WO 2009/030373PCDEP2008/006858 Description Use of urate oxidase for the treatment or
prophylaxis of disorders or indirect sequelae of the heart caused by ischemic or reperfusion events 5

" The .invent%r%%% t&%he use of urate oxidase, preferably recombinant Uf%tg[&;gg&?& ﬁfggg example
(5) of disorders or indirect

Rasburicase, Tor producing a medicament for the treatment or prophylaxis

sequelae of the heart caused by ischemic or reperfusion events, for example during and after cardiac
surgery like CABG (coronary 10artery bypass graft), PCI (percutaneous coronary intervention),
transplantation, post myocardial infarction and for the treatment or prophylaxis of coronary artery
disease or heart failure, for example congestive heart failure. Uric acid is the end product of purine
metaboli$deSekMiy) reptiles, primates and 15humans and is produced in the liver by oxidation of
xanthine and hypoxanthine. In all other mammals, uric acid is further oxidized by the enzyme urate

oxidase to allantoin. However, humans lack this enzyme. As uric acid has relatively poor water
solubitlit/seahureieexidpraies tbedreatmastRidioRhBRNISOb disaidaivoTinaEset srgueRs s such

as gout. ] ki jlure caused by the 20precipitation of
crystals cﬁputﬁgﬁggfﬁg?&gngaé}ﬁuﬁ%ﬂ%?gg%qzé%ﬁﬁggﬁ]@%b?r% Nephrol. (2007) 2:16-21). Increase of

uric acid production is caused in general in patients suffering from purine metabolism disorders such

as heredighle NBRIAHIARIAE BIHEED Srife e YRt OLReaRbIF YREhbiaREiiaglSo observed

in any patient undergoing massive c eath such as during treatment of cancer with cytostatics. The

latter is kawsigase, feiceKamplediesiuiicanes ipsRropvsioma mesisamarhferdaipdeatmeai oo
iberation ghAHeleli s REF RGN PerRARAlgaEI O ARAAT HIREAbpEHERIG O purine

metabolism. In“general massive dea?ﬁ%f cells is also observed in any 30pa§f¥oph siological situation of
ischemiaraperfasirtueienimdanexstreladuringiapd afiss cadipapuraenniBe (oRA{RPERRAYbypass

graft) P%ﬁ%ﬁg%&é&ﬁ%@%ﬁfgﬁLﬁgﬂ%@é%%%%ﬁ%%?&ﬁ(ﬁ%?@ér?s#}é%ﬁé%wrﬁost

transpla rction, coronary artery disease or heart failure. Besi_de the latter
mentionethyetacdisd indsrition andi forathadreataent ebmientuleeis olderanasntfriRditeane or
predictiv r}gpt QQrﬁ ROES | gﬁ;gtﬁ@gy{qeagmggr 5 SD et al., Circulation (2003);
107:199?—1%%27%. kwc%usat%ve cc?rrelatl%éu%for this has been also discussed recently (Hare IM et al.,
Circulation (2003) 107:1951-1953). Currently three different principles can be used in order to reduce

pathophygiglo "&'agﬁngﬁgﬁg%'rgvs&ei afigmé RRbARGATeBA5 eBBLRC Bk RIdERGCId, (i)

10impairment of uric a eration or (iil) conversion of uric acid into allantoin. i) Benzbromaron

TrebmernumarBarshis peaduogd- nhye vy Riridation obxamhine ARJdIsRepREHYNbA)!
enhanceg,fenal exeralian ghHNCREId RPN 7S8R TRAPSRERE YxidasEe BRaRIS! under

benzbromeron treatment'is increased excretion of uric acid. Treatment has to begin by subtreshold

dosing siftwByaEDhuMaRshiaakdTisange: Afcusieapitbhan miativalriparimalsd selubitiitbther. i)
A“Opurin%d%%éé ¢ bEnAPMeARN TSRS IFIC RS SAUENSS MIQLicaHs Juedminhiitionof

xanthinoxi ey enzyme in purine metabolism: Allopurinol (4-hydr'%;$/ urinol), an analogue of

xanthine S8CGihaRIgBHbr AN Renta iR KRtinn ehUie asiddeadssiapert ilutie garsadditiignt with
Allogyiringl i pitspRiygsidare d iicaadar RaImaRnKg (eabb smeRtder Ciin. J. Am. |
hyperuricemia-associated tiseases such as gout. 25 During treatment with Allopurinol, instead of uric
acid, the Meieo(LR8RAIHRHEE-dtbumulate and are mainly excreted via the kidney. Treatment with
Allopurinol is preventive to avoid high uric acid levels but it is unsuitable in cases of already elevated
uric acid levels and is moreover known to induce gout on its own. In case of prevention the tumor lysis

syndromdnguieinestelaufieactt pEeresliands GRNSIGE FNerNsERdiB Dt iiedaghiEam BUERR: the

application ot allpRyriaal managerIe L InsiEatsg i HIRkERalca dRRiRhqlc bR aiiesiansliBrrupNting
further renal damage. WO 2009/030373PCT/EP2008/006858 3 iii) Urate oxidase The mechanism of

actR of highelewednob isiaineidin alom AMRPIA0IN BRateBliRRIdAsTEbR BRsYE, trlde3gen
oxidoredygtase; Fé dnh 3rahGAY SR TN OXHRHA QfiiicacHe Rl in WALRS RIWRIS Rduct

that is easily excrete the kidney 5 (scheme 1). The protein enzyme urate oxidase can, for

example, Sseasdieshbares dyis SYRINONRVHE e eaasia eolifeai Iendpiadberationealniisigie and
expressegéwgﬁg?ﬁéig(%@(ﬂg iLtaaBI¥a- ificlind Rifd 4shee) eﬁé’%fﬁs@gt D 1836pe570), in

