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HEW 8'.rAPBYLOKl:DSE DER:CVA'rXVES 

This invention relates to new staphylokinase 

derivatives with reduced immunoqenicity, their production 

5 and use in the treatment of arterial thrombosis and for 

the preparation of a pharmaceutical composition for 

treating arterial thrombosis. More in particular it 

relates to the use of enqineered staphylokinase 
derivatives for the preparation of a pharmaceutical 

10 composition for treating myocardial infarction. 

Throml:>otic complications of cardiovascular 

diseases are a main cause of death and disability and, 

consequently, thrombolysis (i.e. pharmacological 

dissolution ot the blood clot) could favorably influence 

15 the outcome of such life-threatening diseases as 

myocardial infarction, cerebrovascular thrombosis and 

venous thromboelllbolism. 'l'hrombolytic aqents are 
plasminogen activators that convert plasminogen, the 

inactive proenzyme of the tibrinolytic system in blood, 

20 to the proteolytic enzyme plasmin. Plasmin dissolves the 

fibrin of a blood clot, but may also deqrade normal 
components of the hemostatic system and induce the so­

called "lytic state". Physiological fibrinolysis however 

is fibrin-oriented as a result of specific molecular 

25 interactions between tissue-type plasminoqan activator, 
fibrin, plasmin(oqen) and a2-antiplasmin (1,2). 

CUrrently, six thrombolytic agents are either 
approved for clinical use or under clinical inve~tiqation 

in patients with acute myocardial infarction. These 
30 include streptokinase, urokinase, recombinant tissue-type 

plasminogen activator (rt-PA) or derivatives of it, 
anisoylated plasminoqen streptokinase activator complex 

(APSAC), recombinant sinqle chain urokinase-type 
plasminogen activator (rscu-PA, recombinant 

35 prourokinase), and recombinant staphylokinase (Sak) 

(2,3). In patients with acute myocardial infarction, 
reduction of infarct size, preservation of ventricular 
function and reduction in mortality has been observed 
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followinq treatment with either streptokinase, rt-PA or 

APSAC (2). 
One of the thrombolytic agents currently 

routinely used in therapy is streptokinase., a Hr 45, ooo 
5 protein secreted by &-hemolytic streptococci. Its 

administration is however associated with extensive 

systemic fibrino9en breakdown and its efficacy for 
coronary thro:mbolysis in patients with evolvinq acute 

myocardial infarction is limited, amountinq to 

10 approximately SO percent coronary artery recanalization 

within 90 minutes (2). Furthermore, exposure to 

streptokinase provokes allergic reactions in about 5 

percent of treated patients and consistently induces 

specific· antibody formation which precludes its repeated 

15 use within months or years ( 4) • 

Staphylokinase, a protein .. produced by certain 

strains of Stapbylocgccus aureus, which was shown to have 

profibrinolytic properties more than 4 decades aqo (5-7), 

also appears to constitute a potent thrombolytic agent in 

20 patients with acute myocardial infarction (S). The 

staphylokinase gene has been cloned from tbe 

bacteriophages .l.At~C (9) and AA&42D (10) as well as from 

the qenomic DNA (JllkSTAR) of a lysoqenic staphylococcus 

aureus strain (11). It has been expressed under the 

25 control of the lPR promoter and its own translation 

siqnals in Escherichia coli and also under the control of 

its natural promoter and translation siqnals in Bacillus 

subtilis or Eschericbia coli, resultinq in accumulation 

of the gene product in the periplasmic space or in the 

30 culture medium, respectively (10-13). 

The staphylokinase qene encodes a protein of 

163 amino acids, with amino acid 28 corresponding to the 

NH2-terminal residue of full length mature staphylokinase 

(10,14,15). The protein sequence of the wild-type variant 

35 SakSTAR (15) is represented in Fiqure l. Only four 

nucleotide differences were found in the coding regions 

of the ~c, &Als,420 and Ji.A}SSTAR qenes, one of which 

constituted a silent mutation (10,14,15). 
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Several molecular forms of staphylokinase have 

been purified with slightly different Hr (16,500 to 18,000 

on SOS-PAGE) and iso-electric points (11-13). Lower H,. 
derivatives of mature staphylokinase were obtained 

5 lackinq the 6 (Sak-A6) or the 10 (Sak-AlO) NHz-terminal 

amino acids. Upon interaction with plasmin(oqen) in a 

buffer milieu, mature staphylokinase (MHz-terminal Ser­

ser-ser) is rapidly and qua~titatively converted to Sak-

410 (NH2-terminal Lys-Gly-Asp-). Mature staphylokinase and 

10 Sak-AlO were shown to have the same f ibrinolytic activity 
(11,12). / 

The amino acid in position 26 appears to be of 

crucial importance for the activation of plasminoqen by 

staphylokinase. Indeed, substitution of the unique Met 

15 residue in position 26 with either Arq or Val results in 

loss of the functional activity, whereas substitution 

. with Leu or Cys has little or no effect on the activity 

(16). Because none of the sinqle amino acid exchanqes 

causes siqnificant chanqes of the.solution structure of 

20 the mutant proteins the mechanism of this differential 

behavior remains enigmatic. 
In a plasma milieu, staphylokinase is able to 

dissolve fibrin clots without associated fibrinoqen 

deqradation (17-19). 'l'his fibrin-specificity cf 

25 staphylokinase is the result of reduced inhibition by a2-

antiplasmin of plasmin.staphylokinase conplex bound to 

fibrin, recycling of staphylokinase from the 
plasmin.staphylokinase complex followinq inhibition by a2-

antiplasmin, and prevention of the conversion of 

30 circulating plasminoqen.staphylokinase to 
plasmin.staphylokinase by a2-antiplasmin (20-22). In 

several experimental animal models, staphylokinase 
appears to be equipotent to streptokinase for the 

dissolution of whole blood or plasma clots, but 

35 significantly more potent for the dissolution of 
platelet-rich or retracted thrombi (23,24). 

The encouraging results obtained with 

staphylokinase in animal models of thrombosis, have 
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formed the basis for its evaluation, on a pilot scale, in 
patients with acute myocardial infarction (J,25). Zn 4 of 
5 patients with acute myocardial infarction 10 mq 
recombinant staphylokinase (SakSTAR), qiven intravenously 

5 over 30 min, was found to induce anqioqraphically 
documented coronary artery recanalization within 40 
minutes. Plasma f~brinoqen and a2-antiplasmin levels were 
unaffected (residual levels at 40 min of 90-95% of 
baseline) and allergic reactions were not observed (3). 

l.O In a second series of s patients with acute coronary 
occlusion, intravenous administration of 10 mq 
staphylokinase (Sak.STAR) over 30 min induced 
racanalization in all patients within 20 min, without 
associated fibrinogen degradation (25). Control 

15 anqioqraphy at 24 hours showed that recanalization 
persisted. 

The immunogenicity of staphylokinase (SakSTAR) 
as compared to streptokinase was studied in dogs (23) and 
baboons (24). In aqgregate, these experimental animal 

20 data suggested a lower ilmnunoqanicity of staphylokinase 
as compared to streptokinase. However, in the first 5 
patients with acute myocardial infarction qiven an 
intravenous infusion of 10 mg staphylokinase over 30 min, 
nautralizinq antibody titers against staphylokinase 

25 (SakSTAR) were low at baseline and up to 6 days after 
infusion, but high titers (staphylokinase neutralizinq 
titers Of 12-42 µg/ml plasma) Of antibodies were 
consistently demonstrable in plasma at 14-35 days (3). 
These ocservations were fully confirmed in the second 

30 pilot trial in 5 patients (25). Thus with respect to 
immunoqenicity, the initial observations in man were not 
as encouraginq as the experience in experimental animals. 
Thus, like streptokinase, staphylokinase administration 
would be restricted to single use. However, the absence 

35 of cross-reactivity of induced antibodies aqainst 
staphylokinase and streptokinase (26,27) suggests that 
the administration of both substances would not be 
mutually exclusive. 
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The intrinsic immunoqenicity of streptokinase 
and staphylokinase clearly hampers their unrestricted 
use. Not only will patients with preexisting hiqh 
antibody titers be refractory to the thrombolytic effect 

5 of these aqents, but allerqic side effects and occasional 
life-threateninq anapbylaxis may occur (28). Because both 
streptokinase and staphylokinase are heterologous 
proteins, it is not obvious that their immunogenicity 
could be reduced by protein enqineering. Indeed, no 

10 successful attempts to qenerate active low molecular 
weiqht fragments from streptokinase have been reported. 
In staphylokinase, deletion of the MH2-terminal 17 amino 
acids or the COOR-terminal 2 amino acids inactivates the 
molecule, which in addition is very sensitive to 

15 inactivation by site-specific muta9enesis (25,29). 
Nevertheless, we have, surprisinqly, found that 

the wild-type staphylokinase variant SakSTAR (8,15) 
contains three non-overlappinq immunodominant epitopes, 
at least two of which can be eliminated by specific site-

20 directed mutaqenesis, without inactivation of the 
molecule. These enqineered staphylokinase variants are 
less reactive with antibodies elicited fn patients 
treated with wild-type staphylokinase, and are 
siqnificant1y·1ess immunoqenic than wild-type 

25 staphylokinase, as demonstrated in rabbit and baboon 
models and in patients with peripheral arterial 
occlusion. 

The present invention thus relates to 
staphylokinase derivatives showing a reduced 

JO immunogenicity as compared to wild-type staphylokinase. 
The derivatives have essentially the amino acid sequence 
of wild-type staphylokinase or modified versions thereof, 
but at least one immunodominant epitope is eliminated 
without destroying the biological activity of the 

35 derivatives. In one embodiment of the invention the 
derivatives have essentially the amino acid sequence as 
depicted in figure 1 in which one or more amino acids in 
one or more underlined clusters have been replaced by 
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another amino acid thus alterinq the correspondinq 
epitope(s). Preferably the amino acids are replaced by 
alanine. By altering the epitope(s) the reactivity of the 

derivatives with a monoclonal antibody panel directed to 
5 one or more of three epitope clusters I, II and III is 

reduced. This indicates that by replacing the wild-type 
amino acids with alanine the antigenicity of 
staphylokinase is reduced. 

The invention in particular relates to 
io staphylokinase derivative MS having the amino acid 

sequence as depicted in figure l in which the amino acids 
Lys on position 74, Glu on position 75 and Arq on 
position 77 in the underlined cluster a have been 
replaced 1'y alanine thus altering the corresponding 

is epitope, to staphylokinase derivative M3 having the amino 
acid sequence as depicted in figure 1 in which the amino 
acids Lys on position 35 and Glu on position 38 in the 
underlined cluster 3 have been replaced by alanine thus 
altering the corresponding epitope, to staphylokinase 

20 derivative M9 having the amino acid sequence as depicted 
in figure l in which the amino acids Glu on position 80 

and Asp on position 82 in the underlined cluster 9 have 
been replaced by alanine thus alterinq the correspondinq 
epitope, to staphylokinase derivative M3.8 having the 

25 amino acid sequence as depicted in figure l in which the 
amino acids Lys on position 35, Glu on position 38, Lys 
on position 74, Glu on position 75 and Arq on position 77 

in the underlined clusters 3 and 8 have been replaced by 

alanine.thus altering the corresponding epitopes and to 
30 staphylokinase derivative MB.9 having the amino acid 

sequence as depicted in figure 1 in which the amino acids 
Lys on position 74, Glu on position 75, Arq on position 
77, Gluon position so and Asp on position 82 in the 

underlined clusters s and 9 have been replaced by alanine 

35 thus alterinq the correspondinq epitopes. Thus M3.8 and 
MS.9 are double mutants having two epitopes destroyed. 

The invention demonstrates that engineered 
variants ot staphylokinase with reduced immunoqenicity 
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can be pract,ical alternative thrombolytic aqents to 
streptokinase or wild-type staphylokinase. 

The invention also relates to a method for 
pr~ducing the derivatives of the invention by preparing a 

5 DNA fraqment comprising at least the part of the coding 
sequence of staphylokinase that provides for its 

biological activ~ty; performing in vitro site-directed 
mutagenesis on the DNA fraqment to replace one or more 
codons for wild-type amino acids by a codon for another 

10 amino acid; cloning the mutated DHA fra~nt in a 
suitable vector; transforming or transfectinq a suitable 
host cell with the vector; and culturing the host cell 
under conditions suitable for expressing the DNA 
fraqment. Preferably the DHA fra9ment is a 453 bp 1£...oRI-

15 Jlind:CII fragment of the plasmid .pMEX602SAK, the in vitro 
site-directed mutagenesis is performed by an 

· oligonucleotide-directed mutagenesis ·. system usinq the 
plasmid pMa/c and the repair deficient E. coli strain 
WK6Muts, and the mutated DNA fragment is cloned in ~ 

20 ~ strain WK6. · 
The invention also relates to pharmaceutical 

compositions comprisinq at least one of the 
staphylokinase derivatives according to the invention 
together with a suitable excipient, for treatment of 

25 arterial thrombosis. Pharmaceutical compositions, 
containinq less immunoqenic staphylokinase variants as 
the active ingredient, for treating arterial thrombosis 
in human or veterinary practice may take the form of 
powders or solutions and may be used for intravenous or 

30 intraarterial administration. Such compositions may be 
prepared by combining (e.g. mixing, dissolvinq etc.) the 
active compound with pharmaceutically acceptable 
excipients of neutral character (such as aqueous or non­
aqueous solvents, stabilizers, emulsifiers, detergents, 

35 additives), and further, if necessary with dyes. The 
concentration of the active ingredient in a therapeutical 
composition may vary widely between 0,1% and 100%, 
dependent on the character of the disease and the mode of 
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administration. Further the dose of the active ingredient 

to be administered may vary between o,os mg and 1,0 mg 

per kg of body weight. 
FUrthermore the invention relates to the use of 

5 the staphylokinase derivatives for the treatment of 
·, 

arterial thrombosis, in particular myocardial infarction, 

and to the use of staphylokinase derivatives for the 

preparation of a pharmaceutical composition for the 

treatment of arterial thrombosis, in particular 
10 myocardial infarction. 

