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Description [0001] The invention concerns drugs for prophylaxis and/or
treatment of virus infections, in particular infection with influenzal

i nfection-causing influenza viruses. The subject of the invention are
drugs which contain as active ingredients inhibitors of the ubiquitin

prot ease SyBROTEASOPROR UEBSININBITORSPOR TREATING ENFEOEIQNSSEITH nvention
furthernore concerns the both the Séﬁteﬁlc and the topical, in preference

the airborne adninistration of INFEUENA«OVERUSEShi t ors. The active

i ngredient of a proteasone inhibitor introduced according to the invention
can be introduced with at |east one further antiviral effective substance
for propdsevipdomnd/ or therapy of influenza virus infections. 1.
Characteristics of the known state 1.1. The influenza virus infection in
ani mal s and humans [0002] Infections with influenza viruses, the influenza
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[0002] Infections with influenza viruses, the influenza pathogen, represent an important
threat to health for humans and animals and do not only claim a multitude of fatalities year
on year, but are also an immense macroeconomic cost, due to the inability to work caused
by illness. Alongside the annually emerging epidemics, influenza nevertheless has an even
more menacing dimension, as in the past worldwide outbreaks, so-called pandemics, have
come about again and again which have claimed many millions of lives. The emergence of
highly pathogenic bird flu viruses of subtype H5N1 over the last few years directly
illustrates the danger of a new pandemic in the near future, against which to date no
effective vaccines are available.
[0003] Influenza viruses belong to the family of orthomyxoviruses and possess a
segmented genome of negative-sense orientation, which codes for a minimum of 11 vial
* proteins. (Lamb and Krug, in Fields, Virology, Philadelphia: Lippincott-Raven Publishers,
1353-1395,1996). Influenza viruses are arranged into types A, B and C on the basis of
molecular and serological characteristics of nucleoproteins (NP) and the matrix proteins
(M). Viruses of type A possess the largest pathogenic potential for humans and some

animal species (Webster et al., Microbiol Rev, 56, 152-79, 1992).
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[0004] An influenza A virus particle consists of 9 structural proteins and
a lipid coat which cones fromthe host cell. The viral RNA segnents 1 to 3
code for the conmponents of the RNA-dependent RNA pol ynerase conpl ex
(RDRP), PB1, PB2 and PA, connected wth the ribonucl eoprotein conplex
catal yse these conponents transcription and anplification of the viral
genone. Haemaggl utinin (HA) and neuram ni dase (NA) are viral surface
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vacci nes and the ‘devel opment of antiviral substances very difficult.
[0007] | proigis. Eh@rl\@e@rﬁttﬁat aspéraatess withf tharingidé ohlthe libsh dmids mwimiteimeanrel
t ar get ed nct,i of e viru eads ve ickly to
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di rected_agai nst a transnenbrane protein of e virus and al ready
information for the core export protem NS/NEP and the single non-structural protein,
NSIT. Recently, an eleventh influenza A virus protein was identified (Chen et al., source
after the exemplary embodiments) It is about the PB1-F2 protein, which is formed by an
open reading frame of the PB1 gene segment shifted around a nucleotide.
[0006] PB1-F2 is a mitochondrial protein which is in a position to strengthen the induction

of the controlled cellular death, the apoptosis.

The problem of tackling RNA viruses is the viruses' mutability caused by a high error rate
of the viral polymerases, which makes both the manufacture of suitable vaccines and the
development of antiviral substances very difficult.

[0007] It has emerged that the use of antiviral substances which are targeted directly
against the functions of the virus leads very quickly to the selection of resistant variants on
account of mutation. An example for this is the anti-influenza agent amantadine and its
derivations, which are directed against a transmembrane protein of the virus and already

lead to the build-up of resistant variants within a small number of passages.




| ead to the build-up of resistant variants wwthin a small nunber of
passages. -2 [00081 The new t herapeutics for influenza infections, which
bl ock the influenza viral surface protein neuram nidase and are sold in
Ger many under the trade names RELANZA and TAM FLU from d axo Wl |l come and
Roche, have already produced resistant variants in patients (Gubareva et
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but also with kinase 1nh1b1tors which selectively attack a signal pathway required by the

virus (Ludwig et al., FEBS Lett 561, 37-43, 2004).
1.2, Function of the ubiquitin/proteasome system (UPS)

[0010] Proteasomes represent the primary proteolytic components in cells and cytosol of
all eukaryotic cells. They are multicatalytic enzyme complexes which make up approx.
1% of the total cellular proteins. Proteosomes exercise a vital role in variegated functions
of the cellular metabolism. The primary function is proteolysis of miss-folded, non-
functional proteins. A further function is possessed by the proteosomal decomposition of
cellular or viral proteins for the immune response conveyed by T-cells through the
generation of peptide ligands for major histocompatibility class [ molecules (for review
see Rock and Goldberg, 1999). Proteosome targets are, as a rule, marked by the
attachment of oligomeric forms of ubiquitin (Ub) for the decomposition. Ub is a highly
conserved, 76 amino-acid-long protein, which is covalently bonded to target proteins. The

ubiquitylation itself is reversible, and Ub molecules can be removed again by a
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attachnment of oligoneric fornms of ubiquitin (Ub) for the deconposition. Ub
is a highly conserved, 76 am no-acid-long protein, which is covalently
bonded to target proteins. The wubiquitylation itself is reversible, and Ub
nol ecul es can be renoved again by a 3 multiplicity of Ub hydrol ases from
the target nol ecul e. The connection between the wubiquitylation of target
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at t achnespnsftingted’ Lilg®nrideniicak peieinsub gninplex wiitle i aregeetier twioor-and heo fet i ve
ts are involved in the

26S pr ot easome rt| cle. S requl sub

i denti fi €48 Ghd %Beqb%w ﬂ? q%‘gf‘{at%? lafttﬁ*té;@é.ﬂﬁ’s PIRESOPOTAG COAPTYSS RS ol di ng

of tar gefesRhMICIaBEviidNe TRFIV] thyRbt Rt f TFingx fasagent and

degr ades ;I nost aex‘g 1u5| Ve ynon yyﬁpo ubi tqupI{ ylggf%gﬁgrdo?éﬁﬁns ?o? Igger evi ew

see Her sliRGPHNdr Sreaclasapascelike dc@9Bes, whidh afrlotdasbimethe Breubuihies 3, ¥ @Ad 2]
asses are known as proteasone inhihitaors. For one, there are

Vari
cﬁrelmogZI f@ RO '%%faé?sci élhy%}gg ﬁ?r}@emg. BEYtiNY én%ﬁp&@qlﬁy&é of therr
N- car bob@pgawylithiatid s MY bitler hGRC iWiko :p{li\:)%fc% gxéé-ng-the ? rcﬁ@zlsl)ﬁgi 'VG132)

as well as’the effective boric acid de to z
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polyubiquitylated proteins as well as in the unfolding of target proteins. The activity of the
26S proteasome is ATP-dependent and degrades almost exclusively only

polyubitquitylated proteins (for a review see Hershko and Ciechanover, 1998).
1.3.  Proteasome inhibitors

{0012} Various drug classes are known as proteasome inhibitors. For one, there are
chemically-modified peptide aldehydes like tripeptide aldehyde N-carbobenzoxyl-L-
leucinyl-L-leucinyl-L-leucinyl (zLLL; also called MG132) as well as the effective boric
acid derivate MG232. Similarly to zLLLL, a further class of modified peptides, the peptide
vinyl sulphones, was described as proteasome inhibitors (for review see Elliott and Ross,
2001). Naturally-occurring substances are lactacystine (L.C) (Fenteany et al., 1995), which
is recovered from streptomycetes as well as epoxomycin, which is recovered from
actinomycetes (Meng et al,, 1999a,b). LC is a highly specific, irreversibly-effective
proteasome inhibitor which primarily blocks the chymotrypsin and the trypsin-like
activities of the 268 proteasome particle (Fenteany et al., 1995). LC has no peptide basic
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2001). Naturally-occurring substances are | actacystine (LC) (Fenteany et
al., 1995), which is recovered fromstreptonycetes as well as epoxonyci n,
which is recovered from actinonycetes (Meng et al., 1999a,b). LCis a

hi ghly specific, irreversibly-effective proteasone inhibitor which
primarily bl ocks the chynotrypsin and the trypsin-like activities of the
26S pr ot esbUARI ANt fabice céientt ebmy-letanaking, A 88Ine 41 HRGIrGS-PEPL &6y hasi ¢
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[0013] W r t pecificity and effectiveness, epoxonycin is the
nost effeg%r%%ggf%éllﬁgfﬁhom nat ural proteasonme inhibitors to date (Meng et

al., 1999;a, b). An additional and very potent class of synthetic

pr ot easo 'gﬂhgitors are boric acid-peptide derivates, in particular the
conpound @rl iy 1egpdn {9 spestitityyand slesteveacsisdeppixomytings tranmeoltREe3d of
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i nhi bi torsé}rh.o‘th1 The bl o&ki ng of the proteasone activi as principle

cel | ul ar PFEtEasEeMNoEsd rygnogylwaentlileisinyl-hotin acidewiih 4h¢ oamof'PSHe 1t el |
cycle, thRSBBANSCFrPlsiBlk uhdle e | iond" | ysi s, as as the
MHC- | ant| gen proéggsing (for y@@#@fﬁ%%ég &égﬁgﬁﬁ%ggﬂéﬁcéh{?Vﬁg%kbﬁémAs a
resul t, aniayeiony apliceiien ofAddmsal hkndenSieimt i1096Ct ANirhi est o4L.,t hegpr oyygasone

cannot b j with the life of a cell and therefore of the whol e
or gani sm Eéﬁéﬁ{iﬂg‘l}ﬁ } , reversibly-acting proteasone inhibitors can,

however, inhibit individual proteolytic activities of the 26S proteasone
selectively, w thout thereby influencing other cellular proteases. The
first cIih%/-caICIQIIIWiWIiWﬁiQn?Jfrmwemmiﬁhihitdnistors (Adans et al., 1999) nake
clear the fact that this substance class has an enornous potential as a

pharmaceutical with
[0014] The blocking of the proteasome activity as principle cellular protease can lead to

alterations in the regulation of the cell cycle, the transcription, the whole cellular
proteolysis as well as the MHC-I antigen processing (for review see Ciechanover et al.,
2000). As a result, a lasting inhibition of all enzymatic activities of the proteasome cannot
be combined with the life of a cell and therefore of the whole organism. Particular,
reversibly-acting proteasome inhibitors can, however, inhibit individual proteolytic
activities of the 268 proteasome selectively, without thereby influencing other cellular
proteases. The first clinical studies with proteasome inhibitors (Adams et al., 1999) make
clear the fact that this substance class has an enormous potential as a pharmaceutical with
a variegated basis for use (for review see Elliot and Ross, 2001). The meaning of
proteasome inhibitors as a new therapeutical principle has taken on increasing notice in the
last few years, in particular in the treatment of cancer and inflammatory illnesses (for
review see Elliot and Ross, 2001). The proteasome inhibitors developed by the
"Millennium  fn¢."  company (Cambridge, MA, USA) for antiinflammatory,
immunomodulatory and antineoplastic therapies, in particular boric acid derivates of di-

peptides and thereby in particular the compound PS-341 (Adams et al., 1999). .
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a variegated basis for use (for review see Elliot and Ross, 2001). The
meani ng of proteasone inhibitors as a new therapeutical principle has
taken on increasing notice in the last few years, in particular in the
treatnment of cancer and inflammatory illnesses (for review see Elliot and
Ross, 2001). The proteasone inhibitors devel oped by the "MIIlenniumlnc."
conpany (Canbridge, MA, USA) for antiinflammatory, inmunonodul atory and
antlneoplastlc therapies, in particular boric acid derivates of di-
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interacts with with ebola matrix protein 5. Proteasome inhibitors in
t he pat erd® thelpgeransg (c,Hﬁ[rt)m 6., HOsh eta*g@n@émwnﬁhasuat estlylan nbiquitiei ligapeitaradts use

are the of RS QU atents and patent applications. In US patent
5, 780, 45}}1&1‘%&({1%012‘ lerftsel dori ¢ acids and ester conpounds, their

synthesis and use as proteasone inhibitors were described. The inhibition
of NF kappa B_in a cel| is given as the nmechani sm of proteasone inhibition.
[0017] THE-i nPeetaatomyiahibitors it thepstendditeratnngD 98/ 10779 has as its subject
the use of proteasone inhibitors for the treatnment of parasite infections.
[0018] In the text WD 99/15183, proteasone inhibitors were put to use for

t he treaf{fH6] Provdasame dhlﬁi’nimsre adll 9beis eedichhuse arg tht sobjt@ dmumdrdust fiagentol e of
the UPS in the NFxfaconve activation of the HV-1 LTR pronoter, and to

do with PPLRAER ﬁm&?o L3 patppt 3. #30-434h | (Adams ¢ &l b beric eice Ang eger
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inhibition of NF kappa B in a cell is given as the mechanism of proteasome inhjbition.
[0017} The international patent application WO 98/10779 has as its subject the use of
proteasome inhibitors for the treatment of parasite infections.