Aspergillus flavus evalet L. et al., Curr. Genet., 1992, 21, 4 and in Saccharomyces
cerevisiag@ieprlisrs Andenerabmasaiyeteath ofxells iy also observed in any

30 pathophysiological situation of ischemia and reperfusion and therefore also during
cardiac surgery like CABG (coronary ariery bypass graft), PCl (percutaneous coronary



Recombinant urate oxidase is urate oxidase produced by genetically modified microorganisms and
can, for example, be obtained from the above mentioned genetically modified strains of Escherichia

" coil and S%%f}%r%my%% cerevisiae. 15 Rasburicase is a recombinant urate gxidase enzyme produced
from genetically mod? led strain of Saccharomyces cerevisiae cloned with CONA RS Ehin of
Aspergillus flavus (Oldfield V et al., Drugs (2006) 66 (4):529-545, Leplatois P. et al., Gene., 1992, 122,
139-145). Rasburicase is a tetrameric protein with identical subunits of a molecular mass of about 34
kDa each (Figure 1) - similar to the native Aspergillus 20 flavus urate oxidase (Bayol A. et al.,
Biotechnol. Appl. Biochem. 2002, 36, 21-31). WO 2009/030373PCT/EP2008/006858 4
GuanineirtgrueativmetrancplasialivnseoshRaninnicainl nRrslinoxgronan: altgiyrdigenasie degradation
Urinary @%ﬁtgﬂu&[[antoin H202 Scheme 1: Effects of urate oxidase, Rasburicase, Allopurinol and
Oxipurinal (the active metabolite of Allopurinol) on purine catabolism. e indicates inhibition of xanthine
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according to current knowle seen as a problem especially’i ard of the intended use of urate
oxidase in cardiovascular indications. Urate oxidase/Rasburicase WO
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hydroxyl ra by ent species of endogenously ge xygen radicals are

termed javaiatl teuris oh wie deid (RO hansprman) afsenahexefption otuag agistoii)iradicals or
SUR@roxXi m&zf ich.ar. ' onwerted. khase : !I@h [fferent cellular
enggme fs?';‘fg%erlvms, g%i%‘r%é%?%y %A%D%H ox?dggé. In %ﬁ%@&@ééﬁgr%qﬁgv%n to%E?involved in
many physiological and pathophysiological processes. Numerous studies revealed a detrimental role
of ROS ip B%Q%rgraq.‘%ovascular indications (Lo SK et al., Am. J. Physiol (1993) 264:L406-412;
PMNs; Gasic etal., Circulation (1991) Nov; 84(5): 2154-2166; Bradley JR et al., Am. J. 10Pathol.

(1995); Tre@neatveih Beab oo atad. ((BrktbyEbyesizafurapi) (81 5c2ivoyad- vy engd;

Zafari A . i - 3263); 495 [ ' iavascular
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affected%{% Iigh cof’%}éﬁdr)atio 1S %ﬁ@%&%@?&%e ﬁﬁ%%%ﬁ%ﬁ%ﬁ%%%@gﬁ%ﬁrﬁ%s of uric
acid. FulitepresgigdoropibiatRmdirfhedudoayoangaifieracid even improved heart function and the
cardiodynamics when 20 the combination is present prior and during ischemia and reperfusion.

Therefore, the invention relates to the use of an urate oxidase, preferably recombinant urate oxidase,
for exanipl&lR@tin@ase, for producing a medicament for the treatment or prophylaxis of disorders or
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of uric acid. Treatment with Allopurinol is currently considered the standard
pharmacological treatment for hyperuricemia-associated diseases such as gout.

25 During treatment with Allopurinol, instead of uric acid, the precursors xanthines
accumulate and are mainly excreted via the kidney. Treatment with Allopurinol is
preventive to avoid high uric acid levels but it is unsuitable in cases of already elevated
uric acid ievels and is moreover known to induce gout on its own. In case of prevention
the tumor lysis syndrome during treatment of cancer, Allopurinol is given before

30 cytotoxic treatment. Beside the application of allopurino!, management is directed to
normalize metabolic abnormalities and preventing further renal damage.



Acetylcystein, Ebsefen, Lycopin, Flavonoid, Catechin und Anthocyan, more preferably L-ascorbic acid.
Pharmaceutical formulations comprise, as an active constituent, an effective dose of 5 Rasburicase in
" addition to WP armaceutically unobjectionable carriers and assistants and optionally also

one or more other active pharmacological ingredients, for example ascorbigngf)ﬂg%ﬁ%aceutical
formulations contain normally from 0.1 to 90% by weight of Rasburicase. 10 The pharmaceutical
formulations can be produced in a manner known pegse. To this end, the active ingredients and/or
their physiologically compatible salts, together with one or more solid or liquid pharmaceutical carriers
and/or assistants, are converted to a suitable administration form or dosage form, which can then be
used as dipiéthtaumigaBenuman medicine. 15 Medicaments which comprise Rasburicase can be
administerfd R FATAIFoPAETRIPER rdu axeRRIK dRRipht PaRRMdNIRGIaLhaie doRicaly. the
preferred administration depending on the particular case. e excipients which are suitable for the
desired phéimacisLasidasenurateo o arggaviideredhotesskifbd IntileX caialyresdbie okitlioaxgiert
.knOW'?dQﬁid%WB%I&%EH%@%%&?‘EUE&S% %&E%Yé@%%%ﬁg?@?@b?éﬁ%gm ?zc?é"n%ﬁ‘er active
ingredient cartiers, 1t Is possible to use, for example, antioxidants, dispersants, emulsifiers, antifoams,
flavding$sphesaeyilivebe iotsiin enzyige nisster exibiaséngan cigs eoeffegte 268 uftdrindd faomes or
colorings gpélf#ﬁ&gtgggggs, intramuscular or intravenous administration, the active compounds used,
if desired with the substances customary for this purpose, such as solubilizers, emulsifiers or further
excipients, are converted to solution, suspension or emulsion. 30 Examples of useful solvents are:

water, phyRiolggiGal é@ﬂ%f‘%%f"‘lﬁ%‘f%té% F\é@?@!@fﬁ&?ﬁ&{i Qﬁ@&@e%ﬁﬂ'%ﬂﬁﬁgﬁ}%%ﬂy also

sugar solutions such as cose or mannitol solutions, or else a mixture of the ent solvents
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or vesicular and micellar medicament foris o elr physiologically compatible

salts in wheplatais £pedaha&ignieallB8RobRRLIDBSbIdHater-miscible or oily solvent, or a 5mixture of
such sol RIS for- ini QN f ple for nasal
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depends of course upon 15 the frequehcy of administration upon the potency an ration of

action ofﬂﬁ@%@ﬂﬁb@df@@&d@ﬂﬁ@ddﬁ ehab, for mﬁﬂ@ﬂ@bﬁﬁr@bfﬁﬂ&gﬁs‘}&uﬁ%ﬂ#@t‘eboﬁ-tﬁéaiatu re and
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responsiveness$ of thé human or animal to be treated, and upon w er acute or chronic treatment or
prophylagfsAsmdipy(factiees cbabmy ddddde eachibigurest) maripidalkheaiqtivenfsprigiiige from
Lm0 hper aYAOM B AisRb (AL RRdY. siGIcAR! ABHiobiBcriErRbboBE LA 133 ma per day
and person, for example from 100 to 150 mg per day and person. However, higher doses may also be
appropriate. The daily dose of the active ingredients may be 25 administered all at once or it may be
divided between a plurality of, for example 2, 3 or 4, administrations. Experimental part 30List of
abbreviations Asc.AAscorbic acid kDaKilo Dalton WO 2009/030373PCT/EP2008/006858 8 Number of
animals Pressure RasbRasburicase Reperf.Reperfusion 5 UAUric acid Examples of pharmaceutical
preparations Example A: Aqueous solution for intravenous administration 10 To prepare 10 ml of
solution comprising 50 pg of active compound per ml, 0,5 mg Rasburicase were dissolved in 10 ml of
isotonic (0.9%) sodium chloride solution. Experiments on isolated working rat hearts 15 As biological
materials the isolated hearts of male Wistar rats were used which were purchased from our Laboratory
Animal Science and Welfare (LASW). The heart function (coronary flow and contractility) was
investigated on the "Isolated Working Heart" model as previously described Otter G et al., Laboratory
Animals (2005) 39; 178-193).The hearts were first perfused according to Langendorff's method with an



~ 20 oxygenated (95% 02, 5% CO2) noncirculating Krebs-Henseleit solution of the following
compositions (mmol/L): NaCl, 118; KCI, 4.7; CaCl2, 2.5; MgS04, 1.6; NaHCO3, 24.9; KH2PO4, 1.2;

" glucose, 5.5; Na-é) ruvate, 2.0. A catheter placed into the pulmonary artery drained the coronary
effluent per%ggtoe ﬁtyﬁ}g?ms collected for determination of coronary flow an sgg6sss
measurements. The left atrium was cannulated by an 25incision of the left auricle. After a 15-minute
equilibration period at a fixed perfusion pressure of ) mmHg, the heart was switched into the working
mode at a fixed filling pressure of 11 mmHg. Coronary flow (CF) and pressure signals (dP/dtmax) were
sampled at 500 Hz; averaged every 2 seconds. WO 2009/030373PCT/EP2008/006858 9 High
Rasburicase concentrations w&edeisted in comiityaantitingifferent uric acid concentrations on

isolated working rat hearts for theinpossible adversg cardiac effects caused by the generated
hydrogenper@igmiht2d2arbifiaste IN\shows that ¢én¥eamthiiene idizse h&ﬁ%ﬂﬂ R Sy
reduced coronary flow and contractilitysgTable }# Effect of increasing H20R.¢ rationsjon coronary
flow (CF) and contractility (dP/dtmax) iR, ﬁg rat hearts; n = 4, *p<0.05 v sal value 10 Basal
Value H202 10pM H202 30pM H202 10Up 02 200pM Buffer CF (m [ 070,3343,890,55

15,211 15,7=1,3 10,420,3* 14,43 0.96 dP/gtmax g}m@ S A%é;g 178 4174 46 r? 43 268
1698 69 2493 182' Increasing Rasburicas con)éentra{ﬁté)néxé . ,e1.5, 5, 15, 50 pg/ml%%I Jﬁ% only a

slight (not significant) decrease in coronaryfflow and contractility, which was not influenced in the
presence dfinaity tdrediony /rF(Tab—2) {8imdarkffects were observed when high 15 Rasburicase (50
pg/mL) was perfused with higher concentritions of uric acid (6-30 mg/L) (Tab. 3). Table 2: Effect of

increasing Rasburicase concentrations with and jiobkideed\Clash(ldAe@ang/L) on coronary flow
(CF) and contractility (dP/dtmax) in isolategrat hearts; 20 n:@/Group

5-hydroxyisourate

l Nonenzymatic degradation

Urinary excretion -<—— Allantoin l

H,0,
Scheme 1: Effects of urate oxidase, Rasburicase, Allopurinol and Oxipurinol (the active
metabolite of Aliopurinol) on purine catabolism. © indicates inhibition of xanthine

oxidase by allopurinol and oxipurinol;® indicates metabolism of uric acid by
5 Rasburicase or Urate Oxidase

Due to its mode of action, instead of treatment with allopurinol, use of Rasburicase is
now the preferred treatment in situations of acute and massively increased plasma uric
acid levels in the context of prevention of tumor lysis syndrome.