In the above and the f ollowinq the terms 

"derivatives", "mutants" and "variants" are used 
interchangeably. 

The present invention will be .demonstrated in 

15 more detail in the following examples, that are however 

not intended to be limiting to the scope of the 
invention. Based on the present invention several 

variants and improvements will be obvious for the person 

skilled in the art. Thus random mutaqenesis starting from 

20 the combination mutant 3.8 and from the combination 

mutant 8.9 is likely to generate alternative mutants with 

reduced immunoqenicity and possibly increased function 

activity, whereas alternative mutaqenesis in the epitope 

neutralizinq clusters will yield other variants with 
25 reduced im:inunoqenicity. 

lpMPLI l. 
Epitope mapping of wild-type st1phylokinase 

The epitope specificity of a panel of 17 murine 

30 monoclo~al antibodies raised aqainst wild-type 
staphylokinase (SakSTAR variant) was determined by real­
time biospecif ic interaction analysis (BIA) usinq the 

BIAcore™ instrument (Pharmacia, Biosensor AB, Uppsala, 
Sweden). Monoclonal antibodies against SakSTAR were 

35 produced. essentially by the method of Galfre and Milstein 

(30). BALB/c mice ware immunized by subcutaneous 
injection cf 10 µg SakSTAR in complete Freund's adjuvant, 

which was followed 2 weeks later by intraperitoneal 
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injection cf 10 µq SakS~AR in incomplete Freund's 
adjuvant. After an interval of at least·6 weeks, the mice 
were boosted intraperitoneally with 10 µg SakSTAR in 
saline on days 4 and 2 before the cell fusion. Spleen 

5 cells were isolated and fused with P3X63-Ag.8•6.S.3 
myeloma cells (obtained from Dr. o. Sch5nherr, Organon,. 
Oss, The Netherlands) according to Fazekas.de St. Groth 
and Scheidegger (31). After selection in hypoxanthine, 
am.inopterin, thymidine medium, the supernatants were 

10 screened for specific antibody production with a one-site 
noncompetitive micro-ELISA using microtiter plates coated 
with staphylokinase. 'l'he bound immunoglobulins were 
detected with horseradish peroxidase (BP)-conjugated 
rabbit anti-mouse IqG (32). Positive clones were used for 

15 the production of ascitic fluid in pristane-primed BALB/c 
mice (33). The IqG fraction of the monoclonal antibodies 
was purified from ascites by affinity chromatography on 
Protein A-Sepharose (34). 

This biospecif ic interaction analysis 
20 technique, based en surface plasmon resonance (SPR) 

allows direct measurement of interactions in real time 
without the use of labels (35). Staphylokinase (SakSTAR) 
was immobilized on the surf ace of Sensor Chip CMS usinq 
the Amine coupling kit (Pharmacia Biosensor AB), as 

25 recommended by the manufacturer. This procedure links 
primary amino groups in the ligand to the 
carboxymethylated dextran ~urf ace of the Sensor Chip 
(36). Immobilization was performed from protein solutions 
at a concentration of 10 µq/ml in 10 mM Na-acetate at pH 

30 s.o, at a flow of s µl/min during 6 min. This resulted in 
covalent attachment of 1,000-1,soo RU (resonance units) 
of staphylokinase moieties (corresponding to 
approximately 0.07 pmole/:imn2) (37). The second interactinq 
component (the analyte: i.e. monoclonal antibody) was 

35 injected in solution over the sensor. The concentration 
of free analyte was kept copstant through a continuous 
flow of solution at 20°c past the sensor surface. At 
least four concentrations of each analyte (range 0-400 nM 
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or o-so pM) in 10 mM HEPES, 3.4 JllM ED'l'A, 0.15 M NaCl and 
o.005% Surfactant P20, pH 7.2, were injected at a flow 
rate of 5 pl/min durinq 6 min in the association phase. 
Then sample was replaced by buffer, also at a flow rate 

5 of 5 µl/min during 6 to 30 min. After each cycle, the 
surf ace of the sensor chip was regenerated by injection 
of 5 pl of 15 mM HCl. Association (k .. 

5
) and dissociation 

(kdt••) rate constants were derived from the sensorqrams as 
described in detail elsewhere (38). The equilibrium 

10 association constants (Ka) , calculated as the ratio of k••• 
and katas' for the binding to wild-type staphylokinase of 
the panel of 17 monoclonal antibodies studied, ranged 
between 0.6 and > 25 x 109 M"1 (median value 1010 M"1) 

(Table 1). 
15 J:n table 1 the column indicated with "ID11 

states the various staphylokinase derivatives. 
Indications "17G11", 11 26A2" etc. refer to monoclonal 
antibodies binding to the indicated epitope clusters I, 
II and III. In the column "variant" the mutated amino 

20 acids and their position are indicated in the one letter 
code for amino acids. Epitope cluster I is recognized by 
the antibodies 17G11, 26A2, 30A2, 2B12 and JGlO, whereas 
epitope cluster II is recoCJDiZed by the antibodies 29C1, 
18Fl2, 14HS, 28H4, 2006, 32B2 and 7F10, and epitope 

25 cluster III by the antibodies 7H11, 25.El, 40CB, 24C4 and 
1A10. 

Monoclonal antibodies directed against separate 
epitopes will bind independently of each other, whereas 
monoclonal antibodies directed against closely related 

30 epitopes will interfere with each other's binding. 
Therefore, the epitope specificity of a panel monoclonal 
antibodies is most easily determined by testing the 
ability of pairs of monoclonal antibodies to bind 
simuitaneously to the antigen. Real-time biospecific 

35 interaction analysis (BIA) can be used to measure 
competitive binding of pairs of monoclonal antibodies to 
staphylokinase linked to the sensor chip surface. The 
analysis was carried out as described in Application Note 
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101 (Pharmacia Biosensor AB). Pair-wise binding tests 
divided the 17 monoclonal antibodies into 3 groups 
representing 3 non-overlapping epitopes on the antigen, 
as illustrated in Figure 2. The independence of these 

s epitopes was confirmed by the direct demonstration of 
additive binding of the monoclonal antibodies 26A2, 28B4 
and 24C4. The antibodies were aligned according to their 
epitope specificity as illustrated in Table 1. 

10 IDKPLI 2 

Construction and epitope mapping of "charqed-cluster-to­
alanine" variants of staphyl9kinase 

In the "charged-cluster-to-alanine" scan, 
clusters of hydrophilic charged amino acids were 

15 targeted. Staphylokinase (SakSTAR} contains 45 charged 
amino acids (2 His, 14 Glu, a Asp, l Arg and 20 Lys). 
These charged residues were mutagenized to Ala in 
clusters of two or three amino acids, as summarized in 
Figure 1. A total of 21 mutants in which the underli.ned 

20 charged amino acids were replaced by alanine were 
designed. The amino acids that are to be replaced by 
alanine are indicated with a small vertical line within 
the cluster. 

Mutants were prepared by site-directed 
25 muta9enesis and expressed in E. coli as detailed below. 

Restriction enzymes were purchased from Pharmacia, 
Uppsala, Sweden or Boehringer Mannheim (Mannheim, 
Germany). T4 DNA ligase, Klenow Fraqment of E. coli DNA 
polymerase I and alkaline phosphatase were obtained from 

30 Boehringer Mannheim. The oliqonucleotide-directed 
muta9enesis system and the pffa/c plasmids were kindly 
provided by corvas (Ghent, Belqiwn) (39). The expression 
vector pMEX602SakB was kindly provided by the Institut · 
filr Molekulare Biotechnoloqie, Jena, Germany {25). 

35 M123K07 helper phage was purchased from Promeqa {Leiden, 
The Netherlands). Luria Broth qroWth medium was purchased 
from Life Technologies (Merelbeke, Belqium). Plasminogen 
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was purified from human plasma as described elsewhere 
(40) • 

Enzyme reactions were performed using the 
conditions suggested by the suppliers. Plasmid DNA was 

s isolated using a QIAGEN-purif ication protocol (provided 
by Westburg, Leusden, The Netherlands). Transforma~ions 
of E. co1i were performed utilizing the calcium phosphate 
procedure. ONA sequencing was performed using the dideoxy 
chain termination reaction method and the Automated Laser 

10 fluorescent A.L. F •1" (Pharmacia) • Site directed 
mutaqenesis for the mutants D5,K6 (M20) until K86,EB8 

(M10), was performed using the pMa/c, using the repair 
deficient E. coli strain WK6Muts. Propagation of the 
plasmids pMa/c or derivatives, preparation of single 

. 15 stranded ONA and expression was done in E. coli WK6 (39). 
The mutants D93,K94 (Mll) until Kl34,K135,K136 (M19) were 
constructed in the Institut fUr Molekulare Biotechnologie 
Jena, Germany as previously described (16). The 
chromogenic substrate (S2403) L-Pyroglutamyl-L-

20 phenylalanyl-L-lysine-P-nitroanaline hydrochloride was 
purchased from Chromogenix. 125I-labeled fibrinogen was 
purchased from Amersham. 

The 453-base pair ~RI-B.indIII fragment 
containing the entire coding region f cr SakSTAR was cut 

25 out of the plasmid pHEX602SakB (ampicillin resistant) and 
cloned into the ~RI-HindIII sit.es of the pMc5-8 plasmid 
(chloramphenicol resistant) yielding pMc-STAB· For .in 
yitro site-directed mutaqenesis, sinqle stranded DNA of 
this construct was prepared by transformation of the l2H£= 

30 ~ construct in E. coli and injection cf an overnight 
culture with helper phage M13K07. Four hours after 
injection, cells were isolated from the medium by PEG­
precipitation and phenol-chloroform extraction. 
Subsequently, single stranded pMc-STAR was hybridized 

35 with single stranded J2HA (~RI-l:lindIII) vector DNA and 
the appropriate 28 to 44 base synthetic oliqonucleotide 
with a silent mutation creating or deleting a restriction 
site. Extension reactions were carried out with the 
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Klenow fraqment of DNA polymerase as described. After 
transformation of E. coli WK6Muts and selection on 
ampicillin, colonies were grown on nitrocellulose 

·membranes, denatured in situ and DNA was hybridized 
5 overnight at room temperature usinq the respective 

radiolabeled mutant oliqonucleotides (1.5 x 101 c:pm of 
[y32P]-ATP used for T4 polynucleotide kinase labeling of 
20-30 nq of oliqonucleotide). Filters were washed at 42°C 
using solutions containing 0.1% sos and 2x SSC, 1x SSC, 

10 o.2x ssc, o.1x ssc. Plasmid DNA was extracted from 10 ml 
bacterial cultures form each positive clone and analyzed 
by restriction enzyme digestion. The desiredmutations 
were confirmed by sequencing of the complete codinq 
sequence usinq A. L. F. ni. 

15 The mutated BJ.ndIII~~RI fragment was then 
ligated back into the pffEX602SakB. expression vector 
containinq the~ promoter (39). The mutant proteins 
were produced intracellularly and in soluble form in .L. 
~ WK6 cells transformed with this vector. 'l'he mutants 

2 o were pur:i.f ied from the soni.cated bacterial extracts usinq 
cation exchanqe and hydrophobic interaction 
chromatography (25). 

SakSTAR .·mutants were obtained with yields 
ranging between 10 and 80 mq/l, representing recoveries 

25 of 15 to 88% of the starting material. The purified 
material was pure as shown by electrophoresis on non 
reduced 10-15% qradient gels (not shown). HH2-terminal 
amino acid analysis confirmed the Ser-ser-Ser-Phe-Asp 
sequence of mature staphylokinase. A more detailed 

30 biochemical characterization of these staphylckinase 
mutants has been reported elsewhere (41). 

Protein concentrations were determined 
according to Bradford (4l). The fibrinolytic activities 
of SakSTAR solutions were determined with a chrcmoqenic 

35 substrate assay carried out in microtiters plates usinq a 
mixture of 80 µl SakSTAR solution and 100 µl Glu­
plasminogen solution (final concentration 0.5 JDM). After 
incubation for 30 min at 37°C, generated plasmin was 
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quantitated by addition of JO µl S2403 (final 
concentration 1 µM) and measurement of the absorption at 
405 nm. The activity was expressed in home units (HU) by 
comparison with an in-house standard (lot STANS) which 

5 was assigned an activity of 100,000 HU per mg protein as 
determined by amino acid composition (11). SDS-PAGE was 
-performed with the Phast system™ (Pharmacia, Uppsala, 
Sweden) using 10-15% gradient gels and Coomassie 
Brilliant blue staining. Reduction of the samples was 

10 performed by heating at ioo•c for 3 min in the presence 
of 1% sos and 1% dithioerythritol. 

