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(57) ABSTRACT 
The invention relates to the use preferably of at least one 
active ingredient for the prophylaxis and/or therapy of a 
viral disease; Wherein this active ingredient inhibits at least 
one component of the cellular signal transduction pathway 
for the activation of the transcription factor NF-kB such that 
the virus multiplication is inhibited. The present invention 
relates furthermore to the local; preferably aerogenic admin 
istration of the active ingredient according to the invention 
for inhibiting a virus multiplication. The active ingredient 
according to the invention may be combined With at least 
one further antivirally effective substance for the prophy 
laxis and/or therapy of a viral disease. 
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USE OF ACTIVE INGREDIENTS FOR THE 
PROPHYLAXIS AND/OR THERAPY OF VIRAL 

DISEASES 

FIELD OF THE INVENTION 

[0001] The invention relates to a test system for identify 
ing active ingredients, Which are suitable for the prophylaxis 
and/or treatment of viral diseases, the uses of such active 
ingredients for preparing a pharmaceutical composition for 
the prophylaxis and/or treatment of viral diseases, formula 
tions for such pharmaceutical compositions and methods for 
preparing such pharmaceutical compositions. 

PRIOR ART AND BACKGROUND OF THE 
INVENTION 

[0002] Infections by RNA or DNA viruses are a substan 
tial threat for the health of man an animal. To the RNA 
viruses belong the negative-strand-RNA viruses, such as for 
instance in?uenza viruses or the Borna disease virus. Infec 
tions by in?uenza viruses still belong to the big epidemics of 
mankind and cause year for year a large number of fatalities. 
They are an immense cost factor for the economy, for 
instance by inability to Work because of illness. Of substan 
tial economic importance are also infections by the Borna 
disease virus (BDV), in particular attacking horses and 
sheep, Which Was hoWever already isolated in man, too, and 
Which Was connected here With neurological diseases. 

[0003] The problem of controlling in particular RNA 
viruses is the adaptability of the viruses caused by a high 
fault rate of the viral polymerases, thus the preparation of 
suitable vaccines as Well as the design of antiviral sub 
stances being very di?icult. 

[0004] Furthermore it has been found that the application 
of antiviral substances immediately directed against the 
functions of the virus, initially at the beginning of the 
therapy have a fair antiviral effect, but Will lead very quickly 
to the selection of resistant variants, because of mutation. An 
example is the anti-in?uenza drug amantadine and its 
derivatives, Which is or are directed against a transmem 
brane protein of the virus. Within a short time after appli 
cation, resistant variants of the virus are generated. 

[0005] Other examples are the neW therapeutic agents for 
in?uenza reactions inhibiting the in?uenza-viral surface 
protein neuramimidase. Hereto belongs for instance 
Relanza. In patients, Relanza-resistant variants have already 
been found (Gubareva et al., J Infect Dis 178, 1257-1262, 
1998). The hopes placed on this therapeutic agent thus could 
not be ful?lled. 

[0006] Due to their in most cases very small genomes and 
therefore limited coding capacity for replication-necessary 
functions, all viruses have to rely to a strong extent on 
functions of their host cells. By exerting in?uence on such 
cellular functions being necessary for the viral replication, it 
is possible to negatively affect the virus replication in the 
infected cell. Then, there is no possibility for the virus to 
replace the missing cellular function by adaptation, in par 
ticular by mutation, in order to avoid the selection pressure. 
This could already be shoWn for the example of the in?uenza 
A virus With relatively unspeci?c inhibiting substances 
against cellular kinases and methyl-transferases (Scholtissek 
and Muller, Arch Virol 119, 111-118, 1991). 
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[0007] It is knoWn that cells have a multitude of signal 
transduction pathWays, by means of Which signals acting on 
the cell are transmitted to the cell nucleus. Thereby the cell 
is able to react to outside stimuli With cell proliferation, cell 
activation, differentiation or controlled cell death. 

[0008] These signal transduction pathWays have in com 
mon that they include at least one kinase, Which activates by 
phosphorylation at least one protein thereafter transducing 
the signal. 

[0009] Observing the cellular processes induced after 
virus infections, it can be found that a multitude of DNA and 
RNA viruses activate in the infected host cell preferably a 
de?ned signal transduction pathWay, the so-called Raf/ 
MEK/ERK kinase signal transduction pathWay. This signal 
transduction pathWay is one of the most important signal 
transduction pathWays in a cell and plays a substantial role 
in proliferation and differentiation processes (Cohen, Trends 
in Cell Biol 7, 353-361, 1997; Robinson and Cobb, Curr. 
Opin. Cell Biol 9, 180-186, 1997; Treismann, Curr. Opin. 
Cell Biol 8, 205-215, 1996). 

[0010] The investigation of the role of this signal trans 
duction pathWay in cellular decision processes has led to the 
identi?cation of several pharmacological inhibitors inhibit 
ing the signal transduction pathWay among other places on 
the MEK level, i.e. relatively at the beginning of the signal 
transduction pathWay (Alessi et al., J Biol Chem 270, 
27489-27494, 1995; Cohen, Trends in Cell Biol 7, 353-361, 
1997; Dudley et al., PNAS USA 92, 7686-7689, 1995; 
Favata et al., J Biol Chem 273, 18623-18632, 1998). 

[0011] NeWer data shoWs that the inhibition of the Ras 
Raf-MEK-ERK signal transduction pathWay or of another 
signal transduction pathWay, the MEKK/SEK/JNK signal 
transduction pathWay, can drastically inhibit by active ingre 
dients, Which relatively selectively inhibit one of the kinases 
involved in this signal transduction pathWay, for instance the 
MEK or the SEK, the intracellular multiplication of intra 
nuclearly replicating negative-strand viruses, for instance of 
in?uenza A viruses and the Borna disease virus (BDV) 
(Pleschka et al., Nature Cell Biol 3, 301-305, 2001; Planz et 
al., JVirol 10, 4871-4877, 2001; PCT/DE 01/01292; DE 101 
38 912). 