10
An apparent disadvantage of uratelaxidase treatment is the generation of a
stoichiometrically equivalent amount of hydrogenperoxide (Scheme 2), which is
according to current knowledge seen as a problem especially in regard of the intended
use of urate oxidase in cardiovascular indications.
Urate oxidase/Rasburicase
15 Uric acid + 2 H,0 + O, = Aliantoin + 2 H,0, + CO,

Scheme 2



Basal Value Rasb 0,5 pg/mL Rasb 1,5 pg/mL Rasb 5 pg/mL Rasb 15 pg/mL Rasb 50 yg/mL CF
(m1Jmin) without 14,39 0,89 14,090,86 13,690,89 13,59=1,02 13,110,99 12,271,16 WO

2009/03033p 08/006858 10 UA  CF 15,86 15,70,7 15,40,74 76
13,30,81 (mu%%u?%@vlﬁ UA 0,79 bebibitde’

H20, although not a radical itseif, can easily be converted into hydroxyl radicals by
Fenton reaction, Different species of endogenously generated oxygen radicals are
termed as reactive oxygen species (ROS) comprising aiso other types such as
hydroxyiradicals or superoxide anions which are easily converted. Those ROS can be
5 generated by different cellular enzyme systems, for example by NADPH oxidase. In
“the past ROS were shown to be involved in many physiological and pathophysiclogical
processes. Numerous studies revealed a detrimental role of ROS in regard o
cardiovascular indications (Lo SK et al., Am. J. Physiol (1983) 264:0L406-412; PMNs;
Gasic AC et al., Circulation (1891) Nov; 84(5): 2154-2166; Bradley JR et al., Am. J.
10  Pathol. (1 995); 147(3): 627-641; Kevil CG et al., Am. J. Physiol. Cell Physiol. (2000}
Jul; 279{1): C21-30; Zafari AM et al., Hypertension (1998) Sep; 32(3): 488-485; for an
overview see Cai H, Cardiovascular Research (2005) 68:26-36).

Experiments have been carried out to test the urate oxidase Rasburicase in
15 combination with uric acid for its expected adverse cardiac effects caused by the
generated hydrogen peroxide. Suprisingly, the experiments have shown that the heart
function is not significantly affected by high concentrations of Rasburicase alone or in
combination with high concentrations of uric acid. Furthermore, the combination of
Rasburicase and uric acid even improved heart function and the cardiodynamics when
20 the combination is present prior and during ischemia and reperfusion.

Therefore, the invention relates to the use of an urate oxidase, preferably recombinant
urate oxidase, for example Rasburicasé, for producing a medicament for the treatment
or prophyiaxis of disorders or indirect sequelae of the heart caused by ischemic or

25 reperfusion events, for example during and after cardiac surgery like CABG {coronary
artery bypass graft), PCI (percutaneous coronary intervention), transplantation, post
myocardial infarction and for the treatment or prophylaxis of coronary artery disease or
heart failure, for example congestive heart failure.

30 In another embodiment additional treatment with a scavenger for H20; is preferred, for
example vitamins A, C or E, Trolox, Oligomere Proanthocyanidine, Giuthation, L-N-



dP/dtmax 4397 4311 260 4271 341 4144 267 4146 316 3917252 (mmHg/s) without 259  UA
dP/dtm" 4534 4657 215 4538 234 4491 291 4381 292 4200348 (mmHg/s) with UA 158 Table 3:

Effect of i iNGieAs] j Cld and high Rasburicase (Rasb 50 pg/mL) conc \g&r&tg}g)}%}aﬁ goronary flow
(CF) and contractlllty ({ P/dtmax) in isolated rat hearts; n=4-5/Group Basa 6 mg/L Uric

Acid 6 mg/L + high Rasb Uric Acid 15 mg/L + high Rasb
6

Acetylcystein, Ebselen, Lycopin, Flavonoid, Catechin und Anthocyan, more preferably
L-ascorbic acid.

Pharmaceutical formulations Comprise, as an active constituent, an effective dose of

5 Rasburicase in addition to customary, pharmaceutically unobjectionable carriers and
assistants and optionally also one or more other active pharmacological ingredients,
for example ascorbic acid. The pharmaceutical formulations contain normally from 0.1
to 90% by weight of Rasburicase.

10  The pharmaceutical formulations can be produced in a manner known per se. To this
end, the active ingredients and/or their physiologically compatible salis, together with
one or more solid or liquid pharmaceutical carriers and/or assistants, are converted to
a suitable administration form or dosage form, which can then be used as a
medicament in human medicine.

15
Medicaments which comprise Rasburicase can be administered, for example,
parenterally, intravenously, rectally, nasally, by inhalation or topically, the preferred
administration depending on the particular case.

20 The excipients which are suitable for the desired pharmaceutical formulation are
familiar to those skilled in the art on the basis of their expert knowledge. in addition to
solvents, gel formers, suppository bases, tablet excipients and other active ingredient
carriers, itis possible fo use, for example, antioxidants, dispersants, emulsifiers,
antifoams, flavorings, preservatives, solubilizers, agents for achieving a depot effect,

25 buffer substances or colorings.

For subcutaneous, intramuscular or intravenous administration, the active compounds
used, if desired with the substances customary for this purpose, such as solubilizers,
emulsifiers or further excipients, are converted to sotution, suspension or emulsion.
30 Examples of useful solvents are: water, physiological saline or alcohols, for example
ethanol, propanol, glycerol, and additionally also sugar solutions such as glucose or

mannitol solutions, or else a mixture of the different solvents mentioned.