The construction, production and purification 
of mutants M3.8 and MS.9 were carried out as described in 
detail below. The oligonucleotides, used for the 

15 construction, 5' -ATAGCAATGCATTTCCTGCACTATCAAC-3' (HJ.) , 

5'-CTAATTCAACTACTGCAAACGC'TGCATATGCTGTCGCATC-3' (Hl), and 
5 1 -TTTGCGCTTGGCGCCAATGCAACTACTCTAAACTCTT'I'ATAT-J' (Hi) 

were custom synthesized by Pharmacia Biotech. 
For the construction of mutant M3.8, single-

20 stranded PMc~STAR and the ~RI-HindIII fraqment of pMa5-
~ were used to prepare a gapped-duplex DNA molecule, 
which was hybridized with the 28 base synthetic 
oligonucleotide HJ. (containing a NsiI restriction site). 
Extension reactions were carried out with the Klenow 

25 fragment of ONA polymerase and ligase as described. After 
transmission of E. coli WK6Muts and selection on 
ampicillin, 81 colonies were grown on nitrocellulose 
membranes, denatured in situ and DNA was hybridized 
overniqht at room temperature using radiolabeled IQ. 

30 oliqonucleotide (l.5 x io8 cpm of [y32P]-ATP for T4 
polynucleotide kinase labeling of 20-30 ng of 
oligonucleotide). Filters were washed at 42°C usin9 
solutions containing 0.1% sos and 2 x ssc, 1 x SSC, 0.2 x 
SSC, 0.1 x SSC. DNA of 1 selected clone out of 16 

35 positives was prepared from 150 ml bacterial cultures and 
analyzed by restriction enzyme digestion with NsiI and 
PvuI. The M3 mutation (pMa-STABJ) was confirmed by 

sequencinq of the complete coding reqion usinq A.L.F.™ 
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Then single stranded DNA was prepared by transformation 
of pMa-STAB3 in E. coli as· described above. Single 
stranded pMa-STAB3 was hybridized with ~ (~RI­
HindIII) and with the 40 base synthetic oligonucleotide 

5 Kl which contains a NdeI restriction site, as described 
above. After transformation of E. coli WK6Muts and.. . 
selection on chlorampbenicol, 100 colonies were qrown on 
nitrocellulose membranes and hybridized with labeled HI 
oligonucleotide. Positive clones (2 out of 7) were grown, 

10 and analyzed by restriction enzyme digestion (NsiI­
HindIII and NdeI) yielding one positive clone. The double 
mutant ~ was then ligated back into the pM£X602SatB 
expression vector. out of 12 minipreparations of DNA, 6 
had the correct restriction pattern. One of these clones 

15 (pHEXSakSTAB.M38) was sequenced and used for preparation 
of mutant M3.B under control of the IPTG inducible ,laS: 

promoter and two Shine-Dalgarno sequences in tandem. 
100 µl of a suspension of E. coli WX6 cells 

transformed with the recombinant plasmid pffEX§akSTAB.M38 
20 were incubated in 100 ml LB medium (Gibco/BRL) containinq 

100 µq/ml of ampicillin. The mixture was incubated 
overnight at 37°C while shaking at 200 rpm, resultinq in 
a cell density of approximately s absorbilJlce units at 600 

nm. Aliquots of 20 ml were transferred to 2 1 volumes (in 
25 5 1 flasks) of LB medium containing 100 ~q/ml ampicillin. 

The mixtures were incuJ:>ated for 3 hours at 37°C while 
shakinq before addition of 200 µM IPTG for induction of 
M3.8 expression, which was allowed to pr~ceed for 4 

hours. The cells were pelleted by.centrifugation at 4,000 

30 rpm for 20 min, resuspended in 1/10 volume cf 0.01 M 

phosphate buffer, pH 6.5, and disrupted by sonication at 
o•c. Cell debris was removed by centrifuqation for 30 min 
at 20,000 rpm and the supernatant was stored at -2o•c 
until used. 

35 Pooled cleared cell lysates (2 liter volumes) 
from 20 to 30 liter bacterial cultures were pH adjusted 
to 5.9, sterilized by filtration throuqh a 0.22 µm 
Sartorius filter and applied to a 5x25 cm column of SP-
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Sepharose, preconditioned with o.s M NaOH and with 
sterilized 0.01 M phosphate buffer, at a flow rate of 12 

ml/min and at 4°C in a laminar flow. The column was 
washed with 2 to 3 liter buffer and eluted with a salt 

5 gradient from o to 1 M over 500 ml and from 1 M to 2 M 

over 250 ml at a flow rate of 10 ml/min and at 4°C. The 
M3.8 containing fractions, localized by SDS qel 
electrophoresis, ware pooled (approximately 200 ml) and 
dialyzed against 15 liter sterilized 0.01 M phosphate 

10 buffer, pH a.o, at 4°C. The dialyzed material was 
centrifuged at 4,oao rpm for 30 min, sterilized again by 
filtration and applied to a 2.s x 12 cm column of Q­

Sepharose fast flow, preconditioned with o.s M NaOH and 
with sterilized 0.01 M phosphate buffer, pH s.o, at a 

15 flow rate of 3 ml/min at 4•c. The column was washed with 
approximately 600 ml 0.01 M phosphate buffer, pH s.o, at 
a flow rate. of a ml/min and eluted with a salt gradient 
from O to 0.17 M over 30 ml, from o.17 to 0.2 M over 100 

ml and from 0.2 M to l.5 .M over 200 ml, at a flow rate of 
20 4 ml/min. The M3.S containing fractions, localized by SDS 

gel electrophoresis, were pooled, the protein 
concentration was adjusted to l mq/ml and the material 
was sterilized by filtration through a 0.22 µm Millipore 
filter. Three preparations of M3.S yielded so ± 25 mg 

25 pure protein (mean ± SD) with a specific activity of 
45,000 ± 5,200 HU/mq. 

For the construction of mutant MS.9, single­
stranded pMc-STAB and the EcoRI-Hi.ndIII ~ragment of pMaS­
.l were used to prepare a gapped-duplex DNA molecule, 

30 which was hybridized with the 42 base synthetic 
oligonucleotide H.2 containing a NarI restriction site. 
Extension reactions were carried out with the Klenow 
fraqment of DNA polymerase and liqase as described. After 
transformation of E. coli WK6Muts and selection on 

35 ampicillin, colonies were grown on nitrocellulose 
membranes, denatured in situ and DNA was hybridized 
overnight at room temperature using radiolabeled ~ 
oligonucleotide ( l. s x 108 cpm of [ y32p ]-ATP for T4 
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polynucleotide kinase labeling of 20-30 nq of 
oligonucleotide). Filters were washed at 42•c using 
solutions containing 0~1% sos and 2x ssc, lx SSC, a.ax 
SSC, o.1x ssc. DNA from 2 selected clones out of 4 

5 positives was prepared and 1 of them (pMA-STAR9) was 
.. . 

characterized by nucleotide sequence analysis using 
A.L.F.™. The .l,ggRI-IU.ndIII insert from pMa-STAB9 was then 

ligated back into the pMEX602Sa1cB expression vector. The 
clones (58) were screened by in situ hybridization with 

10 radiolabeled Im oliqonucleotide as a probe. One clone, 
pMEXSakSTAB.M9, was characterized by nucleotide sequence 
analysis and subsequently used f cr the construction of 
mutant MS.9. 

To construct MS·~ 9, mutation 8 was introduced in 
15 M9 by polymerase chain reaction (PCR). PCR was performed 

in a total volUllle of 100 µl usinq s o enzyme and 1 µq of 
each of the following primers: oliqonucleotide II= 5 1 -

CAGGAAACAGAA'l"l'CAGGAG, oligonuclectide III= S'­
TATATAA'l'ATTCGACATAGTA'l"l'CAATT'l''l'T-31, oliqonucleotide IV• 

20 S'-TATCCCGGGCATTAGATGCGACAGCATATGCAGCGT'l"l'GCAGTA-3' and 
oligonucleotide V• 5 1 -CAAAACAGCCAAGCT'l'CA'l"l'CATTCAGC-3'. 
The concentrations of dATP, dCTP, dGTP and dTTP were 200 

µM. Denaturation was carried out for 1 min at 94°C, 

annealing for 2 min at S5°C and extension for l.S min at 
25 72°C. Atter 30 cycli samples were incubated for 10 min at 

72°C and cooled to 4•c. In a :first PCR reaction 2 ng of 
pMEXSakSTAB.M9 was amplified using oliqonucleotides IV 

and V ~s primers. The PCR amplicon was digested with SmaI 
and HindIII and purified after electrophoresis in a 1.s % 

30 agarose gel using a Prep-A-gene kit (Bio-Rad 
Laboratories, Hercules, CA, USA). The resulting fragment 
was cloned into the ~r-JiindIII sites of pUC18 
(Pharmacia BioTech, Uppsala, Sweden) usinq the rapid DNA 
ligation kit (Boehringer Mannheim). After transformation 

35 in E. coli WK6 cells, DNA from 12 colonies was prepared 
and all 12 qenerated a fragment of approximately 230 base 
pairs when digested with EcoRI and HindIII. One cf these 
DNA's (pUClB-MB9A) was used for cloninq of a second PCR 
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product (see below). A second PRC reaction was performed 
on 2 nq of pHEXSak$TAR.M9 using oligonucleotides II and 
III as primers. 'l'he PCR reaction product was digested 
with SspI and EcoRI and further purified as described 

s above. The resultinq fragment was ligated into the .&JDAI­
~RI sites of pQC18-M894, After transformation in L. 
~ WK6 cells, 6 clones were selected ror DNA 
preparation. Five out of 6 qenerated a fragment of 
approximately 453-base pairs following digestion with 

10 EcoRI and HindIII. 'l'his fraC)lllent coding for the entire 
mutant M8.9 was cloned into the ~RI-B.indIII sites of 
the expression vector PKEX602SakB. After transformation 
of E. coli WIC6 cells, DNA from 6 colonies was analyzed by 

digestion with EcoRI and HindIII generatinq a fragment of 
15 approximately 453-base pairs in all cases. One of these 

DNA was further characterized by nucleotide sequence 
analysis. 

100 ml of LB medium (GIBCO/BRL) containing 100 
µg/ml ampicillin was inoculated with 100 µl of a 

20 suspension of E. coli WI<6 cells transformed with the 
recombinant plasmid pMEXSakSTAR.MB9. The culture was 
incubated overnight at 37°C while shaking at 140 rpm to a 
cell d&nsity of approximately 5 absdrbance units of 600 
nm. Aliquots of 4 ml were used to inoculate 2 liter 

25 cultures (in SL baffled flasks) in "Terrific Broth" 
medium containing 150 µl/ml ampicillin. The cultures were 
incubated for about 2'0 hrs at J0°C and at 140 rpm, 
resulting in a final cell density of approximately 4.109 

cells/ml • The cells were pelleted by 
30 centrifugation at 4,000 rpm for 20 min, resuspended in 

1/5 volume of 0.01 M phosphate buffer, pH 6.5, and 
disrupted by sonication at o 0 c. The pH was then adjusted 
to 5.8 and the cells debris were removed by 30 min 
centrifugation at 20,000 rpm. The supernatant was stored 

35 at -20°c until further processed. 
Pooled cleared cell lysates (1,800 ml) were pH 

adjusted to 5.8 and applied to a 2.s x 20 cm column of 
SP-Sepharose, preconditioned with o.s M NaOH and fresh 
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0.01 M phosphate, 2.s M NaCl buffer, pH 7.5, at a flow 
rate of 2 ml/min at 4°C. The column was washed with 500 
~l buffer and eluted with a salt gradient from o to 1 M 

over 200 ml at a flow rate of 6 ml/min. 
5 The pooled MB.9 fractions, identified with sos 

qel electrophoresis, were adjusted to 2.S_M with solid 
NaCl and subjected to hydrophobic interaction 
cbrOJDa.tography on a 2. 5 x 20. cm c_olwnn of phenyl­
Sepharose, preconditioned with 0.5 M NaOH and fresh 0.01 

10 M_phosphate, 2.s M NaCl buffer pH 7.5, at a flow rate of 
2 ml/min and 4°C. The column was washed with 
approximately 500 ml buffer and eluted with 0.01 M 

phosphate buffer, pH 6.S. The MS.9 containinq fractions, 
localized by SDS gel electrophoresis, were pooled and 

15 dialyzed aqainst 2 lit~ro.01 M phosphate buffer, pH 9.o. 

The dialyzed material was centrifuged at 4,000 rpm for 30 

min and applied to a 1.6 x 5 cm column of Q-Sepharose 
fast flow, preconditioned with o.s M NaOH and with fresh 
0.01 M phosphate buffer, pH 9.0, at a flow rate of 2 

20 ml/min and 4°C. The column was washed with approximately 
150 ml 0.01 M phosphate buffer, pH 9.0, and eluted with a 
salt gradient from·O to 1 M NaCl over 100 ml, at a flow 

. . 
rate of 4 ml/min. The MS.9 containing fractions, 
localized by sos 9el electrophoresis were pooled, the 

25 protein concentration was adjusted to 1 mg/ml and the 
material was sterilized by fi1traticn throu9h a 0.22 µM 

Millipore filter. Three preparations o~ MS.9 yielded 73 ± 

17 mg pure protein with a specific ~citivity cf 51,000 ± 
3,500 HU/mg. 

30 The fitlrinolytic activities of the different 
SakSTAR mutants determine~ with the chromoqenic substrate 
assay are summarized in table 1. 