[0018] In the text WO 99/15183, proteasome inhibitors were put to use for the treatment
of autoimmune diseases. This is also to do with the role of the UPS in the NFxkB-conveyed
activation of the HIV-1 LTR promoter, and to do with transcription processes in the
cellular nucleus, which are, however, not essential for a replication of HIV. It is not shown
that proteasome inhibitors can block the replication of HIV. The NFxB pathway is

certainly not suited to that.

.[0019] Further medical uses are the treatment of fibriotic diseases (US 2005/222043 A),

the prevention of a transplant rejection and of a septic shock (EP 0967976 A), the

treatment of blood vessel constrictions (W002/060341 A) or the treatment of an
- endothelium failure (W02004/012732 A).




t hat proteasone inhibitors can block the replication of H'V. The NFi B
pathway is certainly not suited to that. [00191 Further nedical uses are
the treatnment of fibriotic diseases (US 2005/222043 A), the prevention of
a transplant rejection and of a septic shock (EP 0967976 A), the treatnent
of bl ood vessel constrictions (WO02/ 060341 A) or the treatnent of an

endot hel ifpmd] ahkuise (FRSLAGRLIARBZA) in & cﬁﬂgl%%lcairhﬁilééﬁﬁn 9d aRb GhERARAGE

inhibitors in a cardological indication is also nmentioned (DE 10040742 A) .
[0021] THPEaWEMERtAbn of proteasome inhibitors for the treatment of viral
infections is the subject of the patent application EP 1430903 Al =

US2004/ 0106539A1. The use of proteasone inhibitors as a neans of bl ocking

rel ease, [06%] Tt upplidacion angrotdasorti€ phitiakd R e tredtﬁ&rﬁtQ)ﬂvﬁﬂdBﬁl&&lﬁnﬁﬁ&ﬁé i bed.
Usi ng the exanp) e of Human | nmunodefi ci encg Vi rus i s shown that

pr ot easorfl Jie?fhi’%lﬂieoi’éf%tl Bicaliem BSy 1438243 A DfUﬁf@"fﬁHQﬁ%ﬁ%tlelﬂ? #¥fd of he
el ease oddbite il he S nftndl ﬂlo@ﬁ? & RfeabiEEhbitlhidn Ahd WRGCAIRLAAT BE. VI T US

particle e virus re Of. Areas of ‘use ar ovi ral
t her apy aetchvprueasan tdesmibizdh Wmﬁg&mlemampm d¢ffHumamimodeddeficiencyVaaudiing it

Ient|V|ruses n_ani mal s and n rticular AIPS or H V-induced
dementi a’® Pl?fem&}ﬂﬁ@ﬂ?tﬁase@ﬁﬂﬁﬂﬁ% Blogk hg@tme?esaﬁs.oét £ E8% |PF%'EF1“?r§H‘i? dhses.
[0022] | pelpat %P%rﬁ‘@ﬂdlé]@ﬁtf ésowﬂellzgé ths %ﬁ@gt?vn'@lo:f R dd il Iﬁ@rtfcfe@ ah8®Rh it

t herapy and bl ocking of hepatitis virus’infections and

hepat opaﬁhﬁo@éﬁersplscaaﬂ@ @les@a%w Eaﬁ: etraireldtheraph end ptegemtmdnflmﬁectl:ﬂrmomﬂng t he
rel ease, fgﬁ i %: on .of hegatl tis viruses gglgbgaceutl cal
pr epar at l‘%ﬂ%‘n C%ﬁnﬁy 8%‘18’[% opu Hsei}/énlaﬁbﬂ] ﬁlagﬂtléu%%sf%m@cﬂ #hi ch
have in eoWBAuded demasiia, idtdididdiglohdiabbh with& RS anfiratRasPRBdichesel | s. This
i ncl udes above all proteasone i nhi bitors which influence the activities of

t he ubi qli®22h}pmeteshsorticativat Rildy26433 lar micans dor fhre toatnanht therapyt ind ti es
Or Lo 2BRcRAD driEpdfR BRSRASAIE sl L Eoph b e RS s Ak MG DX |1 o

in the an era rsin |on espe

prevent i Ghe (df'ugt teed €bit Blbbllﬁﬁﬁl ieNteldase, \M%altﬁraﬁ&n bhe r@bﬂi@r@matﬁk dfusacii € and
chronic HBV and HCV infection and |iver carcinonas associated with it.

[0023] PPRaEReaIEal pIsPHREYISscontaan g5 dleiy agliver Beradiaty subsiapenelassenarigy and
bl ocki NghQfe in common the fact that they inhibit the 26S proteasome in cells. This includes above

all proteasome inhibitors which influence the activities of the ubiquitin/proteasome
pathway, in particular the enzymatic activities of the 26S and the 20S proteasome
complex. The use of the invention lies in the antiviral therapy of hepatitis infections,
especially in the prevention of the establishment as well as the maintenance of an acute

and chronic HBV and HCV infection and liver carcinomas associated with it.

[0023] Proteasome inhibitors are also used for the treatment, therapy and blocking of
flaviviridae virus infections (W02003/084551 Al). The drugs used for blocking the
release, maturation and replication of flaviviridae in pharmaceutical preparations contain
as their active ingredients substance classes which have in common the fact that they

inhibit the 268 proteasome in cells.

[0024] Proteasome inhibitors are also suggested for the treatment of virus infections, in
particular infections with corona viruses causing SARS (severe acute respiratory

syndrome).




flaviviridae virus infections (W2003/084551 Al). The drugs used for

bl ocking the release, maturation and replication of flaviviridae in
pharmaceutical preparations contain as their active ingredients substance
cl asses which have in common the fact that they inhibit the 26S proteasone
in cells. [0024] Proteasone inhibitors are also suggested for the treatnent
of virus [00d3}hieontSportaice RAT thieC UbigtitinAfreRhdoaids pwihwaycmom wiplivga eAusi ng
SARS (severe acute respiratory syndrone). -7 025]1 The i nportance of the
ubi qui t i ACPBERATBHE: Paf¥iRed s ProEeasrapt F%*fltoesﬁ fgthe pramhylexiEangd{or fies, or
even a u s and/or the

treat ment% Feggﬁen% g@?@ﬁﬁ"?w %%u(é#zsgsr}\l/%s?ﬁtsgg %%@hﬁ%ézth yet been shown.
[0026] In the German patent application DE 103 00222 Al, the use of active

i ngredie for t eblockln f t.he | AV rep| tions descrlbd whi ch
ol us! vaP Gl R BerBsEHE s atior R N G2 g nbie st sy AT e
mul tipli ght Xhé)fbldcﬂr%t 'oYeché’ IAS\P%;bﬁdaﬁ@ﬁsJ Xe:RACHdsB8bJI-WBch NXcRisHRLS inhibit
proteasonme inhibitors were also mentioned as possi bl e active i'ngredients
in this icompnoéndn afedler iNK-kBrriguiat hmtiwahoMangsidelf 4 |muhmhcrdjet(ai Irdativaly any

ki nd of experinent al a for this. On the contrary, it was purely

specul at éae%ffﬁ%@ﬂ ly-agting é@%&ﬁelwmrw t Blf%eaﬁ@m%vm%ﬂpﬁf W&%@@Ot H@HRP"?QBa%l gnal
transm s cri bed
i De 10300 B3N el 190 ShRCH BACHAREORNA h ik MR R
of proteasane kirrdhd)ﬁae@enmemai ddte fod~hiKB Gacthicveahirary, it rwasqoamdly ispedudaedmhiah

antiviral effect ip_influenza viyuses have gone negatively so far._JIn order
that it CHIFFOMGtINBRTRKONFEY Fatnfiuenges theoNE sizpg gﬁlﬁauﬁgé(’fbﬁéthﬁ‘%e?}lﬁq cal l'y

effectiv i h: i r S i or
and/ or a;a e?%ggﬁg%rd\gh? |%{n%h%r mggr;}}o?lhgesﬁé’%f ?E\(z}m é)ﬁzg? gﬁs%ﬁtﬁ §:1b1l}a£'t {])’Ia{r t he
t r eat nentinvebtigitiohs¥garthige theodtfecADT pRitéaswing ahhibRbrk ent thef NPiB saseatign in
inhibitors relating to influenza viruses could not be shown in the

i nvent i ofouBBaHebEHhjaptivieal sifgctop infhuengg vingsss haye @@ﬁpﬁgahydmﬁéarr @smdﬁrs

cont ai ne e et §l;|§e

effecti vg#(tagts C@@d ?@t E%g%?r‘!éﬂ| n% L O?o?%%é P(% :Rgdbﬁﬁé IEE acti vatl %n reqw re so

hi gh a dOSIGpminqﬂ”rsoﬂlﬁals owrdain rzhidaktt @feSpraisadomeniohibot @idiabit deasi onevinkibitby
vwoul d not be nedically justifiable

st andard ations, .and nor
because o? PIE: UPA, and which are suita ?or the treatment of an IAV infection. An anti-viral

effect of proteasome inhibitors relating to influenza viruses could not be shown in the

invention described in DE 10300222 Al. On the contrary, the results contained in the
present invention description will show that an effectiveness of proteasome inhibitors on
the NF-xB activation require so high a dose of proteasome inhibitors as is not obtainable
in vivo by standard applications, and moreover would not be medically justifiable because
of the toxicity of the known side-effect of the proteasome inhibitors already used clinically
in this degree of concentration. As a result, DE 10300222 A1 does not teach that
proteasome inhibitors are suitable for the production of antiviral pharmaceutical

compositions against influenza viruses.

[0027] The intemational disclosure WO 00/33654 A1 describes the use of an HIV-1
protease inhibitor, Ritonavir, as a proteasome inhibitor. This protease inhibitor has an
unspecific effect on the proteasome in the concentration of approx. 10 micrograms, i.e.
10000-times smaller than the effective concentration of a specific proteasome inhibitor.
Moreover, this extremely high concentration is not physiologically obtainable. In addition,

the logical conclusion emerges that such a permanent blocking of the UPS by Ritonaivr as
_8-




of the toxicity of the known side-effect of the proteasonme inhibitors
already used clinically 1in this degree of concentration. As a result, DE
103 00 222 Al does not teach that proteasone inhibitors are suitable for

t he production of antiviral pharmaceutical conpositions against influenza
viruses. [0027] The international disclosure W00/ 33654A1 describes the use
of an H b i Thi s
ot of case AT B FaF RERIGRIY Ao vith HEVRY bloto e By Pl A T RARTY
concent r anusbeagif toapqcorcly ©Ricnside etjfefarmlp tb .the perixﬁﬁ@ﬁl disovesccsionldf ehic 26&n t he

effective concentration of  a s eC| fi rote i.nhi bitor. _Mreover, this
ext r emel Y @“ﬁn@of@e%ﬁ? H5 b el 5}%‘1@& 8@? AHgnts Heaie apite Ritppavir.

addi ti on, [ ikéWige, Imecalsd@s%@wr@lo@m@sr@Aqe\ﬁeM@B IRUGIT Ry REpEFRRER dal0fpki ng of
the UPS by Ritonaivr as 8 is admnistered to people |nfected with HV in

hi gh- dosdhignpurelye theordticall anthealsipydemdnstRbly fatestasbwaptiang wiich eerald hawxi ¢
d ff t,0. t.h t
A N L e O R N

Li kewi se,thé BIIVHRtidhiyE Gud siuddes \Wor @0/t83834hAuniReTtR dffecBoh AKkpieadiive, but
experinmental data for thi seﬁ)ur ely theoretical and al so denonst r abl y fal se

assunpt i sathenprcarsedbblogknthpd Vs poseasmin the derraneutically-apliedle cafcerimyione

Ritonavi fex %@y e/ pélggf%@@g RABLRL. HloadOfR, DIeKorolhRald Y ng;? o/, DUt

it does not speci ct”on pro easo r at her
because ﬂerh;banﬁkzﬂlytﬁm d’dltéﬁlﬁiﬂ@hl@h&éﬁdeﬁtrhthﬁlstziiﬁl’oﬁhl[be&itbmiﬂ Sin dp phib, m@bb of
concent rg%é Irth excl usi vely and sel ecti vel Ri tonavir_ bl ocks the 26S

pr ot easor®® Gy Y tm%teaqehgyh%@m |ké‘8WPyt0n6?fﬂ obttanatsly dhisi Biraed séterit PAt i ons,
and only I-ﬁoh%?‘@aﬁ r%@seﬂ%dt ?@Ein Wftro. tIPﬁué& Qfﬁmgs\érp aRbSASRIohEN P tOr'S
known to date. Utimately, t |zarre ef f tonavir was

r epr esent€Q 60334t NPSpuralyvﬂmomtmaIM lhoemyar thiv usatomrie meicboexvhm\jelmed in
WO 00/ 33654 Al. pur. |y theoreti caI I however this. nention is nmad

excl usi v&PyseHion atfidist [TRRTOVFFRL Hehe VNSRS ofn PRECTATSARCCENER (B | n

particul %Etlﬁ?x{‘l&ﬁfm#w ke AdfidoV it viefl e onlindIgbhS: vﬁisgé 1sGfot nﬁﬁﬁbne\ﬂ' ral

effect on influenza viruses is not nentioned. Furthernore, this docunent
does not Ftuéth@,fﬁlometbmpdwmbdees néti tsaclo that peotedsemesietiibiters eamt by iusal asgir ugs

for the produ g garrra ticall effe 0 tions f.or the
treat nenf té\fu ﬁl(lrugs 9, R ?rqjgti%clfllon 0%" p¥1armaceu 1caﬁy n&?ec![ compositions f{)]r the
treatment of influenza viruses.

