; e3e$@4T U "Non-neurotoxir, 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 Desnmodus rofundus
(DSPA) preferentially for the treatnent of stroke. Di fferejWMMUM”MMNumm
pi ctures are summari zed under the term "stroke" which corr r
clinical synptons. According to the respective pathogenesis a fimse:
differentiation between these clinical pictures in so called ischa

em nd
haenorrhagic insults is possible. Ischaenic insults (i schaemum“mﬁh“ﬂlmnmmﬂl
characterized in a reduction or intenrption of the blood ci t he
brain due to a lack of arterial blood supply. Oten this is causedoy

t hronbosis of an arteriosclerotic stenosed vessel or by arterio arterial,
respecitively, cardial enbolisnms, Haenorrhagic insults are based inter alia

on the perforggion of brain el water 'i al
hyper t oni a. I—M’ e 501 all cerebral insults are

caused by haenorrhagic insults, Thus) stroke due to thronbosis is nmuch nore
relevant. In conparison to other tissue ischaem as the ischaem a of the

neuronal tissue is wdely acconpani ed Qy necrgsis . ef ; Ils.
The hi ghefhe rieyentierePertaing dog %&%a@%oHﬁ? ¢, %"dée?g%’ré’ﬁ“g p?a%q'lg'gl,égg Wi th
the new ugglRaséransbpesialy frohethelsivanih desmadeistrotupdie (PSPAMTeRrensialy conpl ex
cascade Cﬁ:‘n%i g,i ngﬂgntplf;gg@kéty of reaction steps. The cascade is initiated
by i schaeli"¢"ALGP at d by a lack of oxygen which then |ose ATP

I nst ant aneously and depol arize. This results in an increased postsynaptic
rel ease opfidien\QIHICH HRAGES a6 Sulinu mzeal undeh ilehitenst strakeswhichtsometate ound

glutamate receptors regul ating yatipn ch el Vi t

i ncr easediny ik Rlinica} éﬁ% QM ¢ q&ﬂgﬁ'ég ﬁg?@% 5‘??3@%%% “2)0\/%[ gg:so'avgf&éd. -3

G ut amat edifferentiation betyebntthesocinigal plclueasiiongo caladischagmited hﬁP@h are

opened by | .ndi te to the receptor, This results in a Na+ and
ik G ST e

Caz+ infl nassi vel y di sturbing the Ca2+ dependent cellul ar
met abol i sm especially the activation of the Ca2+ dependent catabolic
enzynes CainheHi¥ S MBS Rithhemid)careLdteracterized il & reduction(erdpteripionfet al . )
"The changi ng Landscape af s ' r .y 9] 60&BLSPR. OftBeARiEs W
Zhol. G BB SR 0t Bl e B ek epeHalie vousfﬁﬁsée%) "

Al t hough tisheamsetizby shmopfbogisuofims ertadesderatic rienesed Yesse) IrsPH A8,

entirely ittvel\® cafifi®smbling, hat it contributes in a |large extent
to the ne%ﬁgﬁt@%dldeaﬁh foll ow ng cerebral ischaema (Jin-M Lee, et
al.).

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 affe;:ted 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.



Besi des safeguarding vital functions and stabilizing physiol 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 performed by different
means. The nere nechani cal reopening, as e.g. the PTCA after heart attack,
so far has not yet led to satisfying results, Only with a successfu
fibrinolysis an acceptabl e i nprovenent3of the physical condition of
patients can be achieved. This can be acconplished by a | ocal application
using a catheter (PROCAT, a study with prourokinase). However) despite
first positive results this nethod has not yet been officially approved as
a pharmaceutical treatnment. The naturally occurring fibrinolysis.is based
on the proteolytic activity of the serine protease plasmn which originates
fromits inactive precursor by catalysis (activation). The natural

activati éﬁht?ﬁ\a‘?é %E&ﬂg@ﬁé@ﬂﬁ@t@hﬁgé%é&ﬁdbﬁt [Wationi clugerelsovtiictatares u- PA
ur oki nase e plasm nogen activatgr) and,t-

<(act i vat oﬂPe@%/‘EQVpﬁ ngqwat%rgg‘l’Wﬁtﬁ??ﬂ%é ﬁ?&wo\‘rl ﬁﬁi&()r%% ?@%E‘ ﬁ‘%ﬁ? IyaogfngA for ns
?hzocg?ghﬂ?ﬂﬁfdcmf’ﬂl mawit/e!y d@gdn?%}thmnaﬁ ﬂzzzmcgerggl ﬂ;&mm&g’?-i Ih:J;s)s

- H e
pr esence%BB?'ﬁEY h’éﬁ' a@@k& nghdé %é;si ggg"??@?l n gl léo_‘tf r"ano en 'g'%]_
sti mul at eeasoPAtathl stibgequani|gell deash (ﬂrPﬁsﬁirﬁMBeﬁt ?'or p ré?sﬁbﬂn " vén t hough
E)(rjll 3 ?gglr&‘%g‘sseegér;%glem %}gi{)ypﬁﬁg@nﬁﬁ&farfsmﬁ"l pr OEL\Q’SSZ';?AfiG%ﬁrEm(?i Ibfl n
degr adat iNSHIPBPYE ?@d%ﬁﬂg??sgm"es??%ng%ﬁéﬁ?E , Early attenpts of
thronbol ytic treatnment of acute stroke go back to the 1950s. First