Of the 21 mutants, designed as illustrated in 
Figure 1, E99,E100 (M13) and E99,E100,El.02 (Ml4), could 

35 not be obtained in purified form, whereas Kll,D13,Dl4 
(Ml), E46,l<SO (M4) and E65,D69 (M7) were inactive. 
Sixteen mutants, swnmarized in Table 1 were studied in 
detail, together with wild-type SakSTAR. Of these 
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mutants, D5,K6 (M20), K8,K10 (M21), 033,K35 (M2), 
K57,E58,KS9 (MS), E6l,E65 (M6), K86,E88 (MlO), 093,K94 
(Ml1), K96,K97,K98 (M12), El08,K109 (M15), D115,El18,Hll9 
(M16), H119,K121 (M17), K130 ·(M18) and El34,K135,K136 

s (Ml9) reacted with the monoclonal antibody panel is a 
similar way as SakSTAR. However K35,E38 (M3) and EB0,082 
(M9) reacted poorly with the antibody cluster 7Hll, 25E1, 
40C8, whereas K74,E75,R77 (MB) reacted poorly with the 
cluster 26A2, 30A2, 2B12 and 3G10. Additivity of epitope 

10 elimination was established with the mutants X35,E38/K74, 
E75,R77 (M3.8) and K74,E75,R77/ESO,D82 (M8•9) which 
combined the reduced reactivity with the monoclonal 
antibodies of both parent molecules. 

15 IDHPLI 3 

Adsorption with wild-type and 6 cbarqed-cluster-to-
a lan ine" stapbylokinase variants of antibgdies. elicited 
in patients by treatm,ent witb SakSTAB 

In order to obtain information on the epitope 
20 specificity of induced antibodies elicited in patients 

with acute myocardial infarction after treatment with 
SakSTAR, plasma samples from 16 patients were absorbed. 
with a two-fold molar excess (over the staphylokinase 
neutralizing activity) of single and combined "charged-

25 cluster-to-alanine" mutants for 10 minutes before 
determination of residual binding to SakSTAR by 
biospecif ic interaction analysis. The staphylokinase­
neutralizing activity in these samples was determined as 
follows. Increasing concentrations of wild-type or 

30 variant SakSTAR (50 µ.l volumes containing 0.2 to 1000 
µq/ml) were added to a mixture of 300 µl citrated human 
plasma and 50 µl buffer or test plasma, iJDlllediately 
followed by addition of 100 µl of a mixture containing 
thrombin (50 NIH units/ml) and cacl2 (25 mM). The plasma 

35 clot lysis time was measured and plotted against the 
concentration of SakSTAR moiety. From this curve the 
concentration of plasminogen·activator that produced 
complete clot lysis in 20 min was determined. The 
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neutralizing activity titer was deterained as the 
difference between the test plasma and buff er values and 
was expressed in µg per .ml test plasma. 

The results are summarized in Table 2. Whereas 
5 the wild-type SakSTAR absorbed more than 9 o percent of 

the binding antibodies from all samples, incomplete 
absorption was observed with mutant K35,E38 (M3) in 4 

patients, with mutant K14,E75,R77 (MS) in 12 patients and 
with mutant EBO,D82 (M9) in 5 patients. Absorption with 

10 the combination mutants K35,E38/K74,E7S,R77 (M3.8) and 
K74,E75,R77/ESO,DS2 (MS.9) removed less than g·ot of the 
antibodies in 13 patients (median value of 68 and 65 
percent respectively for the 16 patients), whereas, as 
anticipated, a mixture of the parent molecules of the 

15 combination mutants (MB and M3 or M9} consistently 
absorbed in excess of 90 percent of the antibodies. 

IDllPLI f 

;tmm,unogenicity of "cbarqe-cluster to alanine" variants of 
20 stapbylokinase in rabbits immunized.with.wild-type 

staphylo}Cinase CSakSTABl. witb mutants 135. E3.8 CM3l. 
K74. E75. R77 CMBl. and E80.D82 CM9l and with tbe 
cO!ftbination mutants K35.E38/E74. E75. R77 CMl.81 and 
K74.E75.R17/ESO.D82 Cff8.9). 

25 The comparative immunogenicity of SakSTAR 
versus each of the SakSTAR variants, MJ , MS , M9 , M3 • B and 
MS.9 was studied following subcutaneous immunization in 
groups of 4 or 8 rabbits allocated to SakSTAR and in 
groups of 8 rabbits allocated to the variant. 

30 ~lllJilunization was carried out by intravenous infusion of 
400 µg/kq sakSTAR and of 200 t~ 1,000 µg/k9 of the 
mutants at week o (to determine the baseline clot lysis 
capacity) followed by subcutaneous injection of 400 µq of 
the same agent in complete Freund's adjuvant at week 2 

35 and in incomplete Freund•s adjuvant at weeks 3 and 5. The 
immunoqenicity was quantitated at 6 weeks by 
determination of the staphylokinase-neutralizing activity 
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in plasma and the residual thrombolytic potency as 
detailed below. 

Briefly, staphylokinase-neutralizinq activity 
in plasma was determined by adding increasing 

5 concentrations of wild-type or mutant SakSTAR (SO µl 
volwnes containing 0.2 to 1000 µg/ml) to a mixture of 300 
µl citrated hum~n plasma and 50 µl buffer or rabbit 
plasma, immediately followed by addition of 100 µl of a 
mixture containinq thrombin (50 NIH units/ml) and cacl2 

10 (25 mM). The plasma clot lysis time was measured and 
plotted aqainst the concentration of SakSTAR or variant. 
From this curve the concentration of plasminogen 
activator that produced complete clot lysis in 20 min was 
determined. The neutralizing activity titer was 

15 determined as the difference between the rabbit plasma 
and buffer values and was expressed in µg per ml rabbit 
plasma. 

The thromholytic properties were studied using 
0.3 ml 1aI-fibrin labeled platelet-poor rabbit plasma 

20 clots, inserted into an extracorporeal arteriovenous 
loop. An exposed femoral artery was therefore 
catheterized with a 4 French catheter (Portex White, 
Portex, Hythe, tJI<) and connected via two hypodermic 
syringes to a catheterized ear vein. The blood flow 

25 through the extracorporeal loop was maintained at 10 
ml/min with a peristaltic pump. 125I-fibrin labeled plasma 
clots were introduced in each of two syrinqes inserted in 
the loop. The plasma clots were prepared by mixing 0.3 ml 
platelet-poor plasma with a trace amount (approximately 

30 1.5 µCi) 1aI-labeled human fibrinogen solution (Amersham, 
Buckinghamshire, UK) and 0.07 ml of a mixture of bovine 
thromhin (15 NIH units/ml) and o.s M CaCl2 , followed by 
incubation for 30 min at 37°C. Thirty min before the 
start cf the infusion, 7.5 mq/kq ridogrel (a combined 

35 thromboxane synthase inhibitor and prostaqlandin 
endoperoxide receptor anta9onist) (43) was administered 
as an intravenous bolus to prevent platelet deposition in 
the extracorporeal loop. The animals were anticoagulated 
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with heparin (300 units/kg followed by a continuous 
infusion of 200 units/kg/h throughout the experiment) and 
randomly allocated to infusion with 400 pg/kg SakSTAR, (4 
·or. 8 rabbits) or 200 to 1000 µ.g/kg SakSTAR variant (8 

5 rabbits). At 6 weeks, half of the rabbits allocated to 
the SakSTAR yariant were again treated with the same 
SakSTAR variant and the other half with wild type SakSTAR 
while the rabbits immunized with SakSTAR were either 
treated with the SakSTAR variant (if this control group 

10 consisted of 4 rabbits) or randomized either to wild type 
SakSTAR or to the SakSTAR variant (if this control group 
contained a rabbits). The throml:>olytic aqents were given 
intravenously as a 10' bolus and a 90' infusion over 1 h. 
The time course of clot lysis was monitored continuously 

15 by external qamma counting, using two 3x0.5 inch sodium 
iodide/thallium crystals (Bicron, Newbury, OH) positioned 
over the extracorporeal loops. The scintillation crystals 
were connected to a dedicated canberra~SlOO system 
(Canberra-Packard, Meriden, CT), and the data were 

20 analyzed as described elsewhere (44). At the end of the 
experiment the residual clots were also recovered from 
the syringes for determination of their radioisotope 
content. The animal experiments were conducted conform 
the quiding principles of the American Physiological 

25 society and the International committee on Thrombosis and 
Haemostasis (45). 

The immunoqenicity of SakSTAR and the 
respective single mutants (M3, MS and M9) is compared in 
Table 3A. Results are expressed as mean ± so. 

30 In B rabbits randomized to mutant M3, the 
baseline neutralizing activity was o.o. ± o.o µ.g/ml both 
against SakSTAR and against M3. Intravenous infusion of 
200 µg/kq M3 induced 76 ± 23 per cent clot lysis. These B 
rabbits were then immunized with M3, suspended in 500 µl 

35 of complete Freund's adjuvant at week 2 and in 500 µl 
incomplete Freund's adjuvant at weeks 3 and 5. At week 6, 
the plasma neutralizing activity was increased to 11 ± 
6.7 µg/ml against SakSTAR and to 11 ± 7.2 µq/ml against 
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M3. At week 6, infusion of 400 µg SakSTAR in 4 of these 
rabbits, selected at random, produced 18 ± 27 per cent 
clot lysis while infusion of 200 µg/kg M3 in the 4 other 
rabbits induced 16 ± 17 per cent lysis. In 4 rabbits 

s assigned to SakSTAR, the baseline neutralizing activity 
was 0.2 ± 0.2 µg/ml against SakSTAR and o.o ± o.o µg/ml 
against M3. Intravenous infusion of 400 pg/kg SakSTAR 
produced 89 ± 8.6 per cent baseline lysis. These 4 
rabbits were then imnmunized with 400 µg SakSTAR 

10 suspended in either 500 µg of complete (at week 2) or 
incomplete (at weeks J and 5) Freund's adjuvant. At week 
6 the plasma neutralizing activity was increased to 35 ± 
23 µg/ml against SakSTAR and to 19± 13 µg/ml against MJ. 

Intravenous infusion of 200 µg/kg SakSTAR.MJ in these 4 
15 rabbits at week 6 induced 9.3 ± 8.2 per cent lysis. 

In s rabbits assigned to the mutant MB, the 
baseline neutralizing activity in plasma was 1.4 ± 0.2 
µg/ml against SakSTAR and 0.6 ± o.s µg/ml against MS. 
Intravenous infusion of 1000 µg/kg.MB produced 41 ± 13 

20 per cent lysis. These rabbits were then immunized with 
400 µg MB suspended in complete Freund's adjuvant at week 
2 and with the same amount in incomplete Freund's 
adjuvant at weeks 3 and s. At week 6 the plasma 
neutralizing activity was increased to 3.B ±1.s µg/ml 

25 against SakSTAR and to 5.9 ± 2.7 µg/ml against MB. 
Xnfusion of 400 µg/kg SakSTAR in 4 of these rabbits 
produced 49 ± 28 per cent clot lysis whereas infusion of 
1000 µg/kg MB in the 4 other rabbits produced 24 ± 11 per 
cent lysis. In 8 rabbits assigned to the SakSTAR group 

30 the baseline neutralizing activity in plasma was 0.9 ± 
0.6 µg/ml against SakSTAR and 0.6 ± 0.3 µq/ml against MS. 
Intravenous infusion of 400 µg/kg SakSTAR produced 68 ± 
1S per cent lysis. These rabbits were then immunized 
_subcutaneously with 400 µq SakSTAR suspended in complete 

35 Freund's adjuvant at week 2 and with the same amount in · 
incomplete Freund's adjuvant at weeks 3 and s. At week 6 
the plasma neutralizing activity was increased to 59 ± 47 
µg/ml against SakSTAR and to 22 ± 16 µg/ml against MB 
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whereas the residual thrombolytic potency of 400 µq/k9 
SakSTAR had decreased to 7.5 ± 2.4 per cent and of i,ooo 
µq/kg MB to 4.l ± 4.8 per cent. 

In 8 rabbits assigned to the mutant M9, the 
5 baseline neutralizing activity in plasma was 0.2 ± o.os 

µg/ml against SakSTAR and 0.03 ± o.os µg/ml against M9. 
Intravenous infusion of 400 µg/kg M9 produced 72 ± 11 per 
cent clot lysis. These rabbits were then immunized with 
400 µg M9 suspended in complete Freund's adjuvant at week 

10 2 and with the same amount in incomplete Freund's 
adjuvant at weeks 3 and 5. At week 6, the plasma 
neutralizing activity was increased to s.o ± 4.6 µg/ml · 
against SakSTAR and to 3.5 ± 2.6 µg/ml against M9. At 
week 6, infusion of 400 µg/k9 SakSTAR in 4 of these 

15 rabbits produced 53 ± 11 percent clot lysis, while 
infusion of 400 µq/kg M9 in the 4 other rabbits produced 
40 ± 7.8 percent lysis. In 4 control rabbits assigned to 
SakSTAR, the baseline neutralizing activity in plasma was 
O.l ± o.os µg/ml against sakSTAR and o.os ± 0.06 µg/ml 

20 against M9. Intravenous infusion of 400 µq/kq SakSTAR 
yielded 78 ± 13 per cent lysis. These rabbit~ were then 
immunized with 400 µq SakSTAR suspended in complete (week 
2) and incomplete. (weeks 3 and 5) Freund's adjuvant 
respectively. At week 6 the plasma neutralizing activity 

2 5 was increased to 16 ± 5. o µg/ml against Sak STAR and to 12 
± 9.1 µq/ml against M9 whereas the thrombolytic potency 
of M9 had decreased to 24 ± 33 per cent. 