[0028] The subject of patent application WO 03/064453 A2 are so-cailed Trojan inhibitors,
which consists of proteasome inhibitors and Trojan peptides. These should also be able to
be used in the treatment of influenza viruses. However, in this disclosure too there is a
lack of experimental evidence that an antiviral effect against influenza viruses is actually
achievable by means of these Trojan inhibitors. Furthermore, it cannot be established from
this text that a possible effectiveness of these Trojan inhibitors is to be attributed to the
specific inhibitors of the 268 proteasome. It must rather be assumed that a specific
effectiveness can only be achieved in that proteasome inhibitor is brought to the target cell
by means of the Trojan component, wherein there is also a lack of concrete evidence for
this.

[0029] The text WO 03/064453 A2 therefore does not teach us to use proteasome

inhibitors for the treatment of influenza viruses.




[ 00281 The subject of patent application WO 03/064453 A2 are so-called
Trojan inhibitors, which consists of proteasone inhibitors and Trojan
pepti des. These should also be able to be used in the treatnent of

i nfluenza viruses. However, in this disclosure too there is a |ack of
experimental evidence that an antiviral effect against influenza viruses is

cannot b BEIARIAEBORBRIR, 22 RE el o 0 Bp Al fullefy

these Tr ajoapohdd, bintictagicdrsdrii@ ah@ cdtdpbuidst elichCcahhige ustaefor frh€ tlcabicht bors of
the 26S proteasone. It nust rather be assunmed that a specific ]
ef f ect i veisBologich dsmptions arenflesgabed theareint Iytusnan someesi Al BPt srentianagy ought

21 ok of "onerSiamel i BB pRSR ot B 'R ERMRERCRE MBS Sk Bl =
t her ef or ebipémn hoises daapt ths rdphicatoa qftiofwasoneuses.nhi bitors for the treatnent

of influenza viruses. 9 [0030] UWobiquitin-ligase inhibitors are the subject
of WD 2005/007141 A2. Antiviral conponents, anti-cancer drug and conpounds

whi ch Cagﬂ@ﬁ] wsed H(ecérstaBHﬁleH,rﬁ%hHﬁ%y,Qﬂat iRGHNREOY &fl o f%&h'é?ﬁﬂeoiﬂﬁibﬁf)& .

described therein. Influenza viruses are not nentioned. Moreover, neither
in the priksesffedt entinfleenza rvisdsend pufoirii o theonthempeutichaies fane itredineat bbns

that ubi.quitin |igases. disrupt the.replicatiogn of jinfluenza.viruses.

{00317 " oottiehid S AR B Bt B Aebiiedl phe Bhatt bebraleoptichibiioun ol i

pr ot easoR@atnf¥t 8f dPmBluen/aR@ius ifEdtRAha® Nkbwist HENZR b¥dn’ d1§@Sse@NBurthelRbel OF |
their therapeutic uses for the treatnent of influenza virus infections are

not desciliseaot yhbear tealed worthpr wotasrenhibiorsitlerkshe assembly andteerelnase  of an
infl uenz%g ‘ﬂ;/f(‘iattéﬁﬁé R ets.'S ?%ggf&%éltt' KEW & %qnn%t of gcgnnlgﬁt:iac% ?ét%% rﬁ% ngn%:%urgltrgse rmore,

it has no een té er ‘proteasone I n ors ssenbly

and the heterse andfthd DIPSUBRZIReM ireptaRd, ThbithkBWadat, the watef iftabkeB & f ebih
connection between_influenza virus infections and the UPS has been

r epor t ed celdarubiqnitin igases andf ulnguityy hydselpsss isopasiady copelptelycraveli ar  ubi quitin
| i gases and of ubiquitin hydrolases is equally conpletely novel. 2. The
nature of the invention [0032] The task underlying the invention is to nmake
avai | abl @. dr uhe nhiuri ofitlee imwerithdsl e for the treatnent of infections with
i nfluenza viruses, thereby such substances whi ch have an

[0032] The task underlying the invention is to make available drugs which are suitable for

the treatment of infections with influenza viruses, thereby such substances which have an

antiviral effect on influenza virus infection in animals and humans. The task is solved —

according to the characteristics of the patent claims — by the introduction of inhibitors of

the UPS. Both proteasome inhibitors and inhibitors of ubiquitin ligases or ubiquitin

hydrolases find a use there.

[0033] According to the invention drugs with an antiviral effect have been developed
which contain as active ingredients both proteasome inhibitors and also inhibitors of
ubiquitin ligases or ubiquitin hydrolases in pharmaceutical preparations. The novel drugs
according to the invention are suitable for prophylaxis and/or therapy of infections with

influenza viruses, in particular of the influenza A virus.

[0034] The nature of the invention also emerges from the patent claims.
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antiviral effect on influenza virus infection in animls and humans. The
task is solved - according to the characteristics of the patent clains - by
the introduction of inhibitors of the UPS. Both proteasone inhibitors and
inhibitors of ubiquitin |ligases or ubiquitin hydrolases find a use there.

[ 0033] According to the invention drugs with an antiviral effect have been
devel ope i i ClL | | i : DO jnhikitors
andal o IPHATERAGERE! B Ry arhiat i O B ERERIGCH, BE ShERRS Hobibll

phar maceuhilalthptrepacsat; itengy ahideblodiied ofl au gsfectiacwitidionfotigxd hizudeaviens i on

are suitaple for prophylaxis and/or therapy_of infections with influenza
viruses, ® Awp Hhat iﬂ%tﬂsﬁ? x&)‘%lst‘ﬁ'ég"ﬁfl? %Wﬂﬁ‘lﬂé).ﬁ?ﬂ%@ﬂ’ref‘g%ﬂ? ifeetionandr iengs ¢ he
i nvent i onpahSRIGTENE S thd Aeths: 183, SRHKE lafnk -modkd f&@éﬁh@faﬁgﬁé RiE: hte he

drugs according 'to the invention can be used for prophylaxis
t r eat mentpreviehiethg pytalirstimishioaddnrigfecfiorawith mifbenzovirescs m aimble ayk buminsyuses. |t

is shown that the uses of.this dr | eads, . | ocking of the spread of the
i nfecti orliatgﬁ%eﬁfeﬂhlgyecﬁ%wh@g‘ﬁ%ﬁlﬁ@ﬁgbfﬁn etsf?@hﬁﬁ%ness in vivo, in the aninal
nodel . These drugs can therefore prevent the establishnent of an infection

w th influenza viruses in animals and humans, or rather heal an infection
whi ch had0®36] dhayaskewns sebedmiithshe biclp[cd pBeimarpicabsiepyaions oy ke argistiied he

hel p of : e .1 on h-Gh. ar i . acki t he
rol Bage, M BRAEL b Aler IRAHALHP R ARHENR & SULGRR a8l PLBEERIELMS, of
| AV. [O0O03XYy.These preparations are characterised in that they contain at

| east one proteasone inhibitor as an effective conponent. Furthernore,

t hese nedi cines can contain other conponents of the UPS. This concerns

ubi qui ti i ' it d.0. ' Y i

regul at egﬂ dtsﬁgﬁggﬁéc{%%%gotn?%# %%#%%ngxglg%#zﬁéﬂ (t:dart% & iats F%aﬁeé%fslgp ggiﬁbved by
a conbi miibiom of apreffeetso n@npotenbi fwottermore! lteesomeedicings amd chiytaimbbthe t i n

| i gases and/ or ubiguitin_hydrol ases on the other, hand. .In a_ preferred
enbodi rreﬁ?mB‘i’f_lePH‘eOf: tﬂ?/@??tsi' aﬂYSpﬁ?Peemw@ﬂ@éﬁg W@S?Srﬁ?#mrt“@rtgmapéwﬂa% i 46

i nt r oduc el vk ChhRh Sedhiltd ﬂﬁ@i‘l‘bﬁ%ﬁﬁ?laﬁb’n 8f Plo®ins., ]frﬁfsbcaﬁﬁ@ ﬂ&%fe?easlan” \il'édt% As well

as a high specificity for the 26S proteasone of the host cell.
combination of proteasome inhibitors on the one hand and by ubiquitin ligases and/or

ubiquitin hydrolases on the other hand. In a preferred embodiment of the invention pure
proteasome inhibitors are likewise introduced which are distinguished by a high
membrane permeability as well as a high specificity for the 26S proteasome of the host

ceil.

[0038] According to an advantageous embodiment of the invention, antiviral effects can
be especially enacted in IAV-infected cells. These concern firstly the induction of the
apoptosis into the influenza virus-infected cells, and with it the preferred dying off of
infected cells in the organism. At the same time, by inhibition of the assembly and
maturation of influenza viruses, the release and the production of infectious virus particles
is disrupted. In the total of this effect, a therapeutic effect by blockage of the virus

replication and the removal of virus-producing cells in the organism can be brought about.

[0039] In a further embodiment of the invention, classic proteasome inhibitors can be put
to use to combat infections with influenza viruses. For this, inhibitors should above all be
used which interreact exclusively with the catalytically active hydroxyl-threonin group of

the bet subunit of the 26S proteasome, and therefore only specifically block the

-11-




[ 0038] According to an advant ageous enbodi nent of the invention, antiviral
effects can be especially enacted in I AV-infected cells. These concern
firstly the induction of the apoptosis into the influenza virus-infected
cells, and with it the preferred dying off of infected cells in the
organism At the sane tine, by i nhibition of the assenbly and maturation

influ u e he se roduct i nfectious virus
part i cl e?ﬂgt%as\é s?\u%{t h%ir SuIbStalleﬁ 0 o%a%]engﬁn‘% E‘ilrgngflg gﬁnd 0£ d{“ﬁéjr%gﬂglﬂﬂj?% 'Bf f ect
by bl ockabe dbbertfinvibatishe bepkhgabl ofe AT phfertlfOviahcedf thy i dyixs: BEOARE! Ng
cells in the aorgani smcan, be bhrought about. [0039] In a further enbodi nent
of the H?P@PFP?@'P 1@%@%#"&“‘&"@&6&?&?@ ‘inhibitors can be put to use to
conbat infections with influenza viruses. For this, inhibitors should above
all be used which interreact exclusively with the catalytically active
hydr oxyl -[OM(Ed“rlnientagksoub thod imtelnéoxbatrersmﬂwﬁdt bpfth¢ hetr@6Stipn Qifealsttmfet omnd

therefore onI spe cal I bl ock the proteaso A furt her substanti al
const i t udhtt® H&‘HP%‘)&&W& Bt flodastorng HP@E’H‘%‘V@ Jiniein i1 égas?shér Lt i on

that the h?ﬁf?)%@é) ARbrdifletd RS iRY&hiShalluys FROHUE e atnlist dY vitds %ffectfotn? %a}/]e

apopt osi s infleunza virus-infected cells. [0040] The tasks o
i nvent i olbeoedevebupied edhidyint harmaventchli ptdporatiofis emtdieagiibione of hediRhsome

i nhi bitor _and/or_ at .l ea ne i bit f ubi itin |ligases or

hyar of as@svesr iy 3% FE° PORRE: Sinirrtiev et ReerfBE: Rep ROl r us

i nfecti OI&ﬁledM&nt beene dpvalie) adbied vete Bﬁﬁ[dﬂfaé‘seb%'téé%m@ @B ivaidh
contain inhibitors of the UPS as an active i ngredient, so for the bl ocking

of i nf | ubkek, ieeylaisd or othemypaiindgencs the ptieftiss pbthe Wbodi ment of the
i nvention, substances were applied as proteasone inhibitors which bl ock,
regul ated or otherw se influence the activities of the UPS. [0041] It is

al so pos$0l1E it isailsos pdasibdn tas stigtdnoty beliiapduesl & plotASAN® ihtibitdds tvdfich Whi ch
specially i an ueHce the enzymatic activities of the conplete 26S prot easomne
conpl ex aprpallyHe ‘F%%ﬂzf‘o@zwa%ff fetivatags) of thie egmrlets 2o aueisrrma ¢amler anchot

assenbl e%é’“ﬁteg JR9 Uéltﬁié'ﬁééﬂlyl a%ﬂgé' rﬂr&t%asoﬂ]ee §1§udtﬁ}@ 1l?dtt ersémﬁl%ﬁ Q{tﬁ Cljé%lﬁ g};r one

or several or all roteolytic activities sone
(trypsi ngsutoinyteolrepp mhﬂbltoamdart h‘leclp eﬁheglcmb mpbvope pir |adiethre|axﬂfnmiry praieplytic
act|V|t|et2 wi thi.n the 26S or even the 20S pr.otea conp| ex. [0042 A
variant BFTEHE iohy &Nt PHIcASENE; ENPsitg § g r%@f’%tg IIsRI% t or s

subst anc ggdryRkini a@t’i\ﬁtlé@ Biidihe D¥S B BRenBHK 86Y Blofeatiht §01ﬁﬂgx cone into

interaction after cel

[0042] A variant of the invention consists in introducing as proteasome inhibitors
substances which are taken up by high cukaryote cells and come into interaction after cell
acceptance with the catalytic beta subunit of the 26S proteasome, and thereby block all or
individual ones of the proteolytic activitics of the proteasome complexes irreversibly or

reversibly.

