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Description

[0001] The present invention relates to RNA molecules consisting of or comprising SEQ ID Nos 117, 118 or 119 as
animmunostimulating agent/adjuvant and to compositions containing same, optionally comprising an additional adjuvant.
The present invention furthermore relates to a pharmaceutical composition or to a vaccine, each containing the above
RNA molecules as animmunostimulating agent, and optionally at least one additional pharmaceutically active component,
e.g. an antigenic agent. The present invention relates likewise to the use of the pharmaceutical composition or of the
vaccine for the treatment of cancer diseases, infectious diseases, allergies and autoimmune diseases etc. Likewise, the
present invention includes the use of the above RNA molecules for the preparation of a pharmaceutical composition for
the treatment of such diseases.

[0002] In both conventional and genetic vaccination, the problem frequently occurs that only a small and therefore
frequently inadequate immune response is brought about in the organism to be treated or inoculated. For this reason,
so-called adjuvants are frequently added to vaccines or pharmaceutically active components, that is to say substances
or compositions that are able to increase and/or influence in a targeted manner an immune response, for example to
an antigen. For example, it is known that the effectiveness of some injectable medicinal active ingredients can be
improved significantly by combining the active ingredient with an adjuvant which is capable of influencing the release of
the active ingredient into the host cell system and optionally its uptake into the host cells. In this manner it is possible
to achieve an effect that is comparable to the periodic administration of many small doses at regular intervals. The term
"adjuvant" conventionally refers in this context to acompound or composition that serves as a carrier or auxiliary substance
for immunogens and/or other pharmaceutically active compounds. Typically, the term "adjuvant" is to be interpreted in
a broad sense and refers to a broad spectrum of substances or stratagerms, that are able to increase the immunogenicity
of antigens incorporated into or coadministered with an adjuvant in question. Adjuvants furthermore may be divided,
without being limited thereto, into immune potentiators, antigenic delivery systems or even combinations thereof.
[0003] A number of compounds and compositions have been proposed as adjuvants in the art, for example Freund’s
adjuvant, metal oxides (aluminium hydroxide, etc.), alum, inorganic chelates or salts thereof, various paraffin-like oils,
synthetic resins, alginates, mucoids, polysaccharide compounds, caseinates, as well as compounds isolated from blood
and/or blood clots, such as, for example, fibrin derivatives, etc. However, such adjuvants in most cases produce unde-
sirable side-effects, for example skin irritation and inflammation at the site of administration. Even toxic side-effects, in
particular tissue necroses, are also observed in some cases. Unfortunately, in most cases these known adjuvants bring
about only inadequate stimulation of the cellular immune response, because only B-cells are activated.

[0004] Compounds isolated from animals, such as, for example, gelatin, are generally not suitable as adjuvants for
the purpose of immunostimulation. Although such compounds usually do not exibit a negative effect on the host organism
or the host cells in question, they typically migrate too rapidly from the injection site into the host organism or into the
host cells, so that the properties generally desired for an adjuvant, such as, for example, delayed release of an active
ingredient optionally injected together with the adjuvant, etc., are seldom achieved. Such rapid distribution can, in some
cases, be counteracted with tannins or other (inorganic) compounds. The metabolism of such additional, compounds
and their whereabouts in the body has not been fully explained, however. In this case too, therefore, it is reasonable to
assume that these compounds accumulate in the debris and thus considerably interfere with the filtration mechanisms,
for example the kidney, liver and/or spleen cells. Also, the property of gelatin of swelling when administered parenterally
can lead to unpleasant side-effects under in vivo conditions, such as, for example, swelling, in particular at the site of
administration, and to a feeling of iliness.

[0005] In the case of compounds isolated from blood and/or blood clots, such as, for example, fibrin derivatives, etc.,
immunostimulating effects have typically been demonstrated. However, most of these compounds, when administered
as adjuvants, are not suitable for that purpose because of their side-effects on the immune system (which occur in
parallel with the required immunogenic properties). For example, many of these compounds are categorised as allergenic
and in some circumstances lead to an excess reaction of the immune system which far exceeds the desired degree.
These compounds are therefore likewise unsuitable as adjuvants for immunostimulation for the mentioned reasons.
[0006] Accordingly, it is a first object of the present invention to provide immunostimulating agents, which act as
adjuvants and stimulate the innate immune system, preferably if administered in combination with other biologically
active compounds, in particular if administered together with immune-modulating compounds, more preferably in com-
bination with compounds, which specifically stimulate the adaptive immune system, such as antigens.

[0007] In this context, it is known that (unspecific) immunostimulating effects can also be produced by directly using
nucleic acids to trigger an unspecific (i.e. innate) immune response, e.g. with bacterial CpG-DNA sequences, which not
only serve for genetic information. For example, DNA is known to play a central role in the production of unspecific
immune responses. Bacterial DNA, for example, is known to act as "danger" signal to alert immune cells, such as
macrophages and dendritic cells and to promote protective Th1 polarized T cellimmune responses. Animmunostimulating
action appears to result from the presence of unmethylated CG (nucleic acid) motifs, and such CpG-DNA has therefore
been proposed as an immunostimulating agent as such (see e.g. US 5,663,153). CpG-DNA directly causes activation
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of members of the innate immune system yielding in up-regulation of co-stimulatory molecules and pro-inflammatory
cytokines. This immunostimulating property of DNA can also be achieved by DNA oligonucleotides which are stabilized
by phosphorothioate modification (see e.g. US 6,239,116). Such immunostimulating DNA may also be combined with
further immunostimulating compounds. E.g., US Patent 6,406,705 discloses immunostimulating compositions which
contain a synergistic combination of a CpG oligodeoxyribonucleotide and a non-nucleic acid compound to exert a
stimulating effect on the innate immune system.

[0008] However, the use of DNA to exert an unspecific inmune response can be less advantageous from several
points of view. DNA is decomposed only relatively slowly in vivo so that, when immunostimulating (foreign) DNA is used,
the formation of anti-DNA antibodies may occur, which has been confirmed in an animal model in mouse (Gilkeson et
al., J. Clin. Invest. 1995, 95: 1398-1402). Persistence of (foreign) DNA in the organism can thus lead to over-activation
of the immune system, which is known in mice to result in splenomegaly (Montheith et al., Anticancer Drug Res. 1997,
12(5): 421-432). Furthermore, (foreign) DNA can interact with the host genome and cause mutations, in particular by
integration into the host genome. For example, insertion of the introduced (foreign) DNA into an intact gene can occur,
which represents a mutation which can impede or even eliminate completely the function of the endogenous gene. As
a result of such integration events enzyme systems that are vital to the cell can be destroyed. However, there is also a
risk that the cell so changed will be transformed into a degenerate state. Such transformation may occur e.g. if, by the
integration of the (foreign) DNA, a gene that is critical for the regulation of cell growth is changed. Therefore, in processes
known hitherto, a possible risk of cancer formation cannot be ruled out when using (foreign) DNA as immunostimulating
agent.

[0009] Itistherefore generally more advantageous to use specific RNA molecules as a compound to elicit an (unspecific)
response of the innate immune system. In this context, the innate immune system as part of the immune system is the
dominant system of host defense in most organisms and comprises barriers such as humoral and chemical barriers
including, e.g., inflammation, the complement system and cellular barriers. Additionally, the innate immune system is
based on a small number of receptors, called pattern recognition receptors or pathogen associated molecular pattern
receptors (PAMP-receptors), such as members of the Toll-like receptor (TLR) family (see e.g. Trinchieri and Sher, Nature
reviews, Immunology, Volume 7, March 2007). Such TLRs are transmembrane proteins which recognize ligands of the
extracellular milieu or of the lumen of endosomes. Following ligand-binding they transduce the signal via cytoplasmic
adaptor proteins which leads to triggering of a host-defence response and entailing production of antimicrobial peptides,
proinflammatory chemokines and cytokines, antiviral cytokines, etc. (see e.g. Meylan, E., J. Tschopp, et al. (2006).
"Intracellular pattern recognition receptors in the host response." Nature 442(7098): 39-44).

[0010] To date, at least 10 members of Toll-like receptors (TLRs) have been identified in human and 13 in mice, which
are in part identified with respect to their mode of action. In humans, those Toll-like receptors (TLRs) include TLR1-TLR2
(known ligand: Triacyl lipopeptide), TLR1-TLR6 (known ligand: Diacyl lipopeptide), TLR2 (known ligand: Peptidoglycan),
TLR3 (known ligand: dsRNA), TLR4 (known ligand: LPS (lipopolysachharide) of Gram-negative bacteria)), TLR5 (known
ligand: bacterial flagellin(s)), TLR7/8 (known ligands: imidazoquinolines, guanosine (guanine) analogs and ssRNA),
TLR9 (known ligands: CpG DNA of bacteria, viruses and protozoans and malaria pigment hemozoin (product of digestion
of haemoglobin)) and TLR10. After recognition of microbial pathogens, these TLRs typically trigger intracellular signalling
pathways that result in induction of inflammatory cytokines (e.g. TNF-alpha, IL-6, IL-1-beta and IL-12), type | interferon
(IFN-beta and multiple IFN-alpha) and chemokines (Kawai, T. and S. Akira (2006). "TLR sighing." Cell Death Differ
13(5): 816-25).

[0011] In this context, RNAs are advanagous for several reasons. E.g., as known today and mentioned above, ssRNA
is capable of binding to TLR-7/-8 receptors and dsRNA is capable of binding to TLR receptors and thereby exerting an
immunostimulating effect. Furthermore, RNA as immunostimulating agent typically has a substantially shorter half-life
in vivo than DNA, thereby avoiding the above mentioned drawbacks of DNA. Nevertheless, the use of those specific
RNA molecules known as immunostimulating agents in the art also has some limitations. For example, the specific RNA
sequences disclosed hitherto in the art exhibit only limited immunostimulating capacities in vivo. This may require an
increased amount of RNA for immunostimulation, which, regardless of the increased costs owing to the increased
amounts of RNA to be administered, involves the risk of the mostly undesirable side-effects described generally here-
inbefore, for example irritation and inflammation at the site of administration, even if this may be the case for a limited
time window. Also, toxic side-effects cannot be ruled out when large amounts of the immunostimulating agent are
administered.

[0012] A further limitation is the low induction of type | interferons (e.g. IFNalpha and IFNbeta) by known immunos-
timulating RNA molecules which are important inducers of antiviral and antiproliferative activities and cytolytic activity
in lymphocytes, natural killer cells and macrophages.

[0013] Knownimmunostimulating dsRNA molecules are for instance poly A:U and poly 1:C. The disadvantage of these
immunostimulating dsRNA molecules, however, is their undefined length, which may lead to non-predictable molecular
structures and thereby to aggregates. Such aggregates may further lead to undesired side effects such as occlusion of
blood vessels or undue immunostimulation at the site of injection. Additionally, such non-predictable molecular structures
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represent a problem in daily laboratory and production routines as no adequate quality control may be carried out due
to variable product parameters. Here, a defined nucleic acid molecule exhibiting a defined length and structure and
being suitable as an adjuvant is preferred for pharmaceutical applications.

[0014] Despite the success of RNA demonstrated hitherto, there is therefore a continued need for, and considerable
interest in, improved immunostimulating agents which may exert by their own an immune response of the patient’s innate
immune system. Accordingly, it is a second object of the invention to provide immunostimulating agents which exert an
unspecific immune response by activating the patient’s innate immune system.

[0015] Bothobjects ofthe presentinvention are solved by the the provision of RNA molecules consisting of or comprising
SEQ ID Nos 117, 118 or 119. These inventive nucleic acid molecules activate the innate immune system, thus eliciting
an unspecific immune response. As adjuvants (e.g. as component of a vaccine), they may additionally support the
immunostimulating activity of a second compound specifically activating the adaptive immune sytem.

[0016] The RNA molecules of the invention are derived from a nucleic acid (molecule) of formula (1):

(NuGIXmGan)a’
wherein:
G is guanosine (guanine), uridine (uracil) or an analogue of guanosine (guanine) or uridine (uracil), preferably
guanosine (guanine) or an analogue thereof;
X is guanosine (guanine), uridine (uracil), adenosine (adenine), thymidine (thymine), cytidine (cytosine), or an an-
alogue of these nucleotides (nucleosides), preferably uridine (uracil) or an analogue thereof;
N is a nucleic acid sequence having a length of about 4 to 50, preferably of about 4 to 40, more preferably of about

4 to 30 or 4 to 20 nucleic acids, each N independently being selected from guanosine (guanine), uridine (uracil),
adenosine (adenine), thymidine (thymine), cytidine (cytosine) or an analogue of these nucleotides (nucleosides);
a is an integer from 1 to 20, preferably from 1 to 15, most preferably from 1 to 10;
| is an integer from 1 to 40,
wherein when | = 1, G is guanosine (guanine) or an analogue thereof,
when | > 1, at least 50% of these nucleotides (nucleosides) are guanosine (guanine) or an analogue
thereof;
m is an integer and is at least 3;
wherein when m = 3, X is uridine (uracil) or an analogue thereof, and
when m > 3, at least 3 successive uridines (uracils) or analogues of uridine (uracil) occur;
n is an integer from 1 to 40,
wherein when n = 1, G is guanosine (guanine) or an analogue thereof,
when n > 1, at least 50% of these nucleotides (nucleosides) are guanosine (guanine) or an analogue
thereof;
u,v  may be independently from each other an integer from 0 to 50,
preferably wherein whenu =0,v>1, or
whenv=0,u>1;

wherein the nucleic acid molecule of formula (I) according to the invention has a length of at least 50 nucleotides,
preferably of at least 100 nucleotides, more preferably of at least 150 nucleotides, even more preferably of at least 200
nucleotides and most preferably of at least 250 nucleotides.

[0017] The RNA molecule according to the invention is typically a nucleic acid, which may be a circular or linear RNA,
a single- or a double-stranded RNA (which may also be regarded as RNA due to non-covalent association of two single-
stranded RNASs) or a partially double-stranded RNA (which is typically formed by a longer and at least one shorter single-
stranded RNA molecule or by at least two single-stranded RNA-molecules, which are about equal in length, wherein
one or more single-stranded RNA molecules are in part complementary to one or more other single-stranded RNA
molecules and thus form a double-stranded RNA in this region), e.g. a (partially) single-stranded RNA, mixed with regions
of a (partially) double-stranded RNA. Preferably, the RNA molecule according to the invention may be in the form of a
single- or a double-stranded RNA more preferably a partially double-stranded RNA. It is also preferred that the RNA
molecule according to the invention is in the form of a mixture of a single-stranded nucleic and double stranded RNA.
[0018] It is particularly advantageous, if the inventive RNA molecule according to the invention is a partially double-
stranded RNA molecule, since such a (partially double-stranded) inventive RNA molecule can positively stimulate the
innate immune response in a patient to be treated by addressing the PAMP-(pathogen associated molecular pattern)
receptors for single-stranded RNA (TLR-7 and TLR-8) as well as the PAMP-receptors for double-stranded RNA (TLR-
3, RIG-1 and MDA-5). Receptors TLR-3, TLR-7 and TLR-8 are located in the endosome and are activated by RNA taken
up by the endosome. In contrast, RIG-1 and MDA-5 are cytoplasmic receptors, which are activated by RNA, which was
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directly taken up into the cytoplasm or which has been released from the endosomes (endosomal release or endosomal
escape). Accordingly, any partially double-stranded inventive RNA molecule is capable of activating different signal
cascades of immunostimulation and thus leads to an innate immune response or enhances such a response significantly.
[0019] The structure (N,GX,G,N,), of formula (I) from which the inventive RNA molecules are derived comprises
the element G X,,G,, as a core structure and additionally the bordering elements N, and/or N,,, wherein the whole element
N,GXmGyN, may occur repeatedly, i.e. at least once, as determined by the integer a. In this context, the inventors
surprisingly found, that an RNA molecule according to the invention, i.e. based on the structure (N,GX,G,N,), as-
defined above, leads to an increased innate immune response in a patient, which is particularly indicated by an increase
of IFNalpha release, when compared to administration of the inventive RNA molecules core structure G, X,,G,, as such.
Furthermore, a molecule comprising the above core structure G X,,G,, can be amplified in bacterial organisms with a
significantly better yield, when it is bordered by a repetitive element N, and/or N,, as defined in formula (1). This molecule
design is particularly advantageous when preparing an inventive RNA molecule by using in vitro transcription methods
instead of solid phase synthesis methods as known in the art, which are typically limited to a specific size of nucleic acids.
[0020] The core structure G X,G,, from which RNA molecules according to the invention are derived is defined more
closely in the following:

G in the nucleic acid molecule of formula (1) is a nucleotide or deoxynucleotide or comprises a nucleoside, wherein
the nucleotide (nucleoside) is guanosine (guanine) or uridine (uracil) or an analogue thereof, more preferably gua-
nosine (guanine) or an analogue thereof. In this connection, guanosine (guanine) or uridine (uracil) nucleotide
(nucleoside) analogues are defined as non-natively occurring variants of the naturally occurring nucleotides (nucl-
eoside) guanosine (guanine) and uridine (uracil). Accordingly, guanosine (guanine) or uridine (uracil) analogues
are typically chemically derivatized nucleotides (nucleoside) with non-natively occurring functional groups or com-
ponents, which are preferably added to, modified or deleted from the naturally occurring guanosine (guanine) or
uridine (uracil) nucleotide or which substitute the naturally occurring functional groups or components of a naturally
occurring guanosine (guanine) or uridine (uracil) nucleotide. Accordingly, each functional group or component of
the naturally occurring guanosine (guanine) or uridine (uracil) nucleotide may be modified or deleted therefrom,
namely the base component, the sugar (ribose) component, any naturally occurring functional side group and/or
the phosphate component forming the oligonucleotide’s backbone. The phosphate moieties may be substituted by
e.g. phosphoramidates, phosphorothioates, peptide nucleotides, methylphosphonates etc., however, naturally oc-
curring phosphodiester backbones still being preferred in the context of the present invention.

[0021] Accordingly, analogues of guanosine (guanine) or uridine (uracil) include, without implying any limitation, any
naturally occurring or non-naturally occurring guanosine (guanine) or uridine (uracil) that has been altered chemically,
for example by acetylation, methylation, hydroxylation, etc., including, for example, 1-methyl-guanosine (guanine), 2-
methyl-guanosine (guanine), 2,2-dimethyl-guanosine (guanine), 7-methyl-guanosine (guanine), dihydro-uridine (uracil),
4-thio-uridine (uracil), 5-carboxymethylaminomethyl-2-thio-uridine (uracil), 5-(carboxy-hydroxylmethyl)-uridine (uracil),
5-fluoro-uridine (uracil), 5-bromo-uridine (uracil), 5-carboxymethylaminomethyl-uridine (uracil), 5-methyl-2-thio-uridine
(uracil), N-uridine (uracil)-5-oxyacetic acid methyl ester, 5-methylaminomethyl-uridine (uracil), 5-methoxyaminomethyl-
2-thio-uridine (uracil), 5-methoxycarbonylmethyl-uridine (uracil), 5-methoxy-uridine (uracil), uridine (uracil)-5-oxyacetic
acid methyl ester, uridine (uracil)-5-oxyacetic acid (v). The preparation of such analogues is known to a person skilled
in the art, for example from US Patents 4,373,071, US 4,401,796, US 4,415,732, US 4,458,066, US 4,500,707, US
4,668,777, US 4,973,679, US 5,047,524, US 5,132,418, US 5,153,319, US 5,262,530 and 5,700,642. In the case of an
analogue as described above, preference is given according to the invention especially to those analogues that increase
the immunogenity of the RNA molecule according to the invention and/or do not interfere with a further modification that
has been introduced. At least one guanosine (guanine) or uridine (uracil) or an analogue thereof can occur in the core
structure elements G, and/or G, optionally at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% 90% or even 100% of
the nucleotides of the core structure elements G, and/or G, are a naturally occurring guanosine (guanine), a naturally
occurring uridine (uracil), and/or an analogue thereof and/or exhibit properties of an analogue thereof as defined herein.
Specifically, the core structure element G, and/or G, contains at least one analogue of a naturally occurring guanosine
(guanine) and/or a naturally occurring uridine (uracil) at all. Most specifically, all nucleotides (nucleosides) of these core
structure elements G, and/or G, are analogues, which may - most preferably - be identical analogues for the same type
of nucleotides (nucleosides) (e.g. all guanosine (guanine) nucleotides are provided as 1-methyl-guanosine (guanine))
or they may be distinct (e.g. at least two different guanosin analogues substitute the naturally occurring guanosin nu-
cleotide).