~ Uric Acid 30 mg/L + high Rasb Buffer CF 12,86 12,861,47 13,231,61 12,271,54 13,341,56 13,471,32
(mUmin) 1,56  Control CF 13,32 13,511,02 12,571 12,351,31 11,061,22 10,581,2 (mUmin) with

- UA 0,99 \,98@}59/{}?@%?9 3599 524 3745 581 3845 570 3897 455 4100%)%%‘/}3?20{}8/006858

Examples of suitable pharmaceutical formulations for administration in the form of
aerosols or sprays are solutions, suspensions, emulsions or vesicular and micellar
medicament forms of the active ingredients or their physiologically compatible salis in
water or in a pharmaceutically unobjectionable water-miscible or oily solvent, or a

5 mixture of such solvents. Also suitable for administration in the form of aerosois or
sprays, for example for nasal administration, are powders of the active ingredients or
their physiologically compatible salis. If required, all formulations may also comprise
other pharmaceutical excipients such as isotonizing additives, surfactants, emulsifiers
and stabilizers, and also a propellant gas. The formulations mentioned may

10  additionally be in the form of freeze-dried products.

The dosage of Rasburicase to be administered in accordance with the invention
depends upon the individual case and, for optimal action, should be adjusted fo the
circumstances of the individual case as usual. For instance, it depends of course upon

15 the frequency of administration and upon the potency and duration of action of the
compounds used in each case for treatment or prophylaxis, but also upon the nature
and severity of the disease to be treated, and also on the gender, age, weight and
individual responsiveness of the human or animal {o be treated, and upon whether
acute or chrénic treatment or prophylaxis is being practiced.

20 |
The dosage of Rasburicase may typically vary within the range from 1 mg to 1 g per
day and per person (at body weight about 75 kg), preferably from 5 to 750 mg per day
and person, for example from 100 to 150 mg per day and person. However, higher
doses may also be appropriate. The daily dose of the active ingredients may be

25 administered all at once or it may be divided between a plurality of, for example 2, 3 or
4, administrations.

Experimenial part
30 List of abbreviations

Asc.A Ascorbic acid
kDa Kile Dalton



(mmHg/s) 447  Control dP/dtrnax 3780 3867 327 3821 347 3982 341 3610241 3671252
(mmHg/s) with UA 213 WO 2009/030373PCT/EP2008/006858 11 Effects on coronary flow and
contractilityvaf 2hevise@xtavith global ischemia and reperfusion: High RasbBficaseq@B0pessaL) in
combination with high uric acid concentrations (15 or 5 30 mg/L), concentration-dependently improved
the recovery after ischemia/reperfusion (Tab. 4, 5). Table 4: Effect of high Rasburicase (Rasb 50
pg/mL) and Uric Acid (UA 15 mg/L) concentrations oh coronary flow (CF) and contractility (dP/dtmax)
in isolated rat hearts with global ischemia and reperfusion; n=5/Group; *p<0.05 vs Control 10 5 min
before isghemia 1 min beforengthgayiaselRiaalschemia Reperf. 5 min after Ischemia Reperf. 10 min
after Ischemia

Pressure
Rasb Rasburicase
Reperf. Reperfusion

5 UA Uric acid

Examples of pharmaceutical preparations

Example A: Aqueous solution for intravenous administration
10 To prepare 10 mi of solution comprising 50 ug of active compound per mi, 0,5 mg
Rasburicase were dissolved in 10 mi of isotonic (0.9%) sodium chloride solution.

Experiments on isolated working rat hearis

15  As biological materials the isolated hearts of male Wistar rats were used which were
purchased from our Laboratory Animal Science and Welfare (LASW). The heart
function {coronary flow and contractility) was investigated on the “Isolated Working
Heart” model as previously described (Itter G et al., Laboratory Animals (2005) 39,
178-193).The hearts were first perfused according to Langendorff's method with an

20 oxygenated (85% Oz, 5% COp) noncirculating Krebs-Henseleit solution of the following
compositions (mmol/L): NaCl, 118; KCI, 4.7; CaCl, 2.5; MgSQOy, 1.6; NaHCO3, 24.9;
KH2PO,, 1.2; glucose, 5.5; Na-pyruvate, 2.0. A catheter placed into the pulmonary
artery drained the coronary effluent perfusate that was collected for determination of
coronary flow and venous Pg, measurements. The left atrium was cannulated by an

25 incision of the left auricle. After a 15-minute equilibration period at a fixed perfusion
pressure of 60 mmHg, the heart was switched into the working mode at a fixed fiiling
pressure of 11 mmHg. Coronary flow (CF) and pressure signals (dP/dtmax) were
sampled at 500 Hz, averaged every 2 seconds.

30 Effects on coronary flow and contractility of the heart:



Reperf. 15 min after Ischemia CF 13,28 12,82 0,38 4,471,69 4,711,86 4,731,85 (mUmin) 0,7 0,75 0,06
Control with UA CF 14,55 14,59 0,38 9,762,4 * 8,242,95 7,942,83 (mUmin) with UA + 0,7 0,75
0,01 Raslyo 2009/630373 PCT/EP2008/006858

High Rasburicase concentrations were tested in combination with different uric acid
concentrations on isolated working rat hearts for their possible adverse cardiac effects

caused by the generated hydrogenperoxide (H2Oz).

5 Table 1 shows that concentrations higher than 100 uM H20; strongly reduced coronary

flow and contractility.

Table 1: Effect of increasing H»O» concentrations on coronary flow (CF) and
contractility (dP/dtnay) in isolated rat hearts; n = 4, *p<0.05 vs basal value

10
Basal H.0» H20, H.0z H205 Buffer
Value 10uM 30uM 100uM 200uM
CF 14,07+0,33 | 13,89x0,55 | 15,21+1 | 15,7+1,3 | 10,42+0,3* | 14,43
{ml/min) +0.96
dP/dinax | 4646 £ 178 1 4774 + 185 | 4469 4573 1698 + 69 | 2493
(mmHg/s) +167 | +268 +182°

Increasing Rasburicase concentrations (0.5, 1.5, 5, 15, 50 pg/mL) induced only a slight

(not significant) decrease in coronary flow and contractility, which was not influenced in

the presence of uric acid (6 mg/L) (Tab. 2). Similar effects were observed when high
15 Rasburicase (50 pg/mL) was perfused with higher concentrations of uric acid (6-30

mg/L) (Tab. 3).