o wfioh B Bk thétert! i yblehfitt tkédiae) neurbldxidiyde ot gabgeitel r om

bet ahae reptococci, arted only in 1995 T |

pl asmi nogmdesstoeditoriagieed LpPRthat ‘ESHB‘I"BHY%P&%&%? g?‘ge?'ﬁgﬁ%ﬁ%’&%nglsm nogen
mol ecul et fHoWiny cerebrdl isuhapynianJih-Mad Leetetldl)ase has severe

di sadvantages since it is a bacterial protease and therefore can provoke

allergic reactions in the body. Furthernore, due to a forner streﬁltococci

i nf ect i orBégidés safeguarding wifal fupetions and istrhiizirg physigiagicd PaF?dQe‘&!lee?i t a so
cal |l ed St{e?@;‘{}lﬁkg%?%eraé'éd /8s8cl"RE rwoﬁgeiﬁ kies aorappraf acutsi carebral Besi des
this, climcal tTials in Europe | tigenfer Ac r r ur ope
(MAST E-~,issaemidenkhe reuoRpBINg: Saik ber PESIF ) §ff§°%§*§%ﬂ§ The erd  oPe
(Aust r al | pecRaniealt rRkopering, Tas alg. (W& BTCA rafler weait attacka SPAS SRAtYEt ity -

ri sk and hi ghek I.i fred C | fstinolysld apcsicdeptdble im-
haenorr ha%g,tol @BSM@Q?Q?'}%;? f\ﬁg@&ﬁ%{ %H%ﬁgﬁﬁghﬁtgltnrbeygtﬁki n(gs.‘aqsqg;lsget rials
had to beprosemenhtofdhephypicahcopdifiapiafrafients G bes acexeds TS (L8 cal

fi brinol yhécorgitited-byCa lbcabappiitationtsing d pathetar(RROGAT sa stystyorthe®e | t
does not exhibit ti geni &4 ' fas Gt baahural | y
OCCUrTi ng”ﬁ#‘q?&?p'g‘agwgﬁﬂy%felgéﬁg%gge‘{dtSﬁ{vgq%ﬁélggg?ﬁ/ﬁ%bé%f B|§I asﬁogen and

i ndependeoffictHily appoovescasa pharroaceidisal freathi@duced i n ki dney cell cul tures.
Ext ensi ve experience on therapeutic thronbolysis is available for the

ti ssue type plasm nogen gctiyator - th cal - i A f #0093
619) Us 4Theanaiweally qrrurng iiORBPlSs. s BeRed e‘_’?‘o}w‘ﬁ"?rﬁ’g‘%ﬁegﬁé{%sécgi? y l < In the
90s” sever abrifb iprotease plasmin whick opgirétes framats inactiveiprasiirsy Ry exalysty; «
acute nyogardi al J ”farct.i Li3sintHidentis @atalyzerPBy fite ptaspdng- al | y
non- under ?‘Bﬁ’aﬁgﬂiﬂw@@nﬁétgﬁ‘]&%@r’%@eﬁﬁ)@ g.‘nﬂ'ﬁi th'e soaéial)l edq Fﬁéq(ﬁﬁy cufe
St oke Tri gen( a@eg)rspaRiefurokinase HpeapPaaMiRQgsn,activater) Ang J; hour s
after the Qnsaihogbn HRAvAYARIRIFMY naturdllydiiehé tiodgy bmoontrast to L6PA, 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 presenlc-e

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



with rt-PA After 90 days the nortality rate as well as the Barthel -1 ndex
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 treatnment with rt-PA of patients being

i ndi vidually sel ected according to thei4-respective case history

i mredi ately 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
dung this tine increases the risk of intracerebal haenorrhage (I1CH (C
Lewandowski C and W/ iam Barsan) 2001: Treatnent of Acute Stroke; in:
Annal s of Enmergency Medicine 37:2; S. 202 ff.). The thronbolytic treatnent
of strokeigRaga! (T8dSesi o Fbriaf (fibris I dearadstionrpratiucte {HDE) earebstirouleting onal

| nstitute of Rleurol ogic Disorder and Stroke (so called NI NDS rt PA Stroke
Trial) i Ahe USA. This trial concentrated on the effect of intravenous
rt-PA treatnent within only three, hours after the onset of the synptons.

Pati ent s é&’(;rij?ﬁé‘rﬂms?ﬁgtﬁré?ﬁ@?lﬁﬂa hdsimdht 8f abie étFsiet g8 ack Ruahe o 95Ds.
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Thernpy |SWaRIGKEESE (OBS A SOFRIBCRN £AERR4S AheCpiiicedt Mdldles

ef fects dhta plabvin.r eat ment within three hours after the onset of strobe
could be repeated ~ even with a treatnment within six hours tinme. However)

t hi ti | d t b d affi ti | | t of

he” ol i Eae tagimpy il Sromiafnase nes-severs MaarifntboSh diksifid SHRGREr. O
risk for d,,&ggwgiﬁmmbreﬁm%np%bwbé alfergitnteagtions i Yrer kagdy. fyggavgom;d to a
hi gh tiLon,.in e us . i inbdi merican
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stroke tr {Austraiianl StedptdkingSy Ttiabfed B indicated 8n 1Dereasye ’ryd?/%\‘ga’icf;at hi s
revi ew al gy ORR0lf infiack ebpaITblietinig! (PiraBarprals haembrkagas EoH tafleh or
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di sabl ed patients was reduced when the thronbol ytica where applied within

six hour after ,stro t. [ L0t i appliédted. The br oad
s of 1t nAURBIADEDC SRR ?%?e%?'ﬁé%?o'?”@%‘é?gg‘%ﬁséf GPEait o
r econmendedntra@stdo steeptoldnasa it §oes ot exhigh patigeNis Gha ag@ sgli'vﬁgll 2 8Phor s
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t her apy WSER a9 rent of acute cere I schaem a
approved hyreshe Food and Drug Adnministration (FDA) in the USA.. However, it
is restricted to an application of rt-PA within three hours after the onset