[0022] The number of nucleotides (nucleosides) of core structure element G (G, and/or G,)) is determined by | and n.
| and n, independently of one another, are each an integer from 1 to 100, 1 to 90, 1 to 80, 1 to 70, 1 to 60, preferably 1
to 50, yet more specifically 1 to 40, and even more specifically 1 to 30, wherein the lower limit of these ranges may be
1, but alternatively also 2, 3, 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
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30, or even more. Specifically, for each integer, when | and/or n = 1, G is guanosine (guanine) or an analogue thereof,
and when | or n> 1, atleast 50%, more specifically at least 50%, 60%, 70%, 80%, 90% or even 100% of the nucleotides
(nucleosides) of core structure element G (G, and/or G,)) are guanosine (guanine) or an analogue thereof. For example,
without implying any limitation, when | or n = 4, G, and/or G,, can be, for example, a GUGU, GGUU, UGUG, UUGG,
GUUG, GGGU, GGUG, GUGG, UGGG or GGGG, etc.; when | or n =5, G, and/or G,, can be, for example, a GGGUU,
GGUGU, GUGGU, UGGGU, UGGUG, UGUGG, UUGGG, GUGUG, GGGGU, GGGUG, GGUGG, GUGGG, UGGGG,
or GGGGG, etc.; etc. A nucleotide (nucleoside) of core structure elements G, and/or G, directly adjacent to X, is
advantageously not an uridine (uracil) or an analogue therof. More specifically nucleotides (nucleosides) of core structure
elements G, and/or G,, directly adjacent to X, are at least one guanosine (guanine) or an analogue thereof, more
preferably a stretch of at least 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or even 20 or more guanosines
(guanines) or an analogue thereof. Additionally, a nucleotide of core structure elements G, and/or G, directly adjacent
toN, e.g. N, and/or N, (or N,,1 or N,,» as defined below) is advantageously not an uridine (uracil) or an analogue therof.
More specifically, nucleotides (nucleosides) of core structure elements G, and/or G, directly adjacentto N, e.g. N, and/or
N, (or N4 or N,,» as defined below) are at least one guanosine (guanine) or an analogue thereof, more preferably a
stretch of at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or even 20 or more guanosines (guanines)
or an analogue thereof.

[0023] Likewise preferably, forformula (I), whenlorn>1,atleast60%, 70%, 80%, 90% oreven 100% of the nucleotides
(nucleosides) of the core structure elements G, and/or G,, are guanosine (guanine) or an analogue thereof, as defined
above. The remaining nucleotides (nucleosides) to 100% in the core structure elements G, and/or G, (when guanosine
(guanine) constitutes less than 100% of these nucleotides (nucleosides)) may then be uridine (uracil) or an analogue
thereof, as defined hereinbefore.

[0024] X, particularly X, in the nucleic acid molecule of formula (1) is also a core structure element and is a nucleotide
or deoxynucleotide or comprises a nucleoside, wherein the nucleotide (nucleoside) is typically selected from guanosine
(guanine), uridine (uracil), adenosine (adenine), thymidine (thymine), cytidine (cytosine) or an analogue thereof, prefer-
ably uridine (uracil) or an analogue thereof. In this connection, nucleotide (nucleoside) analogues are defined as non-
natively occurring variants of naturally occurring nucleotides (nucleosides). Accordingly, analogues are chemically deri-
vatized nucleotides (nucleosides) with non-natively occurring functional groups, which are advantageously added to or
deleted from the naturally occurring nucleotide (nucleoside) or which substitute the naturally occurring functional groups
of a nucleotide (nucleoside). Accordingly, each component of the naturally occurring nucleotide may be modified, namely
the base component, the sugar (ribose or desoxyribose) component and/or the phosphate component forming the
oligonucleotide’s backbone. The phosphate moieties may be substituted by e.g. phosphoramidates, phosphorothioates,
peptide nucleotides, methylphosphonates etc., wherein, however, the naturally occurring phosphodiester backbone is
still preferred. Specifically, at least 10%, more specifically at least 20 %, more specifically at least 30%, more specifically
at least 50%, more specifically at least 70% and even more specifically at least 90% of all "X" nucleotides may exhibit
properties of an analogue as defined herein, if the inventive nucleic acid contains at least one analogue at all. The
analogues substituting a specific nucleotide type within the core structure element "X " may be identical, e.g. all cytidine
(cytosine) nucleotides (nucleosides) occurring in the core structure element "X," are formed by a specific cytidine
(cytosine) analogue, e.g. 2-thio-cytidine (cytosine), or they may be distinct for a specific nucleotide (nucleosides), e.g.
at least two distinct cytidine (cytosine) analogues are contained within the core structure element "X,".

[0025] Analogues of guanosine (guanine), uridine (uracil), adenosine (adenine), thymidine (thymine), cytidine (cyto-
sine) include, without implying any limitation, any naturally occurring or non-naturally occurring guanosine (guanine),
uridine (uracil), adenosine (adenine), thymidine (thymine) or cytidine (cytosine) that has been altered chemically, for
example by acetylation, methylation, hydroxylation, etc., including 1-methyl-adenosine (adenine), 2-methyl-adenosine
(adenine), 2-methylthio-N6-isopentenyl-adenosine (adenine), N6-methyl-adenosine (adenine), N6-isopentenyl-adeno-
sine (adenine), 2-thio-cytidine (cytosine), 3-methyl-cytidine (cytosine), 4-acetyl-cytidine (cytosine), 2,6-diaminopurine,
1-methyl-guanosine (guanine), 2-methyl-guanosine (guanine), 2,2-dimethyl-guanosine (guanine), 7-methyl-guanosine
(guanine), inosine, 1-methyl-inosine, dihydro-uridine (uracil), 4-thio-uridine (uracil), 5-carboxymethylaminomethyl-2-thio-
uridine (uracil), 5-(carboxyhydroxylmethyl)-uridine (uracil), 5-fluoro-uridine (uracil), 5-bromo-uridine (uracil), 5-car-
boxymethylaminomethyl-uridine (uracil), 5-methyl-2-thio-uridine (uracil), N-uridine (uracil)-5-oxyacetic acid methyl ester,
5-methylaminomethyl-uridine (uracil), 5-methoxyaminomethyl-2-thio-uridine (uracil), 5-methoxycarbonylmethyl-uridine
(uracil), 5-methoxy-uridine (uracil), uridine (uracl)-5-oxyacetic acid methyl ester, uridine (uracil)-5-oxyacetic acid (v),
queosine, beta-D-mannosyl-queosine, wybutoxosine, and inosine. The preparation of such analogues is known to a
person skilled in the art, for example from US 4,373,071, US 4,401,796, US 4,415,732, US 4,458,066, US 4,500,707,
US 4,668,777, US 4,973,679, US 5,047,524, US 5,132,418, US 5,153,319, US 5,262,530 and US 5,700,642. In the
case of an analogue as described above, particular preference is given according to the invention to those analogues
of nucleotides (nucleosides) that increase the immunogenity of the RNA molecule according to the invention and/or do
not interfere with a further modification that has been introduced.

[0026] The number of core structure element X in the nucleic acid molecule of formula (1) is determined by m. m is an
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integer and is typically at least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 20 to 30, 30 to 40, 40 to 50,
50 to 60, 60 to 70, 70 to 80, 80 to 90, 90 to 100, 100 to 150, 150 to 200, or even more, wherein when m = 3, X is uridine
(uracil) or an analogue thereof, and when m > 3, at least 3 or more directly successive uridines (uracils) or an analogue
thereof occur in the element X of formula (l) above. Such a sequence of at least 3 or more directly successive uridines
(uracils) is referred to in connection with this application as a "monotonic uridine (uracil) sequence". A monotonic uridine
(uracil) sequence typically has a length of at least 3, 4, 5, 6,7, 8,9 or 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 20 to
30, 30 to 40, 40 to 50, 50 to 60, 60 to 70, 70 to 80, 80 to 90, 90 to 100, 100 to 150, 150 to 200 uridines (uracils) or
optionally analogues of uridine (uracil) as defined above. Such a monotonic uridine (uracil) sequence occurs at least
once in the core structure element X of the nucleic acid molecule of formula (). It is therefore possible, for example, for
1,2, 3, 4, 5 or more monotonic uridine (uracil) sequences having at least 3 or more uridines (uracils) or analogues thereof
to occur, which monotonic uridine (uracil) sequences can be interrupted in the core structure element X by at least one
guanosine (guanine), adenosine (adenine), thymidine (thymine), cytidine (cytosine) or an analogue thereof, preferably
2, 3,4, 5 or more. For example, when m = 3, X, is a UUU. When m = 4, X, can be, for example, without implying any
limitation, a UUUA, UUUG, UUUC, UUUU, AUUU, GUUU or CUUU, etc. When n = 10, X, can be, for example, without
implying any limitation, a UUUAAUUUUC, UUUUGUUUUA, UUUGUUUGUU, UUGUUUUGUU, UUUUUUUUUU, etc.
The nucleotides of X, adjacent to G, or G,, of the nucleic acid molecule of formula () preferably comprise uridine (uracil)
or analogues thereof. When m > 3, typically at least 50%, preferably at least 60%, 70%, 80%, 90% or even 100%, of
the nucleotides of X, are uridine (uracil) or an analogue thereof, as defined above. The remaining nucleotides of X, to
100% (where there is less than 100% uridine (uracil) in the sequence X,,,) are then guanosine (guanine), uridine (uracil),
adenosine (adenine), thymidine (thymine), cytidine (cytosine) or an analogue thereof, as defined above.

[0027] Theinventive RNAmolecule derived fromformula (1) above may also contain bordering element N. The bordering
element N is typically a nucleic acid sequence having a length of about 4 to 50, specifically of about 4 to 40, more
specifically of about 4 to 30 nucleotides (nucleosides), even more specifically of about 4 to 20 nucleotides (nucleosides),
wherein the lower limit of these ranges alternatively also may be 5, 6, 7, 8, 9, 10, or more. Specifically, the nucleotides
(nucleosides) of each N are independently selected from guanosine (guanine), uridine (uracil), adenosine (adenine),
thymidine (thymine), cytidine (cytosine) and/or an analogue thereof. In other words, bordering element N in the nucleic
acid molecule of formula (I) may be a sequence, which may be composed of any (random) sequence, available in the
art, each N independently selected from guanosine (guanine), uridine (uracil), adenosine (adenine), thymidine (thymine),
cytidine (cytosine) and/or an analogue of these nucleotides, or from a homopolymer of these nucleotides (nucleotides),
in each case provided, that such a sequence has a length of about 4 to 50, specifically of about 4 to 40, more specifically
of about 4 to 30 nucleotides (nucleotides) and even more specifically of about 4 to 30 or 4 to 20 nucleotides (nucleosides)
according to the above definition.

[0028] More specifically, N may be a nucleic acid sequence within the above definitions, wherein the sequence typically
comprises not more than 2 identical nucleotides (nucleosides) as defined above in a directly neighboring position, i.e.
the sequence typically comprises no stretches of more than two identical nucleotides (nucleosides) selected from ade-
nosine (adenine), cytidine (cytosine), uridine (uracil) and/or guanosine (guanine), and/or an analogue thereof (i.e. a
stretch of "aa", "cc", "uu", "gg" and/or an analogue thereof), more preferably no such stretch, i.e. no identical nucleotides
(nucleosides) as defined above in a directly neighboring position. Additionally or alternatively, N may be a nucleic acid
sequence within the above definitions, wherein the sequence typically comprises a content of adenosine (adenine) an
analogue thereof specifically of about 0 to 50%, 5 to 45% or 10 to 40%, more specifically of about 15 to 35%, even more
specifically of about 20 to 30%, and most specifically of about 25%; a content of uridine (uracil) or an analogue thereof
specifically of about 0 to 50%, 5 to 45%, or 10 to 40%, more specifically of about 15 to 35%, even more specifically of
about 20 to 30%, and most specifically of about 25%; a content of cytidine (cytosine) or an analogue thereof specifically
of about 0 to 50%, 5 to 45%, or 10 to 40%, more specifically of about 15 to 35%, even more specifically of about 20 to
30%, and most specifically of about 25%; a content of guanosine (guanine) or an analogue thereof specifically of about
0to 50%, 5 to 45%, or 10 to 40%, more specifically of about 15 to 35%, even more specifically of about 20 to 30%, and
most specifically of about 25%. Most specifically, N may be a nucleic acid sequence within the above definitions, wherein
the sequence typically comprises a content of each adenosine (adenine), guanosine (guanine), cytidine (cytosine) and
uridine (uracil) of about 25%. Examples of such sequences of N include e.g. agcu, aguc, augc, acgu, gcua, gcau, gacu,
guca, cuag, caug, cagu, cgau, uagc, uacg, ucga, ucag, agcugcua, gcaucaug, caguucga, etc.,

[0029] The number of bordering element N in the nucleic acid molecule of formula (1), i.e. its repetition, is determined
by integers u and/or v. Thus, N in the nucleic acid molecule of formula (I) may occur as a (repetitive) bordering element
N, and/or N,,, wherein u and/or v may be, independently from each other, an integer from 0 or 1 to 100, more specifically
from 0 or 1 to 50, even more specifically from 0 or 1 to 40, and most specifically from 0 or 1 to 30, e.g. 0 or 1 to 5. 10
20, 25, or 30; or from 5 to 10, 10 to 15, 15 to 20, 20 to 25 or 25 to 30. More specifically, at least one (repetitive) bordering
element N, and/or N,, may be presentin formula (1), i.e. either u or v are not 0, more preferably, both (repetitive) bordering
elements N, and/or N, are present, even more preferably in the above definitions.

[0030] Additionally, the combination of core structure elements and bordering elements to the element NG X,G,N,,
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may occur as repetitive elements according to formula (1), (N,GX,G,N,),, as defined above, wherein the number of
repetitions of the combined element according to formula (1), (N,G,X,G,N,),, is determined by the integer a. specifically,
a is an integer from about 1 to 100, 1 to 50, 1 to 20, more specifically an integer from about 1 to 15, most specifically
an integer from about 1 to 10. In this context, the repetitive elements N,GX,G,N, may be equal or different from each

other.

[0031] Formula (I) (N,GX,G,N,),, as defined above, may comprise a core structure G X,G,,, selected from at least

one of the following sequences of SEQ ID NOs: 1-80:

- GGUUUUUUUUUUUUUUUGGG (SEQ ID NO: 1);
- GGGGGUUUUUUUUUUGGGGG (SEQ ID NO: 2);
-  GGGGGUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUGGGGG (SEQ ID NO: 3);
- GUGUGUGUGUGUUUUUUUUUUUUUUUUGUGUGUGUGUGU (SEQ ID NO: 4);
- GGUUGGUUGGUUUUUUUUUUUUUUUUUGGUUGGUUGGUU (SEQ ID NO: 5);
-  GGGGGGGGGUUUGGGGGGGGE (SEQ ID NO: 6);
- GGGGGGGGUUUUGGGGGGGG (SEQ ID NO: 7);
-  GGGGGGGUUUUUUGGGGGGG (SEQID NO: 8);
-  GGGGGGGUUUUUUUGGGGGG (SEQ ID NO: 9);
-  GGGGGGUUUUUUUUGGGGGG (SEQ ID NO: 10);
-  GGGGGGUUUUUUUUUGGGGG (SEQ ID NO: 11);
-  GGGGGGUUUUUUUUUUGGGG (SEQ ID NO: 12)
-  GGGGGUUUUUUUUUUUGGGG (SEQ ID NO: 13);
-  GGGGGUUUUUUUUUUUUGGG (SEQ ID NO: 14)
- GGGGUUUUUUUUUUUUUGGG (SEQ ID NO: 15);
- GGGGUUUUUUUUUUUUUUGG (SEQ ID NO: 16);
- GGUUUUUUUUUUUUUUUUGG (SEQ ID NO: 17);
- GUUUUUUUUUUUUUUUUUUG (SEQ ID NO: 18);
-  GGGGGGGGGGUUUGGGGGGGGGE (SEQ ID NO: 19
-  GGGGGGGGGUUUUGGGGGGGGGE (SEQ ID NO: 20
-  GGGGGGGGUUUUUUGGGGGGGG (SEQ ID NO: 21
-  GGGGGGGGUUUUUUUGGGGGGG (SEQ ID NO: 22
-  GGGGGGGUUUUUUUUGGGGGGG (SEQ ID NO: 23
-  GGGGGGGUUUUUUUUUGGGGGG (SEQ ID NO: 24
-  GGGGGGGUUUUUUUUUUGGGGG (SEQ ID NO: 25
-  GGGGGGUUUUUUUUUUUGGGGG (SEQ ID NO: 26
-  GGGGGGUUUUUUUUUUUUGGGG (SEQ ID NO: 27
-  GGGGGUUUUUUUUUUUUUGGGG (SEQ ID NO: 28
- GGGGGUUUUUUUUUUUUUUGGG (SEQ ID NO: 29
- GGGUUUUUUUUUUUUUUUUGGG (SEQ ID NO: 30
- GGUUUUUUUUUUUUUUUUUUGG (SEQ ID NO: 31);
-  GGGGGGGGGGGUUUGGGGGGGGGGE (SEQ ID NO: 32);
-  GGGGGGGGGGUUUUGGGGGGGGGGE (SEQ ID NO: 33);
-  GGGGGGGGGUUUUUUGGGGGGGGG (SEQ ID NO: 34);
-  GGGGGGGGGUUUUUUUGGGGGGGG (SEQ ID NO: 35);
-  GGGGGGGGUUUUUUUUGGGGGGGG (SEQ ID NO: 36);
-  GGGGGGGGUUUUUUUUUGGGGGGG (SEQ ID NO: 37);
-  GGGGGGGGUUUUUUUUUUGGGGGG (SEQ ID NO: 38);
-  GGGGGGGUUUUUUUUUUUGGGGGG (SEQ ID NO: 39);
-  GGGGGGGUUUUUUUUUUUUGGGGG (SEQ ID NO: 40);
- GGGGGGUUUUUUUUUUUUUGGGGG (SEQID NO: 41)
-  GGGGGGUUUUUUUUUUUUUUGGGG (SEQ ID NO: 42);
- GGGGUUUUUUUUUUUUUUUUGGGG (SEQ ID NO: 43);
- GGGUUUUUUUUUUUUUUUUUUGGG (SEQ ID NO: 44);
- GUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUG (SEQ ID NO: 45);
- GGUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUGG (SEQ ID NO: 46);
- GGGUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUGGG (SEQ ID NO: 47);
- GGGGUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUGGG (SEQ ID NO: 48);
-  GGGGGUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUGGGG (SEQ ID NO: 49);
-  GGGGGGUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUGGGGG (SEQ ID NO: 50);
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-  GGGGGGGUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUGGGGGG (SEQ ID NO: 51);

-  GGGGGGGGUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUGGGGGGG (SEQ ID NO: 52);

-  GGGGGGGGGUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUGGGGGGGG (SEQ ID NO: 53);
- GGUUUGG (SEQ ID NO: 54);

- GGUUUUGG (SEQ ID NO: 55);

- GGUUUUUGG (SEQ ID NO: 56);

- GGUUUUUUGG (SEQ ID NO: 57);

- GGUUUUUUUGG (SEQ ID NO: 58);

- GGUUUUUUUUGG (SEQ ID NO: 59);

- GGUUUUUUUUUGG (SEQ ID NO: 60);

- GGUUUUUUUUUUGG (SEQ ID NO: 61);

- GGUUUUUUUUUUUGG (SEQ ID NO: 62);

- GGUUUUUUUUUUUUGG (SEQ ID NO: 63);

- GGUUUUUUUUUUUUUGG (SEQ ID NO: 64);

- GGUUUUUUUUUUUUUUGG (SEQ ID NO: 65);

- GGUUUUUUUUUUUUUUUGG (SEQ ID NO: 66);

-  GGGUUUGGG (SEQ ID NO: 67);

- GGGUUUUGGG (SEQ ID NO: 68);

- GGGUUUUUGGG (SEQ ID NO: 69);

-  GGGUUUUUUGGG (SEQ ID NO: 70);

- GGGUUUUUUUGGG (SEQID NO: 71);

- GGGUUUUUUUUGGG (SEQ ID NO: 72);

- GGGUUUUUUUUUGGG (SEQ ID NO: 73);

- GGGUUUUUUUUUUGGG (SEQ ID NO: 74);

- GGGUUUUUUUUUUUGGG (SEQ ID NO: 75);

- GGGUUUUUUUUUUUUGGG (SEQ ID NO: 76);

- GGGUUUUUUUUUUUUUGGG (SEQ ID NO: 77);

- GGGUUUUUUUUUUUUUUUGGGUUUUUUUUUUUUUUUGGGUUUUUUUUUUUUUUUGGG (SEQ ID NO: 78);
- GGGUUUUUUUUUUUUUUUGGGGGGUUUUUUUUUUUUUUUGGG (SEQ ID NO: 79);

- GGGUUUGGGUUUGGGUUUGGGUUUGGGUUUGGGUUUGGGUUUGGGUUUGGG (SEQ ID NO: 80);

[0032] The inventive RNA molecule may be derived from an alternative nucleic acid molecule according to formula (la)

(NuCIXanNv)a
wherein:
C is cytidine (cytosine), uridine (uracil) or an analogue of cytidine (cytosine) or uridine (uracil), preferably cytidine
(cytosine) or an analogue thereof;
X is guanosine (guanine), uridine (uracil), adenosine (adenine), thymidine (thymine), cytidine (cytosine) or an an-
alogue of the above-mentioned nucleotides (nucleosides), preferably uridine (uracil) or an analogue thereof;
N is each a nucleic acid sequence having independent from each other a length of about 4 to 50, preferably of

about 4 to 40, more preferably of about 4 to 30 or 4 to 20 nucleic acids, each N independently being selected
from guanosine (guanine), uridine (uracil), adenosine (adenine), thymidine (thymine), cytidine (cytosine) or an
analogue of these nucleotides (nucleosides);
a is an integer from 1 to 20, preferably from 1 to 15, most preferably from 1 to 10;
| is an integer from 1 to 40,
wherein when | = 1, C is cytidine (cytosine) or an analogue thereof,
when | > 1, at least 50% of these nucleotides (nucleosides) are cytidine (cytosine) or an analogue
thereof;
m is an integer and is at least 3;
wherein when m = 3, X is uridine (uracil) or an analogue thereof,
when m > 3, at least 3 successive uridines (uracils) or analogues of uridine (uracil) occur;
n is an integer from 1 to 40,
wherein when n = 1, C is cytidine (cytosine) or an analogue thereof,
when n > 1, at least 50% of these nucleotides (nucleosides) are cytidine (cytosine) or an analogue
thereof.
u,v  may be independently from each other an integer from 0 to 50,

10



10

15

20

25

30

35

40

45

50

55

EP 2 176 408 B9

preferably wherein whenu=0,v>1, or
whenv=0,u>1;

wherein the nucleic acid molecule of formula (la) has a length of at least 50 nucleotides, or of at least 100 nucleotides,
or of at least 150 nucleotides, or of at least 200 nucleotides or of at least 250 nucleotides.