[0043] In a further variant of the invention, substances are introduced as specific
proteasome inhibitors which, after cell acceptance, selectively block individual enzymatic
activities of the 268 proteasome and morcover also selectively block particular assembly
forms of the proteasome, like for example the immunoproteasome. The
immunoproteasome is formed by reassembly as a particular form of the 26S proteasome in
particular after stimulation by interferon treatment. The immunoproteasome can also form
as a reaction to an IAV infection. To this extent, the specific inhibition of the

mmmunoproteasome is a particular embodiment of the antiviral effect of proteasome
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acceptance wth the catalytic beta subunit of the 26S proteasone, and
thereby block all or individual ones of the proteolytic activities of the
pr ot easonme conpl exes irreversibly or reversibly. [0043] In a further

vari ant of the invention, substances are introduced as specific proteasone
i nhibitors which, after cell acceptance, selectively block individual
enzymat | GonBfbi th {AGSnRkibRE ARERRLAb SRS BVEN AL HIDRSOYLIALRER SELAREL Vel ¥
bl ock particular assenbly forns of the proteasone, |1ké for exanple the

i nrunopr cregdsomirodilded whichmeepvdy édsatrheiimnfuappettalbyme.eassenbly as a
particular formof the 26S proteasone in particular after stinulation by
interferon treatnent. The i munoproteasone can also form as a reaction to
an | AV i nheses)iRnnother fdinSorad BREntidnh8rugPeShE ifo L Rich bRRK e dQities of

i munoproteasone is a particular enbodinent of the antiviral effect of

pr ot easorike ubigpitinraenjvigatonss andion e ubrdudion-hyphielysing corynesg Todhishasd bslemg i on,

because of ; t;hi uch, subst ance re.alsq introduced which sel ectively
b bt CRUIR R PORE AEAET S b ol RS ot RoPOHERRAE Rl fe PRGBS,
drugs cormlyubiqititsutiehigeerbil  edurtes arideiifidaB6n efonalt o€ the proteolysis by the

ubi qui tin-conjugating and/or. the ubiquitin-hydrolysing enzynmes. To this

al so bel @R Pretsfisomicannd et ipflycngmiod the whiavisioylatipn pathwrygen likewise regakate
nonoubi quj t | i.quitin. Polyubiquitinylation generally counts
as an idg%§%£?@ggf@%pgﬁ%ngﬁeTor the proteolysis by the 26S proteasone, and
the influence of the ubiquitinylation pathway can |i kew se regulate the
activity e proteasone. [0045]1 According to the invention, substances
are al so fs 3&&@9&%&% ﬂ}ﬁ‘&f’%’_é’@n%ljﬁ?tﬁﬁ‘feﬁiafe(ﬁl%o infgaeqqd 4F BroAesemAT SEHIOEs i n
various fafdardehd¥iNiGteRiah! Variblls FRRS Uk 105y W EdbsBle. b N or without
cell-specificity-carrying alterations, |ntra¢%nally, i ntranmuscul arly,
subcut aneellispegifidity-cairping| alt¢retorisn iagaeselly,f ortrmueculaihesviicsepedvaiye ay | ow

cytotoxicity .and/or high selectivity for articular cell]s, and or s due
o Che. udiahion o el Btat O Bl oS i Bt ieugander bl SXe§ig00 1

i nsi gni f ipgaRh1af LR 8 beshs du@RFhBAYEPa pRtiANANVG Y cdtiahniRbaORbInse Mavd -1 i fe
and a relatively small clearance rate Iin the organism [00461 The decisive
di f f er ende asfonbhmsigndiwanit sideolderty, and deve arplatiedly hight metabaicuhalblfe addser i bed

IePf Ieit t 2?élath'f[elycsorrlljal.lfjclgaeranscg?'a € il?&%%rrga!ngls%‘l.t 0 the invention that the specific

[00406] The decisive difference of the present invention as compared to the solution
described in is that it could be shown according to the invention that the specific effect of
proteasome inhibitors on the IAV replication does not contain the NF-xkB-signal transfer
pathway, but rather concerns a completely different cellular pathway, that is the ubiquitin

proteasome pathway (UPS) on the release of infectious Offspring viruses in an IAV

infection. The antiviral effect of proteasome inhibitors on an IAV infection could also be
demonstrated for the first time experimentally and- in vivo. As a result, it could be
disproved in the present invention that proteasome inhibitors likewise influence the NF-
kB-signal transfer pathway. The present results in (see exemplary embodiment) clearly
show that in an antiviral concentration of proteasome inhibitors effective in vivo the NF-

kB-pathway is quite clearly not affected.

[0047] Furthermore, substances are introduced as proteasome inhibitors which, in their
natural form, are isolated from micro-organisms or other natural sources, emerge from

natural substances by chemical modifications or are manufactured totally synthetically, or
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prot easone inhibitors on the AV replication does not contain the

NF- KB- si gnal transfer pathway, but rather concerns a conpletely different
cellular pathway, that is the ubiquitin proteasone pathway (UPS) on the
rel ease of infectious Ofspring viruses in an AV infection. The antiviral
effect of proteasone inhibitors on an | AV infection could al so be

d trat i | 1 t al .l i i lt, it
courd be ® o rseb S, Rinble o RERIRTb ] & Bl e bl o

| i kew se dnginkeerenuecthbds Mivitrd -8 ngo@borpardsnsd eThgpaidevaly. The present results
in (see %egﬁiﬁgy embodi ment) clearly show that in an antiviral

concent r &9 “SFYTREPFHESPHAIBITEES ef fective in vivo the NF- KB- pat hway
is quite clegddomi8RtEads: i ‘4“7‘?&‘]%% rthernore, substances are

i nt roduced g@gr 3t egsg(;ng%%%ﬁ?g?tops |}cbh intheir natural form are

i sol at ed -f r olaeinempeio g@tsosaiedoAclatubain)nat ur al sources, emerge from

nat ural substances b nem cal difications or._are. nanufactured totally
Dynt het i ca pyrigsine o 15 ShERical o 65 yiBisr i PhEicaBebe Colhuristiend s
Vivo, or argneraifeashunedifo] btbin be®AODARGLT I Ng methods in vitro or in
m cro-organi sns. These include a) naturally-occurring proteasone

i nhi bi t o3 syntiRsisrlininenwagilsdionyci n) and Eponenycin,  Acl aci nonycin A (al so

cal |l ed Acl LCi oL thne ang, it.s . chem | y- i.fied riants, in
par t cul arpbE g ARSI B R o oty et TR Bl b P

bet a- Lact qalse chlledsyiaiBetor eBLLY itewoHt acid Weddate W0ARFJ; 0 caBlidndexyal dehydes

li ke e.g. Ncarbobenzoxy-L-1| euci M -L-1euci nyl -L-1euci nal al so called

MGL32 or Z¥Yahl (cplled WKFle)iAretiddi henzanybolszing-Ediabmemabioplied LLnkl-

Nva- H (cal Nﬁgn]l : { - [.hyd Nor | euzinal (called
LLnL); ( I\I-}lg:'gggo en?%yi{}gll_cﬁgﬁgdﬁ)zJ&t?%%ﬂﬁ@?ﬁﬁ%fﬁ%ﬁ%@zel chnet al s( PSI) ;
Pept i des d&pﬁ&ésn@r@irtgQqﬂenﬁihanEEmekemaQa](salcﬁbed:&]pbﬂdnﬁbﬁk@ji)mmydin or
By e S Bl Yy S S Bl i ohcvin L

4- Hydr OXY'L@UbiﬁdRﬁﬁ:sﬂlpthlf)Q@hean act @Il-lﬂd'r&i L& udoM bty henéla)??%IIi—Leuci I-L-

Leuci nyl - L- Leuci n-vi nyl - sul phone, al'so called NLVS), or boric acid

resi dues Leucinyl-L-Leucin-vinyl-sulphone, also called NLVS), Glyoxal- or boric acid residues
(for example Pyrazyl-CONH(CHPhe)CONH(CHisobutyl)B(OH),), also called "PS-431"
or Benzoyl(Bz)-Phe-boroLeu, Phenacetyl-Leu-Leu-boroLeu, Cbz-Phe-boroLeu);
Pinacol-Ester — for example Benzyloxycarbonyl (Cbz)-Leu-Leu-boroLeu-Pinacol-Ester;
and
introduced as particularly suitable compounds were peptides and peptide derivates
carrying C-terminal Epoxyketon-structures; this includes for example Epoxomicin

(molecular formula: Co3HgsN4O7) and Eponemycin (molecular formula: C20H36N205);

particular dipeptidyl boric acid derivates, in particular the compound PS-296 (8-
Quinolyl-sulfonyl-CONH-(CH-Naphthyl)-CONH(-CH-isobutyl)-B(OH),); the compound
PS-303 (NHa(CH-Naphtyl)-CONH-(CH-isobutyl)-B(OH);); the compound PS-321
(Morpholin-CONH-(CH-Naphthyl)-CONH-(CH-Phenylalanin}-B(OH),); the compound
PS-334 (CH3-NH-(CH-Naphthyl-CONH-(CH-Isobutyl)-B(OH),); the compound PS-325
{(2-Quinol-CONH-(CH-homo-Phenylalanin)-CONH-(CH-isobutyl)-B{OH),); the
compound PS-352  (Phenyalanin-CH,-CH,-CONH-(CH-Phenylalanin)-CONH-(CH-
isobutyDl-B(OH);); the compound PS-383 (Pyridyl-CONH-(CHpF-Phenylalanin)-
CONH—(CH-isobutyl)—B(OH)g. The compounds already described in Adams et al. (1999)
also count here. Alongside Epoxomicin and Eponemycin, peptidyl boric acid derivates
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(for exanple Pyrazyl - CONH( CHPhe) CONH( CHi sobutyl ) B(OH) 2), al so called
"PS-431" or Benzoyl (Bz) - Phe-boroLeu, Phenacetyl -Leu-Leu-borolLeu,

Cbz- Phe-boroLeu); Pinacol-Ester - for exanpl e Benzyl oxycarbonyl

(Cbz) - Leu- Leu- boroLeu- Pi nacol -Ester; and introduced as particularly

sui t abl e compounds were peptides and peptide derivates carrying C-term nal

Epoxyket o ryct X LSvinel : ! 1 Ci ar

EpOXYICetOMEALEL M kL) ey L E PN AR A CRBLEGHE

S 296 (8- O ol vl S fonyl- DN (O ABBN Tyl ) CONE - Cif 1 Sobut vT ) - B O 2)
- - i nolyl-s onyl - ! yl) - - [ utyl)- ;

t he conpou‘?f%éaﬁ%-%é)? %Wﬁ?(’ @‘%}Hé&ﬂ%&r—l— (CH i sobutyl)-B(OH)2); the

conmpound PS- 321

(Mor phol i n- CONH- ( CH Napht hyl ) - CONH ( CH- Phenyl al ani n) - B(OH) 2) ; the conpound

PS- 334 ( W%Hw%nﬂamtthqllnmm{d_@&ﬂ Bf@tmmﬂld)f-{B(amﬂ)lﬁ)wlth hidse cpmtnaamlrl]le PS- 325

o S RGN 00 o ety B O B

CONEE (D1 Sobu T LB O . The conpauntc. Al cadt deseri bonl n aare ot I

(1999) spRlisain ﬁ% irrfféweza ﬁW@sWenPhEﬁbxm‘@an o seysemeinei influgngptvicnyl

boric aCiiﬁe&ﬁfnii}{?ee&r%ﬁigtﬁ; have al so shown thenselves to be particularly

sui t abl e conmpounds. ese proteasone inhibitors are very potent, very

speci fi c - bbrcktilierefpaat efdsotyus bhfhekznoirgich &omaatdeted @elis; pr ot eases and so have
as good a?, no.si de f%ﬁg{cts. ,ng048] Accor.ding to the invention,drugs were
made avar MBI Beaperd e aspisintuesza virgiRfastionr s whi ch surprisingly -

; | e & n ors v > :
adver sel y @ghfeat tﬁ@_vtu*aﬁuapr;m;&ﬁ_ag QhtelffLold ANS i %ﬁ@%ﬂgggwf&ﬁs& by

bl ocking the replication of influenza viruses, an y1 prevented the
spread ofnfarninfilusenzad waresse thersheatss ofiviruy dinenaiogdnyi thepwhlimekint hesterel ease

an acut NPT eV Gt SERHB A T EHpEIELs { he viremia both in & now
infecti ofp9fTAL SRarhBediBic bR HRGinBEnt It &HLLO TR Mt elements of the claims and
from the description, wherein both individual characteristics and several in the form of
combinations of advantageous embodiments represent that for which protection is applied
for with this specification. The invention lies also in a combined use of known and new
clements - proteasome inhibitors and Ub ligases on the one hand as well as Ub-hydrolases

on the other hand.