[0012] Up to noW it Was knoWn that in?uenza viruses 
preferably use the Raf-MEK-ERK signal transduction path 
Way or the MEKK/SEK signal transduction pathWay for 
their multiplication, and that therefore an inhibition of these 
signal transduction pathWays Would lead to a complete 
inhibition of the virus multiplication. Since, hoWever, in a 
cell the signal transduction pathWays have hardly any func 
tion closed in itself, but With activation of the one signal 
transduction pathWay, further signal transduction pathWays 
are additionally activated by cross linkages, it can in prin 
ciple not be excluded that an inhibited signal transduction 
pathWay can be bypassed by the cell as Well as by the 
viruses, and the therapeutic effect of an active ingredient 
inhibiting a virus multiplication by inhibition of a certain 
signal transduction pathWay could be limited thereby. 

[0013] Therefore there is a great need of identifying and 
using antiviral active ingredients, Which act in addition or as 
a supplement to those, Which inhibit kinases of cellular 
signal transduction pathWays, for instance of the Raf-MEK 
ERK signal transduction pathWay or of the MEKK/SEK/ 
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JNK signal transduction pathway. Such active ingredients 
have already been described in the documents PCT/DE 
01/01292 and DE 101 38 912. 

[0014] One of the most important signal transduction 
pathWays in the cell is the nuclear factor of kappaB (NF-kB) 
signal transduction pathway. The central component of this 
transduction pathWay is the heterodimer NF-kB transcrip 
tion protein complex consisting on the one hand of p50 
[formed by proteolysis of NF-kBl (p105)] or of p52 [formed 
by proteolysis of NF-kappaB2 (p100)], and on the other 
hand of p65 (RELA), c-REL or RELB. The most common 
NF-kB complex is composed of p50 and p65. 

[0015] The transcription activity of this NF-kB complex is 
inhibited by the binding of the inhibitor proteins of NFkB 
(IkB) to the nuclear binding sequence of p65. Thereby, the 
complex remains in the cytoplasm. An activation of the cell 
for instance by groWth factors, chemokines, TNFalpha, Il-1, 
C40 ligand, LPS or by an infection by viruses Will lead to the 
activation of kinases such as the “NF-kB inducing kinase” 
(NIK), the kinase TAK, the kinase AKT and possibly also of 
the kinase MEKKl. These kinases lead to the activation of 
the “inhibitor of kB (IkB) kinase” (IKK) complex, com 
posed of IKKalpha, IKKbeta and NEMO. Activated IKK 
phosphorylates IkB and thus leads to its degradation and 
permits thereby the release, nuclear translocation and acti 
vation of the transcription activity of the p50/p65 het 
erodimer. Another NF-kB complex is composed of p100 and 
RELB. An activation of the cell by lymphotoxines Will lead, 
probably preferably mediated by NIK, to the activation of 
IKKalpha. The activated IKK induces the phosphorylation 
and thus the proteolysis of p100 to p52, Which in turn can 
translocate in the complex With the RELB into the cell 
nucleus and act there as a transcription factor. 

[0016] It is knoWn in the art that the activation of the 
NF-kB signal transduction pathWay can be inhibited by i) 
nonsteroidal anti-in?ammatory drugs (N SAIDs), such as 
sulindac (Yamamoto et al., J Biol Chem 274, 27307-27314, 
1999; Berman et al., Clin Cancer Res 8, 354-360, 2002) or 
derivatives of sulindac such as sulindac sulphoxide, sulindac 
sulphone, sulindac sulphide or benZylamide sulindac ana 
logues (Moon and Lerner, Cancer Research 62, 5711-5719, 
2002) or acetylsalicylic acid or salicylic acid (Yin et al., 
Nature 396, 77-80, 1998) or curcumin (Oncogene 18, 6013 
6020, 1999) by inhibition of the IKKbeta, ii) NEMO binding 
peptides (May et al., Science 289, 1550-1554, 2000), pro 
teosome inhibitors such as PS-341 (Tan and Waldmann, 
Cancer Res 62, 1083-1086, 2002; Adams Trends Mol. Med 
8, 49-54, 2002), or iii) antisense nucleotide sequences spe 
ci?c for p65 or p50 (Higgins et al., PNAS-USA 90, 9901 
9905, 1993). Up to noW these inhibitors Were hoWever 
exclusively tested for their use as active ingredients for 
having in?uence on in?ammations and the groWth of 
tumors, since in both indications the involved cells have an 
increased activation of the NF-kB signal transduction path 
Way (Karin et al., Nature RevieWs Cancer 2, 301 -310, 2002). 

[0017] Up to noW it Was the idea that a virus infection, in 
particular also an infection by the in?uenza virus, activates 
the NF-kB signal pathWay by the activation of the IKK, and 
said signal pathWay is in turn decisively involved in the 
expression of antivirally active proteins increased by this 
infection, for instance interferon (Chu et al., Immunity 11, 
721-731, 1999). In agreement With this idea is the ?nding 
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that the in?uenza virus-induced activity of the interferon [3 
promoter is strongly reduced in cells, Which express a 
transdominant-negative mutation of IKK2 or IkBalpha 
(Wang et al., Virol 74, 11566-11573, 2000). On the other 
hand, there is a hint contradicting these ideas and ?ndings 
that acetylsalicylic acid, knoWn as an inhibitor of the IKK, 
is also able to inhibit in?uenZa virus infections in the cell 
culture, hoWever only beginning from concentrations of 
5-10 mM (corresponding to 0.9-1.8 mg/ml). Such concen 
trations are practically not achievable in blood Without 
substantial side effects after oral administration of acetyl 
salicylic acid (Huang and Dietsch, NeW Engl J Med 319, 
797, 1988). Acetylsalicylic acid is deemed the most toxic of 
all at present freely available analgesics With the smallest 
therapeutic Width (Jones, Am J Ther 9, 245-257, 2002). 
Huang and Dietsch speculated that an administration of 
aerosol Would result in higher and thus antivirally e?fective 
concentrations locally in the respiratory passages. These 
recommendations have hoWever not been realiZed up to 
noW, since the up to noW knoWn clinical side effects alone 
led, after administration of a dose of 100 mg acetylsalicylic 
acid otherWise not deemed toxic, to a Warning not to take 
aspirin in case of a virus in?uenZa, in particular of children 
(user information Z. No. 14.252 of Bayer AG about the 
acetylsalicylic acid (ASA) preparation Aspirin®). 