[0033] Forformula (la), any of the definitions given above for elements N (i.e. N, and N,) and X (X,,), particularly the
core structure as defined above, as well as for integers a, |, m, n, u and v, similarly apply to elements of formula (la)
correspondingly, wherein in formula (la) the core structure is defined by C,X,,,C,,. The definition of bordering elements
N, and N, is identical to the definitions given above for N, and N,,.

[0034] More particularly, C in the nucleic acid molecule of formula (la) is a nucleotide or deoxynucleotide or comprises
anucleoside, wherein the nucleotide (nucleoside) is typically cytidine (cytosine) or uridine (uracil) or an analogue thereof.
In this connection, cytidine (cytosine) or uridine (uracil) nucleotide analogues are defined as non-natively occurring
variants of naturally occurring cytidine (cytosine) or uridine (uracil) nucleotides. Accordingly, cytidine (cytosine) or uridine
(uracil) analogues are chemically derivatized nucleotides (nucleosides) with non-natively occurring functional groups,
which are preferably added to or deleted from the naturally occurring cytidine (cytosine) or uridine (uracil) nucleotide
(nucleoside) or which substitute the naturally occurring functional groups of a cytidine (cytosine) or uridine (uracil)
nucleotide (nucleoside). Accordingly, each component of the naturally occurring cytidine (cytosine) or uridine (uracil)
nucleotide may be modified, namely the base component, the sugar (ribose) component and/or the phosphate component
forming the oligonucleotide’s backbone. The phosphate moieties may be substituted by e.g. phosphoramidates, phos-
phorothioates, peptide nucleotides, methylphosphonates etc., wherein the naturally occurring phosphodiester backbone
is still preferred.

[0035] Accordingly, analogues of cytidine (cytosine) or uridine (uracil) include, without implying any limitation, any
naturally occurring or non-naturally occurring cytidine (cytosine) or uridine (uracil) that has been altered chemically, for
example by acetylation, methylation, hydroxylation, etc., including, for example, 2-thio-cytidine (cytosine), 3-methyl-
cytidine (cytosine), 4-acetyl-cytidine (cytosine), dihydro-uridine (uracil), 4-thio-uridine (uracil), 5-carboxymethylaminome-
thyl-2-thio-uridine (uracil), 5-(carboxy-hydroxylmethyl)-uridine (uracil), 5-fluoro-uridine (uracil), 5-bromo-uridine (uracil),
5-carboxymethylaminomethyl-uridine (uracil), 5-methyl-2-thio-uridine (uracil), N-uridine (uracil)-5-oxyacetic acid methyl
ester, 5-methylaminomethyl-uridine (uracil), 5-methoxyaminomethyl-2-thio-uridine (uracil), 5’-methoxycarbonylmethyl-
uridine (uracil), 5-methoxy-uridine (uracil), uridine (uracil)-5-oxyacetic acid methyl ester, uridine (uracil)-5-oxyacetic acid
(v). The preparation of such analogues is known to a person skilled in the art, for example from US 4,373,071, US
4,401,796, US 4,415,732, US 4,458,066, US 4,500,707, US 4,668,777, US 4,973,679, US 5,047,524, US 5,132,418,
US 5,153,319, US 5,262,530 and US 5,700,642. In the case of an nucleotide (nucleoside) analogue as described above,
preference is given according to the invention especially to those analogues that increase the immunogenity of the RNA
molecule according to the invention and/or do not interfere with a further modification that has been introduced. At least
one cytidine (cytosine) or uridine (uracil) or an analogue thereof can occur in the core structure elements C4 and/or C,,
optionally at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% 90% or even 100% of the nucleotides (nucleosides) of
the core structure elements C,and/or C, are a naturally occurring cytidine (cytosine), a naturally occurring uridine (uracil),
and/or an analogue thereof and/or exhibit properties of an analogue thereof as defined herein. Specifically, the core
structure element C, and/or C, contains atleast one analogue of a naturally occurring cytidine (cytosine) and/or a naturally
occurring uridine (uracil) at all. More specifically, all nucleotides (nucleosides) nf these core structure elements C; and/or
C,, are analogues, which may - advantageously - be identical analogues for the same type of nucleotides (nucleosides)
(e.g. all cytidine (cytosine) nucleotides are provided as 2-thio-cytidine (cytosine)) or they may be distinct (e.g. at least
two different cytidine (cytosine) analogues substitute the naturally occurring cytidine (cytosine) nucleotide).

[0036] The number of nucleotides (nucleosides) of core structure element C (C, and/or C,)) in the nucleic acid molecule
of formula (la) is determined by | and n. | and n, independently of one another, are each an integer from 1 to 90, 1 to
80, 1to 70, 1 to 60, preferably 1 to 50, yet more preferably 1 to 40, and even more preferably 1 to 30, wherein the lower
limit of these ranges may be 1, but alternatively also 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24, 25, 26, 27, 28, 29, 30, or even more. Specifically or each integer, when | and/or n = 1, C is cytidine (cytosine)
or an analogue thereof, and when | or n > 1, at least 50%, more specifically at least 50%, 60%, 70%, 80%, 90% or even
100% of the nucleotides (nucleosides) of core structure element C (C, and/or C) are cytidine (cytosine) or an analogue
thereof. For example, without implying any limitation, when | or n = 4, C, and/or C, can be, for example, a CUCU, CCUU,
UCUC, UUCC, CUUC, CCCU, CCUC, CUCC, UCCC or CCCC, etc.; when | or n =5, C,and/or C,, can be, for example,
a CCCUU, ccucu, cuccu, uccceu, uccuc, ucuce, uucce, cucuc, ccceceu, cceuc, ccuceece, cucce,
UCCCC, or CCCCC, etc.; etc. A nucleotide (nucleoside) of core structure elements C, and/or C,, directly adjacent to X,
in the nucleic acid molecule of formula (la) is specifically not an uridine (uracil) or an analogue therof. More specifically
nucleotides (nucleosides) of core structure elements C; and/or C, directly adjacent to X, in the nucleic acid molecule
of formula (la) are at least one cytidine (cytosine) or an analogue thereof, more specifically a stretch of at least 2, 3, 4,
5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19 or even 20 or more cytidines (cytosines) or an analogue thereof.
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Additionally, a nucleotide (nucleoside) of core structure elements C, and/or C, directly adjacent to N, e.g. N, and/or N,,
(or N4 or N,,» as defined below) in the nucleic acid molecule of formula (la) is advantageously not an uridine (uracil) or
an analogue therof. More specifically, nucleotides (nucleosides) of core structure elements C, and/or C,, directly adjacent
to N, e.g. Ny, and/or N, (or N4 or N,,», as defined below) in the nucleic acid molecule of formula (la) are at least one
cytidine (cytosine) or an analogue thereof, more specifically a stretch of atleast 2, 3, 4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17. 18, 19 or even 20 or more cytidines (cytosines) or an analogue thereof. Likewise advantageously, for formula
(la), when 1 orn > 1, at least 60%, 70%, 80%, 90% or even 100% of the nucleotides of the core structure elements C,
and/or C,, are cytidine (cytosine) or an analogue thereof, as defined above. The remaining nucleotides (nucleosides) to
100% inthe core structure elements C,and/or C,, (when cytidine (cytosine) constitutes less than 100% of these nucleotides
(nucleosides)) may then be uridine (uracil) or an analogue thereof, as defined hereinbefore.

[0037] X, particularly X, as a further core structure element in the nucleic acid molecule according to formula (la), is
advantageously as defined above for formula (I). The number of core structure element X in the nucleic acid molecule
of formula (la) is determined by m. m is an integer and is typically at least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,14, 15, 16,
17,18, 19, 20, 20 to 30, 30 to 40, 40 to 50, 50 to 60, 60 to 70, 70 to 80, 80 to 90, 90 to 100, 100 to 150, 150 to 200, or
even more, wherein when m = 3, X is uridine (uracil) or an analogue thereof, and when m > 3, at least 3 or more directly
successive uridines (uracils) or an analogue thereof occur in the element X of formula (la) above. Such a sequence of
at least 3 or more directly successive uridines (uracils) is referred to in connection with this application as a "monotonic
uridine (uracil) sequence". A monotonic uridine (uracil) sequence typically has a length of at least 3, 4, 5,6, 7, 8,9 or
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 20 to 30, 30 to 40, 40 to 50, 50 to 60, 60 to 70, 70 to 80, 80 to 90, 90 to 100,
100 to 150, 150 to 200 uridines (uracils) or optionally analogues of uridine (uracil) as defined above. Such a monotonic
uridine (uracil) sequence occurs at least once in the core structure element X of the nucleic acid molecule of formula
(1a). It is therefore possible, for example, for 1, 2, 3, 4, 5 or more monotonic uridine (uracil) sequences having at least
3 or more uridines (uracils) or analogues thereof to occur, which monotonic uridine (uracil) sequences can be interrupted
in the core structure element X by at least one guanosine (guanine), adenosine (adenine), thymidine (thymine), cytidine
(cytosine) or an analogue thereof, advantageously 2, 3, 4, 5 or more. For example, when m = 3, X, is a UUU. When m
=4, X, can be, for example, without implying any limitation, a UUUA, UUUG, UUUC, UUUU, AUUU, GUUU or CUUU,
etc. When n =10, X,,, can be, for example, without implying any limitation, a UUUAAUUUUC, UUUUGUUUUA, UUUG-
UUUGUU, UUGUUUUGUU, UUUUUUUUUU, etc. The nucleotides (nucleosides) of X, adjacent to C, or C,,, of the
nucleic acid molecule of formula (la) advantageously comprise uridine (uracil) or analogues thereof. When m > 3, typically
at least 50%, preferably at least 60%, 70%, 80%, 90% or even 100%, of the nucleotides of X, are uridine (uracil) or an
analogue thereof, as defined above. The remaining nucleotides (nucleosides) of X,,, to 100% (where there is less than
100% uridine (uracil) in the sequence X,,,) may then be guanosine (guanine), uridine (uracil), adenosine (adenine),
thymidine (thymine), cytidine (cytosine) or an analogue thereof, as defined above.

[0038] Likewise, the nucleic acid according formula (la) above contains a bordering element N, particularly N, and/or
N,, wherein the bordering element N, particularly N, and/or N,,, as well as integers x and y are as defined above.
[0039] The element N,C,X,,C,N, may occur as a repetitive element according to the nucleic acid molecule of formula
(la) (N,CXC,N,),, as defined above, wherein the number of repetitions of this element according to formula (la)
(N,CX,C,N,), is determined by the integer a. Specifically, a is an integer from about 1 to 100, 1 to 50, 1 to 20, more
specifically an integer from about 1 to 15, most specifically an integer from about 1 to 10. In this context, the repetitive
elements N,C,X,,C,,N, may be equal or different from each other.

[0040] The molecule of formula (la) (N,C/X,,C,N,),, as defined above, may comprise a core structure CX,C,,, selected

n' v, m=n’
from at least one of the following sequences of SEQ ID NOs: 81-83:

- CCcuuuuuuuuyuuuuuucccuuuuyuuuuyuuuuuccCcuUUuUUUUUUUUUUUUCCC (SEQ ID NO: 81)
- CcCcuuucccuuucccuuucccuuucccuuucccuyucccuuucCccuuuccce (SEQ ID NO: 82)
- CCcuuuuuuuuuuuuuuuccccccuuuuuyuuuuyuuuuUCCC (SEQ ID NO: 83)

[0041] The nucleic acid molecule according to either formula (1) (or (la)), particularly each single repetitive element
NG XnGpN, (or N,C/X,CN,) thereof, may be single-stranded, double-stranded or partially double-stranded, etc. as
defined for formula (1) in general.

[0042] If the nucleic acid molecule according to either formula (I) (or (la)) is a single-stranded nucleic acid molecule,
the sequence is typically single-stranded over its entire length.

[0043] Likewise, if the nucleic acid molecule according to either formula (I) (or (la)) is a double-stranded nucleic acid
molecule, the sequence is typically double-stranded over its entire length.

[0044] If the nucleic acid molecule according to either formula (1) (or (la)) is a partially double-stranded nucleic acid
molecule, the nucleic acid sequence of a nucleic acid molecule of either formula (I) (or (la)) may be single-stranded in
the region outside the core structure GX,,G,, (or C,X,C,,), and double-stranded in the region of said core structure, the
core structure GX,G, (or C,X,C,)), being selected e.g. from at least one of the above defined sequences of SEQ ID
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NOs: 1-83. Even more preferably, the core structure G, X,,G,, (or CX,,,C,,) of (either) formula (I) (or (la)) may be double-
stranded in such a region of the core structure, wherein a stretch of uridines (uracils) occurs, most preferably over the
entire uridine (uracil) stretch or at least 60%, 70%, 80%, 90%, 95%, 98% or 99% thereof.

[0045] Alternatively or additionally, if the nucleic acid molecule according to either formula (I) or (la) is a partially
double-stranded nucleic acid molecule, other parts (than the core structure G X,,G,,)) of the nucleic acid molecule according
to formula (1) or (la) as defined above may be double-stranded. E.g., the nucleic acid sequence of a nucleic acid molecule
of either formula (1) or (la) may be double-stranded in the region outside the core structure G X,G,, (or CX,,C,), e.g. in
the bordering elements N, and/or N,, and single-stranded in the region of said core structure, the core structure G X,,G,
(or CX,C,), e.g. selected from at least one of the above defined sequences of SEQ ID NOs: 1-83. E.g. at least one of
the bordering elements N,, and/or N,, may be double-stranded, whereas the remaining elements of either formula (l) or
(la), e.g. the core structure G X,,G,, and/or other elements, may remain single-stranded.

[0046] Alternatively or additionally, the nucleic acid molecule according to formula (1) may be selected from a mixture
of a single-stranded nucleic acid molecule according to either formula (1) or (l1a) and a (partially) double-stranded nucleic
acid molecule according to either formula (1) (or (Ia)), preferably in a ratio of about 1:10 to 10:1, more preferably in a
ratio of 1:3 to 3:1.

[0047] According to the invention, the inventive RNA molecule may be selected from the following sequences:

SEQ ID NO: 117 (R821: (N4qUsoNy0)2)

GGGAGAAAGCUCAAGCUUAUCCAAGUAGGCUGGUCACCUGUACAACGUAGCCGGUAUUUUUUUUUUUUU
UUUUUUUUUGACCGUCUCAAGGUCCAAGUUAGUCUGCCUAUAAAGGUGCGGAUCCACAGCUGAUGARAG
ACUUGUGCGGUACGGUUAAUCUCCCCUUUUUUUUUUUUUUUUUUUUUAGUARAUGCGUCUACUGAAUCC
AGCGAUGAUGCUGGCCCAGAUC

or from SEQ ID NO: 118 (Seq R722: (N;4oU2oN40)s)

GGGAGAAAGCUCAAGCUUAUCCAAGUAGGCUGGUCACCUGUACAACGUAGCCGGUAUUUUUUUUUUUUY
UUUUUUUUUGACCGUCUCAAGGUCCAAGUUAGUCUGCCUAUAAAGGUGCGGAUCCACAGCUGAUGAAAG
ACUUGUGCGGUACGGUUAAUCUCCCCUUUUUTUUUUUUUUUUUUUUUAGUAAAUGCGUCUACUGAAUCC
AGCGAUGAUGCUGGCCCAGAUCUUCGACCACAAGUGCAUVAUAGUAGUCAUCGAGGGUCGCCUUTUUUUUU
UUUUUUUUUVUUUUUGGCCCAGUUCUGAGACUUCGCUAGAGACUACAGUUACAGCUGCAGUAGUAACCA
CUGCGGCUAUUGCAGGAAAUCCCGUUCAGGUUUUUUUUUUUUUUUUUUUUUCCGCUCACUAUGAUUAAG
AACCAGGUGGAGUGUCACUGCUCUCGAGGUCUCACGAGAGCGCUCGAUACAGUCCUUGGAAGAAUCUUU
UUUUUUUUUUUUUUUUUUUGUGCGACGAUCACAGAGAACUUCUAUUCAUGCAGGUCUGCUCUA

or from SEQ ID NO: 119 (R723: (N40U2N40)10)

GGGAGAAAGCUCAAGCUUAUCCAAGUAGGCUGGUCACCUGUACAACGUAGCCGGUAUUUUUUUUUUUUY
UUUUUUUUUGACCGUCUCAAGGUCCAAGUUAGUCUGCCUAUARAGGUGCGGAUCCACAGCUGAUGAAAG
ACUUGUGCGGUACGGUUAAUCUCCCCUUUUUUUUUUUUUUUUUUUUUAGUAAAUGCGUCUACUGARUCC
AGCGAUGAUGCUGGCCCAGAUCUUCGACCACAAGUGCAUAUAGUAGUCAUCGAGGGUCGCCUUUUUUUU
UUUUUUUUUUUUUUUGGCCCAGUUCUGAGACUUCGCUAGAGACUACAGUUACAGCUGCAGUAGUAARCCA
CUGCGGCUAUUGCAGGAAAUCCCGUUCAGGUUUUUUUUUUUUUUUUUUUUUCCGCUCACUAUGAUUAAG
AACCAGGUGGAGUGUCACUGCUCUCGAGGUCUCACGAGAGCGCUCGAUACAGUCCUUGGAAGAAUCUUU
UUUUTUUUUUUUUUUUUUUGUGCGACGAUCACAGAGAACUUCUAUUCAUGCAGGUCUGCUCUAGAACGA
ACUGACCUGACGCCUGAACUUAUGAGCGUGCGUAUUUUUUUUUUUUUUUUUUUUUUUCCUCCCAACAAA
UGUCGAUCAAUAGCUGGGCUGUUGGAGACGCGUCAGCAAAUGCCGUGGCUCCAUAGGACGUGUAGACUU
CUAUUUUUUUUUUUUUUUUUUUUUCCCGGGACCACAAAUAAUAUUCUUGCUUGGUUGGGCGCAAGGGCC
CCGUAUCAGGUCAUAAACGGGUACAUGUUGCACAGGCUCCUUUUUUUUUUUUUUUUUUUUUUUCGCUGA
GUUAUUCCGGUCUCAAAAGACGGCAGACGUCAGUCGACAACACGGUCUAAAGCAGUGCUACAAUCUGCC
GUGUUCGUGUUUUUUUUUUUUUUUUUUUUGUGAACCUACACGGCGUGCACUGUAGUUCGCARUUCAUAG
GGUACCGGCUCAGAGUUAUGCCUUGGUUGAAAACUGCCCAGCAUACUUUUUUUUUUUUUUUUUUUUCAU
AUUCCCAUGCUAAGCAAGGGAUGCCGCGAGUCAUGUUAAGCUUGAAUU

[0048] According to one preferred embodiment, the inventive RNA molecule may be modified with a poly(X) sequence
(modifying element). Such inventive RNA molecules may have a length of at least 200 nucleotides and more preferably
of at least 250 nucleotides.