- [0050] According to the invention, proteasome inhibitors find a use
in the treatment of 'flu infections and related illnesses in humans and animals, which are
caused by influenza viruses and related negative-strain RNA viruses,
as a drug for influencing,blocking or regulating the ubiquitin/proteasome pathway,
as a drug for influencing the enzymatic activities of the complete 26S proteasome
complex and the free 20S catalytically active proteasome structure no assembled with

regulatory subunits, and for selective blocking of the immunoproteasome.

[0051] The UPS inhibitors introduced according to the invention have a further use
for the prevention of an outbreak of illness and for the reduction of the infection

outbreak in the organism of people already infected;




i nfluenza viruses, and increase the success of virus elimnation by the own
i mune system and/or by known drugs with a simlar or different effect.

[ 0049] The characteristics of the invention enmerge fromthe el enments of the
claims and fromthe description, wherein both individual characteristics
and several in the formof conbinations of advantageous enbodi nments
represent thaPr Pephylakishofpthet etblisimés @ppkjseshic figfludizh hn ?ﬁ{@ directly after
speci fication, t‘ggtewhﬂvefn‘%j on, | iogs | so in a conbined use o nown gnd& hew
el ements - proteasone NHRCHE Pigtagicsheanuples. injessedpeonlcidnéhaineahanchuadingel | as
Ub- hydrol ases on the other hand. [0050] According to the invention,
proteasone _jnhibitors find a use - in the treatnent of 'flu infections and
related i | I%edkése DRS huhibiters st dapsdrakerdingth ale aventionays 86 aBvididb by 5,2
viruses an : gattve-strain RNA viruses, - as a drug for

i nfl uenci n%fsgﬁgﬂﬁgﬂgr%ﬁjécaﬁ?”atpf%l&m? e 2EBENTElyn/ pFlert ewvereingeetientygf as a
drug for iprotaasnoé imhititoe irtrRaMeRIt dceordtiol (¥ itk d t te 2

prot easone _canpl ex and the free ZOSmcglattMetllfl%/?li%%lg{OPyéaggg ?I\G/EEAC%F%({ ggg&h’é’a‘“
structure A PRy alivtatfectiey artataney foupumphylaxisand/drothespl @Ft infifienza

bl ocki ng ofnfdchignd. Munopr ot easone. [0051] The UPS inhibitors I ntroduced
according to the invention have a further use - for the prevention of an
out break of illness and for the reduction of the infection outbreak in the
organi sm of people already infected; is for prophylaxis of the
establishment of a systemic influenza infection directly after contact

w t h i nf edq00ZRISTHRI RkeGHa appl i pf-ecte opl.e or, thei.r near

sur r oundi ﬁgs@[ 0052] &%iﬁg %llgg ?ﬁkﬁgﬁbg@slgi %F%S@?E@ﬂ ot ot drsisy of oxemplary

i nvent i on EXRdeeniy ithpet teirarliisednto thgsaiceamhplad.| y and topically, preferably
aerogenously. The active ingredient of a proteasone inhibitor introduced
according to the invention can be introduced with at |east one further
anti vi r al [Brxeniplagtemtdsmbsisance for prophyl axis and/or therapy of influenza
i nfections. [0053] The invention shall be described in greater detail on

t he basis of exenplary enbodinments, wthout being limted to these

exanpl es. Exenpl ary enbodi nents

Example 1:  Proteasome inhibitor shows no toxic side effects after aerosol treatment of

mice

[0054] In order to investigate whether a proteasome inhibitor is toxic for mice after
application as an aerosol, 6 mice were treated 3 times a day for 5 days with 500 nM of
proteasome inhibitor. For this, 2 ml of proteasome inhibitor (500nM) were nebulised V;fith
the help of a nebuliser (PARI®). The duration of treatment came to 10 minutes in each
case. The treatment was carried out at 9:00, 12:00 and 15:00. As the test there were 6
mice which were treated with the solvent (DMSO/H,0). In order to measure the body
temperature and the body activity, mini-senders were implanted in the mice. The cages in
which the mice found themselves stood on top of receiver plates. These receivers fed the
signals to a computer which evaluated the data with the help of special software.

[0055] After implantation of the sender, the state of health of the mice was observed for 5
days, after which there took place the treatment with proteasome inhibitors for a further 5
days. During the treatment, no difference in body temperature (figure 1A) and bbdy
activity (figure 1B) could be established between mice which were treated with the

proteasome inhibitor and the solvent. The graphics show the investigation values on the
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Exanpl e 1: Proteasone inhibitor shows no toxic side effects after aerosol
treatnent of mce [0054] In order to investigate whether a proteasone
inhibitor is toxic for mce after application as an aerosol, 6 nice were
treated 3 tinmes a day for 5 days with 500 nM of proteasone inhibitor. For
this, 2 ml of proteasone inhibitor (500nM were nebulised with the help of

anebullstr m nutes, i,n each
case. Thegt ?gﬁ%{ﬂ%ggé}g?%%ﬁ oﬁ?e Bge%lgg%éﬁ%gaﬁg&%seig%b@ VRS re?iwdt est

t here werwith thefrpmeeasmne; nhilsitee ih raeatnechtisitivh of FO0sMI aend tehivise! pBQ)d of & or der
to rreasu&? thsg erature a%nd t he bgdy activity, mni-senders were

i npl ant ed”®h SCHEC “8eSIg“|* g 4% §LEeCtswh Se Hhe Huolsasomer Briidtor e Beme@sd st ood
on top ofcdnB&RiaM8H is uter
i o Ve L o R K SRk 8 sl R B BT o

i npl ant atthemoyse mhéelsender, the state of health of the nice was observed
for 5 days, after which there took place the treatnent with proteasone
inhibitors for a further 5 days. During the treatnment, no difference in
body t enpExaaipg B ( PrébdsdmlcAhhiBiecks REENentBOBIbM Y réfli 8L oABNuEOM Wl gn

est abl i shed between m ce V\:hl ch ver e treat ed W|th the prot easone |nh| bitor
and the sol vent. TE&opeabRliensdenendent iash nd taleyaat isipnificantiiet ' -

day of treatment as.@ . ' ' i ons sh hat mce whi ch
were treated V\nth%lﬂla%% GITe i SR AR BRI Y 500nM and
a treatnment period of 5 days showed no S|gn|f|cant toxic effects. So the
pr ot easo in the nanmed. concentration is suitable for

hi bi t or
i nvest i ggg i0 64‘]% te grvestiaats, vhethergahibitpisyoi e pieéqaseme haeny aegatlmgﬁgctm the he
mouse m)qgﬂhcag&(tﬁgpln?lugnzap\?l%@@?ﬂﬂﬁn'M9Wnﬁ $ ﬁf&fhiﬁrﬁ Sllotha eﬁ? Ef%
replication of influenza virus in a concent (o) e enden i'on” and
are not d$H)gmiththeaMadynet Dabg Canirtehisidnes (MDEEN) do mdhey/ephﬂjehumecfah&@dma/ e
concentrat#l| B%tg t(g “Fe“ od.of  ob erv tion. In order to |nvest| gate
whet her iHfi Bi€or’s ©f Wohe FSrshdateVHay bicaPiigaene nbibrieest 1rhe hgiven
repli cat icofcefratiots! ¥ 2ae Vhdls el J1leP i
cells (f |cg raA, SB) or ?at hereaEl/gdl ne g}if?%é@dgﬁ?ngﬁm {/Qﬁ‘ ﬂb"l\/§§$l %g‘.gg
ki dney eﬁ\/FB‘étBr@ttrlﬂlaf@t‘H BN 7) detulisplictty gof 2heC)infetien F{MQ]I) rreu(lhat)ed Msth the

r inhi-bitors in
pr ot easorggmpansog thgreswere &ntreatga 1n?ected cells, or rather cells treated with the solvent

dimethylsulphoxide (DMSO). The substances introduced were PS341 (10 nM and 100
nM), PS273 (10 nM and 100 nM), lactacysteine (1 uM and 10 uM) as well as Epoxomycin
(10 nM, 100 nM and 1 pM). At 8 and 24 h (fig. 2A), or 8, 24 and 36 h (fig. 2 B, C) after
the beginning of the infection, the virus-containing medium supernatants were collected
and the virus titre determined in plaque assays on MDCKIIcells.

The result showed that all inhibitors of the ‘proteasome inhibit the replication of the
aggressive influenza virus A/FPV/Bratislava/79 efficiently and in a concentration-
dependent way.

In order to answer the question as to whether the antiviral effect is set in action indirectly
by a cellular toxic effect of the proteasome inhibitors, MDCKII cells (cell count: 2x10%)
were treated with antivirally-effective concentrations of the most effective antiviral
proteasome inhibitors PS341, Lactacysteine and Epoxomycin. As a control, the highly
cytotoxic apoptosis-inducing substance Staurosporin (0,3 pM) was used. After 16 and 24
h, both the adherents and the dying already removed were collected, grown with PBS and
treated with 50 pg/ml Propidiumiodid (PI). PI intercalates_in the DNA strand dying cells.

The analysis was carried out by means of throghflow cytometry (Becton Dickinson
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concentrations for one hour, and then infected with the avian 'flu virus
strain A/ FPV/Bratislava/79 (H/N7) (nultiplicity of the infection (MJ) =
0.01). As a conparison there were untreated, infected cells, or rather
cells treated with the solvent dinethyl sul phoxide (DMSO). The substances
i ntroduced were PS341 (10 nM and 100 nM, PS273 (10 nM and 100 nM,

| act acystey 0 I i ( d1
W A8 s M O R0, R R PALORIGH o S G BAETT
begi nni ngoofroltibdepicite it ¢aoh casehe vi rus- cont ai ni ng nedi um super natants were
col | ect ec} and thﬁ virus titre gﬁt ermned in Ig}?ée_assays on, MDCKI | cel I s.
The resullt cBWERRE dNethRE DIPteasoRls WERloE 8t apthr slivsneoricaprasiops fipdhe

repl i catig®Ber0ftidneriod: of 298 rsﬁé@!n\besigrgﬁkéfﬁ Agdo el TSI Bl thS hauaar O
efficiently and i'n a concentrati on- dependent way. In order to answer the
quest i on eflscitd thvhprioteesonichiahibitbiswhpah iefigekts Hasedset tokie efetts on theddilseat | y by
a cel lul toxic effect of the proteasone inhibitors, MDCKII cells (cell
count : 23]%‘26%‘)%r61&’/9e?1 ¢hPhated with antivirally-effective concentrations of
the nost effective antiviral proteasone inhibitors PS341, Lactacysteine
and Epoxomycin. As a control, the highly cytotoxic apoptosis-inducing

adher ent ;. anc BYi09.AL ey, [ grpved, wer s

treated W SEme Prop T odr o PHy . rhtercar ates-11 TE

dying cells. The aRehaSnSindBSendadildfedF-e@t by means of throghflow cytonetry
(Becton Dickinson -17 FACScan). In fig. 3 (A B and C, the percentage of
dead cells in conparison to untreated control is depicted in each case. It
energes th Nolge)d 0 inhibitors,in antiyirally-effective

concent rg ?%C_Inetg Q:g r%H‘ﬁ%{éan%t‘)vsrﬁ%trh\?ﬁ[ﬁ? DR Sﬁe%f()flzt © PR o {bbtﬂfsf ?a_(t,‘a%ei t oxi c
effect. Theed SRR thhiablotitigy aNiHeVWF&B-sigidl @athwal, theernrRiRReQIEctivatibPbE OF S
shown in fig. 1 is based on toxic effects on the cells can therefore be
rul ed oulNF-Ehangl snasedPoottbadesie of ihé Kedommmstiau exfahe amitibiving giroteinf @

agai nst influenza viruses in a nechanismindependent of NE-KB In order to
i nvest i gé{gélb%ﬁ'éto &bt lﬁet%anWFvaaﬁl%fmé'&% PEsenoR g rseesSorte theniPisAtams can

b_e inhibitors. For this, A549- (2x10°) or HEK293-cells (4x10%) were pre-incubated for 1 h

with the proteasome inhibitors in various concentrations. Afterwards, the cells were
treated for 15 min with 20 ng/nl of TNFa., in order to induce the decomposition of IkBa.
The cells were subsequently grown with 1xPBS and lysed. The protein concentrations
were determined by means of Bradford Protein Assay (Biorad) and brought into line with
one another. The proteins were separated by means of SDS gel electrophoresis and
transferred to a nitrocellulose membrane. The IkBo-decomposition was made visible by
means of a IxBo specific antiserum (Santa Cruz Biotechnologies) and a horseradish
perodidase-coupled secondary reagent (Amersham) with the help of an electrochemical
luminescence reaction (ECL, Amersham).