TECHNICAL OBJECT OF THE INVENTION 

[0018] It is therefore the technical object of the invention 
to provide a test system, by means of Which improved active 
ingredients for the prophylaxis and/or treatment of viral 
diseases can be found, and to specify pharmaceutical com 
positions and formulations for such indications. 

BASICS OF THE INVENTION AND 
EMBODIMENTS 

[0019] The invention is based on the surprising ?ndings 
that i) active ingredients inhibiting the cellular NF-kB signal 
transduction pathWay are able to inhibit the multiplication of 
viruses in an organism, ii) smaller concentrations of the 
active ingredient used according to the invention than deriv 
able from the in vitro data are antivirally effective With local 
administration, iii) the active ingredient acetylsalicylic acid 
used according to the invention, administered aerogenically 
in concentrations of 0.1 to 4 mM, causes a distinct inhibition 
of the in?uenZa virus multiplication in the lung and in the 
total organism and a systemic healing e?fect Without impair 
ing the general condition, although such concentrations of 
the acetylsalicylic acid have not shoWn in vitro any antiviral 
e?fectivity. Higher doses of acetylsalicylic acid, for instance 
acetylsalicylic acid in concentrations of 10 mM, Were com 
paratively not stronger, even higher doses (up to 50 mM) 
Were clearly less antivirally effective than the loWer con 
centrations according to the invention. In addition, concen 
trations over 20 mM turned out to be toxic after areogenic 
administration. 

[0020] Subject matter of the present invention is thus the 
use of at least one active ingredient for preparing a phar 
maceutical composition for the prophylaxis and/or therapy 
of at least one viral disease, the active ingredient(s) acting on 
at least one component of the NF-kB signal transduction 
pathWay, so that a virus multiplication in the organism is 
inhibited. Components of the NF-kB signal transduction 
pathWay are for instance: tumor necrosis factor receptor 
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associated factor (TRAF), NF-kB inducing kinase (NIK), 
mitogen-activated protein kinase kinase kinase 1 
(MEKKKl), mitogen-activated protein kinase kinase kinase 
3 (MEKKK3), AKR mouse thymoma kinase (AKT), TGFB 
activated kinase (TAK1), inhibitor of NF-kB kinase alpha 
(lKKaplha), inhibitor of NF-kB kinase beta (lKKbeta), 
NEMO, inhibitor of kB (lkB), RELA (p65), C-REL, RELB, 
NF-kBl (p105), NF-kB2 (p100), P50, P52. 
[0021] To the active ingredients used according to the 
invention belong for instance: inhibitors of a kinase of the 
NF-kB signal transduction pathWay [including nonsteroidal 
anti-in?ammatory substances inhibiting the NF-kB activa 
tion, such as phenylalkyl acid derivatives, for instance 
sulindac (Yamamoto et al., J Biol Chem 274, 27307-27314, 
1999; Berman et al., Clin Cancer Res 8, 354-360, 2002) or 
derivatives of sulindac such as sulindac sulphoxide, sulindac 
sulphone, sulindac sulphide or benzylamide sulindac ana 
logues (Moon and Lerner, Cancer Research 62, 5711-5719, 
2002), salicylic acid derivatives such as salicylic acid iself 
or acetylsalicylic acid (Yin et al., Nature 396, 77-80, 1998), 
salcylamide, salacetamide, ethenzamide, di?unisal, olsala 
zine or salazosulfapyridine, curcumin (Oncogene 18, 6013 
6020, 1999), antioxidants such as pyrrolidine dithiocarbam 
ate (PDTC; Piette et al., Biol Chem 378, 1237-1245, 1997), 
oxicams as for instance piroxicam (Liu et al., J Biol Chem 
13, i, 2002), vitamin E and derivatives thereof, such as 
pentamethyl hydroxychroman (PMC, Hattori et al., Bio 
chem Mol Biol Int 35, 177-183, 1995), 17 beta oestradiol 
and derivatives thereof (Desphande et al., Am J Reprod 
Immunol 38, 46-54, 1997), polyphenoles of tea as for 
instance (—)-epigallo-catechin-3-gallate (EGCG, Lin et al., 
Biochem Pharmacol 58, 911-915, 1999), Bay11-1782 Misra 
and Pizzo Arch Biochem Biophys 386, 227-232, 2001)], 
peptides inhibiting the interaction of at least tWo compo 
nents of the NF-kB signal transduction pathWay, including 
for instance peptides binding to NEMO (May et al., Science 
289, 1550-1554, 2000), inhibitors of the proteosome such as 
PS-341 (Tan and Waldmann, Cancer Res 62, 1083-1086, 
2002; Adams Trends Mol Med 8, 49-54, 2002) and lacta 
cystin (Morise and Grisham J Clin Gastroenterol 27, 87-90, 
1998), antisense oligonucleotides speci?cally adding to the 
DNA sequence or m-RNA sequence coding for a component 
of the NF-kB signal transduction pathWay and inhibiting the 
transcription or translation thereof, for instance antisense 
nucleotide sequences speci?c for p65 or p50 (Higgins et al., 
PNAS-USA 90, 9901-9905, 1993), dominant-negative 
mutants of a component of the NF-kB signal transduction 
pathWay; dsoligonucleotides, Which are suitable for the 
speci?c degradation of the mRNAs of a component of the 
NF-kB signal transduction pathWay by the RNAi technology 
according to a method, such as described by Tuschl et al. 
(Genes Dev 13:3191-3197, 1999) and by Zamore et al. (Cell 
101:25-33, 2000), antibodies or antibody fragments speci?c 
for a component of the NF-kB signal transduction pathWay, 
or fusion proteins, containing at least one antibody fragment, 
for instance a Fv fragment, Which inhibit at least one 
component of the NF-kB signal transduction pathWay. 