[0049] In the context of the present invention, a modifying element poly(X), particularly poly(X), and/or poly(X), of an
inventive nucleic acid molecule according to formula (ll), is typically a single-stranded, a double-stranded or a partially
double-stranded RNA sequence as defined above in general. Preferably, the modifying element poly(X), particularly
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poly(X), and/or poly(X), is a homopolymeric stretch of nucleic acids, wherein X may be any nucleotide or comprises a
nucleoside as defined above for X of an inventive nucleic acid molecule according to formula (l) or (la). Preferably, X
may selected independently for each poly(X), particularly poly(X), and/or poly(X), from a nucleotide or deoxynucleotide
or comprises a nucleoside, wherein the nucleotide (nucleoside) is selected from guanosine (guanine), uridine (uracil),
adenosine (adenine), thymidine (thymine), cytidine (cytosine), inosine or an analogue of these nucleotides, e.g. from a
single-stranded stretch of cytidines (cytosines) (poly(C)), of guanosine (guanine)s (poly(G)), of adenosine (adenine)s
(poly(A)), of uridines (uracils) (poly(U)), of inosines (poly(l)), etc. or from a homopolymeric double-stranded stretch of
inosines and cytidines (cytoines) (poly(l:C)), of adenosine (adenine) and uridines (uracils) (poly(A:U)), etc., wherein the
homoplymeric sequence, particularly poly(I:C) and/or poly(A:U), may be coupled to the inventive RNA molecule via any
of its strands, e.g. either using the poly-C, the poly-I, the poly-A or the poly-U sequence. The length of modifying element
poly(X), particularly poly(X)s and/or poly(X), of the inventive RNA molecule is determined by integers s and/or t, wherein
s and/or t, independent from each other, may be an integer from about 5 to 100, preferably about 5 to 70, more preferably
about 5 to 50, even more preferably about 5 to 30 and most preferably about 5 to 20.

[0050] According to a particularly preferred embodiment, an RNA molecule according to the invention may specifically,
have a length of at least 200 nucleotides and more preferably of at least 250 nucleotides.

[0051] More preferably, poly(X) in an inventive RNA molecule may be selected from a poly(X) as defined above, more
preferably from poly(l:C) and/or from poly(A:U). These modifying elements poly(X), particularly poly(l:C) and/or poly(A:U),
may be coupled to the sequence according to SEQ ID NO 117, 118 or 119 via any of its strands, e.g. either using the
poly-C, the poly-G, the poly-l, the poly-A or the poly-U sequence.

[0052] Similarly, the inventive RNA molecule according to the invention may be a single-stranded, a double-stranded
or a partially double-stranded RNA molecule, as defined above.

[0053] If the inventive RNA molecule is a single-stranded nucleic acid molecule, the sequence is typically single-
stranded over its entire length.

[0054] Likewise, if the inventive RNA molecule is a double-stranded nucleic acid molecule, the sequence is typically
double-stranded over its entire length.

[0055] If the inventive RNA molecule is a partially double-stranded RNA molecule, the RNA sequence of such an
inventive RNA molecule may be single-stranded in the region outside the core structure GX,,G,,, and double-stranded
in the region of said core structure. Even more preferably, the core structure G X,G, may be double-stranded in such
aregion of the core structure, wherein a stretch of uridines (uracils) occurs, most preferably over the entire uridine (uracil)
stretch or at least 60%, 70%, 80%, 90%, 95%, 98 or 99% thereof.

[0056] Alternatively or additionally, if the inventive RNA molecule is a partially double-stranded nucleic acid molecule,
other parts (than the core structure G X,G,,) of the inventive RNA molecule may be double-stranded. E.g., the nucleic
acid sequence of an RNA molecule of the invention may be double-stranded in the region outside the core structure
G X,G,,, e.g. in the bordering elements N, and/or N,, and/or in the modifying element poly(X), e.g. poly(X)s and or
poly(X), (such as e.g. a poly(l:C) or poly(A:U) sequence), and e.g. single-stranded in the region of said core structure,
the core structure G\ X,,G,,. E.g. at least one of the bordering elements N, and/or N,,, and/or at least one of the modifying
elements poly(X). e.g. poly(X)s and or poly(X), may be double-stranded, whereas the remaining elements of the inventive
RNA module, e.g. the core structure GX,,G,, and/or other elements, may remain single-stranded.

[0057] Alternatively or additionally a mixture of a single-stranded RNA molecule according to the invention and a
(partially) double-stranded RNA molecule according to the invention, preferably in a ratio of about 1:10 to 10:1, more
preferably in a ratio of 1:3 to 3:1 may be provided.

[0058] According to a further preferred embodiment, an inventive RNA molecule according to the invention may be
modified by inserting a stem or a stem loop.

[0059] The RNA molecule according to the invention may have a length of at least 200 nucleotides and more preferably
of at least 250 nucleotides.

[0060] Particularly, the inventive RNA molecules represent variants of SEQ ID NO 117, 118 or 119. In an inventive
RNA molecule the bordering elements N, i.e. N, and/or N,, bordering the core structure GX,G,,, are further augmented
by at least one stem or stem loop structure, preferably consisting of single stem loop elements stem1 and stem2. In the
inventive RNA molecules, the elements G, X and N, particularly, the core structure G X,G,, and the integers a, I, m, n,
u and v are as defined above. More preferably integer a = 1. Optionally u and/or v may be 0. Additionally, elements N,,4
and N,,», adjacent to stem loop elements stem1 and stem2, represent further bordering elements, which are defined as
described above for bordering elements N, and/or N,,. Particularly, bordering element N in general is as described above
for N in formula (l) above, and integers w1 and w2 are independently selected from each other and are defined as above
in formula (1) for integers u and/or v.

[0061] In this context, a stem or stem loop structure is an intramolecular base pairing that can occur in single-stranded
DNA or, more commonly, in RNA. The structure is also known as a hairpin or hairpin loop. It occurs when two regions
of the same molecule, e.g. stem loop elements stem1 and stem2, usually palindromic sequence elements in nucleic
acid sequences, form base-pairs with each other, leading to (a double helix that ends in) an unpaired loop. The unpaired
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loop thereby typically represents a region of the nucleic acid, which shows no or nearly no homology with the sequence
of either stem1 or stem2 and is thus not capable of base pairing with any of these stem loop elements. The resulting
lollipop-shaped structure is a key building block of many RNA secondary structures. The formation of a stem-loop
structure is thus dependent on the stability of the resulting helix and loop regions, wherein the first prerequisite is typically
the presence of a sequence that can fold back on itself to form a paired double helix. The stability of paired stem loop
elements is determined by the length, the number of mismatches or bulges it contains (a small number of mismatches
is typically tolerable, especially in a long helix), and the base composition of the paired region. E.g., pairings between
guanosine (guanine) and cytidine (cytosine) may be more preferred in such sequences, since they have three hydrogen
bonds and are more stable compared to adenosine (adenine)-uridine (uracil) pairings, which have only two. In RNA,
guanosine (guanine)-uridine (uracil) pairings featuring two hydrogen bonds may thus be favorable. The stability of the
loop also influences the formation of the stem-loop structure. "Loops" (i.e. only the loop not containing stem loop elements
stem1 and stem2) that are less than three bases long are sterically less preferable. However, stems, i.e. formations
which show no (defined) loop but just an unpaired region between stem1 and stem2 may also be included. In the context
of the present invention, optimal loop length tends to be about 4-100 bases long, more preferably 4 to 50 or even 4 to
30 or even 4 to 20 bases.

[0062] Hence, in the context of an RNA molecule according to the invention, stem loop elements stem1 and stem2
typically represent parts of one stem or stem loop structure, wherein the stem or stem loop structure may be formed by
stem loop elements stem1 and stem2, and a loop may be formed by a sequence, which is located between these stem
loop elements. The stem or stem loop may have the form of a helix in the base-paired region. Each stem loop element
stem1 and stem2, is preferably a nucleic acid as defined above, more preferably an RNA, and most preferably a single-
stranded RNA, wherein any of nucleotides (nucleosides) or analogs as defined above for core structure element X may
be used as a nucleotides (nucleosides) for either stem1 and/or stem2. Additionally, stem loop element stem1 represents
a palindromic sequence of stem loop element stem2. Both sequences are therefore preferably capable of base pairing
with each other and thus together form basis for a stem or stem loop.

[0063] Therefore, stem loop elements stem1 or stem2 may be selected pairwise from any nucleic acid sequence,
provided that stem loop elements stem1 or stem2 are palindromic to each other, i.e. that one sequence is equal to the
other (complementary) sequence read backwards or shows a homology to this sequence of atleast 90%, more preferably
of at least 95%, and most preferably of at least 99% to the other sequence, when read backwards. Such palindromic
sequences stem1 and stem2 may be formed each by a nucleic acid sequence having a length of about 5 to 50, more
preferably about 5 to 40 and most preferably about 5 to 30 nucleic acids, selected from adenosine (adenine), guanosine
(guanine), cytidine (cytosine), uridine (uracil), thymidine (thymine), or an analogue thereof as defined herein.

[0064] Exemplary sequences for stem loop elements stem1 and stem2 may include e.g.:

a)
for stem1 :
UAGCGAAGCUCUUGGACCUA (SEQ ID NO: 95)
for stem2:

UAGGUCCAAGAGCUUCGCUA (SEQ ID NO: 96)

for stem1:
UAGGUCCAAGAGCUUCGCUA (SEQ ID NO: 96)
for stem2:

UAGCGAAGCUCUUGGACCUA (SEQ ID NO: 95)

for stem1:

GCCGCGGGCCG (SEQ ID NO: 97)
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for stem2:

CGGCCCGCGGC (SEQ ID NO: 98)

for stem1 :
CGGCCCGCGGC (SEQ ID NO: 98)
for stem2:

GCCGCGGGCCG (SEQ ID NO: 97)

for stem1 :
GACACGGUGC (SEQ ID NO: 99)
for stem2:

GCACCGUGCA (SEQ ID NO: 100)

for stem1:
GCACCGUGCA (SEQ ID NO: 100)
for stem2:

GACACGGUGC (SEQ ID NO: 99)

for stem1:
ACCUAGGU (SEQ ID NO: 101)
for stem2:

ACCUAGGU (SEQ ID NO: 101)

for stem1 :

UGGAUCCA (SEQ ID NO: 102)

for stem2:

UGGAUCCA (SEQ ID NO: 102)

for stem1 :
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CCUGC (SEQ ID NO: 103)
for stem2:

GCAGG (SEQ ID NO: 104)

for stem1 :

GCAGG (SEQ ID NO: 105)
for stem2:

CCUGC (SEQ ID NO: 106)

etc.

[0065] According to one first alternative, the core structure GX,,C,, of the inventive RNA molecule may be located
within the stem loop structure, i.e. the core structure G X,G, may be located between stem loop elements stem1 and
stem2, thereby preferably forming a loop. Such an RNA molecule has the composition (N, stem1 G X,,G,, stem2 N, ),
as defined above. When u and/or v = 0, and a = 1 that may lead to a specific RNA molecule "stem1 G X,G,, stem2",
which is also incorporated by the present invention.

[0066] According to another alternative, the core structure GX,G,, of the inventive RNA molecule may be located
outside the stem loop structure, wherein likewise stem loop elements stem1 and stem2 may be separated from each
other by a sequence, preferably a bordering element N, e.g. N,,1 or N,,», which then may form a loop structure upon
base pairing of stem loop elements stem1 and stem2. Additionally, stem loop elements 1 and/or 1, adjacent to the core
structure G X,,G, may be separated from the core structure G\X,,,G,, by a further bordering element, e.g. N,,4 or N,,».
According to the present invention, such an RNA has the composition (N,GX;,G,N,), stem1 N,,; stem2 N,,,, as defined
above.

[0067] RNA molecules according to the invention as defined above, may be prepared using any method known in the
art, including synthetic methods such as e.g. solid phase synthesis, as well as in vitro methods such as in vitro transcription
reactions. Preferably, an in vitro transcription is used for preparation of the inventive nucleic acid molecules. As surprisingly
found by the inventors of the present invention, RNA molecules according to the invention as defined above show an
even better stimulation of the innate immune system, when prepared by an in vitro transcription due to its 5’-phosphate,
when compared to RNA molecules according to the invention prepared by synthetic methods. Such a stimulation of the
innate immune system is, without being bound thereto, contributed to the activation of the receptor RIG-1. Accordingly,
RNA molecules according to the invention as defined above are particularly preferred, when prepared by an in vitro
transcription reaction.

[0068] The RNA molecule according to the invention as defined above is typically provided as a "stabilized oligonu-
cleotide", that is to say as an oligoribonucleotide or oligodeoxyribonucleotide that is resistant to in vivo degradation (e.g.
by an exo- or endo-nuclease). Such stabilization can be effected, for example, by a modified phosphate backbone of
the RNA molecule according to the invention as defined above. Nucleotides that are preferably used in this connection
contain a phosphorothioate-modified phosphate backbone, preferably at least one of the phosphate oxygens contained
in the phosphate backbone being replaced by a sulfur atom. Other stabilized oligonucleotides include, for example: non-
ionic analogues, such as, for example, alkyl and aryl phosphonates, in which the charged phosphonate oxygenisreplaced
by an alkyl or aryl group, or phosphodiesters and alkylphosphotriesters, in which the charged oxygen residue is present
in alkylated form. However, the naturally occurding phosphodiester backbone is still preferred.

[0069] The RNA molecule according to the invention as defined above can likewise be stabilized. From the point of
view of safety the use of RNA molecules is advantageous. In particular, RNA does not involve the risk of being stably
integrated into the genome of the transfected cell. In addition, RNA is degraded substantially more easily in vivo. Likewise,
no anti-RNA antibodies have hitherto been detected, presumably owing to the relatively short half-life of RNA in vivo as
compared with DNA. In comparison with DNA, RNA is considerably less stable in solution, which is, inter alia, due
substantially to RNA-degrading enzymes, so-called RNases (ribonucleases). Even the smallest ribonuclease contami-
nations are sufficient to degrade RNA completely in solution. Such RNase contaminations can generally be removed
only by special treatment, in particular with diethyl pyrocarbonate (DEPC). Accordingly, the natural degradation of mMRNA
in the cytoplasm of cells is very finely regulated. A number of mechanisms are known in this connection in the prior art.
Thus, the terminal structure is typically of critical importance for an mRNA in vivo. At the 5’ end of naturally occurring
mRNAs there is usually a so-called "cap structure" (a modified guanosine (guanine) nucleotide) and at the 3’ end a
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sequence of up to 200 adenosine (adenine) nucleotides (the so-called poly-A tail).

[0070] The RNA molecule according to the invention as defined above, particularly if provided as an (m)RNA, can
therefore be stabilized against degradation by RNases by the addition of a so-called "5’ Cap" structure. Particular
preference is given in this connection to a m7G(5)ppp (5'(A,G(5)ppp(5’)A or G(5')ppp(5’)G as the 5’ Cap" structure.
However, such a modification is introduced only if a modification, for example a lipid modification, has not already been
introduced at the 5’ end of the RNA molecule of according to the invention as defined above or if the modification does
not interfere with the immunogenic properties of the (unmodified or chemically modified) RNA molecule according to the
invention as defined above.

[0071] Alternatively, the 3’ end of the RNA molecule according to the invention as defined above, can be modified by
a sequence of at least 50 adenosine ribonucleotides, preferably at least 70 adenosine ribonucleotides, more preferably
at least 100 adenosine ribonucleotides, particularly preferably at least 200 adenosine (adenine) ribonucleotides (so-
called "poly-A tail"). Particularly, the RNA molecule according to the invention as defined above may contain, especially
if the RNA is in the form of an (m)RNA, a poly-A tail on the 3’ terminus of typically about 10 to 200 adenosine nucleotides,
preferably about 10 to 100 adenosine nucleotides, more preferably about 20 to 100 adenosine nucleotides or even more
preferably about 40 to 80 adenosine nucleotides.

[0072] Furthermore, the 3’ end of the RNA molecule according to the invention as defined above can be modified by
a sequence of at least 50 cytidine ribonucleotides, preferably at least 70 cytidine ribonucleotides, more preferably at
least 100 cytidine ribonucleotides, particularly preferably at least 200 cytidine ribonucleotides (so-called "poly-C tail").
Particularly, the RNA molecule according to the invention as defined above may contain, especially if the RNA is in the
form of an (m)RNA, a poly-C tail on the 3’ terminus of typically about 10 to 200 cytidine nucleotides, preferably about
10 to 100 cytidine nucleotides, more preferably about 20 to 70 cytidine nucleotides or even more preferably about 20 to
60 or even 10 to 40 cytidine nucleotides.

[0073] Analogously, in this case too, such a ("poly-A tail" and/or "poly-C tail"'-) modification can be introduced only if
no modification, for example a lipid modification, has already been introduced at the 3’ end of the RNA molecule according
to the invention as defined above or if the modification does not interfere with the immunogenic properties of the (un-
modified or chemically modified) RNA molecule according to the invention as defined above.

[0074] The above-mentioned modifications, that is to say the insertion of a "5’ Cap" structure or the insertion of a "poly-
A tail" and/or a "poly-C tail" at the 3’ end, prevent premature degradation of the RNA molecule according to the invention
as defined above in vivo and accordingly stabilize the RNA molecule according to the invention as defined above in vivo.
[0075] According to a particular embodiment, the RNA molecule according to the invention as defined above can
contain a lipid modification. Such a lipid-modified nucleic acid molecule according to the invention typically comprises
an RNA molecule according to the invention as defined above, at least one linker covalently linked with that nucleic acid
molecule according to the invention, and at least one lipid covalently linked with the respective linker. Alternatively, the
lipid-modified RNA molecule according to the invention comprises (at least one) of SEQ ID No 117, 118 or 119 above
and at least one (bifunctional) lipid covalently linked (without a linker) with that RNA molecule according to the invention.
According to a third alternative, the lipid-modified RNA molecule according to the invention comprises a nucleic acid of
SEQ ID No 117, 118 or 119 as defined above, at least one linker covalently linked with that RNA molecule according to
the invention, and at least one lipid covalently linked with the respective linker, and also at least one (bifunctional) lipid
covalently linked (without a linker) with that RNA molecule according to the invention.

[0076] The lipid contained in the lipid-modified nucleic acid molecule according to the invention is typically a lipid or
a lipophilic residue that preferably is itself biologically active. Such lipids preferably include natural substances or com-
pounds such as, for example, vitamins, e.g. a-tocopherol (vitamin E), including RRR-a-tocopherol (formerly D-a-toco-
pherol), L-a-tocopherol, the racemate D,L-a-tocopherol, vitamin E succinate (VES), or vitamin A and its derivatives, e.g.
retinoic acid, retinol, vitamin D and its derivatives, e.g. vitamin D and also the ergosterol precursors thereof, vitamin E
and its derivatives, vitamin K and its derivatives, e.g. vitamin K and related quinone or phytol compounds, or steroids,
such as bile acids, for example cholic acid, deoxycholic acid, dehydrocholic acid, cortisone, digoxygenin, testosterone,
cholesterol or thiocholesterol. Further lipids or lipophilic residues within the scope of the present invention include, without
implying any limitation, polyalkylene glycols (Oberhauser et al., Nucl. Acids Res., 1992, 20, 533), aliphatic groups such
as, for example, C4-Cyg-alkanes, C4-Cyq-alkenes or C4-C,qp-alkanol compounds, etc., such as, for example, dodecan-
ediol, hexadecanol or undecyl residues (Saison-Behmoaras et al., EMBO J, 1991, 10, 111; Kabanov et al., FEBS Lett.,
1990, 259, 327; Svinarchuk et al., Biochimie, 1993, 75, 49), phospholipids such as, for example, phosphatidylglycerol,
diacylphosphatidylglycerol, phosphatidylcholine, dipalmitoylphosphatidylcholine, distearoylphosphatidylcholine, phos-
phatidylserine, phosphatidylethanolamine, dihexadecyl-rac-glycerol, sphingolipids, cerebrosides, gangliosides, or tri-
ethylammonium 1,2-di-O-hexadecyl-rac-glycero-3-H-phosphonate (Manoharan et al., Tetrahedron Lett., 1995, 36, 3651;
Shea et al., Nucl. Acids Res., 1990, 18, 3777), polyamines or polyalkylene glycols, such as, for example, polyethylene
glycol (PEG) (Manoharan et al., Nucleosides & Nucleotides, 1995, 14, 969), hexaethylene glycol (HEG), palmitin or
palmityl residues (Mishra et al, Biochim. Biophys. Acta, 1995, 1264, 229), octadecylamines or hexylamino-carbonyl-
oxycholesterol residues (Crooke et al., J. Pharmacol. Exp. Ther., 1996, 277, 923), and also waxes, terpenes, alicyclic
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hydrocarbons, saturated and mono- or poly-unsaturated fatty acid residues, etc.