Table 2: Effect of increasing Rashuricase concentrations with and without Uric Acid
(UA 6 mg/L) on coronary flow (CF) and contractility (dP/dinay) in isolated rat hearts;
20 n=6-7/Group

Basal | Rasb Rasb Rasb Rasb Rasb
Vaijue | 0,5 ug/mbL | 1,5 ug/mL | 5 ug/mL 15 pg/mL | 50 pg/mL
CF 14,39 | 14,09+0,86 | 13,69+0,89 | 13,59+1,02 | 13,11+0,99 | 12,27x1,16

(mL/min} | 0,89
without




dP/dtma, (mmHg/s) 3600 250 3608 318 61 1 1057 496 1284 667 1403736 Control with UA
dP/dtmax 4000 4074 61 1 2987687* 2056 672 2110774 (mmHg/s) with UA 270 277 + Rasb

WO 2009/63037#®RGIEEP2008/006858 12 Table 5: Effect of high RasburigaserRastd6spg/mL) and
Uric Acid (UA 30 mg/L) concentrations on coronary flow (CF) and contractility (dP/dtmax) in isolated
rat hearts with global ischemia and reperfusion; n:51/(()3roup; *p<0.05 vs Control 5 min before ischemia

UA

CF 15,86 | 15,7+£0,7 15,4+0,74 | 15,05+0,68 | 14,62+0,76 | 13,3+0,81
(mL/min) | 0,79

with UA

dP/dtnax | 4397 | 4311 £ 260 | 4271 + 341 | 4144 + 267 | 4146 + 316 | 3817252
{mmHg/s) | + 259

without

UA

dP/dtmax | 4534 | 4657 £ 215 | 4538 + 234 | 4491 + 291 | 4381+ 292 | 4200+348
{(mmHg/s) | = 158

with UA

Table 3: Effect of increasing Uric Acid and high Rasburicase (Rasb 50 yg/ml.)
concentrations on coronary flow (CF) and contractility (dP/dinay) in isolated rat hearts;

n=4-5/Group
Basal | Uric Acid Uric Acid Uric Acid Uric Acid Buffer
Value |6 mg/L 6 mg/L + 15mg/l + |30 mg/L +
high Rasb | high Rasb | high Rasb
CF 12,86 | 12,861,471 13,28+1,61 | 12,27+1,54 | 13,34+1,66 | 13,47+1,32
(mi/min) | £1,56
Control
CF 13,32 | 13,51%1,02 | 12,571 12,35+1,31 | 11,06+1,22 | 10,58+1,2
(mL/min) | £0,99
with UA
dP/dtnax | 3550 | 3599 + 524 | 3745 + 581 | 3845 + 570 | 3897 + 455 | 4100+390
(mmHg/s) | + 447
Control
dP/dtnax | 3780 | 3867 + 327 | 3821 + 347 | 3982 + 341 | 3610+ 241 | 3671252
{(mmHg/s) | £213
with UA




1 min before ischemia Global Ischemia Reperf. 5 min after Ischemia Reperf. 10 min after Ischemia
Reperf. 15 min after Ischemia CF 13,33 13,11 0,31 8,34+1,88 9,16+1,29 9,25+0,63 (mUmin) +0,7 0,88
+0,02 Cowtrehenitisadzs CF 15,14 15,21 0,39 12,89+2,2* 12,9+1,35* FX/A4P200/A%HRTEN) with UA +

+0,8 +1,06 +0,02

11

Fffects on coronary flow and contractility of the heart with global ischemia and

reperfusion:

High Rasburicase (50 pxg/mL) in combination with high uric acid concentrations (15 or
5 30 mg/l), concentration-dependently improved the recovery after ischemia/reperfusion

(Tab. 4, 5).

Table 4: Effect of high Rasburicase (Rasb 50 yg/mL) and Uric Acid (UA 15 mg/L)
concentrations on coronary flow (CF) and contractility (dP/dtnay) in isolated rat hearts
with global ischemia and reperfusion; n=5/Group; *p<0.05 vs Control

10
5 min 1 min Global Reperf. Reperf. Reperf.
before hefore Ischemia | 5 min after | 10 min 15 min
ischemia | ischemia Ischemia | after after
Ischemia Ischemia

CF 13,28 12,82 0,38 4,47+1.69 |4,71+1,86 |4,73x1,85

(mL/min} | £0,7 +0,75 +0,06

Control

with UA

CF 14,55 14,59 0,38 9,76x2,4* |8,241+2,95 | 7,942 83

{(ml/min) | £0,7 +0,75 +0,01

with UA +

Rasb

dP/dtmax | 3600 3608 61 +1 1057+ 496 | 1284 + 667 | 1403+736

{mmHg/s) | + 250 + 318

Control

with UA

dP/dtmax | 4000 4074 61 « 1 29871687 | 2056+ 672 | 2110774

(mmHg/s) | = 270 + 277

with UA

+ Rasb




Rasb
with UA
Rasb

10

dP/dtmax 4020 4017 59 2 2224 418 2898 314 3192+273 (mmHg/s) 350 437

dP/dtmax 4090 4115 61 3 3759587* 3300 75 337352 (mmHg/s) with UA 339 328
PCT/EP2008/006858
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Table 5: Effect of high Rasburicase (Rasb 50 x#g/mL) and Uric Acid (UA 30 mg/L)
concentrations on coronary flow (CF) and contractility (dP/dinay) in isolated rat hearts

with global ischemia and reperfusion; n=5/Group; *p<0.05 vs Control

Control

+

5 min 1 min Global Reperf. Reperf. Reperf.
pefore before Ischemia | 5 min after | 10 min 15 min
ischemia | ischemia Ischemia after after
Ischemia | Ischemia

