activating factor:

- introduction of at least a part of a cymogenic triade;

- substitution of Asp194 or a homologous aspartate for reducing the
stabilisation of the catalytic active conformation in the absence of fi-
brin;
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- substitution of the hydrophobic amino acid residues in the autolysis
loop or in homologous peptide sections to that;

- introduction of a mutation in the cymogene for preventing the catalysis
of the cymogene by plasmin.

43. Drug, produced according to claim 42.

BF000178