[0077] Linking between the lipid and the RNA molecule according to the invention as defined above can in principle
take place at any nucleotide, at the base or the sugar component of any nucleotide of the inventive nucleic acid, at the
3’ and/or 5’ end, and/or at the phosphate backbone of the RNA molecule according to the invention as defined above.
Particular preference is given according to the invention to a terminal lipid modification of the nucleic acid molecule
according to the invention at the 3’ and/or 5’ end thereof. A terminal modification has a number of advantages over
modifications within the sequence. On the one hand, modifications within the sequence can influence the hybridisation
behaviour, which may have an adverse effect in the case of sterically demanding residues. On the other hand, in the
case of the synthetic preparation of a lipid-modified nucleic acid molecule according to the invention that is modified
only terminally, the synthesis of the RNA molecule according to the invention as defined above can be carried out with
commercially available monomers that are obtainable in large quantities, and synthesis protocols known in the prior art
can be used.

[0078] According to a first preferred embodiment, linking between the RNA molecule according to the invention and
at least one lipid that is used is effected via a "linker" (covalently linked with the RNA molecule according to the invention
as defined above). Linkers within the scope of the present invention typically have at least two and optionally 3, 4, 5, 6,
7, 8,9, 10, 10-20, 20-30 or more reactive groups, selected from, for example, a hydroxy group, an amino group, an
alkoxy group, etc. One reactive group preferably serves to bind the above-described RNA molecule according to the
invention as defined above, for example an RNA oligonucleotide. This reactive group can be present in protected form,
for example as a DMT group (dimethoxytrityl chloride), as a Fmoc group, as a MMT (monomethoxytrityl) group, as a
TFA (trifluoroacetic acid) group, etc. Furthermore, sulfur groups can be protected by disulfides, for example alkylthiols
such as, for example, 3-thiopropanol, or by activated components such as 2-thiopyridine. One or more further reactive
groups serve according to the invention for the covalent binding of one or more lipids. According to the first embodiment,
therefore, an RNA molecule according to the invention as defined above can bind via the covalently bound linker preferably
at least one lipid, for example 1, 2, 3, 4, 5, 5-10, 10-20, 20-30 or more lipid(s), particularly preferably at least 3-8 or more
lipid(s) per RNA molecule according to the invention as defined above. The bound lipids can thereby be bound separately
from one another at different positions of the RNA molecule according to the invention as defined above, or they can
be present in the form of a complex at one or more positions of the RNA molecule according to the invention as defined
above. An additional reactive group of the linker can be used for direct or indirect (cleavable) binding to a carrier material,
for example a solid phase. Preferred linkers according to the present invention are, for example, glycol, glycerol and
glycerol derivatives, 2-aminobutyl-1,3-propanediol and 2-aminobutyl-1,3-propanediol derivatives/skeleton, pyrrolidine
linkers or pyrrolidine-containing organic molecules (in particular for a modification at the 3’ end), etc. Glycerol or glycerol
derivatives (C5 anchor) or a 2-aminobutyl-1,3-propanediol derivative/skeleton (C; anchor) are particularly preferably
used according to the invention as linkers. A glycerol derivative (C5 anchor) as linker is particularly preferred when the
lipid modification can be introduced via an ether bond. If the lipid modification is to be introduced via an amide or a
urethane bond, for example, a 2-aminobutyl-1,3-propanediol skeleton (C; anchor), for example, is preferred. In this
connection, the nature of the bond formed between the linker and the RNA molecule according to the invention as defined
above is preferably such that it is compatible with the conditions and chemicals of amidite chemistry, that is to say it is
preferably neither acid-nor base-labile. Preference is given in particular to bonds that are readily obtainable synthetically
and are not hydrolysed by the ammoniacal cleavage procedure of a nucleic acid synthesis process. Suitable bonds are
in principle all correspondingly suitable bonds, preferably ester bonds, amide bonds, urethane and ether bonds. In
addition to the good accessibility of the starting materials (few synthesis steps), particular preference is given to the
ether bond owing to its relatively high biological stability towards enzymatic hydrolysis.

[0079] According to a second preferred embodiment, the (at least one) RNA molecule according to the invention as
defined above is linked directly with at least one (bifunctional) lipid as described above, that is to say without the use of
a linker as described above. In this case, the (bifunctional) lipid used according to the invention preferably contains at
least two reactive groups or optionally 3, 4, 5, 6, 7, 8, 9, 10 or more reactive groups, a first reactive group serving to
bind the lipid directly or indirectly to a carrier material described herein and at least one further reactive group serving
to bind an RNA molecule according to the invention as defined above. According to the second embodiment, a RNA
molecule according to the invention as defined above can therefore preferably bind at least one lipid (directly without a
linker), for example 1, 2, 3, 4, 5, 5-10, 10-20, 20-30 or more lipid(s), particularly preferably at least 3-8 or more lipid(s)
per RNA molecule according to the invention as defined above. The bound lipids can be bound separately from one
another at different positions of the RNA molecule according to the invention as defined above, or they can be present
in the form of a complex at one or more positions of the RNA molecule according to the invention as defined above.
Alternatively, at least one RNA molecule according to the invention as defined above, for example optionally 3, 4, 5, 6,
7,8,9, 10, 10-20, 20-30 or more RNA molecules according to the invention as defined above, can be bound according
to the second embodiment to a lipid as described above via its reactive groups. Lipids that can be used for this second
embodiment particularly preferably include those (bifunctional) lipids that permit coupling (preferably at their termini or
optionally intramolecularly), such as, for example, polyethylene glycol (PEG) and derivatives thereof, hexaethylene glycol
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(HEG) and derivatives thereof, alkanediols, aminoalkane, thioalkanols, etc. The nature of the bond between a (bifunc-
tional) lipid and an RNA molecule according to the invention as defined above, as described above, is preferably as
described for the first preferred embodiment.

[0080] According to a third embodiment, linking between the RNA molecule according to the invention as defined
above and at least one lipid as described above can take place via both of the above-mentioned embodiments simul-
taneously. For example, the RNA molecule according to the invention as defined above can be linked at one position
of the nucleic acid with at least one lipid via a linker (analogously to the first embodiment) and at a different position of
the RNA molecule according to the invention as defined above directly with at least one lipid without the use of a linker
(analogously to the second embodiment). For example, at the 3’ end of a RNA molecule according to the invention as
defined above, at least one lipid as described above can be covalently linked with the RNA via a linker, and at the 5’
end of the RNA molecule according to the invention, a lipid as described above can be covalently linked with the RNA
without a linker. Alternatively, at the 5’ end of a RNA molecule according to the invention as defined above, at least one
lipid as described above can be covalently linked with the RNA molecule via a linker, and at the 3’ end of the RNA
molecule according to the invention as defined above, a lipid as described above can be covalently linked with the RNA
molecule without a linker. Likewise, covalent linking can take place not only at the termini of the RNA molecule according
to the invention as defined above but also intramolecularly, as described above, for example at the 3’ end and intramo-
lecularly, at the 5’ end and intramolecularly, at the 3’ and 5’ end and intramolecularly, only intramolecularly, etc.
[0081] The lipid-modified RNA molecule according to the invention as defined above can preferably be obtained by
various processes. The lipid modification can in principle - as defined above - be introduced at any position of the RNA
molecule according to the invention as defined above, for example at the 3’ and/or 5’ ends or at the phosphate backbone
of the RNA molecule according to the invention as defined above and/or at any base or at the sugar of any nucleotide
of the RNA molecule according to the invention as defined above. According to the invention, preference is given to
terminal lipid modifications at the 3’ and/or 5’ ends of the RNA molecules according to the invention as defined above.
By means of such a terminal chemical modification it is possible according to the invention to obtain a large number of
differently derivatised nucleic acids. The process for preparing such lipid-modified RNA molecules according to the
invention as defined above is preferably chosen in dependence on the position of the lipid modification.

[0082] If, for example, the lipid modification takes place at the 3’ end of the RNA molecule according to the invention
as defined above, then the lipid modification is typically carried out either before or after the preparation of the RNA
molecule according to the invention as defined above. The preparation of the RNA molecule according to the invention
as defined above can be carried out by direct synthesis of the nucleic acid or optionally by addition of a ready synthesized
nucleic acid or a nucleic acid from samples isolated from other sources.

[0083] According to a first alternative, the RNA molecule according to the invention as defined above is synthesized
directly before introduction of the lipid, typically by means of processes known in the prior art for the synthesis of nucleic
acids. To this end, a starting nucleotide (nucleoside) is preferably bound to a solid phase, for example via a coupling
molecule, e.g. a succinyl residue, and the RNA molecule according to the invention as defined above is synthesized,
for example by the process of amidite chemistry. A linker as described hereinbefore is then covalently bonded, preferably
via a first reactive group of the linker, to the 3’ end of the RNA molecule according to the invention as defined above. A
lipid as described hereinbefore can then be covalently linked with the linker via a second reactive group of the linker.
Alternatively, the linker can be covalently linked with the lipid before it is bound to the 3’ end of the RNA molecule
according to the invention as defined above. In this case, only the binding of a first reactive group of the linker with the
3’ end of the RNA molecule according to the invention as defined above is necessary. After synthesis of the RNA molecule
according to the invention as defined above, or after binding of the lipid, the RNA molecule according to the invention
as defined above can be separated from the solid phase and deprotected. If the synthesis has been carried out in
solution, a washing and purification step for removing unreacted reactants as well as solvents and undesirable secondary
products can be carried out after the synthesis of the lipid-modified nucleic acid molecule according to the invention
(and optionally before separation from the carrier material).

[0084] According to a further alternative, a 3’-lipid-modified RNA molecule according to the invention as defined above,
as defined above, is synthesized after introduction of the lipid on a reactive group of the linker or is bound to the reactive
group of the linker as a ready synthesized RNA molecule according to the invention as defined above. To this end, for
example, a first reactive group of a linker as described above can be reacted with a lipid as described hereinbefore.
Then, preferably in a second step, a second reactive group of the linker is provided with an acid-stable protecting group,
e.g. DMT, Fmoc, etc., in order to permit subsequent binding of the RNA molecule according to the invention as defined
above to that reactive group. The linker can then be bound directly or indirectly to a solid phase via a third reactive group
of the linker. Indirect binding is possible, for example, via a (coupling) molecule, which can be bound both covalently to
the linker and to the solid phase. Such a (coupling) molecule is, for example, a succinyl residue, etc., as described
hereinbelow. Removal of the protectin group at the third reactive group of the linker and the binding or synthesis of the
RNA molecule according to the invention as defined above at the reactive group that is now accessible then usually
take place. Finally, the lipid-modified nucleic acid molecule according to the invention is typically cleaved from the carrier

20



10

15

20

25

30

35

40

45

50

55

EP 2 176 408 B9

material (and the protective groups on the nucleic acid are optionally removed).

[0085] However, a further lipid can optionally also be coupled to the 3’ end of the coupled RNA molecule according
to the invention, preferably according to one of the steps described hereinbefore.

[0086] According to a variant of this above-mentioned alternative, a linker as described above can be bound directly
or indirectly to a solid phase via a first reactive group. An acid-stable protecting group is then first bound to a second
reactive group of the linker. After binding of the protecting group to the second reactive group, a lipid as described above
can first be bound to a third reactive group of the linker. Then there are likewise preferably carried out the removal of
the protecting group at the third reactive group of the linker, the binding or synthesis of a RNA molecule according to
the invention as defined above at the reactive group that is now accessible, and the cleavage of the lipid-modified nucleic
acid molecule according to the invention from the carrier material (and optionally the removal of the protecting groups
at the nucleic acid).

[0087] According to a particularly preferred embodiment of the 3’-lipid modification of an RNA molecule according to
the invention as defined above, such a lipid-modified RNA molecule according to the invention can be synthesized via
a linker having three reactive groups (a trifunctional anchor comopund) based on a glycerol fundamental substance (C5
anchor) and having a monofunctional lipid, such as, for example, a palmityl residue, cholesterol or tocopherol. As starting
material for the synthesis of the linker there can be used, for example, alpha,beta-isopropylidene-glycerol (a glycerol
containing a ketal protecting group), which is preferably first converted into the alcoholate with sodium hydride and is
reacted with hexadecyl bromide and a lipid in a Williamson synthesis to form the corresponding ether. Alternatively, the
etherbond can be linked in the first step by a different method, for example by formation of a tosylate of o, -isopropylidene-
glycerol, and reaction of the tosylate with the reactive group of a lipid, for example an acidic proton, to form the corre-
sponding ether. In a second stage, the ketal protecting group can be removed with an acid, for example acetic acid,
dilute hydrochloric acid, etc., and then the primary hydroxy group of the diol can be protected selectively by dimethoxytrityl
chloride (DMT-CI). In the last stage, the reaction of the product obtained in the preceding step with succinic anhydride
is preferably carried out to form the succinate with DMAP as catalyst. Such a linker is particularly suitable, for example,
for the binding of palmityl residues or tocopherol as lipid.

[0088] According to another alternative, the 3’-lipid modification of an RNA molecule according to the invention as
defined above, is effected using a (bifunctional) lipid, such as, for example, polyethylene glycol (PEG) or hexaethylene
glycol (HEG), without using a linker as described above. Such bifunctional lipids typically have two functional groups as
described above, wherein one end of the bifunctional lipid can preferably be bound to the carrier material via a (coupling)
molecule, for example a base-labile succinyl anchor, etc., as described herein, and the RNA molecule of according to
the invention as defined above can be synthesized at the other end of the bifunctional lipid (E. Bayer, M. Maier, K.
Bleicher, H.-J. Gaus Z. Naturforsch. 50b (1995) 671). By the omission of the third functionalisation and of a linker,
respectively, as used hereinbefore, the synthesis of such a lipid-modified RNA molecule according to the invention is
simplified. For the preparation, the bifunctional lipid used according to the invention, for example polyethylene glycol, is
typically first monosubstituted with a protecting group, for example DMT. In a second stage, esterification of the lipid
protected at a reactive group is usually carried out with succinic anhydride, with DMAP catalysis, to form the succinate.
Thereafter, in a third stage, the bifunctional lipid can be coupled to a carrier material and deprotected, following which
the synthesis of the RNA molecule according to the invention as defined above takes place in a fourth step in accordance
with a process as described hereinbefore. Deprotection of the synthesized RNA molecule according to the invention as
defined above and cleavage of the lipid-modified RNA from the carrier material are then optionally carried out.

[0089] Accordingto another preferred embodiment, the lipid modification of an RNA molecule according to the invention
as defined above, takes place at the 5’ end of the RNA. The lipid. modification is thereby typically carried out either after
the provision or after the synthesis of the RNA molecule according to the invention as defined above. The provision of
the RNA molecule according to the invention as defined above can be carried out - as defined above - via a direct
synthesis of the RNA molecule according to the invention as defined above or by addition of a ready synthesized RNA
molecule according to the invention as defined above. A synthesis of the RNA molecule according to the invention as
defined above takes place, preferably analogously to the method described above, according to processes of nucleic
acid synthesis known in the prior art, more preferably according to the phosphoramidite process.

[0090] According to a particularly preferred embodiment, the lipid modification of an RNA molecule according to the
invention as defined above takes place atthe 5’ end of the RNA molecule according to the invention by specially modified
phosphoramidites following a phosphoramidite process for the synthesis of the RNA. Such amidites, which are obtainable
quite simply by synthesis, are conventionally coupled as the last monomer to a commercially available or to a ready
synthesized nucleic acid. These reactions are distinguished by a rather rapid reaction kinetics and very high coupling
yields. The synthesis of the modified amidites preferably takes place by reaction of a phosphoramidite, for example beta-
cyanoethyl-monochlorophosphoramidite (phosphorous acid mono-(2-cyanoethyl ester)-diisopropyl-amide chloride), with
an alcohol, dissolved in a suitable solvent, for example in absolute dichloromethane, of a lipid as defined above, for
example a lipid alcohol of tocopherol, cholesterol, hexadecanol, DMT-PEG, etc. Likewise preferably, DIPEA is added
to the reaction solution as acid acceptor.
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[0091] These phosphoramidites used forthe synthesis of the 5’-lipid-modified RNA molecules according to the invention
are relatively resistant to hydrolysis and can (prior to the synthesis) be purified chromatographically by means of silica
gel. To this end, a small amount of a weak base, such as, for example, triethylamine, is typically added to the eluent in
order to avoid decomposition of the amidite. It is important that this base is removed completely from the product again,
in order to avoid poor coupling yields. This can be carried out, for example, by simple drying in vacuo, but preferably by
purification of the phosphoramidites by precipitation thereof from fert-butyl methyl ether using pentane. If the lipid-modified
amidites used have a very high viscosity, for example are present in the form of a viscous oil, (rapid) column chroma-
tography can also be carried out, which makes it possible to dispense with triethylamine as base. Such a purification is
typically not carried out in the case of PEG-modified amidites, however, because they contain the acid-labile DMT
protecting group.

[0092] For the coupling reaction of the lipid-modified phosphoramidites to the 5’ end of an RNA molecule according
to the invention as defined above there are preferably used those solvents in which the amidites used are sufficiently
soluble. For example, owing to the high lipophilicity of the amidites used according to the invention, their solubility in
acetonitrile can be limited. Apart from acetonitrile as the solvent that is typically used, a solution of chlorinated hydro-
carbons is therefore preferably used for the coupling reactions, forexample a 0.1 M solution in (absolute) dichloromethane.
The use of dichloromethane requires some changes to the standard protocol of the synthesis cycle, however. For
example, in order to avoid precipitation of the amidite in the pipes of the automatic synthesis device and on the carrier
material, all the valves and pipes that come into contact with the amidite are flushed with (absolute) dichloromethane
before and after the actual coupling step and blown dry.

[0093] When lipid-modified amidites are used, high coupling yields are typically obtained, which are comparable with
the coupling yield of amidites conventionally used in the prior art. The kinetics of the reaction of lipid-modified amidites
generally proceeds more slowly. For this reason, the coupling times are preferably (markedly) lengthened when lipid-
modified amidites are used, as compared with standard protocols. Such coupling times can easily be determined by a
person skilled in the art. Because a capping step after the coupling can be omitted, it is likewise possible, if required, to
carry out a further synthesis cycle with the same lipid-modified amidite, in order to increase the overall yield of the
reaction. In this case, the detritylation step is not usually carried out, for example in the case of DMT-modified lipids
such as DMT-PEG.

[0094] In the synthesis of 5-lipid-modified RNA molecules according to the invention, the phosphite triester via which
the lipid is bound to the RNA molecule according to the invention as defined above can be oxidised by a sulfurising
agent. To this end there is preferably used a sulfurising agent that achieves oxidation of the phosphotriester as completely
as possible. Otherwise, the sulfurisation reaction, for example for steric reasons, may proceed so incompletely that only
a small amount of product, or no product at all, is obtained after the ammoniacal cleavage and deprotection of the MON.
This phenomenon is dependent on the type of modification, the sulfurising agent used and the sulfurisation conditions.
The oxidation is therefore carried out preferably with iodine. As a result, although a phosphodiester bond is introduced,
it is not to be expected, owing to the proximity of the lipid residue, that this bond will be recognised as a substrate by
nucleases.