[0022] An active ingredient in the meaning of the inven 
tion is a substance being capable to directly act on at least 
one component of the NF-kB signal transduction pathWay 
such that a virus multiplication is substantially inhibited. 
Further, active ingredients in the meaning of this invention 
are derivatives of these active ingredients, Which are trans 
formed for instance by enzymatic ?ssion into an active 
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ingredient according to the invention. Active ingredients in 
the meaning of the present invention are moreover pre 
stages of active ingredients, Which are metabolically trans 
formed into an active ingredient according to the invention. 

[0023] Preferred is the use of at least one active ingredient 
according to the invention for the prophylaxis or therapy of 
viral diseases, Which are caused by RNA or DNA viruses, 
preferably negative-strand RNA viruses, for instance in?u 
enza viruses or Borna viruses. For this purpose, the active 
ingredient according to the invention is administered sys 
temically or locally, for instance dermally, nasally, aerogeni 
cally, into a body cavity or a tissue. 

[0024] Further preferred is the use of acetylsalicylic acid 
for the prophylaxis or therapy of an in?uenza viral disease, 
Wherein acetylsalicylic acid is administered nasally or bron 
chially (aerogenically) in concentrations preferably from 0.1 
to 4 mM. The total dose per day for man should preferably 
be in the range of 0.1 to 30 mg (nasal) or 0.1 to 70 mg 
(bronchial). Depending on the application, the loWer limit 
may hoWever also be betWeen 0.1 and 20 mg or 50 mg, 
respectively. Depending on the application, the upper limit 
may also be betWeen 1 mg or 2 mg, respectively, and the 
mentioned maximum values. A daily dose is preferably 
taken in 1 to 8 administrations, Which suitably are distrib 
uted over a Waking time of 16 hours. A treatment takes 
suitably place over a period of time of 1 to 7 days and longer. 
The invention comprises in so far also galenically prepared 
administration units, and the amount of active ingredient 
present in an administration unit can easily be calculated 
according to the above sections of a treatment plan. 

[0025] Another embodiment of the present invention 
relates to a combination preparation for the prophylaxis 
and/or therapy of a viral disease, comprising at least tWo 
antivirally acting active ingredients, and at least one antivi 
rally acting active ingredient inhibits at least one component 
of the NF-kB signal transduction pathWay such that the 
multiplication of the virus in an organism is inhibited. 
Preferably, this antivirally acting active ingredient is 
selected from the active ingredients according to the inven 
tion already mentioned above. To the further antivirally 
acting active ingredients in the combination preparation 
according to the invention belong either at least one further 
active ingredient according to the invention and/or at least 
one antiviral active ingredient, such as: amantadine (1-ada 
mantanamine) and its derivatives, Which is or are directed 
against a transmembrane protein of some in?uenza A 
viruses, such as rimantadine, therapeutic agents for in?uenza 
infections inhibiting the in?uenza-viral surface protein 
neuraminidase. Thereto belong for instance Relanza, inhibi 
tors of the Raf-MEK-ERK signal transduction pathWay such 
as U=126 or other inhibitors, as they Were described in the 
PCT/DE 01/01292, inhibitors of the MEKK/SEK signal 
transduction pathWay or of the components of further signal 
transduction pathWays as they Were described in the DE 101 
38 912, and synthetic nucleoside analogues such as 3-dea 
zaadenosine and ribavirin. 

[0026] The combination preparation may be used in the 
form of a mixture or as individual components for the 
simultaneous or not simultaneous application at identical or 
different places, systemically or locally. The above expla 
nations With regard to dosage forms apply in an analogous 
manner. 
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[0027] The administration of the combination preparation 
may take place as a mixture of the active ingredients. The 
active ingredients may hoWever also be administered per 
administration separately from each other at the same place, 
for instance systemically by intravenous injection or locally 
for instance by nasal, aerogenic or dermal administration or 
by injection into a tissue, or also at different places, simul 
taneously or not simultaneously Within a certain period of 
time, When the substance administered ?rst is still effective, 
for instance a period of time of three days. 

[0028] A special type of administration of the active 
ingredient according to the invention is the aerogenic, i.e. 
nasal or bronchial administration of the active ingredient for 
the prophylaxis or therapy of those virus infections, Which 
aerogenically infect. For this purpose, galenic auxiliary 
means and sprayers of the active ingredient are used, as they 
are sufficiently knoWn to the man skilled in the art. 

[0029] Another embodiment of the present invention 
relates to a test system for identifying active ingredients, 
Which inhibit at lest one component of the NF-kB signal 
transduction pathWay such that a virus multiplication is 
inhibited, comprising a. at least one cell infectible by at least 
one virus, said cell containing the NF-kB signal transduction 
pathWay and at least one virus infecting the cells, or b. at 
least one cell infected by at least one virus, Wherein at least 
one component of the NF-kB signal transduction pathWay is 
missing or is defectively mutated. 

[0030] Cells in the meaning of the present invention are 
cells from different organs and tissues, for instance cells of 
the blood or lymph vessels, cells coating the body cavities. 
Further are comprised cell cultures, in particular those, 
Which can be acquired from cell banks, such as the ATCC, 
in particular permissive eukaryotic cell cultures, for instance 
A549, 293, 293T and 293T7 (homo sapiens), B82, NIH 3T3, 
L929 from mus musculus, BHK from cricelus cricelus, CHO 
from cricelulus griseus, MDCK from canisfamiliaris, Vero, 
COS-l and COS-7 from cercopilhecus aelhiops, and pri 
mary embryo ?broblasts from gallus gallus (CEF cells). 