of stroke. The approval of rt-PA was reached in_ 1996, ear
1995, fir ﬁﬁamﬁibgpﬁééﬁ@ﬂc§ om Shrrapewtis {WBPlﬂﬁ'sé? Pgﬁfib'%fgrﬁﬁ%&s%@%& Known,
\Mtﬂi CE Pr O\ﬂlganﬁpgemcﬁoaeote; !h?@éio‘allé@M-PA_s (de?ﬁl& 0 093161 1US m:&%m i efl_ in
stroke treat,ment outside the thre [ : oglia
cells and EP%HP‘%‘@P&"JFW'HE'%F‘I)B%&%%?@BTI?)-I ucegotg?,A, Iir&ﬁhiég!)(&aﬁ bgt es
to the gl wenrmperforebdweddesidetusingi-PA ywitlriacyte myesardial e '&P&n“n‘% he
2goni st s vPD Hilealn s Radifigts F@*"ﬁé*@"“’*‘“’*‘m LR e

defi ci ent thes® caledeEuropeagAeyte F ié@kép&gtpéﬁ%h&agaﬁen%{ﬁgét er nal

(i nt hr at heg gl faMlki 7% Kourslafieativg onsdf the spRpmatf g siakainravespusiy77,
1995) "Excitoxin-induced neuronal degeneration and seizure :



-7 are nmedi ated by tissue plasm nogen activator'). These results were
confirnmed in 1998 when Wang et al. could prove nearly a double quantity of
necroti c neuronal tissue in t-PA deficient mce when t-PA was injected
intravenously. This negative effect of external t-PA on wild type mce was
only approximately 33 % (Wang et al.) 1998, Nature, "Tissue plasm nogen
activator (t-PA} increases neuronal damage after focal cerebral ischaem a
inwild type and t-PA deficient mce".) Further results on the stinulation
of excitotoxicity by t-PA were published by Nicole et al. in the beginning
of 2001 (Nicole O, Docagne F Ali C, Margaill |; Carneliet P, MacKenzie ET,
Vivien D and Bui sson A, 2001: The proteolytic activity of

ti ssue-pl asm nogen activator enhances NVDA receptor nediated signaling; in:
Nat Med 7, 59-64). They could prove that t-PA being rel eased by depol ari zed
cortical \ieURPIK. AREH 901 ddydy B murtslityt hite sas ol axi theBasthisl-Index were: he

tyt
gl utamat e receptor of the t . Qg : phile _This
increasese"?ﬁ'én&iréérﬂrbmc@xa%?/?@? tdiésoa‘j:g@)ﬁﬁ? itﬂg 'é%%nﬁ%ﬁﬁglrgaﬁ }ys)is)aue q“anrf[r%lge after
gl ut amat dN@gighificanNiprovemenbel the viability wasrapaged iby§J annfyeadhough no

exci tot oxj cigy. Th P o n@u e cBhElagéd by tacimbaytiong t he
gl ut amat es'gaéﬁgg&tdrmgﬁattsﬁe&Nwa? b:@ﬁ&? t?%iilﬁ)ﬁé't:o a, f rt&%r. o %yr;:q'tgry
concept ttheatment avithx ioPA yofopatients, heirg, indivi Hﬂlgyr éﬁwd??fﬁ rfngxconversi on of
pl asm ”0%9;[:&&1@' 548 MistdRL Ahdictiately aftéers the deiginriieg mf nthies strolee eroldt or  of

neur ot oxi ClI Chen ZL and Strickl an e ob AP i nb fradmie
hi ppocarrpflf%’s"-"?/@$ BF@%K?'E'@QS?”%I%%WY% b%lgg?"ﬁﬂsazglggggrécé?iﬁ_{gh o¥ Hkh;b_ npn. Cell:
91, 917- 9958 hodrssafterthezomapt aitstioke was pelerecommengsch#ingg %ﬁ'e%RPH]'Fﬁ T effect
of t-PA i g, MR limeliherdhedthe RS 61 MtrabsiebahRaémorrhage ACH)(CcLewaot t he
reconbi nanlt"ﬂ’{g-@% (!,o ar,ea o0 end e t-PA dent.. Alh.$e |
probabl y @ewski < @andp 'l’ﬁﬂ‘néﬂréﬂpeSgﬁﬂeﬁfealmpﬂ{)?%@gﬁjg\(‘]iogghl‘"grfé#“a?s of
concent r aghfiigendyMedicihel B3: N@URORJK).c side effect and its increasing
effect on the nortality t-PA was approved by FDA. This can only be
expl ained by the | ack of harm ess and effective alternativ - thus it
i spdue toThg\tlamynhmﬁ'g:rmatmGGbe sipekeeves agﬁ%d?%?%t.of?n‘aﬁnlﬁaﬁr@i?ﬂgﬁ%e?s still
a need { op L qvikifleRh8itute FNsaFolopit. Diseieteared Stioks (sastaledrNINDS

ronbol ytica - In_gase | not . PQSsi is
t hr onbol yEP4 St’?'FfeTBg@mmﬁ g%ﬁﬁ%ﬁ&"gﬁ%ﬁ%&%gg ?ﬂtﬁ%&@%ﬁgféﬁé@f@ See for
exanpl e V\&KIEIAQlfeaahenawhhiﬁ.qnly_ﬁmaﬂdiouwaﬂ%mﬁems@bﬂf RYmpigms. ??“ 8r ef or e,
furt her exapl 3Ll {nrkl HHnha"HER ah tieutment DU by teBBBs¢ed ipositie
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r ot undus m nogen Activator) 1n arder. tq dev r oke
was ternm gHeelg ofl thisoigatmeant an IY'?b'[itlyl oﬂqﬁ%@ﬁ;&,%ﬁ&@&%@%@g?tgfnrffhg% Iby