The immunogenicity of SakSTAR versus the double 
mutants M3.8 and MB.9 is compared in Table 3B. In B 

3 o rabbi ts assigned to the MJ • 8 group, the baseline 
neutralizing activity in plasma was 0.6 ± 0.3.µg/ml 
aqainst SakSTAR and 3.5 ± 2.0 µ.g/ml against M3.8. 
Intravenous infusion of 1000 µq/k9 M3.8 produced 53 ± 13 
per cent lysis. These rabbits were then immunized with 

35 400 µ.g M3.8 suspended in complete Freund's adjuvant at 
week 2 and with the same amount in incomplete Freund's 
adjuvant at weeks 3 and 5. At week 6 the plasma 
neutralizing activity was only increased to 1.7 ± 0.7 
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µg/ml aqainst SakSTAR and to 6.l ± 3.0 µg/ml against 
M3.B. Infusion of 400 µg/kg SakSTAR in 4 of these rabbits 
produced 77 ± 18 per cent clot lysis whereas infusion of 
1000 ~q/kq MJ.8 in the 4 other rabbits produced 59 ± 25 

s per cent lysis. In 8 rabbits assigned to the SakSTAR 
group, the baseline neutralizing activity in plasma was 
0.6 ± 0.4 µg/ml against SakSTAR and 2.0 ± 2.0 µq/ml 
against M3.8. Intravenous infusion of 400 µq/kq SakSTAR 
produced 80 ± 10 per cent lysis. These rabbits were then 

10 immunized subcutaneously with 400 µg SakSTAR suspended in 
complete Freund's adjuvant at week 2 and with the same 
amount in incomplete Freund's adjuvant at weeks 3 and 5. 
At week_& the plasma neutralizing activity was increased 
to 20 ± 15 µg/ml against SakSTAR and to 21 ± 22 µg/ml 

15 against M3.B whereas the residual thrombolytic potency of 
400 µg/kg SakSTAR had decreased to s.s ± 5.7 per cent and 
of 1,000 µq/kq M3.8 to 30 ± 29 per cent. 

In 8 rabbits assigned to the MS.9 group the 
baseline neutralizing activity in plasma was 0.3 ± 0.2 

20 µg/ml against SakSTAR and 1.6 ± 0.5 µg/ml against MS.9. 
Intravenous infusion of 800 µq/kg MB.9 produced 39 ± 13 
per cent clot lysis at baseline. These 8 rabbits were 
then immunized with 400 µg MB.9 suspended in complete 
(week 2) or incomplete (weeks 3 and 5) Freund's adjuvant. 

25 At 6 weeks the plasma neutralizing activity was only 
increased to 2.s ± l.5 µ,.q/ml against SakSTAR and to 4.9 ± 
l.3 µ,.q/ml against MB.9. At week 6, infusion of 400 µg/kg 
SakSTAR in 4 of these rabbits produced 51. ± 35 percent 
clot lysis while infusion of soo µq/kq MS.9 in the 4 

30 other rabbits produced 39 ± 12 per cent lysis. In 4 
control rabbits assigned to SakSTAR the pretreatment 
neutralizing activity was 0.2 ± 0.1 ~q/ml against SakSTAR 
and 0.7 ± 0.3 µq/l against MS.9. Intravenous infusion of 
400 µq/kg SakSTAR induced 67 ± 19 per cent clot lysis. 

35 These 4 rabbits were then immunized with 400 µq SakSTAR 
suspended in complete (week 2) or incomplete (weeks 3 and 
5) Freund's adjuvant. At week 6 the plasma neutralizing 
activity was increased to 20 ± 15 µg/ml against SakSTAR 
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and to 18 ± 15 µg/ml against M8.9 whereas the residual 
thrombolytic efficacy of MB.9 had only decreased to 31 ± 
30 per cent lysis. 

These results .show that in this directly 
5 comparative study of· SakSTAR and selected variants, 

especially the double mutants (M3.8 and MS.9) induce 
significantly less antibody-related neutralizinq activity 
and resistance to lysis than sakSTAR. 

10 l'JNQLI 5 

Comparative inggunoqenicity of SoJcSTAB and MJ.8 in bab9ons 
The comparative immunogenicity of SakSTAR and · 

M3.8 in terms of induction of neutralizing antibodies and 
refractoriness to thromboiysis on repeated administration 

15 was studied in baboons. 
The animal experiments were performed according 

to the guiding principles of the American Physiological 
Society and the International committee on Thrombosis and 
Haemostasis (45). In anesthetized and intubated baboons, 

20 an extracorporeal arteriovenous circuit was created by 
connectinq, via an external polyethylene loop, a 
catheterized tibial or brachial artery to a peripheral 
vein. A peristaltic pump directed and maintained the 
c~ntinuously monitored blood flow through the 

25 extraccrporeal loop, in which two adapted hypodermic 
syrin9es, each containin9 one fresh o. 3 ml 12s:r fibrin­
labeled pooled baboon plasma clot, were inserted. The 
time course of clot lysis durinq infusion.cf SakSTAR or 
variant M3.8, was monitored continously by external qamma 

30 countinq over the syringes. Alternatively, an isotope 
recovery balance was determined by comparing the sum of 
the total blood radioactivity count at the end of the 
experiment (multiplied with a factor 3 to correct for 
extravascular distribution) plus the radioactivity in the 

35 recovered thrombi, with that originally present in the 
clots. 

Before each thrombolysis experi~ent, baboons 
were premedicated with an intravenous bolus of ridogrel, 
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3 mq/kq, to prevent platelet deposition in the 
extracorporaal system. Throuqhout the thrombolysis 

experiments, intravenous heparin was qiven, as a 300 

IU/kg bolus followed by a 200 IU/kg.h infusion • 
. Twelve adult male baboons (Papio hamadryas) 

were randomly allocated at baseline (week O) to treatment 

with 50 µg/kq of either SakSTAR (group 1) or variant M3.8 

(group 2),·infused intravenously over one hour with a lOt 

bolus, and the baseline thrombolytic potency was assessed 

10 by monitoring the disappearance of radioactivity from the 

clots for 2 hours. The baboons were then immunized 

subcutaneously with 500 1'9 of either SakSTAR (qroup l} or 

variant M3.8 (group 2), suspended in complete Freund's 

adjuvant at 2 weeks and in incomplete Freund's adjuvant 

15 at 3 and. 5 weeks. At.6 weeks, thrombolytic efficacy was 

quantitated, by means of the extracorporeal thrombolysis 

model, during 4 hours: 3 of the 6 baboons of group 1, 

treated at baseline and subsequently immunized with 

SakSTAR, and 3 of the 6 baboons of group 2, treated at 

20 baseline and subsequently immunized with M3.8, were 

randomly selected and given first SO µ.g/kg SakSTAR, 

infused intravenously over one hour with a 10% bolus and 

then, after 2 hours from the start of SakSTAR-infusion, 

the same reqimen of M3.8 (groups lA and 2A, 

25 respectively). The other 6 baboons received the same 

therapy but in reversed order: first M3.S, then SakSTAR 

(groups lB and 2B for baboons previously i'mmunized with 

SakSTAR and MJ.8, respectively). At 18 weeks, 
thrombolytic efficacy was evaluated a third time by 

30 monitorinq disappearance of radioactivity from fibrin 

clots, durinq 3 hours: 3 of the 6 baboons immunized with 

SakSTAR were qiven 250 µg/k9 SakSTAR as an intravenous 

bolus over 2.5 min (group lA) while the 3 other baboons 

immunized with SakSTAR received the same amount of MJ.8 

35 (qroup lB). Of the 6 baboons immunized with M3.B, 3 

received an intravenous bQlus of 250 µq/kq SakSTAR (group 

2A) and 3 the same amount of M3.8 {qroup 2B). 
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Blood samples were collected on citrated tubes 
(final concentration 0.01 M) at baseline, and at several 
time points thereafter for measurement of activated 
partial thromboplastin time (aPT'l'), fibrinoqen, a2-

5 antiplasmin (at the start and end of each experiment) and 

SakSTAR- and M3.8-neutralizinq activities (before 
thrombolytic infusion). Therefore, increasing amounts of 
either SakSTAR or M3.B (50 µl volumes containinq 0.2 to 
1,000 µg/llll), were added to a mixture of 300 µl citrated 

10 human plasma and so µl buffer or test baboon plasma, 
immediately followed by addition of 100 ~l of a mixture 
of thrombin (SO NIH U/ml) and CaCl2 (25 mM). The plasma 
clot lysis time was ~easured and plotted aqainst the 
concentration of SakSTAR or M3.8. From this curve the . . 

15 concentration of plasminogen activator that produced 
complete clot lysis in 20 min was determined. The 
neutralizing activity was defined as the difference 
between the test plasma and buff er values and was 
expressed in µg/ml plasma. 

20 Systemic fibrinogen was not deqraded, nor a2-

antiplasmin depleted, reflecting total fibrin-specificity 
of both agents. 

From 6 weeks on, SakSTAR-neutralizinq 
activities of group l were significantly higher than 

25 MJ.B-neutralizinq activities of group 2. Group l 
developed neutralizing activities more rapidly and 
significantly more markedly against SakSTAR than against 
MJ.B, whereas M3.8-neutralizinq activitie~ never 
surpassed SakSTAR-neutralizinq activities in group 2 

30 {Table 4). From 8 weeks on group l developed 
siqnificantly more neutralizing activities both against. 
sakSTAR and against M3.8 than qroup 2 (table 4). 

At baseline, 50 µg/kg SakSTAR infused 
intravenously over l hour, induced 77 ± 2.9% clot lysis 

35 over 2 hours in 6 baboons (gr~up l) and 50 µq/kg M3.8 
induced B3 ± 3.6% clot lysis over 2 hours in 6 other 
baboons (group 2) (mean± SEM, p• 0.2). At 6 weeks, the 
lytic efficacy over 2 hours of so µg/kg SakSTAR, infused 
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intr,venously over 1 hour, declined to 9.2 ± 1.0% in 3 
baboons immunized with SakSTAR (group lA) and to 8.5 ± 
3.2, in 3 baboons immunized with M3.B (group 2A), while 
the lytic efficacy of 50 µg/kq intravenous M3.8 over 2 

s hours decreased to 10 ± 6.9% in 3 baboons immunized with 
SakSTAR (group lB) and to 11 ± 7.4% in 3 baboons 
immunized with M3.8 (group 2B; p < 0.001 versus 
corresponding baseline lysis for all groups; p• NS 
between groups). Two hours after the start of the first 

10 thrombolytic infusion, 50 µg/kg of the other agent was 
infused intravenously over 1 hour, ·yieldinq comparable 
residual lytic efficacies: 7.7 ± 1.5% and 11 ± 5.7% clot 
lysis over 2 hours with MJ.8 in groups lA and 2A, 
respectively, and 13 ± 2.7l and 12 ± 2.1% clot lysis over 

15 2 hours with SakSTAR in groups lB and 2B, respectively. 
At 18 weeks, intravenous bolus injection of 250 

µg/kg SakSTAR yielded 39 ± S.3t clot lysis over 3 hours 
in 3 baboons immunized with SakSTAR (group lA), whereas 
the residual thrombolytic potency of 250 µg/kg M3.8 in 3 

20 baboons immunized with M3.8 (group 2B) was significantly 
greater: 68 ± 4.5% clot lysis over 3 hours (p< o.ooS). 
250 µg/kg SakSTAR produced 58 ± 9.5% clot lysis over 3 
hours in 3 baboons immunized with MJ.8 (group 2A; p= 0.1 
vs group lA), while clot lysis over 3 hours with 250 

25 µg/kg MJ.8 in 3 baboons immunized with SakSTAR (group lB) 
was 39 ± 3.6% (p= o.ooos vs qroup 2B). Pooled analysis, 
irrespective of the agent administered at 18 weeks, 
showed •residual lysis over 3 hours of 39 ± 3.0%, for 
group 1, immunized with SakSTAR, versus 63 ± 5.2% for 

30 group 2, immunized with MJ.8 (p < 0.0005). 

Thrombolytic potencies correlated inversely 
with the corresponding neutralizing activities throughout 
the study period (Spearman r= -0.83; p < 0.0001). 

Thus, the mutant MJ.8 is comparably active and 
35 fibrin-specific but significantly less antigenic than 

wild-type SakSTAR in baboons, as evidenced by less 
induction of neutralizing activities in plasma and by 
faster recovery of thrombolytic potential after 
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immunization. These results, obtained· in outbred 
primates, confirm and extend the above observations in 
rabbits •. 

s UNPLI ' 
comparative tbrombolytic efficacy and immunoqenicity of 
MJ.8 and MB.9 versus SaJcSTAB in patients with peripheral 
arterial occlusion 

SakSTAR (n• 8), M3.8 (n• 4) and M8.9 (n• 4) 
10 were administered intra-arterially at or in the proximal 

end of the occlusive thrombus as a bolus of 2 mg followed 
by an infusion of 1 mg per hr in patients with 
angioqraphically documented arterial occlusion of a 
peripheral artery or bypass graft. Patients were studied 

15 after giving informed consent, and the .,protocol was 
approved by the Human Studies Committee of the University 
of Leuven. Inclusion and exclusion criteria were 
essentially as previously described (46) except that 
retreatment with recombinant staphylokinase moiety within 

20 48 hrs was allowed. Conjunctive antithrombotic treatment 
with heparin, aspirin and oral anticoagulants was as 
previously described (46). 