[0095] In a lipid modification, linkers or (bifunctional) lipids contained in the RNA molecule according to the invention
as defined above, or optionally the RNA molecule, according to the invention as defined above itself, can, as described
hereinbefore, be coupled directly or indirectly to a carrier material. Direct coupling is carried out preferably directly with
the carrier material, while indirect coupling to the carrier material is typically carried out via a further (coupling) molecule.
The bond formed by the coupling to a carrier material preferably exhibits a (cleavable) covalent bond with the linker or
bifunctional lipid and/or a (cleavable) covalent bond with the solid phase. Compounds suitable as (coupling) molecule
are, forexample, dicarboxylic acids, for example succinyl residues (= succinyl anchors), oxalyl residues (= oxalyl anchors),
etc. Linkers, (bifunctiona) lipids or optionatty RNA molecules according to the invention as defined above which, like,
for example, aminoalkyl residues (e.g. aminopropyl or aminohexanyl residues), carry a free amino function, can be
bound to the carrier material via a phthalimide linker. Thiol-containing linkers, (bifunctional) lipids or optionally RNA
molecules according to the invention as defined above can be bound in disulfide form to the carrier material. Suitable
carrier materials in connection with this invention are in particular solid phases such as CPG, Tentagel®, amino-func-
tionalised PS-PEG (Tentagel® S NH,), etc., preferably Tentagel® or amino-functionalised PS-PEG (Tentagel® S NH,).
According to a particular embodiment it is possible for the coupling to a carrier material to couple, for example, the
succinates of the described linkers or bifunctional lipids used according to the invention, preferably with TBTU/NMM
(1H-benzotriazol-1-yl-1,1,3,3-tetramethyluronium tetrafluoroborate / N-methylmorpholine) as coupling reagent, to amino-
functionalised PS-PEG (Tentagel® S NH,). In the case of PS-PEG carrier materials on the 1 umol scale that is conven-
tionally used, the best results are typically obtained with loads of from 50 to 100 wmol/g (E. Bayer, K. Bleicher, M. Maier
Z. Naturforsch. 50b (1995) 1096). If, however, nucleotides are to be synthesized on a large scale according to the
invention, the loading of the carrier materials is preferably as high as possible (=100 wmol). According to the invention,
such a process likewise results in good coupling yields (M. Gerster, M. Maier, N. Clausen, J. Schewitz, E. Bayer Z.
Naturforsch. 52b (1997) 110). For example, carrier materials such as, for example, resins with a load of up to 138 umol/g
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or optionally more can be used with good synthesis yields. Because the coupling yields with the above-described linkers
or bifunctional lipids are approximately 100%, the loading of the carrier material can be adjusted relatively precisely via
the stoichiometry of these compounds. The loading is preferably monitored by spectroscopic quantification of the cleaved
DMT protecting group (see experimental part). The residual amino functions still present on the carrier material can be
capped with acetic anhydride. This capping is normally carried out following the loading of the carrier material but can
also take place directly in the nucleic acid synthesis, for example in a DNA synthesizer. For the synthesis of lipid-modified
nucleic acids on the derivatised PS-PEG carrier materials there are preferably used synthesis cycles developed specif-
ically for Tentagel®, which take into account the characteristic properties of the material (E. Bayer, M. Maier, K. Bleicher,
H.-J. Gaus Z. Naturforsch. 50b (1995) 671, E. Bayer, K. Bleicher, M. Maier Z. Naturforsch. 50b (1995) 1096.). Preferred
changes as compared with the standard protocol include:

* lengthened reaction times in the coupling, capping and oxidation steps;

* increased number of detritylation steps;

* lengthened washing steps after each step;

* use of an ascorbic-acid-containing washing solution (0.1 M in dioxane/water = 9:1) after the oxidation step that is
usually necessary (for oxidation of the phosphite triester) during the amidite process, in order to remove traces of
iodine.

[0096] It should be noted that the nature of the modification can have an influence on the individual steps of the
synthesis cycle. For example, in the case of PEGgyq-derivatised carrier materials, a considerably slowed reaction
kinetics is observed, which requires the detritylation steps to be lengthened again and the coupling time to be lengthened
in addition. Such changes and adaptations are within the scope of the normal capability of a person skilled in the art
and can be carried out at any time within the context of the present disclosure. With these reaction cycles so modified,
both lipid-modified phosphorodiesters and phosphorothioates can be synthesized. The coupling yields of amidites on
linkers or bifunctional lipids used according to the invention are not impaired by the lipid residues but correspond to
conventional values (97-99%). The possibility of 5’ derivatisation and the introduction of further modifications, forexample
at base, sugar or phosphate backbone, is retained when such 3’ modifications are used.

[0097] The RNAmolecule accordingtotheinvention as defined above, as chemically unmodified RNA or as (chemically)
modified RNA e.g. as a lipid modified RNA molecule according to the invention as defined above, can likewise be
stabilized by forming a complex of the RNA molecule according to the invention as defined above, e.g., without being
limited thereto, with a cationic polymer, cationic peptides or polypeptides, preferably with a polycationic polymer such
as polylysine or polyarginine or alternatively with cationic lipids or lipofectants, with a histone, a nucleoline, protamine,
oligofectamine, spermine or spermidine, and cationic polysaccharides, in particular chitosan, TDM, MDP, muramyl
dipeptide, pluronics, and/or one of the derivatives thereof, etc. Histones and protamines are cationic proteins which
naturally compact DNA. They are thus responsible in vivo for the condensation of non-transcribed DNA and the DNA of
certain viruses. As histones which may be used in the context of the present invention to form a complex with the RNA
molecule according to the invention as defined above, mention may be made more particularly of histones H1, H2a, H3
and H4. However, protamin (protamin P1 or P2) or cationic partial sequences of protamine are specifically preferred. In
the context of the present invention, the compound may advantageously be represented by a peptide sequence derived
from the protamin P1 or P2, and more precisely corresponding to the (cationic) sequence (SRSRYYRQRQRSRRRRRR
(SEQ ID NO: 109) or RRRLHRIHRRQHRSCRRRKRR (SEQ ID NO: 110). Other compounds suitable for forming a
complex with the RNA molecule according to the invention as defined above may be selected from the adjuvant com-
pounds as defined herein, without being limited thereto.

[0098] In this context, "forming a complex" shall mean that the RNA molecule according to the invention as defined
above is bound to a stabilizing compound as defined above, e.g. a cationic polymer, cationic peptides or polypeptides,
etc. by forming a non-covalent complex between nucleic acid and stabilizing compound. Herein, "non-covalent" means
that a reversible association of nucleic acid and stabilizing compound is formed by non-covalent interactions of these
molecules, wherein the molecules are associated together by some type of interaction of electrons, other than a covalent
bond, e.g. by van der Waals-bonds, i.e. a weak electrostatic attraction arising from a nonspecific attractive force of both
molecules. Association of the RNA molecule according to the invention as defined above and the stabilizing compound
is in equilibrium with dissociation of that complex. Without being bound to any theory, it is expected that the equilibrium
is intracellularly shifted towards dissociated RNA molecule according to the invention as defined above and the stabilizing
compound.

[0099] According to an embodiment, the RNA molecule according to the invention as defined above can be an immu-
nostimulating agent, if administered without any other pharmaceutically active component, or may be used as an adjuvant,
if administered together with a pharmaceutically active component, e.g. as a composition containing both the pharma-
ceutically active component and the adjuvant component (e.g. a vaccine composition containing a specific antigen and
an RNA molecule according to the invention as defined above as an adjuvant).
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[0100] An RNA molecule according to the invention as defined above as an "immunostimulating agent" is preferably
capable of triggering a non-antigen-specific, immune reaction (as provided by the innate immune system), preferably in
an immunostimulating manner. An immune reaction can generally be brought about in various ways. An important factor
for a suitable immune response is the stimulation of different T-cell sub-populations. T-lymphocytes typically differentiate
into two sub-populations, the T-helper 1 (Th1) cells and the T-helper 2 (Th2) cells, with which the immune system is
capable of destroying intracellular (Th1) and extracellular (Th2) pathogens (e.g. antigens). The two Th cell populations
differ in the pattern of effector proteins (cytokines) produced by them. Thus, Th1 cells assist the cellularimmune response
by activation of macrophages and cytotoxic T-cells. Th2 cells, on the other hand, promote the humoral immune response
by stimulation of B-cells for conversion into plasma cells and by formation of antibodies (e.g. against antigens). The
Th1/Th2 ratio is therefore of great importance in the immune response. In connection with the present invention, the
Th1/Th2 ratio of the immune response is preferably displaced by the immunostimulating agent, namely the RNA molecule
according to the invention as defined above in the direction towards the cellular response, thatis to say the Th1 response,
and a predominantly cellular immune response is thereby induced. As defined above, the RNA molecule of the invention
exerts by itself an unspecific immune response, which allows the RNA to be used as such (without adding another
pharmaceutically active component) as an immunostimulating agent. If administered together with another pharmaceu-
tically active component, preferably a specifically immunostimulating component, the RNA of the invention serves as
an adjuvant supporting the specific immune response elicited by the other pharmaceutically active component.

[0101] The present invention also relates to pharmaceutical compositions containing at least one inventive RNA mol-
ecule according to the invention as defined above and optionally a (compatible) pharmaceutically acceptable carrier
and/or further auxiliary substances and additives and/or adjuvants (first embodiment of an inventive composition). More-
over, the present invention relates to pharmaceutical compositions containing at least one RNA molecule according to
the invention as defined above, e.g. one, two three, four six seven, or more RNA molecules thereof, a pharmaceutically
active component and optionally a pharmaceutically acceptable carrier and/or further auxiliary substances and additives
and/or adjuvants (second embodiment of an inventive composition).

[0102] The pharmaceutical compositions according to the present invention typically comprise a safe and effective
amount of at least one RNA molecules according to the invention as defined above, or one, two three, four six seven,
or more RNA molecules thereof. As used here, "safe and effective amount" means an amount of each or all RNA
molecules according to the invention as defined above in the composition, that is sufficient to significantly induce a
positive modification of a condition to be treated, for example of a tumour, autoimmune diseases, allergies or infectious
disease, etc. At the same time, however, a "safe and effective amount" is small enough to avoid serious side-effects,
that are to say to permit a sensible relationship between advantage and risk. The determination of these limits typically
lies within the scope of sensible medical judgment. In relation to the RNA molecule according to the invention as defined
above, the expression "safe and effective amount" preferably means an amount thatis suitable for stimulating the immune
system in such a manner that no excessive or damaging immune reactions are achieved but, preferably, also no such
immune reactions below a measurable level. A "safe and effective amount" of the RNA molecule according to the
invention as defined above, will vary in connection with the particular condition to be treated and also with the age and
physical condition of the patient to be treated, the severity of the condition, the duration of the treatment, the nature of
the accompanying therapy, of the particular pharmaceutically acceptable carrier used, and similar factors, within the
knowledge and experience of the accompanying doctor. The pharmaceutical compositions according to the invention
can be used according to the invention for human and also for veterinary medical purposes.

[0103] According to the first embodiment, the above-described RNA molecule according to the invention as defined
above, can by itself be the immunostimulating agent (without addition of any other pharmaceutically active components).
This holds in particular, if the RNA molecule according to the invention as defined above contains a lipid modification.
The lipid may further enhance the immunostimulatory properties of the inventive RNA molecules or may well form a
therapeutically active molecule, such as, for example, a vitamin, or steroid, as described above, for example alpha-
tocopherol (vitamin E), D-alpha-tocopherol, L-alpha-tocopherol, D,L-alpha-tocopherol, vitamin E succinate (VES), vitamin
A and its derivatives, vitamin D and its derivatives, vitamin K and its derivatives, etc.

[0104] The pharmaceutical composition according to the second embodiment of the invention may contain (in addition
to the at least one RNA molecule according to the invention as defined above) at least one additional pharmaceutically
active component. A pharmaceutically active component in this connection is a compound that has a therapeutic effect
against a particular indication, preferably cancer diseases, autoimmune disease, allergies or infectious diseases. Such
compounds include, without implying any limitation, peptides, proteins, nucleic acids, (therapeutically active) low mo-
lecular weight organic or inorganic compounds (molecular weight less than 5000, preferably less than 1000), sugars,
antigens or antibodies, therapeutic agents already known in the prior art, antigenic cells, antigenic cellular fragments,
cellular fractions; modified, attenuated or de-activated (e.g. chemically or by irridation) pathogens (virus, bacteria etc.) etc.
[0105] According to a first alternative of the second embodiment (of a composition according to the invention), the
pharmaceutically active component contained in the pharmaceutical composition is an immunomodulatory component,
preferably an immuno-stimulatory component. Most preferably, the pharmaceutically active component is an antigen or
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immunogen. An "antigen" and an "immunogen" are to be understood as being any structure that is able to bring about
the formation of antibodies and/or the activation of a cellular immune response, that is to say a specific (and not an
adjuvant) immune response. According to the invention, therefore, the terms "antigen" and "immunogen" are used
synonymously. Examples of antigens are peptides, polypeptides, that is to say also proteins, cells, cell extracts, polysac-
charides, polysaccharide conjugates, lipids, glycolipids and carbohydrates. There come into consideration as antigens,
for example, tumour antigens, animal, herbal, viral, bacterial, fungal and protozoological antigens, autoimmune antigens
or allergens. Preference is given to surface antigens of tumour cells and surface antigens, in particular secreted forms,
of viral, bacterial, fungal or protozoological pathogens. The antigen can, of course, be present, for example in a vaccine
according to the invention, also as a haptene coupled to a suitable carrier. Other antigenic components, e.g. deactivated
or attenuated pathogens (as decribed above), may be used as well.

[0106] Antigenic (poly)peptides include all known antigenic peptides, for example tumour antigens, etc. Specific ex-
amples of tumour antigens are inner alia tumour-specific surface antigens (TSSAs), for example 5T4, 707-AP, 9D7,
AFP, AIbZIP HPG1, alpha-5-beta-1-integrin, alpha-5-beta-6-integrin, alpha-actinin-4/m, alpha-methylacyl-coenzyme A
racemase, ART-4, ARTC1/m, B7H4, BAGE-1, BCL-2, bcr/abl, beta-catenin/m, BING-4, BRCA1/m, BRCA2/m, CA
15-3/CA 27-29, CA 19-9, CA72-4, CA125, calreticulin, CAMEL, CASP-8/m, cathepsin B, cathepsin L, CD19, CD20,
CD22, CD25, CDE30, CD33, CD4, CD52, CD55, CD56, CD80, CDC27/m, CDK4/m, CDKN2A/m, CEA, CLCA2, CML28,
CML66, COA-1/m, coactosin-like protein, collage XXIll, COX-2, CT-9/BRD6, Cten, cyclin B1, cyclin D1, cyp-B, CYPB1,
DAM-10, DAM-6, DEK-CAN, EFTUD2/m, EGFR, ELF2/m, EMMPRIN, EpCam, EphA2, EphA3, ErbB3, ETV6-AML1,
EZH2, FGF-5, FN, Frau-1, G250, GAGE-1, GAGE-2, GAGE-3, GAGE-4, GAGE-5, GAGE-6, GAGE7b, GAGE-8, GDEP,
GnT-V, gp100, GPC3, GPNMB/m, HAGE, HAST-2, hepsin, Her2/neu, HERV-K-MEL, HLA-A*0201-R17I, HLA-A11/m,
HLA-A2/m, HNE, homeobox NKX3.1, HOM-TES-14/SCP-1, HOM-TES-85, HPV-E6, HPV-E7, HSP70-2M, HST-2,
hTERT, iCE, IGF-1R, IL-13Ra2, IL-2R, IL-5, immature laminin receptor, kallikrein-2, kallikrein-4, Ki67, KIAA0205,
KIAA0205/m, KK-LC-1, K-Ras/m, LAGE-A1, LDLR-FUT, MAGE-A1, MAGE-A2, MAGE-A3, MAGE-A4, MAGE-AG,
MAGE-A9, MAGE-A10, MAGE-A12, MAGE-B1, MAGE-B2, MAGE-B3, MAGE-B4, MAGE-B5, MAGE-B6, MAGE-B10,
MAGE-B16, MAGE-B17, MAGE-C1, MAGE-C2, MAGE-C3, MAGE-D1, MAGE-D2, MAGE-D4, MAGE-E1, MAGE-E2,
MAGE-F1, MAGE-H1, MAGEL2, mammaglobin A, MART-1/melan-A, MART-2, MART-2/m, matrix protein 22, MC1R,
M-CSF, ME1/m, mesothelin, MG50/PXDN, MMP11, MN/CA [X-antigen, MRP-3, MUC-1, MUC-2, MUM-1/m, MUM-2/m,
MUM-3/m, myosin class I/m, NA88-A, N-acetylglucosaminyltransferase-V, Neo-PAP, Neo-PAP/m, NFYC/m, NGEP,
NMP22, NPM/ALK, N-Ras/m, NSE, NY-ESO-1, NY-ESO-B, OA1, OFA-iLRP, OGT, OGT/m, 0S-9, 0S-9/m, osteocalcin,
osteopontin, p15, p190 minor becr-abl, p53, p53/m, PAGE-4, PAI-1, PAI-2, PART-1, PATE, PDEF, Pim-1-Kinase, Pin-1,
Pml/PARalpha, POTE, PRAME, PRDX5/m, prostein, proteinase-3, PSA, PSCA, PSGR, PSM, PSMA, PTPRK/m, RAGE-
1, RBAF600/m, RHAMM/CD168, RU1, RU2, S-100, SAGE, SART-1, SART-2, SART-3, SCC, SIRT2/m, Sp17, SSX-1,
SSX-2/HOM-MEL-40, SSX-4, STAMP-1, STEAP, survivin, survivin-2B, SYT-SSX-1, SYT-SSX-2, TA-90, TAG-72, TARP,
TEL-AML1, TGFbeta, TGFbetaRIl, TGM-4, TPI/m, TRAG-3, TRG, TRP-1, TRP-2/6b, TRP/INT2, TRP-p8, tyrosinase,
UPA, VEGF, VEGFR-2/FLK-1, and WT1. Any class of tumor antigens is suitable for the purpose of the present invention,
e.g. tumor antigens known to be involved in neovascularization, influencing the extracellular matrix structure etc. The
tumor antigens may be provided in the pharmaceutical composition as protein or peptide antigen or as mRNA or DNA
encoding the tumor antigens or epitopes thereof, preferably the above tumor antigens.

[0107] By asecond alternative of the second embodiment (for a composition according to the invention containing the
inventive RNA (as an adjuvant) and the additional pharmaceutically active component) the pharmaceutically active
component is an antibody. In this connection, any therapeutically suitable antibody can be used. Particular preference
is given according to the invention to an antibody directed against antigens, proteins or nucleic acids that play an important
part in cancer diseases or infectious diseases, for example cell surface proteins, tumour suppressor genes or inhibitors
thereof, growth and elongation factors, apoptosis-relevant proteins, tumour antigens, or antigens as described herein-
before, etc.

[0108] According to a third alternative of the second embodiment, the pharmaceutically active component contained
in the pharmaceutical composition according to the invention is a nucleic acid. Such a nucleic acid can be single-stranded
or double-stranded and can be in the form of a homo- or hetero-duplex and also in linear or circular form. A nucleic acid
contained as a pharmaceutically active component in the pharmaceutical composition is not limited in terms of its length
and can include any naturally occurring nucleic acid sequence or its complement or a fragment thereof. Likewise, the
nucleic acid used in this connection can be partially or wholly of synthetic nature. For example, the nucleic acid can
include a nucleic acid that codes for a (therapeutically relevant) protein and/or that is capable of bringing about an
immune reaction, for example an antigen or a nucleic acid coding for an antigen. An antigen here is preferably an antigen
as described hereinbefore. Preferably, the nucleic acid contained as a pharmaceutically active component in the phar-
maceutical composition according to the invention is an mRNA. Such an mRNA can be added in its naked form to the
pharmaceutical composition according to the invention or in a stabilized form that reduces or even prevents the degra-
dation of the nucleic acid in vivo, for example by exo- and/or endo-nucleases.

[0109] Forexample, the mRNA contained as a pharmaceutically active component in the pharmaceutical composition
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according to the invention can be stabilized by an above-defined 5’ Cap, and alternatively or additionally by a poly-A tail
and/or a poly-C tail at the 3’ end of at least 50 nucleotides, preferably at least 70 nucleotides, more preferably at least
100 nucleotides, particularly preferably at least 200 nucleotides. As already mentioned, the terminal structure is of critical
importance in vivo. The RNA is recognised as mRNA via these structures and the degradation is regulated. In addition,
however, there are further processes that stabilize or destabilize RNA. Many of these processes are still unknown, but
an interaction between the RNA and proteins often appears to be decisive therefor. For example, an "mRNA surveillance
system" has recently been described (Hellerin and Parker, Ann. Rev. Genet. 1999, 33: 229 to 260), in which incomplete
or non-sense MRNA is recognised by particular feedback protein interactions in the cytosol and is made amenable to
degradation, a majority of these processes being carried out by exonucleases.

[0110] The stabilization of the mRNA contained as a pharmaceutically active component in the pharmaceutical com-
position according to the invention can likewise by carried out by associating or complexing the mRNA with, or binding
it to, a cationic compound, in particular a polycationic compound, for example a (poly)cationic peptide or protein. In
particular the use of protamine, nucleoline, spermin or spermidine as the polycationic (nucleic-acid-binding) protein is
particularly effective. Furthermore, the use of other cationic peptides or proteins, such as poly-L-lysine or histones, is
likewise possible. This procedure for stabilizing mRNA is described in EP-A-1083232. Further preferred cationic sub-
stances which can be used for stabilizing the mRNA present as a pharmaceutically active component include cationic
compounds as disclosed herein in connection with adjuvants, which are suitable for depot and delivery of the inventive
RNA molecule, e.g. cationic polysaccharides, for example chitosan, polybrene, polyethyleneimine (PEI) or poly-L-lysine
(PLL), etc. Apart from the action of the lipid-modified RNA molecule in the form of an adjuvant inimproving cell permeability,
which is already advantageous, the association or complexing of the mRNA with cationic compounds, e.g. cationic
proteins or cationic lipids, e.g. oligofectamine as a lipid based complexation reagent) preferably increases the transfer
of the mRNA present as a pharmaceutically active component into the cells to be treated or into the organism to be
treated. Itis also referred to the disclosure herein with regard to the stabilizing effect for the RNA molecule of the invention
by complexation, which holds for the stabilization of mRNA as well.