sui t abl e. |ifF#eadine framelotihses hbulBSkas recomameaded 2itheugh the authprs %ﬂunfjhi s
medi cal i n%d.é:ﬁti 9} ointed out earlier (Medan P; Tatlisunmak T; Takano
K; Carano? ;erl—%sgﬁ@@?gg‘, Fisher M Thronbol ysis with reconbi nant Desnodus
saliva pl asm nogen activator (rDSPA) in a rat enbolic stroke nodel; in:
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era In cute cnaer ni I OK.e S W a
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di si | | usi quositive eftents tof TP treatmentrwithinttbree: haurscatter the Onsat oL BROKE { heor e
were no f %pﬁbggge@s%m willPh tRSUtMeReiwidhim shuhbaisl #mer ilpwever,sthisoke

t r eat ment ad, recent strategLes aimng to ; lytic
t r eat nent-question goulsnat WWB&%Q?W%XG‘@ L'f%é e ER‘?!@V%&?@QM‘%FJ %{VEQ?_EOUSI y
but i nt raasrwtbﬁisl or Hhy! decrsgisaenemortalityovas observed: Fhe thigher ik, frd@rhr

t hronmbus. First éexperi ence is available with reconbi nant produced

ur oki nase."™MARO0.no0ssi bl y, the necessary dose for t hr ombol ysi s and
therewith negative side effects could be reduced. However, this application

requires fg@&%}heggﬁl{)gnﬁ{rﬁgigﬁﬁg?'%%ms%wléd&on%i@vaémw in thecuserbbrie.

Furt her no repared.in i i Ion.
Time,  howdhbr plresdyr1696 a invblieationral e Atriged et PoRCRRRYYT soned oy

addi ti onal gl aygnsfgﬁémgm,am@ﬁg Qootors witharespect ta: thrambolydiet reasengnt &t s
such as heparin) Taspirin or ancrod, which is the active substance in the
poi son of the malayan pit viper. Two further clinical trials exam ning the
effects of heparin (International Stroke Trial (I1ST) and Trial of ORG 90172
in Acute Stroke Treatnent (TOAST)) how



-g_ ever, do not indicate a significant inprovenent of nortality or a
prevention of stroke. A further new treatnent focuses neither on thronbus
nor on blood thinning or anti coagul ation but attenpts to increase the
vitality of cells damaged by the interruption of blood supply (WO 01151613
Al and WO 01151614 A1 ). To achieve this antibiotics fromthe group of

gui nons, am nogl ycosi des or chl oranphenbecol are applied. For a simlar
reason it is further suggested to begin with the application of citicholin
directly after the onset of stroke. In the body, citicholin is cleaved to
cytidine and choline. The cl eavage products form part of the neuronal cel
menbr ane and thus support the regeneration of danaged tissue (US
5,827,832). Recent research on safe treatnent is based on the new finding
that a part of the fatal consequences of stroke is caused only indirectly

by inter rétRlee‘Iji Weress sherR! i holsueh rskeplicismonitin eespest to-fibsnolytica & &8 ci ty

i ncl udi ng over activated gl.utangte recept . bS eelircLfatibAcroggsed by
t-PA (sedhgmRyest WO%@?St'%ﬁgmgﬁegc@PgtF&%'i 1&/153; s therefore to apply
so cal | edgmerg1®1®tBcti ves. They can be used separately or in conbination
with fibrinolytic agents in order to mnimze neurotoxic effects. They can

| ead to a reduced excitotoxicity either directly e
recept or Arratigoalibshing thisgeerticisny Was Tirslly given Hbg\?éfr'f'l'aa'g%é%g%h@gé?m@%di um or
cal ci um CEaﬂi‘gﬂea §9o7-(Bg4ted iat Makch 2081 ). Accordigrtoethis rexdew il Hireon
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achi eved g SURABERS BitheH duad 6r dibsbIBY pativnlsi whsredsiced witen the
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expect ed $y&iAKSEue 1® 36HL Thebbroadsesen ofi thapmbolytica ek theatreatment AfiAKGed wit h
t hronbol ytic ents. - i er to exhibit their protective effects.
Thi s app?/ivﬁs*?'g'%ﬂ?e?msr&égpgnp%rg{s&(see al so figure lQ)I.o Even a conbi nation
of t-PA and neuroprotective agents results only in a |limted damage,
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Accor di ng (SCTRIPe1997 @266p26). he use of non-toxic plasm nogen activating
factors is suggested as outlined in claim1 for the therapeutic treatnent

of stroke. Further advantageous uses areg, subje ' t GHalTS,

respect i veNgverthelegs, [sodar the tpgfa(qyéqnﬁh&-ﬁm I oi]tl%lﬁ%%m Bf Be&@ cefé -
ischaemia approved by the Food and Drug Administration (FDA) in the USA.
However, It is restricted to an application of n-PA within three hours after the
onset of stroke.