[0031] In the test system according to the invention for 
identifying active ingredients, it is for instance veri?ed, by 
addition of substances, preferably in concentrations of 0.001 
uM to 100 uM, and of viruses in a particle number, Which 
is suitable to identify the selected cell, Whether a substance 
is capable to inhibit the virus multiplication, Without dam 
aging the cells. 

[0032] Preferably, the virus used in the test system accord 
ing to the invention is an RNA or DNA virus, preferably an 
in?uenza virus. 

[0033] In a preferred embodiment, the cell a) of the test 
system according to the invention comprises at least one 
overexpressed component of the NF-kB signal transduction 
pathWay, also in the form of constitutively active mutants of 
these components, in particular by introduction of one gene 
or several genes coding this component. By this overexpres 
sion, substances are detected, Which strongly inhibit this 
component as Well as can intracellularly reach a high 
concentration for the inhibition of the overexpressed com 
ponent. For veri?cation, in a cell b) of the test system 
according to the invention, the expression for at least one 
component of the NF-kB signal transduction pathWay is 
inhibited, for instance by introduction of an antisense DNA 
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or an antisense RNA or by introduction of at least one gene 
coding for at least one dominant-negative mutant of at least 
one component of the NF-kB signal transduction pathWay. 

[0034] Another embodiment of the present invention 
relates to a method for identifying at least one active 
ingredient according to the invention for the prophylaxis 
and/or therapy of viral diseases, said active ingredient(s) 
inhibiting the multiplication of viruses in the case of viral 
diseases, comprising the folloWing steps: a. bringing at least 
one potential active ingredient into contact With at least one 
test system according to the invention, and b. determination 
of the effect on the multiplication of the viruses. 

[0035] Bringing into contact in the meaning of this inven 
tion may for instance take place by addition of the active 
ingredients into the nutrient medium of a cell culture or by 
local or systemic administration of the active ingredients in 
an organism. 

[0036] Bringing into contact in the meaning of this inven 
tion further comprises the conventional methods of prior art 
permitting the introduction of substances into intact cells, 
for instance infection, transduction, transfection and/or 
transformation and further methods knoWn to the man 
skilled in the art. These methods are in particular preferred, 
if the substances are viruses, naked nucleic acids, for 
instance antisense DNA and/or antisense RNA, viroids, 
virosomes and/or liposomes, and virosomes and liposomes 
are also suitable to introduce further active ingredients into 
the cell, beside a nucleic acid molecule. 

[0037] The determination of the effects on the virus mul 
tiplication takes for instance place by plaque assays or by 
determination of the HA units for comparing the virus titer 
of treated and not treated infected cells. 

[0038] Another preferred embodiment of the present 
invention relates to a method for preparing a drug for the 
prophylaxis and/or therapy of at least one viral disease, said 
drug inhibiting the multiplication of viruses in the case of 
viral diseases, comprising the folloWing steps: a. executing 
a test system according to the invention, and b. reacting the 
identi?ed active ingredient(s) dosed in a physiologically 
effective dosage With at least one auxiliary and/or additional 
substance and a de?ned galenic preparation. 

[0039] Preferably, the active ingredient according to the 
present invention is prepared for the local or systemic 
administration into an organism by means of the methods 
and auxiliary and/ or additional sub stances knoWn to the man 
skilled in the art to a drug. 

[0040] Suitable auxiliary and additional substances for 
instance serving for the stabiliZation or preservation of the 
drug or diagnostic agent are Well knoWn to the man skilled 
in the art (see eg Sucker H. et al., (1991) PharmaZeutische 
Technologie, 2nd edition, Georg Thieme Verlag, Stuttgart). 
Examples for such auxiliary and/or additional substances are 
physiological common salt solutions, Ringer’s dextrose, 
dextrose, Ringer’s lactate, demineraliZed Water, stabilisa 
tors, antioxidants, complex-forming agents, antimicrobial 
compounds, proteinase inhibitors and/or inert gases. 

[0041] The local administration may for instance nasally 
or aerogenically be made on the skin, on the mucous 
membrane, into a body cavity, into an organ, into a joint or 
into the connective tissue. The systemic administration takes 
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preferably place into the blood cycle, into the peritoneal 
cavity or into the abdominal cavity. 

[0042] The drug preparation comprising the active ingre 
dient according to the invention depends on the type of 
active ingredient and the Way of administration and may for 
instance be a solution, a suspension, an ointment, a poWder, 
a spray, or another inhalation preparation. Preferably, nucle 
otide sequences are inserted by methods Well knoWn to the 
man skilled in the art into a viral vector or a plasmid and 
reacted With auxiliary substances for the cell transfection. To 
these auxiliary substances belong for instance cationic poly 
mers or cationic lipids. Antisense oligonucleotides are 
derivatiZed by methods familiar to the man skilled in the art, 
in order to protect them from enZymatic degradation by 
DNAses or RNAses. 

[0043] The active ingredient according to the invention 
may be present in the form of a salt, ester, amide or as a 
pre-stage, and preferably only such modi?cations of the 
active ingredient are used, Which do not cause any excessive 
toxicity, irritations or allergic reactions of the patient. 

[0044] The active ingredient is mixed under sterile con 
ditions With a physiologically acceptable carrier substance 
and potential preservation agents, buffers or driving agents, 
depending on the application. Such carrier substances for the 
drug preparations are familiar to the man skilled in the art. 

[0045] Preferably, the active ingredient according to the 
invention is administered in a one-time dose, in particular 
preferably in several doses, and the individual doses do not 
exceed the maximum tolerable dose (MTD) of the respective 
active ingredient for man. Preferably, a dose is selected, 
Which is half the MTD. The daily dose may be administered 
once a day or in several portions over the day, preferably in 
approximately identical intervals. 

[0046] According to the present invention, the adminis 
tration may take place either locally or systemically, only on 
one day or daily over several days or at every second or third 
day over several Weeks, until a therapeutic effect is visible. 