The patency status of the occluded peripheral 
artery or bypass graft was serially evaluated before, at 

25 least every 4 hours during, and at the end of the intra­
arterial infusion of wild type or variant SakSTAR. The 
angioqraphic patency status of the target vessel at the 
end of the infusion constituted the main study endpoint. 
The administration of thrombolytic agent was terminated 

30 when adequate vessel patency was achieved, when 
complications required its cessation or when two 
consecutive an9iograms failed to demonstrate proqression 
of clot lysis. Recanalization was defined as clot lysis 
sufficient to restore brisk anteroqrade f1ow throughout 

35 the previously occluded. segment. Complementary 
intravascular procedures sµch as percutaneous 
transluminal angioplasty (PTA) were allowed when the 

SUBSTtTUTE SHEET (RULE 26) 



W096/21016 PC?/EP96/00081 

32 

investigators judqed that the thrombus was sufficiently 
lysed or that no further thrombolysi~ was to be expected. 

Blood pressure and heart rate were monitored 
before, durinq and after infusion of Sak.STAR, M3.8 or 

5 MS.9. Blood samples were collected before, at the end of, 
and 6 hours after the anqioqraphic procedure. 
Measurements inclµded peripheral blood count, prothrombin 
time (PT), aPT'r, fibrinogen, a2-antiplasmin, plasminogen, 
and biochemical hepatic and renal function tests. 

10 SakSTAR-neutralizinq, M3.8•neutralizinq and M8•9-
neutralizing activities and anti-Sak.STAR, anti-M3.8 and 
anti-MS.9 IgG and IgM.were serially determined on blood -
samples drawn during hospitalization and after discharge. 
Clinical follow-up focussed on recurrence of thrombosis 

15 and on adverse events such as allergic reactions and 
major bleeding (j .•. e. need for blood transfusion or 
surqical control, drop of hematocrit of > 10%, or 
intracranial bleeding). 

Groups of 4 to 8 patients (41 to 73 years) with 
20 anqioqraphically documented PAO, with an estimated 

duration of l to 120 days and·a length of s to so Clll, 

were treated with M3.B, MS.9 or SakSTAR. One patient 
{WAL) given wild-type SakSTAR developed an anaphylactoid 
reaction within 5 min after the 2 mg bolus 

25 administration. The infusion was immediately interrupted 
and the blood pressure returned to normal within 20 min 
during infusion of plasma expanders. This patient was not 
included for calculation of mean ± SEM in Tables 5 to 7. 
One patient (LAN) given MS.9 developed reocclusion after 

30 30 hrs, which was treated with Ei.5 mg of the variant. 
This patient developed 7.8 µg/ml MS.9 neutralizing 
activity and 270 µg/ml specific anti-MS.9 I9G after 2-3 

weeks. 
Relevant baseline characteristics of the 

35 individual patients are shown in Table s. The majority of 
PAO were at the femoropopliteal level. All were due to in 
situ thrombosis. Two grafts and 2 iliac stent occlusions 
were included. Nine patients presented with 
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incapacitating claudication, 2 with chronic ischemic rest 
pain, 4 with subacute and 1 with acute ischemia. 

Table 6 summarizes the individual results of 
treatment and outcome. Intra-arterial infusion, at a dose 

5 of s.s to 13 mg during 3.5 to 11 hrs, induced complete 
recanalization in 13 patients, partial recanalization in 
1 patient and no improvement in l patient. Complementary 
endovascular procedures (mainly PTA) were performed in 12 
and complementary surgery immediately following 

10 thrombolysis in 1 patient. Recurrence of thrombosis after 
the end of the angioqraphic procedure occurred in 4 
patients: the first patient was successfully retr.eated 
after 30 hrs with 6.5 mq MS.9, the second underwent 
aort~bi-iliac bypass grafting, the third patient was 

15 successfully recanalized after 20 hrs with 40 mg rt-PA 
and the thrombus was aspirated transluminally in the 
fourth patient. Bleeding complicationswere absent or 
limited to mild to moderate·hematoma formation at the 
angiographic puncture sites except for one patient who 

20 developed a hematoma within the right quadriceps muscle. 
Other complications related to endovascular ~nipulations 
included distal embolization and arterial dissection 
which necessitated premature cessation of thrombolytic 
infusion in one patient. one superficial femoral arterial 

25 occlusion proved to be resistant to s.o mg SakSTAR 
infused over 6.0 hrs and was subsequently manaqed 
successfully by PTA (Table 6). 

Circulating fibrinogen, plasminoqen •nd a2-

antiplasmin levels remained unchanged during infusion of 
30 the sakSTAR moieties (Table 7), reflecting absolute 

fibrin specificity of these agents at the dosaqes used. 
Substantial in vivo fibrin digestion occurred as 
evidenced by elevation of D-dimer levels. Intra-arterial 
heparin therapy prolonged the aPTT (Table 7). 

35 Antibody-related SakSTAR-, M.3. 8- and MS. 9-

neutralizing activity and anti-SakSTAR-, ~3.8- and MS.9-
specific IgG, were low at baseline and during the first 
week after the infusion (Table 8). From the second week 
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on neutralizing activity levels increased to median 

values of 2.9 µq and 3.3 µq SakSTAR var~ant neutralized 

per ml plasma in the patients treated with Ml.8 and MS.9, 

respectively, which is significantly lower than the 

s median value of 9.1 µg wild-type Sak.STAR neutralized per 

ml in the patients treated with SakSTAR (p- 0.03 for 

variants vs wild-type by Mann-Whitney rank sum test). The 

levels of SakSTAR-specif ic XgG increased to median values 

of 51 and 31 µg/ml plasma in patients treated with M3.8 

10 and MB.9, respectively, which is significantly lower than 

the median value of 240 µg/ml in the patients treated 

with Sak.STAR (p= 0.01 for variants vs wild-type by Mann­

Whitney rank sum test). 
Thus, in patients with peripheral arterial 

15 occlusion given doses of 5.5 to 13 mg of compound, Ml.B 

and MS.9 induced significantly less neutralizing 

antibodies and specific anti-staphylokinase IqG than 

SakSTAR. These variants provide proof of concept that 

reduction of the humoral response against recombinant 

20 staphylokinase by protein engineering is feasible. 
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LBGBllDS TO THE FXGmlBS 

Fiq 1. Protein seguence of wild-type 
staphylokinase, SakSTAR. Numberinq starts with the NH2-

5 ter111.inal amino acid of mat~e full length staphylokinase. 
The "charge-cluster to alanine" variants that were 
studied are indicated. 

Fig 2. Schematic representation of the epitope 
specificity of a panel of 17 murine monoclonal antibodies 

10 raised against SakS'l'AR. 
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'I'able 1: F.quilibriun associatioo constants (KAxl09M-l) for the binding of nurine monoclonal antibodies to wild­
type and "charge cluster to alanine" mutants of staphylokinase 

If) Varianl Sp:c. Acl. l'!nilnnc cl11s1er I Dnilnne cluster II Gnithlll! clusler Ill 

(II 10]/ 17011 26A2 30/\2 21112 JOIO 29CI IBFl2 14115 28114 2006 3202 7FIO 7Hll 25EI 40CB 24C4 

IRI!) 

SnkSTAR IJD 6.4 17 7.4 19 JS >9.2 > 18 >25 > 18 2.9 > 14 I. I 0.6 II 1.6 6.3 

M20 DS,K6 ISO l.l 21 12 9.2 9.7 II 12 23 17 0.4 10 0.4 1.3 3.9 0.8 4.S 

M21 KB,KIO 24 1.8 16 S.I 29 IS 8.1 22 16 26 l . .S 18 1.0 0.93 II I.I 18 

Ml 033,KlS 125 2.1 19 14 14 19 8.7 IS 24 32 0.60 10 S.3 . S.I 3.1 S.I 

MJ K3S,E31 97 18 ... S.7 > 14 9.S 8.1 6 10 8.S 0.018 > !J.2 >7.6 0.02 o.os O.IS 6.1 

M.S KS7,E58,KS9 94 4.0 8.7 6.0 7.3 27 7.1 16 14 6.7 1.2 S.6 0.52 0.36 1.7 0.42 1.0 

M6 E61,E6S BO 9.5 >IO 8.8 21 29 >4.S >ti > 16 6.6 2.6 >7.2 4.6 O.SI 4.6 2 S.9 

t.IS K7-l,1!7S,1~77 I Ill >2~ 0.2 0.22 0.41 l>.24 >12 >20 >2.5 >21 4.7 >16 1.7 0.33 1.5 1.2 >6.6 

M9 r:SO,DS? IJD IS 13 10 21 28 18 4.7 >25 >20 3.5 >20 1.9 O.Ol 0.07 o.os <0.01 

MIO KB6,E88 73 7.2 1.4 3.7 6 4.6 5.9 S.1 4.9 7.7 8.2 " 4.4 0.09 S.4 0.8 1.9 

Mil ()IJJ,K94 97 8.2 19 13 30 24 22 18 II >ID 22 9 0.81 1.4 II 2.4 7 

Ml2 K96,K97,K98 .. 1 2.8 41 23 37 90 8.6 > 16 9.1 19 l.2 16 0.41 0.58 17 1.2 13 

MIS mns.K100 170 1.6 S.I 7.2 19 S.I 20 28 1.5 21 3.1 21 1.2 0.0 6.9 1.4 10 

Mt6 DI IS,m 111,11119 12 2.S 32 3.4 21 K.7 9.3 13 !J.!J 23 1.6 9.3 1.2 1.0 :?.f 2.1 !J 

Ml7 Ill 19,K121 130 K.O 24 II 26 29 18 2S 14 29 3.1 12 0.52 I.? II 2.9 20 

Mii KIJO 110 13 12 . 15 14 10 6.5 . 4.8 . o.s 0.19 . 0.19 D..14 3.6 

t.119 m 34,K I 35,K 136 7t1 22 21 6.7 25 25 >6.5 > 18 >25 > 15 4· > 12 1.7 0.2 II 0.94 6 

Ml.K Kl5,Pl8/K74,H75,lt 71 45 U.71 0.05 0.()1) 0,09 0.07 8.S S.I 6.2 6.7 0.02 6.8 0.04 0.06 o.~ CJ.OS 1.9 

Ml.9 K74,mS,R77/F.80 082 51 1.9 0.034 0.03 0.08 0.04 3.1 1.9 2.0 2.6 0.17 3.0 0.3 0.003 O.O'J O.IS 0.01 
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Table 2: Absorption of antibodies, elicta:l by treatment with wild-type staphylokinase (SakSTAR) in patients 

~ with acute myocardinal infarction, with wild-type arrl "clustered charge to alanine" variants of 
staphylokinase s Percent anlibodies absorbed wi1h 

II> I Titer ... c 
(Ul!lml) SakSl'AR Ml MB M9 M3+MI M9+M8 M3.8 MU ... 

G\ 

com. 26 + + 63 + + + 68 62 
BANC II + 68 .59 64 + + so 56 
Fl.US 12 + + 41) + + + 38 42 
Vl!RS 75 + + + + + + + + 
DEDE II + + 47 84 + + 53 61 

VHRM 45 + 19 64 18 + + 65 S4 

I VERD 18 + + + . + + ... + 15 
GODT 47 + 75 23 .56 20 22 

=t Fl.UY 1.5 + 8.5 15 8.5 64 62 c: 
;;1 VORO 33 t + + + 87 + en w 

~ 
VPOR 47 + + 64 + 64 61 ..... 

DEDO 3.5 + + 78 .. 7.5 73 
~ rm.o 8.5 + + 7.5 + 68 67 r-
'" ASSI! 7.5 + + 83 + 80 78 N 
.!!J VOLC 9 + + + + + + 

SWIN 60 + + 69 ... 69 60 
Epitnpe 0 "' I Ill 0 0 ltlll 1+111 
missin1 

Mcan:l.SD 37:L26 95± I 90±8 11 :1:20 83 :I: 12 61:1:21 67:1:20 

~ Median 34 9S 96 n 9] 61 6.'i 
Ahsor111inn of~ 901ic1cent is repn."SCnted as+. 
llic eritope clusters nre llS idc111ilied in 'fables I. 

i -
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Table JA: Imrunogenicity of SakSTAR, M3, M8 arrl M9 in rabbits 
A. SnkSTA.R YS M3 
lmmunizin1 
ag~HI 

Neu1ralizing oclivily (J18'ml) Clol lysis (percent) 

SnkSTAR • M3 SalcSTAR (400 J!Jlka> Ml (200 fig/le&) baseline' 6 weeks p baseline 6 weeks p baseline 6 weeks p baseline 6 weeks p 
Sali:STAR 0.2f0.2 (I() 

Ml O.otCJ.O (8) 

I! 0.02 
0. SakSTAR vs MB 
lmrnunizin1 
agent 

JS:t23 (4) 0.06 0.D.10.0(4) 

llH.7 (8) 0.003 U.D!O.O (8) 

0.02 I 

Nculrallzins activily (flc/ntl) 

19.:1:13(4) 0.(16 89.tB.ti ( 4) 

11:17.2 (8) 0.004 

0.2 

18:1:27 (4) 76:1:23 (8) 

Cloa lysls (percent) 

9.l:t8.:! (cl) 

16:tl7 (4) 

o.os 

SakSTAR Ml SakSTAR MS (1,000 pf/kg) 

<ll.OOOS 

baseline 6 weeks p baseline 6 weeks p baseline 6 weeks p baseline 6 weeks p 
SokSTAR O.!>i0.6 (I) 59±47(1) 0.01 0.6±03(8) 22±16(1) 0.01 68±18 (I) ?.5±2.4(4) 0.001 - 4.l :I: I.I (4) 

M8 l.4!0.2 (8) l.8± I .R (8) 0.0I 0.6±0.5(8) 5.9:1:2. 7 (8) o.oos - 49±28 (4) - 41±13 (I) 24±11 (4) 0.03 ~ 
I! 0.04 o.oos - 1.0 0.01 - - 0.001 - . <0.000.5 C. SakSTAR vs M9 

Immunizing Ne111ralizing aclivily {µg/ml) Clot lysis (pcrcenl) ogcnl 

SakSTAR M9 SakSTAR M9 ~400 µg/kg) hnseline 6 weeks IL___ __baseline 6 wc~ks-u _ p baseline 6 weeb p ~~!!line 6 weeks p 
SukSTAR 

M9 

O.liO.OS (4) 

(J.2iCUJS (8) 

.16±.S.0(4) OJI08 

HJ).t4.6 (R) II.rot 

0.0.liO.OCi (4) 

0.03±0.05 (H) 

12:t9.l (4) 

3.S:l:2.6(8) 
p 0.CJIJ D.OJ • 0.6 CUM llie resulls represent me1u1 ±SD of ahc 11umber of cxpcrimenls given bctwcc11 brackets. 