The approval of R-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 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



The central idea of the invention is the use of a plasm nogen activator in
the treatnment of stroke, of which the mature enzyne exhibits an activity,
which is selectively increased by fibrin manifold, nanely nore than the
650-fol d. The use of the plasm nogen activators according to the invention
is based on the followi ng findings: Due to tissue damage in the brain
caused by stroke the ,blood brain bar«¥er 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

gl utamat e receptor or plasmnogen - results in further tissue danmage. In
order to avoid this effect the invention suggests the use of 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,
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These t-PA nmutants can be used for the treatnent of stroke according to the
i nventi on because they show no or - conpared to wild type t-PA - a
significantly reduced neurotoxicity due to their increased fibrin
specificity. For the purpose of disclosure of the nentioned t-PA nutants
F305H; F305H; A292S al one or in conbination with 8275E we incorporate the
publications of Madison et al., (1993)-#&nd Tachi as and Madi son (1995)
hereby are fully incorporated by reference. The increase of fibrin
specificity of plasm nogen activators can alternatively be achieved by a
poi nt nutation of Aspl94 (or an aspartate at a honol ogous position).

Pi asm nogen activators belong to the group of serine proteases of the
chynmotrypsin famly and therefore conprise the conserved am no acid Aspl94,
which is responsible for the stability of the catalytic active conformation
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In a preferred enbodi ment t-PA is used showi ng point nutations in the
positions 420 to 423. If these residues are substituted by directed

nmut agenesi s this increases the fibrin dependency of t-PA is increased by a
factor up to 61.000 (K Song-Hua et al.). Song-Hua et al. exam ned the point
mut ati ons L420A) L420E, S421 G S421 E, P422A, P422G P422E) F423A and
F423E. These publications are fully indbfporated by reference for

di scl osure of the use according to the invention. According to a further
advant ageous enbodi nent a nodified tissue plasm nogen activator with an

am no acid sequence according to SEQID No, 1 (figure 13) is used. This
nodified t-PA differs fromthe wld type t-PA by the exchange of the

hydr ophobi ¢ anmino acids in the position 420 to 423 In the autolysis | oop as
follows: Hi s420, Asp42l, Ala422 and Cys423. This t-PA preferentiall

cont ai ns gJep N Hot Mdicataea %idgrﬁﬁ&npmbtdvemetm)f rRartalite rort a @rexentionodf 275 can
be occupi ed, by glutamate. Advantageously the position 184 is occupi ed by
phenyl alSHRkfe. Further, a nodified urokinase can be used according to the
i nvention. The urokinase according to the invention can conprise the am no
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hopes exi sted) that a plasm nogen activator which is related to t-PA could
reasonably be used for a treatnent 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
physi ol ogi cal effects of the nolecules are conparable to a | arge extent.
The above conclusion led to the idea that DSPA after all may be
successfully used as a thronbolytic agent for the therapy of stroke w thout
causi ng severe risks of neuronal tissuefgdamage. Especially interesting is
the fact) that DSPA can al so be used later than 3 hours after the onset of
stroke synmptons. A further teaching of the present invention that evol ved
fromthe above findings is the option to nodify or produce further

pl asm nogen activators in such a way that they reveal the essenti al
characteristics of DSPA) especially the lack of the neurotoxicity of t-PA
The basis for this is the investigated rel ationship between structure and
bi ocheni Galorgbf G ERnibAMIP BrdtectiRseiéite. Tids pplies o thesisubstarces fse@ i nogen
activators 1nto non-neurotoxic plasm nogen activators and thereby to
produce rjBo figuieol ®xi ¢ pl asm nogen activators on the basis of known or
new y di scovered neurotoxic plasm nogen activators. The new teaching is
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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 to 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 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 KA treatnent
(see also figures 11 and 12). In the second nodel of neurodegeneration, the
possi ble effects of t-PA as well as DSPA on the stinulation of the NVDA
dependent neur odegeneration were conpared to wild type mce. For this

pur pose) NVDA (as an agoni st of the glutamate receptor of the NVDA type}
was injected in wild type mice alone of1Fn conbination with either t-PA or
DSPA. This nodel allows the conparison of the effects of these proteases
under conditions, which always |ead to a neurodegeneration and to an infl ux
of plasma proteins due to the breaks down of the blood brain barrier (Chen
et al., 1999}, Wiile working on this nodel the injection of NVDA led to
reproduci ble lesions in the striatumof mce. The volunme of |esions was .

i ncreased by a conbined injection of t-PA and NVDA by at |east 50 % The
co-injection with DSPAaI in contrast did not lead to an increase or
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si gni fi cphino acids aspartate 194, histidine 40 and serine 32, However, this triade does
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
tiade - 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 fi brin 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
sequencs.

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 o 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 +-PA to the
double chain form. The mutant site R275E alone leads to a 8.900 fold increase
of the fibrin specificity of t-PA (K Tachias, Madison EL 1995: Variants of Tissue-



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
mammal 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 proteins in stroke, this |acking
neur ot oxi city makes DSPA a suitable thd@mrbol ytic 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
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I n conbi nehcedn Wi th a neuroprotective agent for the treatnent of stroke in
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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 §igmﬁcant



-21 supports the reduction of tissue damage by vitalizing the cells is
especi al | y advant ageous) since it contributes to the regeneration of

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

i nci dents. Advant ageous exanpl es are conbinations with antibiotics as

gui nones, anticoagulants as heparin or hirudin as well as with citieholine
or acetylsalicylic acid. A conbination44ih at |east one thronbin inhibitor
can al so be advantageous. Preferentially, thronmbonodulin and thronbonodulin
anal ogs like for exanple solulin, triabin or pallidipin can be used.