EXAMPLE 1 

Test System for Identifying Antiviral Active 
Ingredients 

[0047] By means of retroviral transduction of the human 
lung epithelial cells A549, the canine kidney epithelial cells 
MDCK and the monkey cells Vero, cell lines Were prepared, 
Which stably express either a dominant-negative form of the 
IKK (IKK KD) or a dominant-interfering mutated form of 
the inhibitor of NF-kB, mIkB. Furthermore, corresponding 
lines Were also generated, Which express an active form of 
the IKK (IKK EE). The constructs as Well as their e?iciency 
With regard to the NF-kB mediated gene expression in cells 
Were already described (Denk et al., J Biol Chem 276, 
28451-28458, 2001). 
[0048] For generating the stable cell lines, the respective 
cDNAs for IKK KD, mIkB and IKK BB were cloned in 
sense orientation into the retroviral expression vector 
pCFG5 IEGZ (Kuss et al., Eur J Immunol 29, 3077-3088, 
1999). Beside the messenger RNA of the ‘gene of interest’, 
the vector DNA also codes for the messenger RNA of the 
“green ?uorescent protein” (GFP), Which during the protein 
synthesis is expressed by an internal ribosome binding site. 
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This permits the identi?cation of stably transduced cells in 
the ?oW cytometry. Furthermore, the vector mediates a 
resistance against the antibiotic Zeocin. The various expres 
sion constructs and the empty vector Were transfected (Denk 
et al., J Biol Chem 276, 28451-28458, 2001) by means ofthe 
calcium phosphate precipitation method into the virus-pro 
ducing cell line @NX (Grignani et al., Cancer Res 58, 14-19, 
1998). The transfection e?iciency Was checked after 24 h by 
means of the GFP expression and Was in the order of 
70-80%. The cells Were then selected for approx. 2 Weeks 
With 1 mg/ml Zeocin in the medium. 

[0049] For the infection of the various target cells (A549, 
MDCK, Vero) With the recombinant viruses, the retrovirus 
containing medium supernatants of the virus-producing cell 
lines Were ?ltrated, reacted With 5 ug/ml Polybrene (Sigma) 
and given on fresh cells. The infection took place during tWo 
centrifugations (1,000 g) of 3 hours each on tWo successive 
days. Stably transduced cells Were selected 24 h after 
infection for another tWo Weeks With 400-600 ug/ml Zeocin 
in the medium supernatant. After the generation thus per 
formed of the stable cell lines, the latter as Well as Wild-type 
in?uenza A viruses Were infected as described beloW, and 
the virus titers of cells, Which stably carried the vector, IKK 
KD, mIkB and IKK BB, were determined in comparison to 
the titer from the supernatant of Wild-type cells. 

[0050] In parallel, MDCK cells Were transiently trans 
fected With the same constructs by means of the transfection 
reagent Lipofectamine (Life Technologies) according to 
standard methods (LudWig et al., J Biol Chem 276, 10990 
10998, 2001). The transfection e?iciencies Were >60%. 24 h 
after the transfection, same as for the stable lines, the 
infection by the in?uenza A virus strain foWl plague virus 
(FPV) With a multiplicity of the infection of 1 (M.O.I.=1) 
Was made. Another 24 h after the infection, the titers of the 
neWly formed viruses in the cell culture supernatant Were 
examined in standard plaque assays for MDCK cells. Here, 
too, the virus titer of in?uenZa A virus-infected cells, Which 
Were transfected either With the empty vector or constructs 

expressing IKK KD, mIkB and IKK EE, Was compared. 

[0051] The folloWing results Were obtained. The compari 
son of the virus titers of in?uenZa A virus-infected MDCK 
cells, Which before had been transfected either With the 
empty vector or a construct expressing IKK KD or mIkB, 
shoWed that in cells expressing IKK KD or mIkB, the 
multiplication of the viruses Was inhibited after 24 h by 
50-70%. Correspondingly, in the cells expressing the active 
form of IKK, IKK EE, an increase of the virus multiplication 
Was found. These results Were reproducible in several inde 
pendent batches. Corresponding results could also be 
obtained in the stable A549, MDCK and Vero cell lines 
expressing IKK KD, mIkB or IKK EE, and the biggest 
effects were observed in stably transfected A549 cells. Here 
an inhibition of the NF-kB activation by IKK KD or mIkB 
led to an up to 10-fold reduction of the virus titers, Whereas 
a constitutive activation of the signal pathWay by stable 
expression of IKK EE increased the virus yield by the factor 
10. These ?ndings shoW that the activation of IKK and 
NF-kB is essential for the in?uenZa virus multiplication, and 
that the speci?c inhibition of the IKK/NF-kB signal module 
s leads to a signi?cant reduction of the virus production. 
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EXAMPLE 2 

Inhibition of the Viral NF-kB Activation and 
Reduction of the In?uenza Viruses In Vitro 

2.1: Acetylsalicylic Acid (ASA). 
[0052] Salicylates, such as ASA or sulfasalaZines are 
Widely clinically used as pain alleviating and in?ammatory 
agents. NeWer publications shoW that these substances are 
direct and effective inhibitors of the IKK (Yin et al., Nature 
396, 77-80, 1998; Weber et al., Gastroenterology 119, 1209 
1218, 2000) and can inhibit in vitro the multiplication of 
in?uenza viruses (Huang and Dietsch, NeW Engl J Med 319, 
797, 1988). Thus, as a positive control, ASA Was used. Lung 
epithelial cells A549 Were treated With increasing concen 
trations of ASA in the range from 0.01 mM-5 mM. These 
concentrations remained in the culture medium during the 
full experiment. One hour after treatment the infection by 
the in?uenZa A virus strain foWl plague virus (FPV) With a 
multiplicity of the infection of 1 (M.O.I.=1) Was performed. 
Another 24 h after the infection, the titers of the neWly 
formed viruses in the cell culture supernatant Were examined 
in standard plaque assays for MDCK cells. 

[0053] In a second batch, MDCK cells Were treated one 
hour before the infection or tWo and four hours after the 
infection With 5 mM ASA. Infection and detection of the 
neWly formed viruses Was made as above. 