0.08 

0.(17 

78*13(4) 

53±1 I (4) 

Significance le•cls were determined with Sauclcnl's I-lest for flllircd or unpaired values or by Mann-Wltilney rank sum test. u applicable. 

2.a±:.lJ (4) 

12±11 CM> o10.1:1.1 c.i> <O.ons 

0.2 
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Table JB: ImnUnogenicity of SakSTAR, MJ.8 and MB.9 in rabbits 

A. SakSTAR YI 1\118 

lmnn111izing 
lll,9'111 

Nelilrnlizing ac1ivi1y (Jig/ml) Clot lysis (perce111) 

• S11kSTAR Ml.I SnkSTAR Ml.8(1.000pglka) 
bascli1ic 6 weeks p b.1sclinc 6 wceb p hnscli11e 6 weeks p baseline 6 week:& · p 

S11kS1'AR 

M3.8 

0.610.<I (8) 2o.tl.5(8) 0.008 

0.610.3 (8) 1.7!0.7 (8) 0.001 

2.0.t2.0{4) 21t22 (4) 

3.5UO (8) 6. l:t3.0 (8) 

0.17 

0.001 

80.J:IO(B) 1.5:tS.7(4) <0.0005 

77:1:18 (4) 53:1:13(8} 

30±29(4) 

59 :I: 2~ (4) 

p --- ____ 1.0_ 0.004 • 0.1 0.3 • • <0.000.S • • 0.05 

ltSakSTAR w MB.9 

Immunizing 
ngenr 

Ne\llfalii.ln1 llCllYity (Jtg/ml) aoc lysis (percenl) 

0.7 

SakSTAR M&.9 SakSTAR MB.9(800µgll&) 

b.1sclinc 6 weeb I? hnseline 6 weeks p baseline 6 weeks p baseline 6 weeks fl ~ 

Sak.~TAR 

MU 

O.?iO.I (4) 20.HS (4) 0.0.S 

0.3i0.2 (8) 2.Sl l.S (8) 0.03 

0.7!0.3(4) IB:l:IS (4) 

l.l'il0.5 (8) 4.9± 1.3 (R) 

p - 0.4 0.03 • 0.02 0.09 

0,07 67:1:19 (4} 

0.002 .Sl±l.S(4) 39!13 (6) 

fla111 represent ine11n :1: SD or the n11mber or exreriments given between brackets. 
Sta1is1ical signllicancc of tbc differences was detennincd by S1111ll!nt'1 Mesi for paired or 11npairecl values or by Mnnn-Wlii111ey rank sum test, 111 npplk:able. 

.31±30(4) 

39:1:12 (4) 

0.6 

0.9 

~ 
~ -0 = 

I -
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Table 4: Time course of SakSTJ\R- and MJ.8-neutralizing activities (in µg/ml). 

T'nne {weeks! 
0 2 ] 5 6 8 IO 12 14 16 

A1h11lnlstr:11lun j,y, s.c. s.c. s.c. l.v. 

Group I: l1nmunlzntlon wlll1 SukSTAR (n:6) 

SalcSTAIC-nc:1drali;r.i11g 0.3JU.02 l.Ji0.7 2.611.fi 1!117.6 .Sl.1:11 UIOt.23 .54110 38:1:.S.6 26.t2.8 18!2 • .S 

1c1ivll7 
Ml.8-nc:urrallzing nclMly 0.010.0 0.3:10.l 0.010.0 0.8.10.2 ]0.l.5.0 Sotll ]JtS.l 2H4.7 1Si2 ... 14:1:2.2 

I! . 0.1 . 0.06 0.04 0.009 O,OI 0.007 0.004 0.2 

Grn111• 1: fm1nu11lz11lloo wlll1 MJ.8 (n: 41) 

Sat:STAR-neu11alizln1 O.l:tO.O 7 . .SJ:J.8 7.413.9 14!4.l 20117 2St4.5 20.1:2.7 11:1:2.2 9.8t2.3 6.6:1:1.5 

Klivil)' 
MJ.8-ncu1mli:rln1 ac1ivl1y O.OiO.O 6.7;1:3.3 4.5t2.4 8.1:1:3.2 19ifi.0 22t7.I 9.0:tl.2 7.310.5 6.2:l:2.2 4.li0.7 

I! . O.J 1).1 0.06 0.6 0.3 0.003 0.2 0.008 0.6 

Data rerresent mean ± SEM or 6 baboons. Paired s1udc111's Mcst was 11scd 10 calculate p-valucs. Sec Table I for dclailed immunization schedules. 
i.v., intrnvenous; s.c., s11l1cu1anem11. 

:11 
0 

18 20 s 
r; 

i.Y. 
... 
0\ 

14119 6'17.6 

9.2:ll.2 .51:1:7.4 
<CUXIOS 0.02 

4.9±1.2 401:.U 

2.ltl.7 341:5.9 
o.os 0.0] 

II> 
0 

"d 
~· 
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Table 5: characteristics of patients with peripheral arterial occlusion treated with MJ.8. MB.9 or SakSTAR. ~ 

'° 
Cumpo11nd Sex Aue (yrs) Clinical presenlalion Relcvonl pasl llislnry S1nolclng Locus of occlusion Estimated age of Es1ima1cd len S Pn1ien1 Id. 

occlusion (days) occlusion fl ; A.Alli 

; 
STO M 63 Cla1klicn1ion - + Rlgl1I middle SFA 40 10 VLA F 70 Cln11tJicn1ion llyperlcnsion: + Len midtlle SPA 25 10 c:11ru1id artery diseuse 1100 M 56 ClmKlicarion Rc1111l 1rnnsplnn1 • Rlalll SPA 7 20 Ml!R M 52 lsc:licmic rest 1111in A1111nblren111r1I 1mn : fctreroc>1 + Ri1h1 SPA 9 -I!' n111rn11ari11n 

Mean tSEM M:1:4 
20:1:8 21 :l:ll 

D~ 

. 
lll~C M 41 Claudic:alinn llilnrcral iliac 1r1ery s1en1 + Rlglrl CIA (srcnl) 16 IS 

m 
O'IT M SI S11hncnre l11elremia I.en popli1eopopli1eal gnirt + Left PA gmft J IS LAN M SS Cla1Hlicntion Myoc:nnlial inrarc1ion: rfgbl + Rigl11 CIA (slenl) 14 IS cc11nmon illiac arlcry stcn1in1 =t ORO M 73 Subacute iscliemin Jlypcrlipidemla; hypedension; - Ri8'1I middle SPA I IS $ CAD; m01lem1c renal failure m 

• ~ • M.~o:t11 i.SliM SH 7 
K.S ± :U l.5:t II ~ m < .• S11kS'I All 

-1 KNA M 41 Ac:111e iscbemin Righi fcmoropopliteal graft - Righi femoropoplilenl graft I SO Si (pns11m111n.'llic) ~ DRI M ff) lsr.bemic rcsl pnin A!Mluminnl nortic nne11rysm + Righi middle SPA 60 12 m GOD M 67 Cla1rdicn1iu11 Suspected CAD + Righi PA 2 120 8 j WAI.• M (67) Clnudicntion llypcrtcnsion; CAD + Righi mitldle SFA (l I) (10) SMO t.1 62 S11hnc:urc iscbc111in l..ert fcmorupopli1enl gmn • Ri1l11 PA J 10 ltigl11 PA nne11rysm Viii. P 7" Cl111111ic111ii111 ll11icrllpldc111l11 • I.en SPA •JO 11 l'OT M ·<•I S11hnc111c isi:IM?111in l11Cllllnllc: nclcftl1C1in:l11111nn - I.en SPA 7 IK STA 11 W C:l:111dii:a1irn1 I ly11e11e11si11n, h)'jJCttlpidumin - Righi Sl=A 4tl 7 Mi:1n:1:sr~ . <•l:t" 
46:ttK tfl:l:j.K SPA, Superficial femoral ;irtcry; CIA: common ilinc 11r1c1y; Pf\: po1>lilcal :irlcry; CAD, coronury nrlcry disease. 2 •not included for calcul111ion of mean± SEM. · 

~ 
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1'able 6: Treatment and outcane in patients with peripheral arterial occlusion, treatBl with MJ.8, MB.9 or SakSrAR. 
~· 
0 

Cc1111pot1ncl Pnlient Rccnm11iia1ion l1y Totnl dose or Tola! dumlion or Additional 1l1empy Complications of angiographic procedure § 
Id. 1htmnholysis lbrombolylic agent lllrombolylic· ,... 

lmg} infusion ~1rs) = ""' 
A.M3.8 °' 

STO Complete 9.0 7.0 rTA Shiverlna (no rever) 

VI.A Complete 10 8.0 Pl'A Distal emboliudoa after PTA: resolved during continued 
SatSTAR.M38 infusion; vomlling 

1100 Pnrtinl 6.S 4.S rrA Arlerinl dl11ectlon; lrnnsie11t llgl11 fever 

MfiR. Ccm1plcle 9.S 1.S Pcmnmdblal gmR None 

Mcnn±SllM R.B ± 0.3 6.8 :1:0.R 

II. M8.9 
m:c Comp le le 10 8.0 rTA + slcn1i11g ReocclHslon nncr 8 days treated wilh IWl1D bi-iliac gn1n. 

i 
01T CDmplcle 10 8.0 NcMIC Ne inc 

I.AN Cmnplcle II R.S P'l'A + stenling Distal cmballution afler PTA treated wilh nsplrntlon; 
rcocclusion 11ftcr 30 hrs rclrcnted wllh 6.5 mg 
SatSTAR.M89 (over4.5 hours) and Pl'A 

..... BRO Complete IO 8.0 Plnque aspiration + slcnlin1 30 me rt-PA 1iven over 20 hrs(•) 

~ 
'" 

McRn±Sl!M IO:f:O.l 8.0±0.2 
(I) C.SnkSTAR ... 
~ KNA Complclc 12 10 Pl' A or graR; lhromlHIS llcmatmnn or righl d1igl1 N 

~ aspira1ion (lilJttlar artery) 
Acu1c isdtcmla or hc1crola1eral root due IO (cholcs1cml) 

'$ ORI C "'"l,l!!te 7.S s.s l"fA. Abdomlnnl aortic 
c:: anct1rysmcc1omy (day 9) embolizalion fiom alxlomlnal aor1ic aneurysm lo dislRI left 
r-
m tower leg arteries (day 4) unresponsive to 110 mg rt-PA. 

N OOD None 8.0 6.0 Pl'A Hcma1oma or venous puncture silc 
S!J \VAi.•• - (2.0) . Anapltylactic slioct wilhin .5 min after bolus 

administration, followed after 45 minutes and after 
normalization of blnod pressure by transient iscl1emia or 
left middle cerebral nrtery territory. 

SMO Cm111•lc1c 1.S 6.0 s1entl11g Rcoccl11slon of stent 1ftcr 6 weeks 
vm. Ccm111lc:1c B :.1.~ PTA Nnnc 
l'O'I' C.:11mJ1lc:1c 1.1 II . Ac1110 n:occl11sion (clny I) 

Succcssr11l tmnsl1nlll1111l thmn1t"111 ns1tir1tlin11 lo'lf 

STA C11111ptc1c: K.fl (1.0 PTA llc:innm11111 nt vcmms 11111tt:tHrc silc ~ Mcnn:l:SBM H.H :I: 1.0 6.•H: I.II 

1rrA, pcrcul11ncous tr:mslumim1l 11ngioplus1y; * hccm1sc or limilcd :1vnilnbili1y or SnkSTAn.MR9, lhcrnpy WRS continued with 1'1-r A. 