Further conbinations with anti- inflammtory substances are advant ageous,
since they influence the infiltration by |eucocytes. Conparing exam nations
of t-PA and DSPA are nethods; 1. Aninmals WIld-type mce (c57/Black 6) and
t-PA deficient mce (t-PA-I-mce) (c57/Black 6) (Carneliet et al.) 1994)
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-22 3. Zyirwgntipmii ¢ anal ysis of the proteases

In a preferred 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 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



The proteolytic activity in the sanples and the brain tissue extracts was
determ ned by zynographi c anal ysis according to the nethod of Ganelli,
Pi peno and Reich (1974). The sanples with reconbi nant proteins (up to 100
nM or the brain tissue extracts (20 Ng) were subjected to a {90 %
SDS- PAGE under nonreduci ng conditions. The gels were renoved fromthe
pl ates, washed in 1 triton X 100 for 21dcurs and then overlaid onto an
agarose gel containing polynerized fibrinogen and pl asm nogen (G anelli,
Pi peno and Reich, 1974). The gels were incubated at 37Cin a humfied
chanber until proteol ysed zones appeared. 4. Intra-hippocanpal 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 aninmals were
injected intraperitoneally (i. p.) with atropine (4 nglkg) and then
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-24 Wld type mce (c571Black 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 48 NM DSPAal. As controls t-PA and DSPA were al so
injected alone (both at a concentration of 46 NM. The injection

coordi nates were: bregma -0,4 mm mdioatera) 2,0 mm and dorsoventral 2,5
mm The solutions (1 pl total volunme for all treatnments) were transferred
over a period of 5 mnutes at a rate of 0,2 pl/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 parafornmai dehyd
solution, post fixed in the same fixative for 24 hours with foll owed by

| ncubat | Bﬁtﬂ hAEnt StfokiERe 55 wollldd'EPA24 wensl bpalyBediim semi rquantitativeut  ( 40
pm) on a Treezi ?ﬁ%\ m cr ot onme a?nfﬂ Gount ed~0ﬁ[0 el aé\]iﬂ.% Cﬁ) eew gl ides.

8. Quant teste apd showed: adngreased, fipan specifig B\/\%?{Bp R ﬁfhectl ort 'The
quantifipation of the striatal |esion volume was perforned using the nethod
described by Callaway et al. (2000). Ten consecutive coronal sections
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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 -1- were infused for seven days with either t-PA
or DSPA (see above). Mce were then trd8scardially 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 Ng) were subjected to SDS- PAGE and zynogr aphic
-26 analysis according to the description in the nmethods section. 'As can
be seen in figure 2, both t-PA and DSPA activities were detected in the

I psilateral region of t he hi ppocanpus, while sonme activity was al so
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i nfused CEgatmedt ShpoWPSOKE: i s i ndeed present in the hi ppocanpus. 4. DSPA
i nfusi on does not restore kainic-acid nedi ated neurodegeneration in vivo
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that they reveal the essential characteristics of DSPA, sspecially 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 mode! 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 extemal application of kainic acid



DSPA into the hi ppocanpal region did not alter the sensitivity of the
animals to I (AL A quantitation of those results was based on data obtai ned
from1l2 mce in each group. In 2 of the 12 mce infused with DSPA a smal |
extend of neurodegeneration was observed. The reason for that in unclear
and possibly not related to the presence of DSPA. The conbi ned data
consider this mnor effect that was ob%€rved in the case of these 2
animals. Al 12 mce treated with t-PA were sensitive agai nst the KA
treatnment. These results show that in case of an infusion of t-PA or DSPAal
in equi nolar concentrations only the adm nistering of t-PA fed to the
restoration of sensitivity to KA induced neurodegeneration. 5. DSPA

i nfusion does not result in mcroglial activation The restauration of the
ItA sensitivity of the t-PA -/- mce caused by a t-PA infusion also results
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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 +-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 anti body. The exam nation showed that DSPA did indeed
enter the striatal region. Kinetic analysis of the plasm nogen activation
by indirect chronogen test -29 Indirect chronogen tests of the t-PA
activity were perforned using the substgate Lys-plasm nogen (Anerican

Di agnostics) and spectrocyne PL (American Di agnostics) according to Madi san
E, L., Goldsmith 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., Goldsmth E.J., Gething MJ., Sanbrook J.F. and
Gerard R D. (1990) J. Biol. Chem 265, 21423-21426. Tests were perfornmed
both in - i i86 tafter RASHESIhdntr(see also

Di agnost F%%éﬁ ﬁg&gﬁgﬁpgtl?%&ﬁpgﬁdgﬁ@gf@?&?ﬁbl e fibrin m)ngff~eres gai ned
by the cliigatesgt! 8ndARYhl y pure human fibrinogen with the protease

bat r oxobi n. Batroxobin cleaves the Arg'6-dy' ~-binding in the Aa-chain of
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the lesion induced by NMDA, DSPA did not result in an increast n&.lro&éér{-
eration (see also table 3).

Table 3:
Treatment " | Number of Mean leslon .
group wild-type mice | volume (mm®)
: (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



3, Use of a plasm nogen activating factor according to claim2 wherein the
serine residue is located at 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 partly honol ogous to position 447 of t-PA. 4. Use of a

pl asm nogen activating factor accordintPto claim3 wherein the plasm nogen
activating factor is selected fromthe group of the follow ng t-PA nutants:
t - PAI R275E; t-PAI R275E, F306H; t-PA/ F~275E, F305H, A292S. 5. Use of a

pl asm nogen activating factor according to claim1l wherein the plasm 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 sense of
fibrin. 6. Use according to claim5 wherein Aspl94 is substituted by

o . . ; whar o .
Jubstitutnete BURe Hel gl pti st 0SRR 8 FRBSELTTPAITBER RS i an ATl °0
acti vat i andshinert peateaselimthe cenfralinenousnsystem afrie Mameal ﬂ%é#p"agf fvating
fact or Cﬁﬂﬂ%hs-eén@tthér%ﬁﬁ% SO At Sritiutboithé ridviretoxiei effdato pausdd b reduces

the functional 1nteract]ons between, pl asm nqgen, and. pl. ] lvatin
factor i M%N&m%nE’QSB'FeF’? e ,p_rejgalc%&gaga!gﬁaHhﬁ@g%@%%{%%ﬁ%?‘&%n at k
| east ongrdteihatih @froks, thitelaaking| nasirstokioity mekies PSPA e suitabie thrompopdisi t i ons