[0054] The folloWing results Were obtained. After com 
parison of the virus titers of A549 culture supernatants 24 h 
pi of not ASA treated to ASA treated cells, a concentration 
dependent inhibition of the virus multiplication Was found, 
Which hoWever Was only distinct With 5 mM and comprised 
here 2 log steps. A corresponding inhibiting e?‘ect (>2 log 
steps) of 5 mM ASA could also be observed for infected 
MDCK cells, and here an addition of ASA 4 h after the 
infection still caused a reduction of the virus titers by the 
factor 10. 

2.2 Pyrrolidine Dithiocarbamate (PDTC). 
[0055] Antioxidants such as pyrrolidine dithiocarbamate 
(PDTC) are su?iciently knoWn as inhibitors of NF-kB 
activation (a survey can be found in: Piette et al., Biol Chem 
378, 1237-1245, 1997). Therefore, it Was examined Whether 
this substance class is also inhibiting for the in?uenZa virus 
multiplication. A549 cells Were treated one hour before the 
infection With PDTC in concentrations of 3-24 micromolar. 
Infection and detection of the neWly formed viruses 24 h pi 
Was made as described for ASA in presence or absence of 
PDTC during the full experiment. 
[0056] The folloWing results Were obtained. PDTC treat 
ment, too, led to a concentration-dependent inhibition of the 
virus titers in A549 cells up to an approx. 10-fold reduction 
With administration of the maximum employed concentra 
tion of 24 micromolar. These data shoW that the IKK and 
NF-kB inhibiting agents ASA and PDTC, analogous to the 
e?‘ect of dominant-negative mutants from the NF-kB signal 
module, have a signi?cant inhibiting e?‘ect on the in?uenZa 
virus multiplication in cell culture. 

EXAMPLE 3 

E?‘ect of ASA on the In?uenZa Infection in the 
Mouse 

3 .1 IP/ Parenteral Administration. 

[0057] C57 Bl/6 mice Were nasally infected by 5,000 
pfu/20 pl in?uenZa virus (foWl plague virus, FPV). 30 min 
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before the infection, 500 pl ASA (50 mM=9 mg/ml PBS, 
Sigma-Aldrich Steinheim) Were i.p. injected, then ASA (50 
mM=9 mg/ml) Was administered continuously in drinking 
Water. For control purposes, PBS Was injected or adminis 
tered. Body Weight, death rate and survival time Were 
determined. 30 mice per group Were treated. 

[0058] The folloWing results Were obtained. Whereas in 
the control group, all animals died of in?uenZa, in the ASA 
group approx. 20% of the animals survived the infection. 
Further, the average survival time of the dead animals Was 
clearly longer than in the control group. ASA in concentra 
tions of 50 mM, hoWever, led to a distinct reduction of the 
body Weight because of the toxic dose. 

3 .2 Aerogenic Administration. 

[0059] C57 Bl/6 mice Were nasally infected by 5,000 
pfu/20 pl and 10,000 pfu/20 ml, respectively, in?uenZa virus 
(foWl plague virus, FPV). At the day 0 of treatment, 30 min 
after the infection, a tracheotube Was introduced into the 
mice after using an anesthetic (IP injection of 300 pl 
Ketamin/Rompun; Serum Werk Bernburg; Bayer AG 
Leverkusen), and by means of a nebuliZer (Hugo Sachs 
Elektronik-Harvard App. GmbH March-Hugstetten), aero 
sol (administration of 600 pl) comprising 2 mM (=0.36 
mg/ml PBS), 10 mM, 20 mM or 50 mM ASA (sigma 
Aldrich Steinheim) or for control purposes, PBS alone Was 
administered. This aerogenic administration of the sub 
stances to be tested Was repeated in some groups on days 1, 
2, 3 or 1, 2, 5 and 6. In other groups, the treatment With ASA 
Was performed on days 3, 4, 5, 6 after the infection. 5-6 
animals per group Were treated. Body Weight, death rate and 
survival time Were determined. In another experiment, after 
treatment With ASA on day 1, the animals Were killed on day 
3, and the virus concentration in the lung tissue Was deter 
mined. 

[0060] The folloWing results Were obtained. Smaller doses 
of ASA more clearly reduced the viruses in the lung than 
higher doses. ASA Was toxic beginning from 20 mM (reduc 
tion of the body Weight). Whereas in the control group all 
animals died of in?uenZa, in the groups treated With loW 
non-toxic doses (2 mM) of ASA, approx. 40% survived the 
infection. Further, the average survival time of the dead 
animals after ASA treatment Was clearly longer than for the 
control group. 

[0061] The results of the in vivo experiments according to 
examples 3.1 and 3.2 shoW that the single or multiple (up to 
3) daily aerogenic administration of ASA in loW non-toxic 
doses, i.e. doses from 0.1 mg/kg to 300 mg/kg body Weight, 
in particular 10 mg/kg to 100 mg/kg, preferably 20 mg/kg to 
50 mg/kg, for instance 30 mg/kg, Will lead to a distinct 
therapeutic e?‘ect against a fatal disease induced by nasal 
administration of the in?uenZa virus. The formulation 
should be selected such that the pharmaceutical composition 
to be aerogenically administered comprises ASA in concen 
trations beloW 2 mM, preferably 0.01 mM to 1.99 mM, most 
preferably 0.1 mM or 0.5 mM to 1.5 mM, for instance 1 mM. 
The liquid phase amount of aerosol has to be calculated and 
set up according to the above daily doses under consider 
ation of the employed concentration in the liquid phase. The 
latter may for instance be obtained With conventional spray 
ing devices, Which spray de?ned amounts of a solution as an 
aerosol. 
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1. A method for the prophylaxis or treatment of at least 
one viral disease comprising administering a physiologically 
effective dose of a pharmaceutical composition comprising 
at least one active ingredient inhibiting a component of the 
NF-kB signal transduction pathWay such that a virus mul 
tiplication is inhibited. 