CF 13,33 13,11 0,31 8,34+1,88 |9,16+1,29 | 9,25+0,63

(mlL/min} | 0,7 +0,88 +0,02

Control

with UA

CF 15,14 15,21 0,39 12,89x+2,2% | 12,9+1,35" | 12,44+1,17

(ml/min) | 20,8 +1,06 +0,02

with UA +

Rasb

dP/dinax | 4020 4017 59 + 2 2224+ 418 | 2898 + 314 [ 3192+273

{(mmHg/s} | + 350 + 437

Control

with UA

dP/dtmax | 4090 4115 61+3 37591587 | 3300+ 75 | 3373152

(mmHg/s) | + 339 + 328

with UA

+ Rasb

Addition of ascorbic acid (1 mM) led to a normalization of coronary flow and a further

improvement on contractility after ischemia/reperfusion (Tab. 6).

Table 6: Effect of high Rasburicase (Rasb 50 yg/mL}), Uric Acid (UA 30 mg/L) and
Ascorbic Acid (Asc.A. 1 mM) concenirations on coronary flow (CF) and contractility

(dP/dtnax) in isolated rat hearts with global ischemia and reperfusion; n=6/Group;

*p<0.05 vs Control



5 Addition of ascorbic acid (1 mM) led to a normalization of coronary flow and a further improvement

on contractility after ischemiefreperfusion (Tab. 6). Table 6: Effect of high Rasburicase (Rasb 50

pg/mL), Ungd\zido{@3A330 mg/L) and 10 Ascorbic Acid (Asc.A. 1 mM) concentratiepnesamnasssonary flow

(CF) and contractility (dP/dtmax) in isolated rat hearts with global ischemia and reperfusion;

n=6/Group; *p<0.05 vs Control WO 20091030373PCT/EP2008/006858 13 5 min before ischemia 1
min before ischemia Global Ischemia Reperf. 5 min
Reperf. 15 min after Ischemia CF 13,84 13,32 0,21 12,85+2,78 14,87+0,59 13,48+0,57 (mUmin) +0,88

+0,52 +

er Ischemia Reperf 10 min after Ischemia

Contr

02 PERE™ T4 min Global Reperf. Reperf Repert.
before before (schemia | 5 min after | 10 min’ 15 min
ischemia | ischemia [schemia | after after

Ischemia Ischemia

CF 13,84 13,32 0,21 12,85+2,78 | 14,87+0,59 | 13,48+0,57

(mL/min) | 20,88 +0,562 +0,02

Control

with UA

+ Rasb

CF 14,34 14,23 0,35 15x1,66 13,91£1,7 | 12,64£1,6

(mL/min) | 0,98 +1,1 +0,02

with UA

+ Rasb

+ASC.A.

dP/dtpax | 4813 4849 612 2624+ 625 | 3730 + 156 | 41604255

(mmHg/s) | + 300 + 314

Control

with UA +

Rasb

dP/dtnax | 4574 4437 58+ 2 3862+379* | 3976+ 268 | 4002+274

(mmHg/s) [ £ 312 + 297

Control

with UA

Rasb

+ Asc. A.

As shown above heart function was not significantly affected by high concentrations of

Rasburicase alone or in combination with high concentrations of uric acid.

Suprisingly, the use of Rasburicase in the presence of uric acid even improved heart

function when present prior and during ischemia/reperfusion.




+ Rasb CF 14,34 14,23 0,35 151,66 13,91+1,7 12,64+1,6 (mUmin) with UA +0,98 +1,1 +0,02
Rasbh +AscC.A. dP/dtmax 4813 4849 61 2 2624+ 625 3730 156 4160+255
WO 2009/030373 PCT/EP2008/606858

14

In the scenario of cardiac surgery and heart failure, treatment with Rasburicase is
assumed to be suitable and safe. In our ischemia/reperfusion experiments

Rasburicase even improved cardiodynamics after ischemia.



(mmHg/s) 300 314. Control with UA + Rasb dP/dtmax 4574 4437 58 2 3862+379* 3976+ 268
4002+274 (mmHg/s) 312 297  Control with UA Rasb

10

15

20

25

15

Claims

1. The use of Rasburicase for producing a medicament for the treatment or
prophylaxis of disorders or indirect sequelae of the heart caused by ischemic or

reperfusion events.

2. - The use of Rasburicase according to claim 1 for producing a medicament for

the treatrhent or prophyiaxis of heart failure.

3. The use of Rasburicase according to claims 1 or 2 for producing a medicament

for the treatment or prophylaxis of congestive heart failure.

4, The use of Rasburicase according to claim 1 for producing a medicament for
the treatment or prophylaxis of disorders or indirect sequelae of the heart caused by

ischemic or reperfusion events during and after cardiac surgery.

5. The use of Rasburicase according o claim 1 or 4 for producing a medicament
for the treatment or prophylaxis of disorders or indirect sequelae of the heart caused
by ischemic or reperfusion events during and after coronary artery bypass graft,

percutaneous coronary intervention or transplantation.

6. The use of Rasburicase according to claim 1 for producing a medicament for

the treatment or prophylaxis of myocardial infarction.
7. The use according to claims 1 to 6 together with a H20, scavenger.