420 to 4agerc\)tffo¥wtrl\edtr£gtpr$entt'o AcHe SR¥KR! 0gous

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 |Day7 |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 *
1006 9 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



positions, 10. Use according to claim9 wherein the nutation is sel ected

fromthe group consisting of the follow ng nutants: L420A, L4

S421 E, P422A, P422G PA22E, F423A and F483E. 11. Use of a pl 2251 ngggﬁ &
activating factor according to claim1 wherein the plasn nogen activating
factor is a cynpgene conprising at |east one point nutation preventing the
catalysis by plasmn. 12. Use of a pl a8@+nogen activating factor accordi ng
to claim 1l wherein the point nutation is |ocated at the position 15 or 275
of t-PA or at a position honologous to that. 13. Use according to Caim12
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 isolated fromthe saliva of the vanpire bat (DSPA). . 15. Use of
a pl asm nogen activating factor according to at |east one of the above

clains fQget I - _ . : :
after st ‘F'.’.t%eked"fgnggé pRERHinbgeh aetvaton - of contrastdoi thetwilthfpeatPAeaist A hour s

: et -32°16. Use 0 ' tioal i
accor di ngmtgdde 3 shopt Y™ tﬁ%@ggb%v%lﬂsg‘iﬁﬁrgﬁg? ttﬁg ({n\érke?{ gﬂgbrtf:?ﬁ.t ?; eat nent
of st r ok@ohtraly e reatméntacan e nitisted dateer for exmpleRftsr halirs or éven

later, since there is nearly no risk of stimulating excitotoxic responses. First

clinical trials with DSPA prove a safe treatment of patients even in a time range

of over 6 to 9 hours after the onset of stroke symptoms.

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 ssfely 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 . 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



17. Use of a plasm nogen activating factor according to at |east one of the
above clains for the therapeutic treatnent of stroke in humans at (east 9
hours after stroke onset. 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 tenporally not exactly
determined. 19. Use of a plasm nogen a@fli-vating factor according to at

| east one of the above clainms for the therapy of stroke under avoi dance of
the neurotoxicity of wld type t-PA 20. Tissue plasm nogen activating

factor wth an autolysis | oop conprising Hi s420) Asn421, Ala422 and Cys423.
21. Tissue plasm nogen activating factor according to claim20

characterized in a point nutation in position 184, which reduces the
stability of the catalytically active conformation of the plasm no%en
acti vat i RgppaRé thei redubtioriufetisseieotiafagei by vitalizing dbe eclisalsneRRRdH

activatin act or acg i j : d é?hg%&dltisélﬁa. Ti ssue
pl asm no@gﬂaaégwg i ﬂ@ééjgc%ggwgg%%?%ﬁgegﬁt?ﬁ?g%{%n yr%f t he_cl 'sm 20 to
22 char acreervesifor tha prewantionafdugbenstroke iRcidsh dé’ﬁ"%%\?ﬂﬁteé‘aﬁ]?zé ca
talysis hyePléfBindtions With antibiotics as quinones, anticoagulants as heparin or

hirudin as well as with citicholine or acetylsalicylic 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-Pipemo 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 pm) of 0,5 %
NP-40 lysis buffer containing no protease inhibitors (0,5 % NP-40, 10 mM Tris-
HCI pH 7,4, 10 mM NaCL, 3 mM MgCI2, 1 mM EDTA). The brain extracts were
homogenized by means of a hand-held glass homogeniser and left on ice for 30
minutes. The samples were then-centrifuged and the supernatant was removed.
The amount of proteins present was determineq (Bio-Rad-reagent).



24. Tissue plasm nogen activating factor according to claim 23
characterized in Gu275. 25, Tissue plasm nogen activating factor with an
am no aci d sequence according to Seq. ID No. 1. 26. Urokinase with an

autol ysis |oop conprising Val420, Thr421, Asp422 and Ser423. 27. Urokinase
according to claim26 characterized in a point nutation in position 194)
which reduces the stability of the cat2g@ytic active conformation of the
urokinase in absence of fibrin, 28. Urokinase according to claim?27
characterized in Gul94. 29. Urokinase according to at |east one of the
claims 26 to 28 characterized in at |east one point mutation which prevents
the catalysis by plasm n. 30, Urokinase according to claim?29 characteri zed
in 11e275. 31. Urokinase with an am no acid sequence according to Seq. ID
No. 2. 32. Pharmaceutical conposition containing a plasm nogen activating
factor according to at |east one of the above clainms and at |east one

addi ti onal phar mac utl I tive, conponent or its pharnaceuticall
‘accept abBe 4¥Me9 WPj ﬁé@gﬁ}q €38R/ nosi ti on accor di ng to claim %2

characterized in a neur oprotective agent, 34. Pharnmaceutical conposition
agzord' N bCorSl IRt iR thé shifpfed Bnd tHé WraiFtistub AHeRIcES wastdderi st .
mined by zymographic analysis according to the method of Granelli, Piperno and
Reich (1974), The samples with recombinant proteins (up to 100 nM) or the brain
tissue extracts (20 pg) were subjected to a (10 %) SDS-PAGE under non-
reducing conditions, The gels 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, Pipemo 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 +PA (0,12 mg/ml, 1,85 yM) 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 midiine. The cannula was fixed at the
desired position and the pumps were allowed to infuse the respective solutions
at a rate of 0,5 pl per hour for a total of 7 days.