2. The method of claim 1, Wherein the component of the 
NF-kB signal transduction pathWay is selected from the 
group consisting of tumor necrosis factor receptor associated 
factor (TRAF), NF-kB inducing kinase (NIK), mitogen 
activated protein kinase kinase kinase 1 (MEKKKl), mito 
gen-activated protein kinase kinase kinase 3 (MEKKK3), 
AKR mouse thymoma kinase (AKT), TGFB activated 
kinase (TAKl), inhibitor of NF-kB kinase alpha (lKKalpha), 
inhibitor of NF-kB kinase beta (lKKbeta), NEMO, inhibitor 
of kB (lkB), RELA (p65), C-REL, RELB, NF-kBl (p105), 
NF-kB2 (p100), P50, and P52. 

3. The method of claim 1, Wherein the active ingredients 
are selected from the group consisting of inhibitors of a 
kinase of the NF-kB signal transduction pathWay, e.g. non 
steroidal anti-in?ammatory substances inhibiting the NF-kB 
activation, comprising phenylalkyl acid derivatives, sulin 
dac, or derivatives of sulindac comprising sulindac sulphox 
ide, sulindac sulphone, sulindac sulphide or benzylamide 
sulindac analogues, salicylic acid derivatives comprising 
salicylic acid or acetylsalicylic acid, salcylamide, salaceta 
mide, ethenzamide, di?unisal, olsalazine or salazosulfapy 
ridine, curcumin, antioxidants comprising pyrrolidine 
dithiocarbamate (PDTC), oxicams comprising piroxicam, 
vitamin E and derivatives thereof comprising pentamethyl 
hydroxychroman (PMC), 17 beta oestradiol and derivatives 
thereof, polyphenoles of tea comprising (—)-epigallo-cat 
echin-3-gallate (EGCG), Bay11-7182, peptides inhibiting 
the interaction of at least tWo components of the NF-kB 
signal transduction pathWay, comprising peptides binding to 
NEMO, inhibitors of a proteosome comprising PS-341 and 
lactacystin, antisense oligonucleotides speci?cally adding to 
the DNA sequence or m-RNA sequence coding for a com 
ponent of the NF-kB signal transduction pathWay and inhib 
iting the transcription or translation thereof, comprising 
antisense nucleotide sequences speci?c for p65 or p50, 
dominant-negative mutants of a component of the NF-kB 
signal transduction pathWay, ds-oligonucleotides, suitable 
for the speci?c degradation of the mRNAs of a component 
of the NF-kB signal transduction pathWay by the RNAi 
technology, antibodies or antibody fragments speci?c for a 
component of the NF-kB signal transduction pathWay, or 
fusion proteins, containing at least one antibody fragment 
comprising a Fv fragment Which inhibits at least one com 
ponent of the NF-kB signal transduction pathWay. 

4. The method of claim 1, Wherein the viral disease is 
caused by an infection by RNA or DNA viruses comprising 
in?uenza viruses. 

5. A combination preparation for the prophylaxis or 
therapy of at least one viral disease comprising at least tWo 
different active ingredients, Wherein at least one active 
ingredient is selected from the group according to claim 3, 
Wherein the combination preparation is in the form of a 
mixture or as individual components for simultaneous or 
non-simultaneous application at identical or different admin 
istration sites. 

Nov. 2, 2006 

6. A combination preparation according to claim 5, 
Wherein at least one antivirally acting substance is 1-ada 
mantanamine, rimantadine, a neuraminidase inhibitor or a 
nucleoside analogue such as ribavirin. 

7. A method for the prophylaxis or therapy of an infection 
by negative-strand RNA viruses comprising in?uenza 
viruses or Boma viruses, comprising administering a physi 
ologically effective dose of the combination preparation of 
claim 5. 

8. The method of claim 7, Wherein the preparation is 
administered nasally, bronchially, or aerogenically, and 
Wherein the active ingredient is present in a concentration 
from 0.1 to 4 mM in the preparation, Wherein the total 
amount of the active ingredient per administration unit is in 
the range of 0.1 to 70 mg, Wherein the pharmaceutical 
composition is prepared for a daily dose of less than or equal 
to 70 mg. 

9. A test system for identifying active ingradients Which 
act on at least one component of the NF-kB signal trans 
duction pathWay such that a virus multiplication is substan 
tially inhibited comprising a) at least one cell infectible by 
at least one virus, said cell containing the NF-kB signal 
transduction pathWay and at least one virus infecting the 
cells, or b) at least one cell infected by at least one virus, said 
cell overexpressing the NF-kB signal transduction pathWay. 

10. A test system according to claim 9, Wherein the virus 
is an RNA or DNA virus comprising an in?uenza virus. 

11. A test system according to claim 9, Wherein the cell 
contains at least one overexpressed component of the NF-kB 
signal transduction pathWay in a constitutively active 
mutated form. 

12. A test system according to claim 9, Wherein at least 
one gene coding for at least one dominant-negative mutant 
of at least one component of the NF-kB signal transduction 
pathWay is overexpressed by the cell. 

13. A test system according to claim 9, Wherein the 
expression for at least one component of the NF-kB signal 
transduction pathWay is overexpressed in the cell. 

14. A method for identifying at least one active ingredient 
for the prophylaxis or therapy of viral diseases, said active 
ingredients substantially inhibiting the multiplication of 
viruses in viral diseases, comprising the folloWing steps: a) 
bringing at least one potential active ingredient into contact 
With at least one test system according to claim 9, b) 
determining the effect on the virus multiplication, and c) 
selecting a potential active ingredient if the virus multipli 
cation is reduced compared to an execution of step a) 
Without a potential active ingredient or With an active 
reference ingredient or With a control substance. 

15. A method for preparing a drug for the prophylaxis or 
therapy of at least one viral disease, said drug inhibiting the 
multiplication of viruses in the case of viral diseases, com 
prising the folloWing steps: a) executing a test system 
according to claim 9, b) reacting the identi?ed active ingre 
dient(s) in a physiologically effective dosage With at least 
one auxiliary or additional substance and a de?ned galenic 
preparation. 