Surprisingly, antivirally-effective concentrations of each of the proteasome inhibitors were
not in a position to effectively inhibit the TNFa-induced decomposition of IkBa and
thereby to block the NF-xB activation. So, for example, PS341 (100 nM) was not in a
position to prevent the IkBoa-degradation in AS549- or HEK293-cells (fig. 4B and D).
Likewise, the same concentration of PS341 in infected A549 cells led to a reduction of the

virus titre (over 2 logarithmic levels after 8 h, see fig. 2A). Similarly, lactacysteine (1




traced back to a bl ocking of the NF-KB-signal pathway, the TNFa-i nduced
activation of NF-KB was anal ysed on the basis of the deconposition of the
inhibiting protein IKBa (lInhibitor of KB) in the Western-Blot in the
presence and absence of the proteasone inhibitors. For this, A549- (2x106)
or HEK293-cells (4x106) were pre-incubated for 1 h wth the proteasone

inhibitor L t.erywar.ds, I at ed
for 15 nia 83 PUEHERTAL R RSl s W el il oL B bl O

| KBa. TheBealebsdangfigidsegupnt |y grown with IxPBS and |ysed. The protein
concentrations were determ ned by neans of Bradford Protein Assay (Bi orad)
and br oudi¥s |uﬁf~‘fﬁ11'1’qcﬁ]&’ reYes Gk thih prefeasomphimhihiitgtse efs agiivielly e randder by
means of hor e d transferred to a nitrocellul ose

menbr aneéﬁaﬁg& %écf(;)ﬁg%sg?fgﬁ K\;\@/as made visible by means of a |IxBa
specific antiserum (Santa Cruz Bi otechnol ogi es) and a horseradi sh
per odi dase- coupl ed secondary reagent (Amersham) with the help of an

el ect r oc Fefilg :i . OnPiaaa ﬂ‘u.'@.;‘ gl p "g MO TEEY I‘Ot HEHIE WY 132 TIEE
antivirally-ef fect | vRefONGRl hfbal S Ac by %froaﬂaﬁsmﬁ)&%&e%sgﬁae efﬂ%ﬂ!nmt ors
were not in a posTtrom to effectrvelry Tt TINFa- T rau

deconposition of | 1n|B&ntarmdluehJaeemﬁb;yretalmabb@0kvﬁrhandNEr\KB;.act| vat| on. So, for
exanpl e, PS341 (100 nM was not in a position to prevent the
i Ba-degradation in A549- or HEK293-cells (fig. 4B and D). Likew se, the

Same CONGEUSS! B bR &f RSl Ghble flechlofadine itk MG 3 ot SighERN Of

the virus titre (over ogar|t l'evel's after see
Simlarl yfferttamt &cysnlemmm ()ﬂmﬂwszalwuthsesj tho hampe dugg épothelbdmtdel linerASI%t i tre

f 2A t gh to bl ock, KB fig.
4B o oyes ilecte Sullo iy g palieSue i SRETE A S o P AL et o
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cell line A549
viruses in plaque assays. As a result, in the presence of MG132, a concentration-

dependent reduction of up to 10 times of the virus titre showed itself (fig. 5).
[0057] In order to investigate whether the reduction of the virus titre is accompanied by a
reduced expression of the proapoptotic ligands TRAIL and FasL/CD95L, the A549 lung
epithelium cell line was infected as described with the avian influenza virus
A/FPV/Bratislava/79 (multiplicity of the virus=1) in the presence or absence of the
proteasome inhibitor MG132 (10uM). Around 24h after infection, the cells were fixed
with 4% paraformaldehyde and incubated with specific antibodies against TRAIL and
FasL/CD95L. After connection of the antibodies with a fluorescent dye, the cells were
subjected to a throughflow cytometric analysis (FACS) in order to measure the expression
of the proapoptotic factors. As a result, the FACS profiles show a clearly reduced virus-
induced expression of FasL and TRAIL in the presence of MG132 (fig. 6).
[0058] In order to test the antiviral activity of MG132 in an in vive infection model in the
mouse, C57Bl/6 mice (10 weeks old, own breed of BFAV Tiibingen) were intranasally
~ infected with 10* infectious units of the mouse-adapted, highly pathogenic avian influenza
A virus A/FPV/Bratislava/79, and left untreated (n=14), or rather treated in an isolation
cage 5 times daily with a nebulised aerosol of ImM MGI32 (n=8) for 5 days. The
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was infected with the highly pathogenic avian influenza A virus

Al FPV/ Bratislava/79 (multiplicity of the infection=l) in the presence or
absence of various concentrations of the proteasone inhibitors MGL32 (1,
5, 10M. In the case of presence of the inhibitor, the cells were
pre-incubated with the substance 30 m nutes before infection. 24h after
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with specific antibodi es against TRAIL and FasL/CD95L. After connection of
the antibodies with a fluorescent dye, the cells were subjected to a
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[00591 AsycfulfeB9Hidad@Qverall a significantly increased survival rate of the
infected and Ms5l32-treated m ce was shown in conparison to the untreated
controls (fig. 7). Exanple 5: Material and nethods Treatnent of mice with
i nhi bi. .1h } f m rri t
prot €asOfouse 11'1(?1'11%0?{115563: T eernrj[)nrlteo%%g% ttheobodg?tecl’?lpt\al\rlgt%reC gnd tlhg%()g)lzj activity of the
mice was carried out with the Vital View® Software and Hardware System (Mini Mitter
U.S.A.). This system allows for the generation of physiological parameters of the mouse.
The hardware is composed of a transmitter (E-mitter)/receiver system. The E-mitter
collects data of the body temperature and the body activity of the animals. These data are
registered every 5 minutes and forwarded onto a PC. There the analysis of the data is
carried out with the help of the Vital View Software.
For the implantation of the E-mitter, the mice are anaesthetised by intraperentonal
injection of 150 ul Ketamin Rompun. The mice's stomach is shaved and an approx.
1.5cm-large cut is made along the Linea abla to open up the abdomen. Afterwards, the E-
mitter is positioned and the opening is closed with wound clamps (autoclip 9mm; Becton
& Dickinson, Germany). The animals are brought back into their cages and the successful

implantation is checked with the help of the Vital View Software.

Viral infection of cells: Cells are grown and the virus solution diluted in infection PBS
(PBS with 1% penicillin/streptomycin, 1% Ca®>'/Mg?', 0,6% bovine albumin 35%) 1is
added. The cells were incubated with the virus in the given quantities for 30 min at 37°C

=20 -




in an inhalation system For this, 6 mce were treated in inhalation tubes.
These 6 tubes stood in connection with a central cylinder with a total
volunme of 8.1 x 10-4 nB. A PARI(r) nebuliser (Aerosol Nebuliser; Art. no.
73-1963) was connected to the central cylinder. Proteasone inhibitors or
solvents were nebulised with 1.5 bar for 10 mn (approx. 2ml) in the
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1+% penicillin/streptonmyci and 1% Ca 2+). The cells were kept in the
i ncubat odaystat 33XCinuhe ircubasht urtiid thees wana bdhi -ap nf niaibleqriagies phlysedeerdlsni ng

of f spri Ngnd Ipfalflllslgssxifere dyed with 1 ml of a neutral red PBD solution for a further 1-2 hours in

the incubator until the plaques became visible.

Cell dyeing with propidium iodide: The substance propidium iodide can penetrate
through the cell membrane of dying cells and intercalated into the DNA in the cell
nucleus. The number of dying and dead cells can be determined according to their
fluorescence in the throughflow cytometer. MDCK cells (2x10%) were treated with the
given concentrations of proteaome inhibitors. MDCK cells were treated with the
apoptosis-releasing substance Staurosporin (0.3 pM) as a toxicity test. After 16 or 24h,
the adherent cells as well as cells left over were collected and dyed with 50 pg/ml
propidium iodide. The analysisl was carried out with the help of throughflow cytometry
(BD FACScan).

SDS Gelelektorphoresis and Western-Blot: The cells to be lysed were first grown with

PBS and subsequently provided per Well with a 6-Well plate with 200 pl of the lysis
buffer RIPA (25 mM tris pH 8, 137 mM NaCl, 10% glycerine, 0.1% SDS, 0.5% sodium
deoxycholate DOC, 1% NP40, 2 mM EDTA pH 8, freshly added: Pefablock 1:1000,
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Pl aque- Assay for determning infectious Ofspring viruses: In order to
determ ne the nunber of infectious particles in a virus solution,

pl aque- assays were carried out on MXCK Il cells. Infection of the cells
was carried out with a row of virus solution diluted per 500 |

|l ogarithmcally in infection PBS. |ncubation was carried out in the
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separate the proteins fromthe ) )
P protemg are separated accor(}mg to their molecular weight.

The gel is poured into two glass plates kept in a pouring state and held at a distance by a
spacer, wherein the separating gel is poured first. This was covered with isopropanol for
depolymerisation and subsequently grown with acqua bidest. The combining gel is poured
onto the dividing gel and placed bubble-free in a sample chamber. After depolymerisation
the sample chamber is drawn and the gel placed in an electrophoresis chamber which was
filled with 1 x SDS-PAGE-Puffer (5 mM tris, 50 mM glycerine, 0.02% SDS). The
denatured proteins and a marker are filled into the bags. The gel runs with a constant flow
0f 25-40 mA.

[0060] Afterwards, the proteins are transferred by means of an electrical field from the gel
onto a nitrocellulose membrane. Proteins which are immobilised on the nitrocellulose
membrane can be detected by a specific antibody. This is identified by an enzyme-
connected, second antibody, upon which the protein can be made visible by a
chemoluminscent reaction. In so doing, the lumino substrate is oxidised by a Horseradish
peroxidase bonded to the secondary antibody, through which it moves into an excited state

and emits light, which can be made visible on an X-ray film.
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cell ruins. The protein concentration in the |ysates was determned with

the help of the Biorad protein dye solution (Biorad) and set at the sane
protein volunmes. Afterwards, the sanples were replaced with a 5 x sanple
buffer (10% SDS, 50% gl ycerine, 25% (3- mercaptoethanol, 0.01% bronophenol
blue, 312 mMMtris). The (3- rrercapt oethanol in the sanple buffer
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and emts light, which can be nmade visible on an X-ray film
an increased chemoluminescence (ECL = enhanced chemoluminescence) by the addition
of a chemoluminescence substrate (250 mM luminol, 90 mM p-coumaric acid, 1 M
tris/HCI pH 8.5, 35% H,03), a condition in which the luminol substrate contained in it is
replaced by the Horseradish peroxidase bonded to the secondary antibody. The membrane
is incubated for 1 min with the substrate, then dried and then laid into an X-ray film

cassette, in which the increased chemoluminescence is made visible on an X-ray film.