8. The use according to claim 7 wherein the H,O, scavenger is ascorbic acid.



+ Asc. A. As shown above heart function was not significantly affected by high concentrations of
Rasburicase alone or in combination with high concentrations of uric acid. ~ Suprisingly, the use of
Rasburicase in the presence of uric acid even improved heart 5function when present prior and during
ischemia/reperfusion. 14 In the scenario of cardiac surgery and heart failure, treatment with
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4. The usE36f RBEHW¢B4R according to claim 1 for producing a medicament for the treatment or
prophylaxisoef disosedessoor indirect sequelae of the heart caused by 15ischemic or reperfusion events
during antb&ftere8fdPdc®Surgery. 5. The use of Rasburicase according to claim 1 or 4 for producing a
medicamegd:forithe treatment or prophylaxis of disorders or indirect sequelae of the heart caused by
ischemic(g;ogept}gg;y&%i,t()ﬂ1 vents rgltgrjgg and after coronary artery bypass graft, 20percutaneous
coronary Intervention or transplantation. 6. The use of Rasburicase according to claim 1 for producing
a medicgﬁﬁbt f§5lthe treatment or prophylaxis of myocardial infarction. 257.The use according to
claims 14 B-together with a H202 scavenger. 8,The use according to claim 7 wherein the H202
scaveng&ri¥ athHiedd. F1av¥5E2007-040.ST25.txt SEQUENCE LISTING <110> sanofi-aventis
<120> Usw®f ulate oxidase for the treatment or prophylaxis of disorders or indirect sequelae of the
heart cauged hy iseheypic or kaperfiysion eventys<130xNEZA0PAR<450> EP 07291072.2 <151>
2007-09105 <160> 1 <179> PatentIn version 343 <210> 1 15 _

Lys val His 555 Asp Glu Lys Thr ggy val Gin Thr val ggr Glu Met

Thr val Cys val Leu Leu Glu Gly Glu Xle Glu Thr s§r Tyt Thr Lys
35 40 4

Ala Asp Asn Ser val Ile val Ala Thr Asp Ser Ile Lys Asn Thr Ile
50 . 55 60

Tyr ITe Thr Ala tys GIn asn Pro val Thr Pro Pro Glu Leu Phe Gly
65 70 75 80

ser I1e Leu Gly Thr His Phe Ile Glu Lys Tyr Asn His Ile His Ala
85 90 95

Ala His val Asn Ile val Cys His Arg Trp Thr Arg Met Asp Ile Asp
100 105 110

Gly Lys Pro His Pro His Ser Phe Ile Arg Asp Ser Glu Glu Lys Arg
115 120 125

asn val GIn val Asp val val Glu Gly Lys Gly Ile Asp Ile Lys Ser
130 135 140

Ser Leu Ser Gly. Leu Thr val Leu Lys Ser Thr Asn Ser Gin Phe Trp
145 150 155 160

Gly Phe Leu Arg Asp Glu Tyr Thr Thr Leu Lys Glu Thr Trp Asp Arg
165 170 175
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<211> 301 <212> PRT <213> Aspergillus flavus <400> 1 Ser Ala Val Lys Ala Ala Arg Tyr Gly Lys Asp
Asn Val Arg Val Tyr 151015 Lys Val His Lys Asp Glu Lys Thr Gly Val GIn Thr Val Tyr Glu Met 202530
Thr Val Cys Val Leu Leu Glu Gly Glu lie Glu Thr Ser Tyr Thr Lys 354045 Ala Asp Asn Ser Val lle Val
Ala Thr Asp Ser lle Lys Asn Thr lle 505560 Tyr lle Thr Ala Lys Gin Asn Pro Val Thr Pro Pro Glu Leu
Phe Gly 65707580 Ser lle Leu Gly Thr, 1 @ﬂ}eoﬂ ST SIgi%yr Mn_His Jle His Ala 859095 Ala His Val
Asn lle \}?ﬁ éf/g i A%é ‘Ig'rs;? #ﬂlﬁ&}% r%g% 5 Igp,%s% 1%6 1 liagGﬁgeLées%Pro His Pro His Ser Phe lle
Arg Asp Ser Glu Glu Lys Arg 115120125 Asn Val GIn val Asp Val Val Glu Gly Lys Gly lle Asp lle Lys
Ser 130835140 Sar kew Sar Gly keu Fkr Xal bau Lyys Ser Adpr AsnSerGin Phe Trp 145150155160 Gly
Phe Leu Arg Asg®%Iu Tyr Thr Thr Led®¥s Glu Thr Trp Asp%®rg 165170175 Seite 1
OE2007-040.ST25.txt lle Leu Ser Thr Asp Val Asp Ala Thr Trp Gin Trp Lys Asn Phe Ser 180185190
Gly LeuBmBuAVal 20y Ser vaik Y40 PF6 LY Phe PREpSA3ASTH *Fib “F95580205 Ala Thr Ala Arg Glu Val
Thr Leu Lys Thr Phe Ala Glu Asp Asn Ser 210215220 Ala Ser Val Gin Ala Thr Met Tyr Lys Met Ala Glu
Gin lle Lﬂé%‘& 273230235240 ARCIY SGin L qu,lIenGlurThevak Gy dyr.per Leu Pro Asn Lys His
245250255 Tyr Phe Glu lle A= Leu Ser Trp His 1g$ Gly Leu Gin Asn 34 Gly 260265270 Lys Asn Ala
Glu Val Phe Ala Pro Gin Ser Asp Pro Asn Gly Leu lle 275280285 Lys Cys Thr Val Gly Arg Ser Ser Leu

Lys SerA.r}ngfBU(QQOQQF)%G)é) G¢lu Thr val Glu 12ry5f6 Ser Leu Pro Asn 12.55/2 His
45

Tyr Phe Glu Ile Asp Leu Ser Trp His Lys Gly Leu GIn Asn Thr Gly
260 265 270
Lys Asn Ala Glu val phe Ala Pro Gin Ser Asp Pro %gg Gly lLeu Ile

275

Lys Cys Thr val Gly Arg Ser Ser Leu Lys Ser Lys Leu
29¢ 295 300
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