[0111] Anotherapproach to stabilize mMRNA as a pharmaceutically active component in the pharmaceutical composition
according to the invention is the targeted changing of the sequence of the mRNA by removing or changing so-called
destabilizing sequence elements (DSEs). Signal proteins are able to bind to these destabilizing sequence elements
(DSEs), which occur in eukaryotic mRNA in particular, and regulate the enzymatic degradation of the mRNA in vivo.
Therefore, in order further to stabilize an mMRNA present as a pharmaceutically active component, one or more changes
are preferably made as compared with the corresponding region of the wild-type mRNA, so that no destabilizing sequence
elements are present. Of course, it is likewise preferred according to the invention to eliminate DSEs optionally present
in the untranslated regions (3’- and/or 5-UTR) from the mMRNA. Examples of the above DSEs are AU-rich sequences
("AURES"), which occur in 3-UTR sections of numerous unstable mRNAs (Caput et al., Proc. Natl. Acad. Sci. USA
1986, 83: 1670 to 1674). The mRNA used as a pharmaceutically active component is therefore preferably modified as
compared with the wild-type mRNA in such a manner that it does not contain any such destabilizing sequences. This is
also true of those sequence motifs that are recognised by possible endonucleases, for example the sequence GAACAAG,
which is contained in the 3'-UTR segment of the gene coding for the transferrin receptor (Binder et al., EMBO J. 1994,
13: 1969 to 1980). Such sequence motifs are preferably also eliminated from the lipid-modified RNA molecule according
to the invention.

[0112] The mRNA as a pharmaceutically active component in the pharmaceutical composition according to the inven-
tion can further be modified, for example for an efficient translation that may be desired, in such a manner that effective
binding of the ribosomes to the ribosomal binding site (Kozak sequence: GCCGCCACCAUGG (SEQ ID NO: 111), the
AUG forms the start codon) takes place. It has been noted in this connection that an increased A/U content around this
position permits more efficient ribosome binding to the mRNA.

[0113] Furthermore,itis possible to introduce one or more so-called IRES (internal ribosome entry side(s)) (sequences)
into the MRNA used as a pharmaceutically active component. An IRES can thus function as the only ribosomal binding
site, but it can also serve to provide an mRNA that codes for a plurality of peptides or polypeptides which are to be
translated independently of one another by the ribosomes ("multicistronic mMRNA"). Examples of IRES sequences which
can be used according to the invention are those from picorna viruses (e.g. FMDV), plague viruses (CFFV), polio viruses
(PV), encephalo-myocarditis viruses (ECMV), foot-and-mouth viruses (FMDV), hepatitis C viruses (HCV), conventional
swine fever viruses (CSFV), murine leukoma virus (MLV), simean immune deficiency virus (SIV) or cricket paralysis
viruses (CrPV).

[0114] The mRNA optionally used as a pharmaceutically active component in the pharmaceutical composition accord-
ing to the invention can likewise contain in its 5’- and/or 3’-untranslated regions stabilizing sequences that are capable
of increasing the half-life of the mRNA in the cytosol. These stabilizing sequences can exhibit 100% sequence homology
with naturally occurring sequences that occur in viruses, bacteria and eukaryotes, but they can also be partially or wholly
of synthetic nature. As examples of stabilizing sequences which can be used in the present invention there may be
mentioned the untranslated sequences (UTR) of the beta-globin gene, for example of Homo sapiens or Xenopus laevis.
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Another example of a stabilizing sequence has the general formula (C/U)CCAN,CCC(U/A)Py,UC(C/U)CC (SEQ ID NO:
112), which is contained in the 3’-UTR of the very stable RNA that codes for a-globin, alpha-(l)-collagen, 15-lipoxygenase
or for tyrosine-hydroxylase (see Holcik et al., Proc. Natl. Acad. Sci. USA 1997, 94: 2410 to 2414). Of course, such
stabilizing sequences can be used individually or in combination with one another as well as in combination with other
stabilizing sequences known to a person skilled in the art.

[0115] In order to further increase an eventually desired translation, the mRNA used as a pharmaceutically active
component can exhibit the following modifications as compared with a corresponding wild-type mRNA, which modifica-
tions can be present either as alternatives or in combination with one another. On the one hand, the G/C content of the
region of the modified MRNA coding for a peptide or polypeptide can be greater than the G/C content of the coding
region of the wild-type mRNA coding for the peptide or polypeptide, the amino acid sequence coded for being unmodified
compared with the wild type. This modification is based on the fact that, for an efficient translation of an mRNA, the
stability of the mRNA as such is critical. The composition and sequence of the various nucleotides plays a large part
thereby. In particular, sequences having an increased G(guanosine (guanine))/C(cytidine (cytosine)) content are more
stable than sequences having an increased A(adenosine (adenine))/U(uridine (uracil)) content. According to the inven-
tion, therefore, while retaining the translated amino acid sequence, the codons are varied as compared with the wild-
type mRNA in such a manner that they contain more G/C nucleotides. Because several codons code for the same amino
acid (degeneracy of the genetic code) the codons that are advantageous for the stability can be determined (alternative
codon usage). In dependence on the amino acid to be coded for by the mRNA, different possibilities for the modification
of the mRNA sequence as compared to the wild-type sequence are possible. In the case of amino acids coded for by
codons that contain solely G or C nucleotides, no modification of the codon is necessary. Accordingly, the codons for
Pro (CCC or CCG), Arg (CGC or CGG), Ala (GCC or GCG) and Gly (GGC or GGG) do not require any change because
no Aor U is presentIn the following cases, the codons that contain A and/or U nucleotides are changed by the substitution
of different codons that code for the same amino acids but do not contain A and/or U. Examples are: the codons for Pro
can be changed from CCU or CCA to CCC or CCG; the codons for Arg can be changed from CGU or CGA or AGA or
AGG to CGC or CGG,; the codons for Ala can be changed from GCU or GCA to GCC or GCG; the codons for Gly can
be changed from GGU or GGA to GGC or GGG. In other cases, although A and U nucleotides cannot be eliminated
from the codons, it is possible to reduce the A and U content by the use of codons that contain fewer A and/or U
nucleotides. For example: the codons for Phe can be changed from UUU to UUC; the codons for Leu can be changed
from UUA, CUU or CUA to CUC or CUG; the codons for Ser can be changed from UCU or UCA or AGU to UCC, UCG
or AGC; the codon for Tyr can be changed from UAU to UAC; the stop codon UAA can be changed to UAG or UGA;
the codon for Cys can be changed from UGU to UGC; the codon His can be changed from CAU to CAC; the codon for
Gin can be changed from CAA to CAG; the codons for lle can be changed from AUU or AUA to AUC; the codons for
Thr can be changed from ACU or ACA to ACC or ACG; the codon for Asn can be changed from AAU to AAC; the codon
for Lys can be changed from AAA to AAG; the codons for Val can be changed from GUU or GUA to GUC or GUG,; the
codon for Asp can be changed from GAU to GAC; the codon for Glu can be changed from GAA to GAG. In the case of
the codons for Met (AUG) and Trp (UGG), on the other hand, there is no possibility of sequence modification. The
substitutions listed above can, of course, be used individually but also in all possible combinations for increasing the
G/C content of the modified mMRNA as compared with the original sequence. Thus, for example, all codons for Thr
occurring in the original (wild-type) sequence can be changed to ACC (or ACG). Preferably, however, combinations of
the above substitution possibilities are used, for example: substitution of all codons in the original sequence coding for
Thr to ACC (or ACG) and substitution of all codons originally coding for Ser to UCC (or UCG or AGC); substitution of
all codons in the original sequence coding for lle to AUC and substitution of all codons originally coding for Lys to AAG
and substitution of all codons originally coding for Tyr to UAC; substitution of all codons in the original sequence coding
for Val to GUC (or GUG) and substitution of all codons originally coding for Glu to GAG and substitution of all codons
originally coding for Ala to GCC (or GCG) and substitution of all codons originally coding for Arg to CGC (or CGG);
substitution of all codons in the original sequence coding for Val to GUC (or GUG) and substitution of all codons originally
coding for Glu to GAG and substitution of all codons originally coding for Ala to GCC (or GCG) and substitution of all
codons originally coding for Gly to GGC (or GGG) and substitution of all codons originally coding for Asn to AAC;
substitution of all codons in the original sequence coding for Val to GUC (or GUG) and substitution of all codons originally
coding for Phe to UUC and substitution of all codons originally coding for Cys to UGC and substitution of all codons
originally coding for Leu to CUG (or CUC) and substitution of all codons originally coding for GIn to CAG and substitution
of all codons originally coding for Pro to CCC (or CCG); etc. Preferably, the G/C content of the region (or of each other
further section optionally present) of the mRNA that codes for the peptide or polypeptide is increased by at least 7%
points, more preferably by at least 15% points, particularly preferably by at least 20% points, as compared with the G/C
content of the coded region of the wild-type mRNA coding for the corresponding peptide or polypeptide and is preferably
at least 50%, more preferably at least 70% and most preferably at least 90%. It is particularly preferred in this connection
to increase the G/C content of the mRNA so modified in comparison with the wild-type sequence to the maximum possible
degree.
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[0116] Afurtherpreferred modification of an mRNA used as a pharmaceutically active component in the pharmaceutical
composition is based on the finding that the translation efficiency is also determined by a different frequency in the
occurrence of tRNAs in cells. If, therefore, so-called "rare" codons are present in an increased number in an RNA
sequence, then the corresponding mRNA is translated markedly more poorly than in the case where codons coding for
relatively "frequent” tRNAs are present. According to the invention, therefore, the coding region in the mRNA used as
a pharmaceutically active component is modified as compared with the corresponding region of the wild-type mRNA in
such a manner that at least one codon of the wild-type sequence that codes for a relatively rare tRNA in the cell is
replaced by a codon that codes for a relatively frequent tRNA in the cell, which carries the same amino acid as the
relatively rare tRNA. By means of this modification, the RNA sequences are so modified that codons are introduced for
which frequently occurring tRNAs are available. Which tRNAs occur relatively frequently in the cell and which, by contrast,
are relatively rare is known to a person skilled in the art; see, for example, Akashi, Curr. Opin. Genet. Dev. 2001, 11(6):
660-666. By means of this modification it is possible according to the invention to replace all codons of the wild-type
sequence that code for a relatively rare tRNA in the cell by a codon that codes for a relatively frequent tRNA in the cell,
which carries the same amino acid as the relatively rare tRNA. It is particularly preferred to combine the increased, in
particular maximum, sequential G/C content in the mRNA as described above with the "frequent” codons, without chang-
ing the amino acid sequence of an antigenic peptide or polypeptide (one or more) coded for by the coding region of the
mRNA. Preferred antigens, which may be coded by the G/C enriched/optimized mRNA, are listed above.

[0117] According to a fourth alternative of the second embodiment (for the composition of the present invention), the
nucleic acid contained as a pharmaceutically active component in the pharmaceutical composition according to the
invention is a dsRNA, preferably a siRNA. A dsRNA, or a siRNA, is of interest particularly in connection with the phe-
nomenon of RNA interference. Attention was drawn to the phenomenon of RNA interference in the course of immuno-
logical research. In recent years, an RNA-based defence mechanism has been discovered, which occurs both in the
kingdom of the fungi and in the plant and animal kingdom and acts as an "immune system of the genome". The system
was originally described in various species independently of one another, first in C. elegans, before it was possible to
identify the underlying mechanisms of the processes as being identical: RNA-mediated virus resistance in plants, PTGS
(posttranscriptional gene silencing) in plants, and RNA interference in eukaryotes are accordingly based on a common
procedure. The in vitro technique of RNA interference (RNAI) is based on double-stranded RNA molecules (dsRNA),
which trigger the sequence-specific suppression of gene expression (Zamore (2001) Nat. Struct. Biol. 9: 746-750; Sharp
(2001) Genes Dev. 5:485-490: Hannon (2002) Nature 41: 244-251). In the transfection of mammalian cells with long
dsRNA, the activation of protein kinase R and RnaseL brings about unspecific effects, such as, for example, an interferon
response (Stark et al. (1998) Annu. Rev. Biochem. 67: 227-264; He and Katze (2002) Viral Immunol. 15: 95-119). These
unspecific effects are avoided when shorter, for example 21- to 23-mer, so-called siRNA (small interfering RNA), is used,
because unspecific effects are not triggered by siRNA that is shorter than 30 bp (Elbashir et al. (2001) Nature 411:
494-498). Recently, dsRNA molecules have also been used in vivo (McCaffrey et al. (2002), Nature 418: 38-39; Xia et
al. (2002), Nature Biotech. 20: 1006-1010; Brummelkamp et al. (2002), Cancer Cell 2: 243-247).

[0118] The double-stranded RNA (dsRNA) eventually used as a pharmaceutically active component in the pharma-
ceutical composition according to the invention therefore preferably contains a sequence having the general structure
5’-(N47.09)-3’ wherein N is any base and represents nucleotides. The general structure is composed of a double-stranded
RNA having a macromolecule composed of ribonucleotides, the ribonucleotide comprising a pentose (ribose or deox-
yribose), an organic base and a phosphate. The organic bases in the RNA here comprise the purine bases adenosine
(adenine) (A) and guanosine (guanine) (G) and of the pyrimidine bases cytidine (cytosine) (C) and uridine (uracil) (U).
The dsRNA eventually used as a pharmaceutically active component in the pharmaceutical composition according to
the invention contains such nucleotides or nucleotide analogues having an oriented structure. dssRNAs used as a phar-
maceutically active component according to the invention preferably have the general structure 5’-(N4g_5)-3’, more
preferably 5’-(N4g.04)-3". yet more preferably 5’-(N,4_53)-3’, wherein N is any base. Preferably atleast 90%, more preferably
95% and especially 100% of the nucleotides of a dsRNA used as a pharmaceutically active component will be comple-
mentary to a section of the (m)RNA sequence of a (therapeutically relevant) protein or antigen described (as a pharma-
cedutically active component) hereinbefore. 90% complementary means that with a length of a dsRNA used according
to the invention of, for example, 20 nucleotides, this contains not more than 2 nucleotides without corresponding com-
plementarity with the corresponding section of the (m)RNA. The sequence of the double-stranded RNA optionally used
in the pharmaceutical composition according to the invention is, however, preferably wholly complementary in its general
structure with a section of the (m)RNA of a protein or antigen described as a pharmaceutically active component here-
inbefore.

[0119] In principle, all the sections having a length of from 17 to 29, preferably from 19 to 25, base pairs that occur in
the coding region of the (m)RNA can serve as target sequence for a dsRNA eventually used as a pharmaceutically
active component in the pharmaceutical composition according to the invention. Equally, dsRNAs used as a pharma-
ceutically active component can also be directed against nucleotide sequences of a (therapeutically relevant) protein or
antigen described (as a pharmaceutically active component) hereinbefore that do not lie in the coding region, in particular
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in the 5’ non-coding region of the (m)RNA, for example, therefore, against non-coding regions of the (m)RNA having a
regulatory function. The target sequence of the dsRNA used as a pharmaceutically active component of a protein or
antigen described hereinbefore can therefore lie in the translated and untranslated region of the (m)RNA and/or in the
region of the control elements. The target sequence of a dsRNA used as a pharmaceutically active component in the
pharmaceutical composition according to the invention can also lie in the overlapping region of untranslated and translated
sequence; in particular, the target sequence can comprise at least one nucleotide upstream of the start triplet of the
coding region of the (m)RNA.

[0120] A modified nucleotide can preferably occurin a dsRNA eventually used as a pharmaceutically active component
in the pharmaceutical composition according to the invention. The expression "modified nucleotide" means according
to the invention that the nucleotide in question has been chemically modified. The person skilled in the art understands
by the expression "chemical modification" that the modified nucleotide has been changed in comparison with naturally
occurring nucleotides by the replacement, addition or removal of one or more atoms or atom groups. At least one modified
nucleotide in dsRNA used according to the invention serves on the one hand for stability and on the other hand to prevent
dissociation. Preferably, from 2 to 10 and more preferably from 2 to 5 nucleotides in a dsRNA used according to the
invention have been modified. Advantageously, at least one 2’-hydroxy group of the nucleotides of the dsRNA in the
double-stranded structure has been replaced by a chemical group, preferably a 2’-amino or a 2’-methyl group. At least
one nucleotide in at least one strand of the double-stranded structure can also be a so-called "locked nucleotide" having
a sugar ring that has been chemically modified, preferably by a 2°-O, 4’-C-methylene bridge. Several nucleotides of the
dsRNA used according to the invention are advantageously locked nucleotides. Moreover, by modification of the back-
bone of a dsRNA used according to the invention, premature degradation thereof can be prevented. Particular preference
is given in this connection to a dsRNA that has been modified in the form of phosphorothioate, 2'-O-methyl-RNA, LNA,
LNA/DNA gapmers, etc. and therefore has a longer half-life in vivo.

[0121] The ends of the double-stranded RNA (dsRNA) used as a pharmaceutically active component in the pharma-
ceutical composition according to the invention can preferably be modified in order to counteract degradation in the cell
or dissociation into the individual strands, in particular in order to avoid premature degradation by nucleases. A normally
undesirable dissociation of the individual strands of dsSRNA occurs in particular when low concentrations thereof or short
chain lengths are used. For the particularly effective inhibition of dissociation, the cohesion, effected by the nucleotide
pairs, of the double-stranded structure of dsRNA used according to the invention can be increased by at least one,
preferably more than one, chemical linkage(s). A dsRNA used as a pharmaceutically active component in the pharma-
ceutical composition according to the invention whose dissociation has been reduced has higher stability towards en-
zymatic and chemical degradation in the cell or in the organism (in vivo) or ex vivo and therefore has a longer half-life.
A further possibility for preventing premature dissociation in the cell of dSRNA used according to the invention consists
in forming hairpin loop(s) at each end of the strands. In a particular embodiment, a dsRNA used in the pharmaceutical
composition according to the invention therefore has a hairpin structure in order to slow the dissociation kinetics. In such
a structure, a loop structure is formed preferably at the 5" and/or 3’ end. Such a loop structure has no hydrogen bridges,
and typically therefore no complementarity, between nucleotide bases. Typically, such a loop has a length of at least 5,
preferably at least 7 nucleotides and in that manner links the two complementary individual strands of a dsRNA used
according to the invention. In order to prevent dissociation of the strands, the nucleotides of the two strands of the dsRNA
used according to the invention can likewise preferably be so modified that strengthening of the hydrogen bridge bond
is achieved, for example by increasing the hydrogen bridge bond capacity between the bases by optionally modified
nucleotides. As a result, the stability of the interaction between the strands is increased and the dsRNA is protected
against attack by RNases.

[0122] According to a particularly preferred embodiment, the dsRNA used as a pharmaceutically active component
in the pharmaceutical composition according to the invention is directed against the (m)RNA of a protein or antigen as
described hereinbefore. The dsRNA used thereby preferably suppresses the translation of an above-described protein
or antigen in a cell to the extent of at least 50%, more preferably 60%, yet more preferably 70% and most preferably at
least 90%, that is to say the cell contains preferably not more than half of the naturally occurring (without treatment with
dsRNA used according to the invention) cellular concentration of an above-described protein or antigen. The suppression
of the translation of these proteins or antigens in cells after addition of dSSRNA molecules used according to the invention
is based on the phenomenon of RNA interference caused by such molecules. The dsRNA used according to the invention
is then a so-called siRNA, which triggers the phenomenon of RNA interference and can bind the (m)RNA of an above-
described protein or antigen. Measurement or demonstration of the translation suppression triggered in cells by the
dsRNA used according to the invention can be carried out by Northern blot, quantitative real-time PCR or, at protein
level, with specific antibodies against an above-described protein or antigen. The dsRNA eventually used as a pharma-
ceutically active component in the pharmaceutical composition according to the invention, and a corresponding siRNA,
can be prepared by processes known to a person skilled in the art.

[0123] The pharmaceutical composition (according to the first or the second embodiment) according to the invention
typically contains a (compatible) pharmaceutically acceptable carrier. The expression "(compatible) pharmaceutically
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acceptable carrier" used here preferably includes the liquid or non-liquid basis of the composition. The term "compatible"
as used herein means that the constituents of the pharmaceutical composition are capable of being mixed with the
pharmaceutically active component, with the RNA molecule of the invention as immunostimulating agent or as an adjuvant
as such and with one another component in such a manner that no interaction occurs which would substantially reduce
the pharmaceutical effectiveness of the composition under usual use conditions. Pharmaceutically acceptable carriers
must, of course, have sufficiently high purity and sufficiently low toxicity to make them suitable for administration to a
person to be treated.