Throughflow cytometric analysis: TRAIL and FasL. Expression were proven with the
help of an intracellular fluorescent dye with connected antibodies. AS549 cells were
infected with the virus strain A/FPV/Bratisleva/79 (H7N7) (MOI=5) for 8 hours in the
presence of 2uM monensin in order to prevent protein secretion. As a result, the cells were
fixed with 4% paraformaldehyde at 4°C for 20 min and then washed with permeability
buffer (0.1% saponin/1% FBS/PBS). Then there took place incubation with the primary
antibodies against TRAIL, FasL or an isotope test (antibodies from Becton Dickinson).
Next the cells were dyed with Biotin-Sp-conjugated goat anti-mouse IgG (Dianova) and
streptavidine-Cy-chrome (Becton Dickinson). The fluorescence was measured in the FL3

channel of a FACScalibur throughflow cytometer (Becton Dickinson).
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22 The SDS gel with the dividing proteins is taken up by the pouring
apparatus and laid on two What man papers soaked with blotting buffer (3.9
mv gl ycine, 4,8 mMtris, 0.0037% SDS, 10 % nethanol). The nitrocell ul ose
menbrane was | ai d bubble-free onto the gel before the exciting takes pl ace
in a wet blot chanber (BioRad) filled wth blotting buffer. The proteins
are transferred under a constant electrical current of 400 nA onto the
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Throughfl ow cytaonetric anal ysis: TRAIL and FasL Expressjion were proven with
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Figure 2: Proteaseme inhibitors efficiently block the replication of the influenza virus
A549 cells (2x10°%) (A, B) or MDCK cells (4x10%) (C) were pre-incubated for 1 h with the
noted concentrations of the particular proteasome inhibitors. After pre-incubation, the cells
were infected with the avian influenza virus A/FPV/Bratislava/79 (H7N7) (multiplicity of
the infection, MOI = 0.01). After 8, 24 or 36 h, the medium remainders were collected and

the virus titres determined with the help of plaque assay on MDCK cells.

Figure 3: Antivirally-acting concentrations of the proteasome inhibitors are not toxic
for MDCK cells in the observed time period up to 24 h.

(A, B, C) MDCK-cells (2x10°) were treated with the noted concentrations of the
proteasome inhibitors. As a toxicity test, MDCK celis were treated with the apoptosis-
releasing substance Staurosporin (0.3 pM) (black thick lines in the diagram). After 16 or
24 h, the adherent cells as well as cells from the remainder are collected and dyed with 50

pg/ml propidium iodide. The analysis was carried out with the help of throughflow
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anti bodi es against TRAIL, FasL or an isotope test (antibodies from Becton
Di ckinson). Next the cells were dyed with Biotin-Sp-conjugated goat
anti-nouse 1gG (D anova) and streptavidine-Cy-chrone (Becton D ckinson).
The fluorescence was neasured in the FL3 channel of a FACScal i bur

t hroughf |l ow cytoneter (Becton Dickinson). - 23 |Infection and treatnent of
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day either with theigroteasorre inhibitor (red) or with the solvent (bl ack).

The grapttigglatehéw thanipveitlage neimdgcembinmgt meld 8t ene hysedf The dysateaives

Overal |, s I V. ] Figure 2

pr ot casord TR BRRCRD, pr SRS 7 5REmMoRE g dbRE oup oPiSeefitorenza
virus Aidlntaetd. SkBRidD)aticAwaBlettc/ROK thehtlp of 4x 1RB)-bEJi fiveibdit serum
pre-incubated for 1 h with the noted concentrations of the particul ar

pr ot easoedftH &Y Bigicshnolegiesy). pre-incubation, the cells were infected with
the avian influenza virus A/FPV/ Bratislava/ 79 (H/N7) (multiplicity of the
infection, MO = 0.01). After 8, 24 or 36 h, the nmediumreminders were

col | ect ediguvet 5: MG 132 bloskd influeszadereyr rephieskion. tAH4D leelldwebp nofectpd adiidFPASsay on

MDCK [ Fi 3: Antivj -acti | trati f th t
i bi £ o R1IF b e gt MGG 2hp s R tsikisa rrereipBed ol o ¢ o
24 h. (Ashditrdshof NH%@&H@&M@@W@%& %Pﬁﬁggé"ésgi}. the noted

concentrations of the  proteasone inhibitors. a toxicity test, MXCK
cells were treated with the apoptosi s-

Figure 6: MG132 blocks virus-induced induction of TRAIL and FasL. A549 with FPV
(MOI = 1) infects and incubates with MGI32 (10pM) in the medium.24 p.i. the cells were
fixed with 4% paraformaldehyde and the anti-TRAIL and anti-CD95L dyed.

Figure 7: Antiviral effect of MG132 in infected mice. C57Bl/6 mice were FPV infected,
(10* pfu, intranasal, were treated with MG132 (n=8) (solid line) by cage inhalation, or
received not treatment (n=14) (dotted line). For cage treatment, the animals were treated
with aerosol of 2ml of a ImM MG132 (sigma) for 5 days. The treatment was carried out
daily and began an hour before the initial infection for 5. For testing the weight of the
animals was determined daily. The survival curves of mice infected with FPV and

MG132-treated and untreated are shown.

List of abbreviations

DNA desoxyribonucleic acid
kDa Kilodalton (measure of molecular weight)
Ki inhibitory constants

LC Lactacystine
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rel easi ng substance Staurosporin (0.3 M (black thick lines in the

diagram . After 16 or 24 h, the adherent cells as well as cells fromthe
remai nder are collected and dyed with 50 pg/m propidiumiodide. The

anal ysis was carried out with the help of throughflow -24 cytometry (BD
FACScan). The depiction shows the percentage of living cells in conparison
to the unt¥Mé&at ed t eegafdgtohe 4: Proteasone inhibitors are not in a
position to prevent TNFa-induced LcBa- degradation in the
antiviraIIV-Hzéting MbecHistosemppibilingdenplet | s (2x106) (A, B) or

HEK293- cel 4x106 : he-1.n ated. for. 1. h w t he not ed
concent r aﬁ%gg of pngétgdég@)ﬁlenﬂﬁ%tﬁlr gﬁlt%girllslﬁ%wl'[pﬁl@%f H’Jgﬂ",t}éﬂ ,(IQH{\S,) cells
for stimiHG@EEd for PoSghitamydifehti@Ohyigdlpting econbi nant TNFa and | ysed. The

| ysat e vas, separatﬁd W th tﬂf,help of the SDS gel el ectrophoresis and
transferred onto a MIQFHERPIRNGEE renbr ane. | i cBa- degradati on was detected
wth the tptp of anpblwfagpg@iﬁ}ééc% bit serum (Santa Cruz

Bi ot echnol ogi es). Figure 5 M3l32 ocks influenza virus replication. A549
cells were infected with FPV (MJ=1) in the presence of M3l32 (10M. 24h
p.i. the n indersRl relcoll cted and the titres of offspring viruses
det er ni ned by means or " Bf §§d#&%assay. Figure 6: MGL32 bl ocks virus-induced

i nducti onR&V TRAI L Rogk GasdmAH49sWth FPV (MJ = 1) infects and incubates
wth MG132 (10M in the medium24 p.i. the cells were fixed with 4%
par af or mafdehyde antfVelselragsciipERAI L and anti - CD95L dyed. | Figure 7:
Antiviral (gffect of Bﬁ&g&rin infected mce. C57B1/6 mice were FPV infected,
(104 pfu, intranasaP, re treated with Mzl32 (n=8) (solid Iine) by cage

i nhal ati oblPSor  r ecEbiqedin/Rabtehdonas Wefein (N=14) (dotted line). For cage

t r eat nent thg ninmals were treated w th aerosol of 2ml of a 1nM MGL32
(sigm) fOF% ﬂge?s.h“l"i*?é‘ ReFpgnapbHensfermed #els efghoVERGHBIG y and began an hour
before thepinitial jpRf.ectl r 5. For testing the weight of the aninals
was deternPned dailgfﬁ$%%h§ﬁg&?val curves of mce infected with FPV and

MGL32- t r eeltldd and ulripeptidadetptie Nstiobobenkd:st-LatudBhnerhahionsedoial
desoxyri bonucl ei ¢ acid
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kDa Kil odal ton (nmeasure of nolecular weight) Ki inhibitory constants LC
Lactacystine -25 it MDa Mega Dalton MHC Major Histoconpatibility Conplex
NLVS Prot easont | nhi bitor z-Leuzinyl-Leuzinyl-Leuzinyl -vinyl sul fon (NLVS)
PGPH Post gl ut anyl - Pepti de hydrol ysing Pl Proteasone inhibitor PCR

pol ymerase chain reaction RNA Ribonucleic acid RSV Rous Sarcoma Virus RT
reverse H;ﬁpscrlﬁtase Ub Ubiquitin UPS Ubiquitin/Proteasone system

Ver o- Zel I'€R PRIfBRY permanent transforned cells of the VEROIline Vpr H V-1
protein Vpr zLLL Trlpeptldaldehyde
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orthonyXOV|r|dae characterised in that they contain at |east one
proteaso nhl d/ i nhibitor of the ubiquitin
proteaso gﬂy%{Tﬁ%%lgg’g%@lsg%Fﬂgﬁédlents i n pharnmaceutica
preparatlons 2 Drugs according to claim1, characterised in that they
contain inhibitors of the proteasonme and/or of ubiquitin |igases and/or
ubi quitin hydrolases as UPS inhibitors. 3. Drugs according to claim1l or 2,
characterised in that they possess a high specificity for the 26S

prot easone of a host cell. 4. Drugs according to claim1l or 2,
characterised in that they interact exclusively with the catalytically

active hydroxyl-threonin group of the beta subunit of the 26S proteasone,
and specifically block only the proteasone.
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5. Drugs according to claim1 or 2, characterised in that after acceptance
by the cell they selectively block individual enzymatic activities of the
26S proteasone and additionally selectively block specific assenbly forns
of the proteasone, preferably the inmunoproteasone. 6. Drugs according to
claim1 or 2, characterised in that they block the activities of the

ubi qui ti n@amhygati ng and/ or the ubiquitin-hydrolysing enzynes. 7. Use of
the drug according to one of the clains 1 to 6 for the production of
antiviral drugs and/or pharmaceutical preparations with an antiviral

effect, cha ] .in that they lead to an a) Induction of the

apopt 0si shi fr??l?g%:ﬁ)% t'rs{g %Wgrf?}jfpﬁ?ﬁse‘&t Bnh‘éIPV’éo" esehargsterised b Brag theg fontaii ng
of f of infeat tdstceht SprbRadont: AMIGHIRIS BRI aP)1edd _Sdgﬁép}ﬂh%to?f of B& LlGase and
production of infectious virus particles by inhibiting the assenpbly and

mat ur at i on BRPSRHMERRbEaX (U as actd@ igredists of plianmactutigsl pagaoitidhng t o one of
the clains 1 to 6 for the treatnent of infections wth influenza viruses.
9. Use according to claim7 or 8 for 9.1. Treatnent of virus infections

9.2. I nfl deRoigagccomdpdiinglaimegylchbitgriosd B aedti 1oy tdtaiPiiAlbidQ/ & gleasone
pat hway into %he tar z% gelj 9.3, Preventing the outbreak of virus

i nfections A Cfi??én%fff@ 08 HpiguiAin liagsrs andigr vhiguitiohedrobasesrast UPSirihdritoand
replication of influenza viruses 9.5. Induction of the apoptosis of

i nfluenza virus-infected cells. 10. Use according to one of the clains 7 to

9, char ac3.dPiugedcdondingitt clsine! pel edmectarédinahithey Bodeest Qi g @leb@RitPfor
i nfl uenza Vtiné?'?sfs i S ing)glgfjeﬁi. 1:]I Use according to one of the clainms 7 to 9
i BOLHEHES B2 hesf gelhn

for conbating d related illnesses, especially pandeni.c
and endem c influenza outbreaks in animals and humans. 12. Use according
to claiml1l in conbination with other, already known, antiviral nedicines,
like for ®xXhmpt eccording tordlaim 1 bneechacetirised imthal they imlaanatogivels, will kease

catalytically active hydroxyl-threonin group of the beta subunit of the 26S proteasome,

and specifically block only the proteasome.

5. Drugs according to claim 1 or 2, characterised in that after acceptance by the cell they
selectively block individual enzymatic activities of the 268 proteasome and additionally

selectively block specific assembly forms of the proteasome, preferably the

immunoproteasome.

6. Drugs according to claim 1 or 2, characterised in that they block the activities of the

ubiquitin-conjugating and/or the ubiquitin-hydrolysing enzyfnes.