Two days after infusion of the proteases the mice were reanaesthetised and
again placed in the stereotaxic frame. Afterwards 1,5 nmol of kainic acid (KA) in
0,3 pl PBS was injected unilaterally into the hippocampus. The coordinates were:



35. Pharmaceutical conposition according to claim 34 characterized in a
conpetitive or non-conpetitive antagoni st. 36. Pharmaceutical conposition
according to claim 33 characterized in at |east one thronbin inhibitor)
preferentially selected fromthe group of the follow ng substances:

t hr ombonodul i n, thronbonodui i n anal ogues, triabin, pallidipin or solulin.
37. Pharnmaceutical conposition accordi-i@3<o claim33 characterized in at

| east one anticoagul ant agent, preferentially selected fromthe group of
the follow ng anti coagul ant agents: hirudin, heparin, acetylsalicylic acid
or ancrod. 38. Pharmaceutical conposition according to claim 33
characterized in anti inflammatory substances. 39. Pharnaceuti cal

conposi tions according to claim33 characterized in anti biotic agent. 40.
Phar maceuti cal conposition according to claim33 characterized in

ci ti chol igggmal-2 $56momediaHateralc &7t ioeland cdgrsevariteh 1€ sundiThg @ity | east
one of the ,%I s 36 tQ. 45 SPLAdNGnbR Gt 30 ndfeArkr the Kelié raeidl to 19.
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activating ractor: - 1In I

C roduction of at least a part of a cynobgenic triads;

- substitution of Aspl94 or a honol ogous aspartate for reducing the
stabi | i sagi oBram pidtessingProtedurect i ve conformation in the absence of

fibrin;
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 pm) of the brain were then cut on a freezing
microtome and either counter-stained with thionin (BDH, Australia) or processed
for immunohistochemical examination as described below.

6. Quantification of neuronal loss within the hippocampus

The quantification of neuronal loss in the CA1-CA3 hippocampal subfields was
performed as previously described (Tsirka et al., 1995; Tsirka et al., 1998). 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



- 35 substitution of the hydrophobic am no acid residues in the autolysis
| oop or in honol ogous peptide sections to that; introduction of a nutation
in the cynpbgene for preventing the catalysis of the cynogene by plasm n.

43. Drug, produced according to claim42. sFOOO-~e . A E . Au&% A( &9. AN9. A
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Wild type mice (c57/Black 6) were anaesthetised and placed in a sterertaxic
frame (see above). Mice then received an unilateral injection of 50 nmol NMDA
in the left stratum, injected alone or in combination with either 46 pM rt-PA or 46
HM DSPAa1. As controls t-PA and DSPA were also injected alone (both at a
concentration of 46 uM). The injection coordinates were: bregma -0,4 mm,
midiolateral 2,0 mm and dorsoventral 2,5 mm. The solutions (1 ul total volume
for all treatments) were transferred over a period of 5 minutes at a rate of 0,2
pl/min and the needle was left in place for further 2 minutes after the injection In
order to minimize the reflux of fluid. After 24 hours the mice were anaesthetised
and perfused transcardially with 30 ml PBS followed by 70 ml of a 4 %
paraformaldehyd solution, post fixed in the same fixative for 24 hours with
followed by incubation in 30 % sucrose for further 24 hours. Brains were then cut
(40 ym) on a freezing microtome and mounted onto gelatin coated glass slides.

8. Quantification of the lesion volume following NMDA injection

The quantification of the striatal 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,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
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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 pg) were subjected to SDS- PAGE and zymographvc
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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. Immunochistochemical 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

" +PA -I- mice are characteristically resistant to kainic acid (KA) mediated
neurodegeneration. However, intrahippocampal infusion of -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 o 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) (100pl of 0,12 mg/mi [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 pM). The lower {-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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litte 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 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 1o confirn that the injection of DSPA had indeed spread into the
hippocampal region, immunohistochemistry was performed on coronal sections
by use of the DSPA ahtibody. The examination showed that DSPA did indeed
enter the striatal region.

Kinetic analysis of the plasminogen activation by indirect chromogen test
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Indirect chromogen 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 18 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 pg/mi 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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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; -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 -PA carries a substitution of Asp194 to
Glu194 or Asn194,
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' 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 according 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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stroke is temporally not exactly determined.

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

20. Tissue plasminogen activating factor with an autolysis loop comprising
His420, Asn421, Ala422 and Cys423.

21. Tissue plasminogen activating factor according to claim 20 characterized in a
point mutation in position 194, which reduces the stability of the catalytically
active conformation of the plasminogen activating factor in the absence of
fibrin. '

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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27. 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.

28. Urokinase according to claim 27 characterized in Glu194.

'29. 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.

30. Urokinase according to claim 29 characterized in 1le275.

31. Urokinase with an amino acid sequence according to Seq. ID No. 2.

32. 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 sait.

33. Phammaceutical composition according to claim 32 characterized in a
neuroprotective agent.

34. Pharmaceutical composition according to claim 33 characterized in a
glutamate receptor antagonist.
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lowing anticoagulant agents: hirudin, heparin, acetylsalicylic acid or ancrod.

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 éc’:conding to claim 33 characterized in citicho-
line.

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