I **not included for calculation of mean ± SEM._ -



Table 7: coagulation paraneters before and after administration of MJ.B, M8.9 or SakSTAR in patients with 
~ peripheral arterial occlussion. 
'° 

Cnmpaund Pa1ie11t Pibrinogcn r111smi11ogc11 02-nntiplnsmin (~) D-dimer aPTr s 
Id. (gll) (CJ,) (ng/ml) (s) 

.. 
0 -0. 

Dcft\ft Afm Before After Defore Afier Defore Pcnr-- Defore. After 
A.Ml.I 

STO 3.9 4.0 89 RI R7 89 <300 6,.500 35. 49 
VI.A 4.() 5.0 lfXJ llfJ 97 110 1,2nn 2,000 36 > 180 
1100 IUJ, 8.fJ 96 92 100 110 420 3,000 33 81 

MilR !l..s M u.u un J.lll .l.1ll 8llO !LlnO Ml 72 
Mean± SliM S.l:t:l.O S.6!0.9 UXU:7.0 lfMU:9.D 99J:S.O mn.ts.o 700±210 4,0IJO.t970 36:1:1.0 96±29 

I!+ 0.2 o.s 0.2 0.06 0.1 

D. l'rlB.!I 

~-
lll!C 4.2 .t.6 94 91 97 93 880 4.600 30 51 
OlT 3.1 3.6 82 82 89 !)() 290 1,200 32 62 

~ LAN 3.S 4.6 96 98 !)9 100 <100 1,800 29 75 

=t Dill ll ~ ll ll 2I 22 3..l!l 2JDD fil u 
s Mean± SEM 3.7±0.2 4.2:10.2 87±5.0 86±5.0 96:1:2.0 94±2 400.l:l70 2,40ot7SO 38:t8.0 63±S.O 
rn + 0.2 0.10 0.6 0.()4 0.()4 .. 
U> 

C. SnkSl'All 
l.J 

$ KNA 2.0 2.1 91 90 87 80 < 100 9,700 39 53 
l"lRI .l.4 :1.K llH R5 88 If)() 470 23,000 30 41 

'$ GOD l.6 4.0 92 96 93 93 <100 4,600 37 46 
c: ,.... WAL• (3.8) (3.7) (100) (84) (100) (93) (< 100) (.5,900) (34) (32) 
rn 

SMO 4.S 4.2 100 94 100 93 < 100 > 12.soo 33 99 
N 
!i!J VEL 2.0 2.4 91 76 96 88 650 '2, 100 29 110 

POT 3.2 2.8 91 5S UJO 81 < 100 4,100 33 SS 
SIA u JJ. JJD JlO .un J.2.0 ilOO ~.Dl 2.1 M 

Menn f: Sr!M 3.f>l0.3 3.2iD.3 9S:l:2.9 RR:l:7.S 96:1:3.0 ,94±s.1 230±87 8, 700J:2,700 3lil.6 6S:l:IO 
+ 0.3 • O.:J 0 . .5 0.02 0.02 

+p by paired slmlcnl's l-lcsl. 
For calculation oflhc me11n, "<"nnd.>" were disreg11rclcd. 
•not included for calculation of menn ± Sl!M. i 

I ... 
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Table 8: Neutralizing activiti.es and specific IgG in plasma of patients treated with M3.8, M3.9 or 0 

5akS'fAR (95.12.14) s ..... 
Nc111r;11izing nrrMry Date trralrd Nc11trnllzing nctivily (fig/ml) Specific tao 1111ibodies (Jlglntl) 0 ..... 

lleatme111 
0\ 

Baseline I weet 2wcelcs l weeks 4 weeks Baseline I week 2weeb 3 weeks 4 weeks 

A. Acnbast SnkSTAH 
A.I. l\IJ.I 

S'IO 9S.OU4 00 8.0 s.o 7.0 4.2 - 46 40 JS 

YLA 9S.OS.04 0.1 0.1 0.3 0.0 0.0 0.6 3.1 S.6 3.1 1.9 

1100 95.05.18 0.8 0.8 0.0 0.5 1.0 3.2 8.3 9.2 II 7.1 

Ml?R 95.0.5.26 0.0 0.0 2.3 4.0 3.0 2.1 l.8 33 67 21 

A.2.Mll.9 
1mc !IS.OS.29 o.o 0.0 2.3 4.S . 1.9 u 29 31 

o·rr 9S.0.5.29 o.o 0.3 3.0 4.S 4.0 3.1 36 79 41 48 

~ 
LAN(•) 95,(16.0I 0.0 OJI IO 7.S 9.2 II 14 2CIO 99 120 

BRO 95.07.03 0.0 . 0 . .5 o.s 0.3 4.0 . S.6 4.4 2.0 

~ A.3.SalcSTAR 
KNA 9.5.07.17 0.0 G.2S 12 16 1.5 u 6.7 130 100 96 

s l>RI 95.07.19 0,() us 80 100 100 J.I 6.4 2,100 2,400 1,700 

000 95.07.26 D.15 1.3 46 'l.1 15 4.4 IS 270 200 230 
m \YAL(U) !IS.07.26 0.25 0.2 6.0 4.5 6.5 7.3 18 120 ISO l!JO 
en 

m 
SMR 95.08.17 0.0 0.0 0.0 0.0 0.5 2.3 2.2 33 33 47 ~ 
VEL 95.08.31 0.0 0.0 II 12 10 5.0 o.a 210 250 2SO 

roT 95.10.12 o.o 0.0 4.0 u 4.l 2.9 33 310 380 480 

~ STA 95.11.ll 0.0 0.0 7.1 7.1 II l.l II 270 280 

r- II. Agnlttsl Ml.I 
m II.I.Ml.I 

~ S'fO 0.0 . 4.0 s.o 2.S 1.3 . 150 130 IOO 

VLA 0.0 0.0 o.s 0.0 o.s 0.7 3.1 6.3 7.5 4.8 

1100 0.0 o.s 0.0 2.5 1.0 3.0 3.3 13 25 14 

t.IUR 11.0 0.3 3.J 6.0 1.0 1.0 3.0 67 100 61 
n.2. t.tu 

1mc 0.0 0.0 3.0 6.0 . u 2.8 39 42 

O'IT O.U 2.S 4.0 s.o 2.0 2.7 52 170 110 210 

I.AN(•) 0.(J (l.(J 8.0 9.0 10 12 2] 220 210 JOO 

llRO ..... . 5.1) 6,0 1.0 5.2 . 2.3 3.3 3 . .S 

I 
11.J.S•kSTAll 

IC.NA o.o O.CI 12 II 12 l.l 7.5 200 75 110 

l>RI O It (),0 SS 47 40 3.1 S.9 1,700 1,100 l,lOCI 

C".00 CJ.S fl.S 35 27 22 9.l 47 soo 400 4110 

WAl.(H) o.s o.s 2.0 1.0 5.0 4.l l.l 10 96 130 

SMll CJ.0 O.CI 0.0 0.0 0.0 l.5 3.1 6.7 2.0 3.0 

Vl!L 0.0 00 5.0 6.0 3.0 4.0 1.2 27 63 6J 

POT o.o 0.5 2.5 2.0 2.0 4.2 26 96 130 140 -
STA 0.0 0.0 4.0 3.0 3.0 6.6 16 210 ISO 
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Table 8: Neutralizing activities and specific IgG in plasna of patients treated with MJ.8, M8.9 or 
SakS1'AR ( 95 .12.14), coot 'd 

c. r.18.9 
C.1.MJ.I 

STO D.5 . 3.S '·' 2.0 IJ 1.2 II SI 71 VLA 0.0 0.5 0.5 0.0 1.0 2.3 I.I 4.6 9.2 7.1 1100 1.0 o.s 0.5 2.0 2.0 7.5 7.7 13 IS 12 MliR 0.0 o.s 0.8 2.4 J.O 4.Z 2.5 S.5 ,. 65 C.2.MU 
llEC o.o 0.0 2.0 5.0 - I.IS 2.3 27 .50 01"1' 0.0 0.5 0.5 6.0 3.0 S.8 ,, '2 79 110 I.AN(•) 0.0 0.11 6.5 !>.O u II 44 320 220 310 DltU 11.0 . l.O 1.0 o.o 4.0 . us 5.8 .5.8 C.3. S1•S"rAR 
KNA 0.0 2.0 Iii 12 7 .S.8 9.6 38 CD 6J l>RI 0.0 1.0 llJO 60 45 3.1 9.8 960 1.500 l,JOO. 000 1.0 O.!I 34 22 22 8.4 31 790 400 460 WAL('') 1.0 o.o 4 • .5 2.0 15 I.I 7.8 10 II 25 SMR 0.0 0.0 0.0 0.0 0.0 6.7 6.J 7.1 1.6 2.0 YEL 0.0 0.0 I.I 2.0 .5.0 3.0 3.0 15 17 .. o POT 0.0 0.0 3.3 2.0 I.I 2.7 .5.1 75 uxi· . 29 S'fA 0.0 0.0 5.0 0. 4.0 7.1 12 200 250 

('') rclre111me111 after 30 hrs: (**) 1rcatme111 intcnnplcd after bolus. 

~ 
0 s .... 
0 ... 
0\ 
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CLAXMS 

1. Staphylokinase derivatives showing a reduced 
immunogenicity as compared to wild-type staphylokinase. 

2. staphylokinase derivatives as claimed in 
claim 1 having essentially the amino acid sequence of 
wild-type staphylokinase or modified versions thereof, 
but wherein at least one immunodominant epitope is 
eliminated without destroying the biological activity of 

10 the derivatives. 
3. Staphylokinase derivatives as claimed in 

claim 1 having essentially the amino acid sequence as 
depicted in f iqure 1 in which one or more amino acids in 
one or more of the underlined clusters· have been replaced 

15 by another amino acid thus destroying the corresponding 
epitope(s). 

4. Staphylokinase derivatives as claimed in 
claim 3 having essentially the amino acid sequence as 
depicted in f iqure 1 in which one or more amino acids in 

20 one or more of the underlined clusters have been replaced 
by alanine thus destroying the corresponding epitope(s). 

5. Staphylokinase derivatives as claimed in 
claim 1 having essentially the amino acid sequence as 
depicted in f iqure 1 in which one or more amino acids 

25 have been replaced by alanine thus reducing the 
reactivity of the derivatives with a monoclonal antibody 
panel directed to epitope cluster I. 

6. staphylokinase derivatives as claimed in 
claim 1 having essentially the amino acid sequence as 

30 depicted in fiqure l in which one or more amino acids 
have been replaced by alanine thus reducing the 
reactivity of the derivatives with a monoclonal antibody 
panel directed to epitop~ cluster III. 

7. Staphylokinase derivatives as claimed in 
35 claim 1 having essentially the amino acid sequence as 

depicted in figure 1 in which one or more amino acids 
have been replaced by alanine thus reducing the 
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reactivity of the derivative with monoclonal antibody 
panels I and I~I. 

8. Staphylokinase derivative MB having the 
amino acid sequence as depicted in figure 1 in which the 

s amino acids Lys on position 74, Glu on position 75 and 
Arg on position 77 in the underlined cluster 8 have been 

replaced by alanine thus altering the corresponding 

epitope. 
9. Staphylokinase derivative M3 having the 

10 ~mino acid sequence as depicted in figure l in which the 
amino acids Lys on position 35 and Glu on position 38 in 

the underlined cluster 3 have been replaced by alanine 
thus altering the corresponding epitope. 

10. staphylokinase derivative M9 having the 
15 amino acid sequence as depicted in figure l in which tbe 

amino acids Glu on position so and Asp on position 82 in 
the underlined cluster 9 have been replaced by alanine 
thus altering the corresponding epitope. 

11. Staphylokinase derivative HJ.B having the 
20 amino acid sequence as depicted in figure l in which the 

amino acids Lys on position 35, Glu on position 38, Lys 
on position 74, Glu on position 75 and Arg on position 77 
in the underlined clusters 3 and 8 have been replaced by 
alanine thus altering the corresponding epitope. 

25 12. Staphylokinase derivative MS.9 having the 
amino acid sequence as depicted in figure 1 in which the 
amino acids Lys on position 74, Glu on position 75, Arg 
on position 77, Gluon position so and Asp on position 82 
in the underlined clusters 8 and 9 have been replaced by 

30 alanine, thus altering the corresponding epitope. 
13. Method for producinq the staphylokinase 

derivatives as claimed in claim i; comprising the steps 
of: 

a. preparing a ONA fragment comprising at least 
35 the part of the coding sequence of staphylokinase that 

provides for its biological activity; 
b. performing in vitro site-directed 

mutagenesis on the DNA fraqment to replace one or more 
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codons for wild-type amino acids by a codon for another 
amino acid; 

c. cloning the mutated DNA fragment in a 
suitable vector; 

5 d. transforming or transfectin9 a suitable host 
cell with the vector; and 

e. culturing the host cell under conditions 
suitable for expressing the DNA fragment. 

14. Method as claimed in claim 13, wherein the 
10 DNA fragment is a 453_bp .Bs;gRX-BindIII fragment of the 

plasmid pBEX602SAJ{, the in yitro site-directed 
mutagenesis is performed by an oliqonucleotide-directed 
muta9enesis system using the plasmid pMa/c and the repair 
deficient E. coli strain WK6Muts, the mutated DNA 

15 fragment is expressed .in E. coli strain WK6. 
15. Pharmaceutical composition comprising at 

least one of the staphylokinase derivatives as claimed in 
claim l together with a suitable excipient. 

16. Pharmaceutical composition as claimed in 
20 claim 15 for treating arterial thrombosis. 
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