7. Use of the drug according to one of the claims 1 to 6 for the production of antiviral
drugs and/or pharmaceutical preparations with an antiviral effect, characterised in that
they lead to an

a) Induction of the apoptosis in the influenza-infected cells and so to the preferred
dying off of infected cells in the organism and

b) Disruption of the release and production of infectious virus particles by inhibiting

the assembly and maturation of influenza viruses.
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inhibitors, viral kinase inpeders, nmenbrane fusion and virus entry

i npeders, especially of influenza virus conponent inpeders, |ike for
exanpl e the nueram ni dases or the M2 ions channel 1AV protein. 13. Use
according to claim11l and 12 for prevention of outbreak of illness and for

reduction of the spread of infection in the organi smof humans and ani mal s

acutely C i Lnf k.uen Vi Fuses.. 14. r.di . ) t he
ot o 4 U5 D AN Bt b ool B Ul PR
parti cul ar wigrigBtencehlreseswherein the target cells are host cells attacked
by influenza viruses. -31 15. Use according to one of the clains 7 to 14

to influence target cells in their cellular nechanisns: cell division,

cel | CYCE@{M@%&%nﬂhéﬂﬁﬂﬁﬂ{#B}Qﬁﬂ’ cell death (apoptosis), cell activation,

signal transduction or antigen processing, especially NF-KB activation. 16.
Use accordi fgl.t o cladammantfodvirthmiqetiosuct i on of drugs to inpede the rel ease,

mat ur ati on repligati.on of influenza.viruses, .characterised in that they
Contain ot Fbast: GHERHrEEe SuetEls RPORINS ohrportadhs SREu GREOTRREE o of
ubi quitin |i gaseswAnd{Ohe t#fdt@uitin hydrol ases as active ingredients in a

i 17

pharmaceutical preparation. 17. Use according to claim 16 for the treatnent
of grippal %% ecti Srayentigatheetibraakof vires infeationsinise engawsmar e i nt r oduced as

prot easone inhibitors which are absorhed a .ot easqr inhi.bitors of cells
b “hi aner - eukaryot eattth B rdr e dnRotnEE BT kR AR Freb A RSt i on i ¢
the catal yt iges. subunidusti® oft the apypiseasonBueans viriemghyeddefick irreversibly or
reversibly all or sonme of the proteolytic activities of the proteasone -

the trypsin, the chynotrypsin and the postgl utanyl-peptide hydrol ysi ng
I DL e
activitigg Us‘é‘akéHrﬁﬁfg *&593%% tﬂ% ﬁlgrﬁlgsi?t(;[ é‘,%h%;%léﬁﬁ%eﬁ;ﬁﬁf@r{ﬁe PRl %{éaa% on €

according to claim eri’se e phar imac I'ca
prepar at i onsd rephicitiah bf aiffvenzalitigss idlmpgikide prot easonme inhi bitors, drugs
whi ch influence, regulated or inpede the cellular ubiquitin system |Iike
the activities 18.1. of the ubiquitin-conjugating enzynes and/or 18.2. of

the ubi qyit ilﬁérﬁxgﬁgﬂn—h% e OF e Baims 7 to 9 for combating/treatment of 'flu and related

llnesses, especially pandemic and endemic influenza outbreaks in animals and humans.

12. Use according to claim 11 in combination with other, already known, antiviral
medicines, like for example ripavarin , interleucins, nucleoside analogues, protcase
inhibitors, viral kinase impeders, membrane fusion and virus entry impeders, especially
of influenza virus component impeders, like for example the nueraminidases or the M2

ions channel IAV protein.

13. Use according to claim 11 and 12 for prevention of outbreak of illness and for
reduction of the spread of infection in the organism of humans and animals acutely

infected with influenza viruses.
14. Use according to one of the claims 7 to 13 for blocking the ubiguitin/proteasome

pathway into particular target cells, wherein the target cells are host cells attacked by

influenza viruses.
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18.3. of cellular factors which come to interact with ubiquitin 18.4. of
cellular factors which conme to interact with ubiquitin as 18.4.1.
nmono-ubiquitin or as 18.4.2. poly-ubiquitin. 19. Use according to claim 16
to 18, characterised in that substances are put to use as proteasone

i nhi bitors which are adm nistered in Vi Vo oraIIy in capsule formwth or

W thout o |nSPESLIA! LY sRaL ML N Shagel, o AhLaveDous] o NbLauaEHL a1y,

subcutaneous 15 OnF 758 of the

use of a m@dchatﬁuh@rceﬂpcﬁbisﬁ)m c€lh cagle/ @il difRfentie@ii el hRY® ?pgﬁaélb) cell
cytotoxicity, give rise to no or 32 insignificant side effects and have a

rel at i vel y aRighoRetignebirarsdpgion ar apemmosesying. sepepilly NESK®) activatiofy ance r at e
in the organism 20. Use according to claim16 to 19, characterised in that
substances which a) are isolated in natural formfrom m cro-organi sns or

ot her natlér a{Usesacrmcﬁag tor claim) Erfer gee pyodikeon adl domditd i @xgicdonhé rrolvaseat ur al

subst ances are aII Sy cally produced,. d are syntheS|sed by
genetic t h&%‘%{é‘&?‘} g %‘é"f‘i ﬂft Gﬁ}‘énza Y Ere” Fastetieet ity {hat &t gqutain at

engi neer i Nge,0Lh téaEbrf{é hﬁlﬁ)ltoi?rand/t')) al [adl Sl QBRGNS ST quih Gighddk l.aguged as
pr ot easone-i nhi biti ng substances. . Use according to %lf aim16 to 20,

char act er i gbiduitim lwldmlass&bmcamce@mmwrltrqﬂmngaaeotlmhprepﬁnatlbmvm ng substance

cl asses: a) naturally-occurring proteasone-inhibitors: -peptide derivates
whi ch contain Cterm nal epoxyketone structures (3-lactone derivates

acl aci nonycitseAct@img t6 @laifd 636t @B Wehieidh) of fihPRY&tibAS cRdctblistd in that
chem cally-nodified variants, such as the cell nenbr ane- penetrating

vari ants " eustnessade dyisedsioed ps pratsaseiae igibisoyrn miedhi aralabyorpedbeiupistiagamee easone

i nhi bi tor Sinhibitors of cells of higher eukaryotes and after cell absorption enter into interaction

with the catalytic subunits of the proteasome and thereby block irreversibly or
reversibly all or some of the proteolytic activities of the proteasome — the trypsin, the
chymotrypsin and the postglutamyl-peptide hydrolysing activities — within the 26S or

also the 208 proteasome complex.

18. Use according to claim 16 or 17, characterised in that the pharmaceutical preparations
contain other drugs alongside proteasome inhibitors, drugs which influence, regulated
or impede the cellular ubiquitin system, like the activities

18.1. of the ubiquitin-conjugating enzymes and/or

18.2. of the ubiquitin-hydrolising enzymes

18.3. of cellular factors which come to interact with ubiquitin

18.4. of cellular factors which come to interact with ubiquitin as
18.4.1. mono-ubiquitin or as

18.4.2, poly-ubiquitin.

19. Use according to claim 16 to 18, characterised in that substances are put to use as
proteasome inhibitors which are administered in vivo orally in capsule form with or
without  cell-specificity-carrying  changes,  intravenously, intramuscularly,
subcutaneously, by inhalation in acrosol form, or otherwise, because of the use of a

particular application and/or dose regimen have a small cytotoxicity, give rise to no or
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nodi fi ed peptide al dehydes |i ke N-carbobenzoxy-L-I|eucinyl-L-1Ieucinyl-L-

| eucinal (also called M3132 or zLLL), its boric acid derivate Mx232; N
car bobenzoxy- Leu-Leu- Nva-H (cal |l ed MG115; N-acetyl-L-1eucinyl-L-

| euci nyl -L-norleucinal (called LLnL), N-carbobenzoxy-ile-glu(OBut)-al a-
car bobenzoxy-ile-d u(OBut)-ala-leu-H (also called PSI); c)peptides which

SC;JT Srh(Tnggl :ilf{s@?%{a%t saige %fﬁ[})c;tse Qr?(i( ng%t z? pe?atfv%{y%éﬁj I;n%tabfoﬂé %Qﬁ-rliqrg Iénr?d \e{lr&thively

car bobenzoxmalt clegtatdWte-ihth hiyh- L- | euci n-vi nyl - sul phone or c2)
4- hydr oxy- 5-i odo- 3- ni trophenylactetyl -L-1euci nyl -L-1eucinyl-L-Ieucin-vinyl -
sul phone (NLVS) d) glyoxal- or boric acid residues |ike

d! ) pyr az &:OT Q%ﬁ'ﬂ%@#ﬁi&gl&gﬂﬁﬁ ?F'tos Péz%BXlJa%tgr(isg&Dig}}}a?é.\b\gﬁlnl:es%?hi }§3 d2)
di peptidyl-boric acid derivates ~’or e) plnacol-Ester - I'Ke

benzyl oxycaapaahlatdizh nheal fatr bomaheto-bighgient ofsther natural dutdat,roeduced as
proteasone-bnhibitinqlsub%tances. 22. Use according to claim1l6 to 21,

char act er i sB¥MHSE Wagheneal spgkigation Hewm maural subHaReshi ci n (epoxonyci n
nol ecul ar f ' or 22.2. eponenycin (eponem cin,
s SR

nol ecul ar fornu are’introduced as particularly suitable
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21. Use according to claim 16 to 20, characterised in that substances which belong to the

following substance classes:
a)naturally-occurring proteasome-inhibitors:

-peptide derivates which contain C-terminal epoxyketone structures

-B-lactone derivates

-aclacinomycin A (also called aclarubicin)

-lactacystine and its chemically-modified variants, such as the cell membrane-
penetrating variants "clastolactcystein p-lactone”

b)synthetically-produced proteasome inhibitors:

-modified peptide aldehydes like N-carbobenzoxy-L-leucinyl-L-leucinyl-L-
leucinal (also called MG132 or zLLL), its boric acid derivate MG232; N-
carbobenzoxy-Leu-Leu-Nva-H = (called MGI115; N-acetyl-L-leucinyl-L-
leucinyl-L-norleucinal (called LLnL), N-carbobenzoxy-ile-glu(OBut)-ala-
carbobenzoxy-ile-Glu(OBut)-ala-leu-H (also called PSI};

c)peptides which C-terminally carry an «,8-epoxyketone structure, furthermore vinyl
sulphones like

cl) carbobenzoxy-L-leucinyl-L-leucinyl-L-leucin-vinyl-sulphone or

¢2) 4-hydroxy-5-iodo-3-nitrophenylactetyl-L-leucinyl-L-leucinyl-L-leucin-vinyl-
sulphone (NLVS)

d)glyoxal- or boric acid residues like
d1) pyrazyl-CONH(CHPhe)CONH(CHisobutyl) B(OH)2) as well as
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23.5. the conpound PS-325 (2-Qui nol - CONH- ( CH hono- phenyl al ani ne) -

CONH- (CH-i sobutyl)-B(0OH)2) and/or 23.6. PS-352

(phenyal ani ne- CH2- CH2- CONH- ( CH- phenyl al ani ne) - CONH- (CH-i sobutyl )| -B( OH) 2)

and/or 23.7. PS-383 (pyridyl-CONH (CHpF- phenyl al ani ne) - CONH- ( CHi sobut yl ) -

B(OH)2) are i ntroduced as parti cularly suitable proteasone inhibitors from
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i nhibitors. 34 greintroduced as proteasome-inhibiting substances.

22. Use according to claim 16 to 21, characterised in that the epoxyketones
22.1. epoxomicin (epoxomycin, molecular formula: CogHggN4O7) and/or
22.0. eponemycin (eponemicin, molecular formula: CopH3sN,Os)

are introduced as particularly suitable proteasome inhibitors.

23. Use according to claim 11 to 17, characterised in that the compounds

23.1. PS-519 as p-lactone- as well as lactacystine-derivate the compound 1R-
(15, 4R,55]]-1-(1-Hydroxy-2-methylpropyl)-4-propyl-6-oxa-2-
azabicyclo[3.2.0]heptane-3,7-dione — molecular formula C,H1oNQy —

23.2. PS-303 (NHy{CH-naphthyl)-CONH-(CH-isobutyl)-B(OH),) and/or

23.3. PS-321 as (morpholine-CONH-(CH-napthyl)-CONH-(CH-
phenylalanine}-B(OH),); - and/or

23.4. PS-334 (CH;-NH-(CH-naphthyl-CONH-(CH-isobutyl)-B(OH);) and/or

23.5. the compound PS-325 (2-Quinol-CONH-(CH-Aomo-phenylalanine)-

| CONH-(CH-isobutyl)-B(OH),) and/or

23.6. PS-352 (phenyalanine-CH;-CH;-CONH-(CH-phenylalanine)-CONH-
(CH-isobutyl)l-B(OH),) and/or

23.7. PS-383 (pyridyl-CONH-(CHpF-phenylalanine)-CONH-(CH-isobutyl)-
B(CH),)
are introduced as particularly suitable proteasome inhibitors from the PS

series.

24. Use according to claim 16 as a drug for influencing the enzymatic activities of the
complete 268 proteasome complex and the free 20S catalytically-active proteasome

structure not assembled with regulatory subunits.

25. Use according to one of the claims 7 to 24 for a systemic and topical, preferably
aerogenous, administration of UPS inhibitors.
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