[0124] If the composition is provided in liquid form, the pharmaceutically acceptable carrier will typically comprise one
or more (compatible) pharmaceutically acceptable liquid carriers. The composition may comprise as (compatible) phar-
maceutically acceptable liquid carriers e.g. pyrogen-free water; isotonic saline or buffered (aqueous) solutions, e.g
phosphate, citrate etc. buffered solutions, vegetable oils, such as, for example, groundnut oil, cottonseed oil, sesame
oil, olive oil, com oil and oil from theobroma; polyols, such as, for example, polypropylene glycol, glycerol, sorbitol,
mannitol and polyethylene glycol; alginic acid, etc. Particularly for injection of the inventive pharmaceutical composition,
a buffer, preferably an aqueous buffer, may be used, containing a sodium salt, preferably at least 50 mM of a sodium
salt, a calcium salt, preferably at least 0,01 mM of a calcium salt, and optionally a potassium salt, preferably at least 3
mM of a potassium salt. According to a preferrred embodiment, the sodium, calcium and, optionally, potassium salts
may occur in the form of their halogenides, e.g. chlorides, iodides, or bromides, in the form of their hydroxides, carbonates,
hydrogen carbonates, or sulfates, etc. Without being limited thereto, examples of sodium salts include e.g. NaCl, Nal,
NaBr, Na,CO3, NaHCO,, Na,SO,, examples of the optional potassium salts include e.g. KCI, Kl, KBr, K,CO5, KHCOs,
K>,SO,, and examples of calcium salts include e.g. CaCl,, Cal,, CaBr,, CaCO3, CaSO,4, Ca(OH),. Furthermore, organic
anions of the aforementioned cations may be contained in the buffer. According to a more preferred embodiment; the
buffer suitable for injection purposes as defined above, may contain salts selected from sodium chloride (NaCl), calcium
chloride (CaCl,) and optionally potassium chloride (KCI), wherein further anions may be presentadditional to the chlorides.
Typically, the salts in the injection buffer are present in a concentration of at least 50 mM sodium chloride (NaCl), at
least 3 mM potassium chloride (KCl) and atleast 0,01 mM calcium chloride (CaCl,). The injection buffer may be hypertonic,
isotonic or hypotonic with reference to the specific reference medium, i.e. the buffer may have a higher, identical or lower
salt content with reference to the specific reference medium, wherein preferably such concentrations of the afore men-
tioned salts may be used, which do not lead to damage of cells due to osmosis or other concentration effects. Reference
media are e.qg. in "in vivo" methods occurring liquids such as blood, lymph, cytosolic liquids, or other body liquids, or e.g.
liquids, which may be used as reference media in "in vitro” methods, such as common buffers or liquids. Such common
buffers or liquids are known to a skilled person. Ringer-Lactate solution is particularly preferred as a liquid basis.
[0125] If the composition is provided in solid form, the pharmaceutically acceptable carrier will typically comprise one
or more (compatible) pharmaceutically acceptable solid carriers. The composition may comprise as (compatible) phar-
maceutically acceptable solid carriers e.g. one or more compatible solid or liquid fillers or diluents or encapsulating
compounds may be used as well, which are suitable for administration to a person. Some examples of such (compatible)
pharmaceutically acceptable solid carriers are e.g. sugars, such as, for example, lactose, glucose and sucrose; starches,
such as, for example, corn starch or potato starch; cellulose and its derivatives, such as, for example, sodium car-
boxymethylcellulose, ethylcellulose, cellulose acetate; powdered tragacanth; malt; gelatin; tallow; solid glidants, such
as, for example, stearic acid, magnesium stearate; calcium sulphate, etc.

[0126] The choice of a (compatible) pharmaceutically acceptable carrier is determined in principle by the manner in
which the pharmaceutical composition according to the invention is administered. The pharmaceutical composition
according to the invention can be administered, for example, systemically. Routes for administration include, for example,
oral, subcutaneous, intravenous, intramuscular, intra-articular, intra-synovial, intrasternal, intrathecal, intrahepatic, int-
ralesional, intracranial, transdermal, intradermal, intrapulmonal, intraperitoneal, intracardial, intraarterial, and sublingual
topical and/or intranasal routes. The suitable amount of the pharmaceutical composition to be used can be determined
by routine experiments with animal models. Such models include, without implying any limitation, rabbit, sheep, mouse,
rat, dog and non-human primate models. Preferred unit dose forms for injection include sterile solutions of water, phys-
iological saline or mixtures thereof. The pH of such solutions should be adjusted to about 7.4. Suitable carriers for
injection include hydrogels, devices for controlled or delayed release, polylactic acid and collagen matrices. Suitable
pharmaceutically acceptable carriers for topical application include those, which are suitable for use in lotions, creams,
gels and the like. If the compound is to be administered perorally, tablets, capsules and the like are the preferred unit
dose form. The pharmaceutically acceptable carriers for the preparation of unit dose forms, which can be used for oral
administration are well known in the prior art. The choice thereof will depend on secondary considerations such as taste,
costs and storability, which are not critical for the purposes of the present invention, and can be made without difficulty
by a person skilled in the art.

[0127] In order to further increase the immunogenicity, the pharmaceutical composition according to the invention can
additionally contain one or more auxiliary substances. A synergistic action of the RNA molecule according to the invention
as defined above and of an auxiliary substance optionally additionally contained in the pharmaceutical composition (and,
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eventually, a pharmaceutically active component) as described above is preferably achieved thereby. Depending on the
various types of auxiliary substances, various mechanisms can come into consideration in this respect For example,
compounds that permit the maturation of dendritic cells (DCs), for example lipopolysaccharides, TNF-alpha or CD40
ligand, form a first class of suitable auxiliary substances. In general, it is possible to use as auxiliary substance any agent
that influences the immune system in the manner of a "danger signal" (LPS, GP96, etc.) or cytokines, such as GM-CFS,
which allow animmune response produced by the immunostimulating adjuvant according to the invention to be enhanced
and/or influenced in a targeted manner. Particularly preferred auxiliary substances are cytokines, such as monokines,
lymphokines, interleukins or chemokines, that promote the immune response, such as IL-1, IL-2, IL-3, IL-4, IL-5, IL-6,
IL-7, IL-8, IL-9, IL-10, IL-12, IL-13, IL-14, IL-15, IL-16, IL-17, IL-18, IL-19, IL-20, IL-21, IL-22, IL-23, IL-24, IL-25, IL-26,
IL-27, IL-28, IL-29, IL-30, IL-31, IL-32, IL-33, INF-alpha, IFN-beta, INF-gamma, GM-CSF, G-CSF, M-CSF, LT-beta or
TNF-alpha, growth factors, such as hGH.

[0128] Further additives which may be included in the pharmaceutical)compositions according to the invention are
emulsifiers, such as, for example, Tween®; wetting agents, such as, for example, sodium lauryl sulfate; colouring agents;
taste-imparting agents, pharmaceutical carriers; tablet-forming agents; stabilizers; antioxidants; preservatives.

[0129] The pharmaceutical composition according to the invention (first (without a pharmaceutically active component)
and second (with a pharmaceutically active component) embodiment) can also additionally contain an adjuvant. Accord-
ingly, the RNA molecule according to the invention as defined above as an immunostimulating agent or as an adjuvant
(for the second embodiment of the inventive pharmaceutical composition), can be combined with further immunostim-
ulating agents/adjuvants. Within the scope of the present invention, suitable agents/adjuvants for these purposes are
in particular those compounds that enhance (by one or more mechanisms) the biological property/properties of the
(modified or unmodified) RNA molecule according to the invention, that is to say in particular substances that potentiate
the immunostimulating action of the RNA molecule according to the invention. Examples of agents/adjuvants which can
be used according to the invention include, without implying any limitation, stabilizing cationic peptides or polypeptides
as described above, such as protamine, nucleoline, spermine or spermidine, and cationic polysaccharides, in particular
chitosan, TDM, MDP, muramyl dipeptide, pluronics, alum solution, aluminium hydroxide, ADJUMER™ (polyphosp-
hazene); aluminium phosphate gel; glucans from algae; algammulin; aluminium hydroxide gel (alum); highly protein-
adsorbing aluminium hydroxide gel; low viscosity aluminium hydroxide gel; AF or SPT (emulsion of squalane (5%),
Tween 80 (0.2%), Pluronic L121 (1.25%), phosphate-buffered saline, pH 7.4); AVRIDINE™ (propanediamine); BAY
R1005™ ((N-(2-deoxy-2-L-leucylamino-b-D-glucopyranosyl)-N-octadecyldodecanoyl-amide hydroacetate); CALCITRI-
OL™ (1 ,25-dihydroxy-vitamin D3); calcium phosphate gel; CAPTM (calcium phosphate nanoparticles); cholera holotoxin,
cholera-toxin-A1-protein-A-D-fragment fusion protein, sub-unit B of the cholera toxin; CRL 1005 (block copolymer P1205);
cytokine-containing liposomes; DDA (dimethyldioctadecylammonium bromide); DHEA (dehydroepiandrosterone); DM-
PC (dimyristoylphosphatidylcholine); DMPG (dimyristoylphosphatidylglycerol); DOC/alum complex (deoxycholic acid
sodium salt); Freund’s complete adjuvant; Freund’s incomplete adjuvant; gamma inulin; Gerbu adjuvant (mixture of: i)
N-acetylglucosaminyl-(P1-4)-N-acetylmuramyl-L-alanyl-D-glutamine (GMDP), ii) dimethyldioctadecylammonium chlo-
ride (DDA), iii) zinc-L-proline salt complex (ZnPro-8); GM-CSF); GMDP (N-acetylglucosaminyl-(b1-4)-N-acetylmuramyl-
L-alanyl-D-isoglutamine); imiquimod (1-(2-methypropyl)-1H-imidazo[4,5-c]quinoline-4-amine); ImmTher™ (N-acetylglu-
cosaminyl-N-acetylmuramyl-L-Ala-D-isoGlu-L-Ala-glycerol dipalmitate); DRVs (immunoliposomes prepared from dehy-
dration-rehydration vesicles); interferon-gamma; interleukin-1beta; interleukin-2; interleukin-7; interleukin-12; ISCOMS™
("Immunostimulating Complexes"); ISCOPREP 7.0.3. ™; liposomes; LOXORIBINE™ (7-allyl-8-oxoguanosine (guanine));
LT oral adjuvant (E.coli labile enterotoxin-protoxin); microspheres and microparticles of any composition; MF59™;
(squalene-water emulsion); MONTANIDE ISA 51™ (purified incomplete Freund’s adjuvant); MONTANIDE ISA 720™
(metabolisable oil adjuvant); MPL™(3-Q-desacyl-4’-monophosphoryl lipid A); MTP-PE and MTP-PE liposomes ((N-
acetyl-L-alanyl-D-isoglutaminyl-L-alanine-2-(1,2-dipalmitoyl-sn-glycero-3-(hydroxyphosphoryloxy))ethylamide, mono-
sodium salt); MURAMETIDE™ (Nac-Mur-L-Ala-D-GIn-OCHs); MURAPALMITINE™ and D-MURAPALMITINE™ (Nac-
Mur-L-Thr-D-isoGIn-sn-glyceroldipalmitoyl); NAGO (neuraminidase-galactose oxidase); nanospheres or nanoparticles
of any composition; NISVs (non-ionic surfactant vesicles); PLEURAN™ (beta-glucan); PLGA, PGA and PLA (homo-
and co-polymers of lactic acid and glycolic acid; micro-/nano-spheres); PLURONIC L121™; PMMA (polymethyl meth-
acrylate); PODDS™ (proteinoid microspheres); polyethylene carbamate derivatives; poly-rA: poly-rU (polyadenylic acid-
polyuridylic acid complex); polysorbate 80 (Tween 80); protein cochleates (Avanti Polar Lipids, Inc., Alabaster, AL);
STIMULON™ (QS-21); Quil-A (Quil-A saponin); S-28463 (4-amino-otec-dimethyl-2-ethoxymethyl-1H-imidazo[4,5-c]qui-
noline-1-ethanol); SAF-1™ ("Syntex adjuvant formulation"); Sendai proteoliposomes and Sendai-containing lipid matri-
ces; Span-85 (sorbitan trioleate); Specol (emulsion of Marcol 52, Span 85 and Tween 85); squalene or Robane®
(2,6,10,15,19,23-hexamethyltetracosan and 2,6,10,15,19,23-hexamethyl-2,6,10,14,18,22-tetracosahexane); stearylty-
rosine (octadecyltyrosine hydrochloride); Theramid® (N-acetylglucosaminyl-N-acetylmuramyl-L-Ala-D-isoGlu-L-Ala-di-
palmitoxypropylamide); Theronyl-MDP (Termurtide™ or [thr 1]-MDP; N-acetylmuramyl-L-threonyl-D-isoglutamine); Ty
particles (Ty-VLPs or virus-like particles); Walter-Reed liposomes (liposomes containing lipid A adsorbed on aluminium
hydroxide), and the like, etc. Lipopeptides, such as Pam3Cys, are likewise particularly suitable for combining with the
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inventive RNA molecule according to the invention as defined above, in the form of an immunostimulating adjuvant (see
Deres et al., Nature 1989, 342: 561-564).

[0130] Adjuvants as mentioned above may be categorized into several classes, including adjuvants suitable for depot
and delivery, for costimulation, adjuvants suitable as antagonists, etc. Preferred adjuvants suitable for depot and delivery
may include e.g. aluminium salts such as Adju-phos, Alhydrogel, Rehydragel, etc., emulsions, such as CFA, SAF, IFA,
MF59, Provax, TiterMax, Montanide, Vaxfectin, etc., copolymers, such as Optivax (CRL1005), L121, Poloaxmer4010),
etc., liposomes, such as Stealth, etc., cochleates, such as BIORAL, etc., plant derived adjuvatns, such as QS21, Quil
A, Iscomatrix, ISCOM, etc. Preferred adjuvants suitable for costimulation may include e.g. Tomatine, biopolymers, such
as PLG, PMM, Inulin, etc., Microbe derived adjuvants, such as Romurtide, DETOX, MPL, CWS, Mannose, CpG7909,
1ISS-1018, 1C31, Imidazoquinolines, Ampligen, Ribi529, IMOxine, IRIVs, VLPs, cholera toxin, heat-labile toxin, Pam3Cys,
Flagellin, GPI anchor, LNFPIIl/Lewis X, antimicrobial peptides, UC-1V150, RSV fusion protein, cdiGMP, etc. Preferred
adjuvants suitable as antagonists may, e.g., include CGRP neuropeptide, etc.

[0131] Particularly preferred as adjuvants suitable for depot and delivery are cationic or polycationic compounds,
including protamine, nucleoline, spermin or spermidine, or other cationic peptides or proteins, such as poly-L-lysine
(PLL), poly-arginine, basic polypeptides, cell penetrating peptides (CPPs), including HIV-binding peptides, Tat, HIV-1
Tat (HIV), Tat-derived peptides, Penetratin, VP22 derived or analog peptides, HSV VP22 (Herpes simplex), MAP, KALA
or protein transduction domains (PTDs, PpT620, prolin-rich peptides, arginine-rich peptides, lysine-rich peptides, MPG-
peptide(s), Pep-1, L-oligomers, Calcitonin peptide(s), Antennapedia-derived peptides (particularly from Drosophila an-
tennapedia), pAntp, plsl, FGF, Lactoferrin, Transportan, Buforin-2, Bac715-24, SynB, SynB(1), pVEC, hCT-derived
peptides, SAP, protamine, spermine, spermidine, or histones. Additionally, preferred cationic or polycationic proteins or
peptides may be selected from following proteins or peptides having the following total formula:
(Arg);;(Lys)m;(His),;(Orn),;(Xaa),, wherein [ + m + n + o + X = 8-15, and |, m, n or o independently of each other may
be any number selected from 0, 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14 or 15, provided that the overall content of Arg,
Lys, His and Orn represents at least 50% of all amino acids of the oligopeptide; and Xaa may be any amino acid selected
from native (= naturally occurring) or non-native amino acids except of Arg, Lys, His or Orn; and x may be any number
selected from 0, 1, 2, 3 or 4, provided, that the overall content of Xaa does not exceed 50 % of all amino acids of the
oligopeptide. Particularly preferred oligoarginines in this context are e.g. Arg;, Argg, Argg, Arg;, H3Rg, RgH3, H3RgHS3,
YSSRgSSY, (RKH),, Y(RKH),R, etc. Further preferred cationic or polycationic compounds, which can be used as adjuvant
may include cationic polysaccharides, for example chitosan, polybrene, cationic polymers, e.g. polyethyleneimine (PEI),
cationic lipids, e.g. DOTMA: [1-(2,3-sioleyloxy)propyl)]-N,N,N-trimethylammonium chloride, DMRIE, di-C14-amidine,
DOTIM, SAINT, DC-Chol, BGTC, CTAP, DOPC, DODAP, DOPE: Dioleyl phosphatidylethanol-amine, DOSPA, DODAB,
DOIC, DMEPC, DOGS: Dioctadecylamidoglicylspermin, DIMRI: Dimyristo-oxypropyl dimethyl hydroxyethyl ammonium
bromide, DOTAP: dioleoyloxy-3-(trimethylammonio)propane, DC-6-14: O,O-ditetradecanoyl-N-(a-trimethylammonio-
acetyl)diethanolamine chloride, CLIP1: rac-[(2,3-dioctadecyloxypropyl)(2-hydroxyethyl)]-dimethylammonium chloride,
CLIP6: rac-[2(2,3-dihexadecyloxypropyl-oxymethyloxy)ethyl]ltrimethylammonium, CLIP9: rac-[2(2,3-dihexadecyloxy-
propyl-oxysuccinyloxy)ethyl]-trimethylammonium, oligofectamine, or cationic or polycationic polymers, e.g. modified
polyaminoacids, such as B-aminoacid-polymers or reversed polyamides, etc., modified polyethylenes, such as PVP
(poly(N-ethyl-4-vinylpyridinium bromide)), etc., modified acrylates, such as pPDMAEMA (poly(dimethylaminoethyl meth-
ylacrylate)), etc., modified Amidoamines such as pAMAM (poly(amidoamine)), etc., modified polybetaaminoester
(PBAE), such as diamine end modified 1,4 butanediol diacrylate-co-5-amino-1-pentanol polymers, etc., dendrimers,
such as polypropylamine dendrimers or pAMAM based dendrimers, etc., polyimine(s), such as PEI: poly(ethyleneimine),
poly(propyleneimine), etc., polyallylamine, sugar backbone based polymers, such as cyclodextrin based polymers, dex-
tran based polymers, Chitosan, etc., silan backbone based polymers , such as PMOXA-PDMS copolymers, etc., Block-
polymers consisting of a combination of one or more cationic blocks (e.g. selected og a cationic polymer as mentioned
above) and of one or more hydrophilic- or hydrophobic blocks (e.g polyethyleneglycole); etc. Association or complexing
the inventive RNA molecule according to the invention as defined above with cationic or polycationic compounds pref-
erably provides adjuvant properties to the RNA and confers a stabilizing effect to the RNA by complexation. The procedure
for stabilizing the inventive RNA is in general described in EP-A-1083232. Particularly preferred as cationic or polycationic
compounds are compounds selected from the group consisting of protamine, nucleoline, spermin, spermidine, oli-
goarginines as defined above, such as Arg;, Argg, Argg, Argz, H3Rg, RgH3, H3RgH3, YSSRgSSY, (RKH),, Y(RKH),R, etc.
[0132] Adjuvants which may have a costimulating effect include nucleic acids of formula (IV): GX,G,,, wherein: G is
guanosine (guanine), uridine (uracil) or an analogue of guanosine (guanine) or uridine (uracil); X is guanosine (guanine),
uridine (uracil), adenosine (adenine), thymidine (thymine), cytidine (cytosine) or an analogue of the above-mentioned
nucleotides; | is an integer from 1 to 40, wherein when | = 1 G is guanosine (guanine) or an analogue thereof, when | >
1 at least 50% of the nucleotides are guanosine (guanine) or an analogue thereof; m is an integer and is at least 3;
wherein when m = 3 Xis uridine (uracil) or an analogue thereof, when m > 3 at least 3 successive uridines (uracils) or
analogues of uridine (uracil) occur; n is an integer from 1 to 40, wherein when n = 1 G is guanosine (guanine) or an
analogue thereof, when n > 1 at least 50% of the nucleotides are guanosine (guanine) or an analogue thereof;
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or nucleic acids of formula (V): CX,,C,, wherein: C is cytidine (cytosine), uridine (uracil) or an analogue of cytidine
(cytosine) or uridine (uracil); X is guanosine (guanine), uridine (uracil), adenosine (adenine), thymidine (thymine), cytidine
(cytosine) or an analogue of the above-mentioned nucleotides; | is an integer from 1 to 40, wherein when | = 1 C is
cytidine (cytosine) or an analogue thereof, when | > 1 at least 50% of the nucleotides are cytidine (cytosine) or an
analogue thereof; mis an integer and is at least 3; wherein when m = 3 Xiis uridine (uracil) or an analogue thereof, when
m > 3 at least 3 successive uridines (uracils) or analogues of uridine (uracil) occur; n is an integer from 1 to 40, wherein
when n = 1 C is cytidine (cytosine) or an analogue thereof, when n > 1 at least 50% of the nucleotides are cytidine
(cytosine) or an analogue thereof.

[0133] Any compound, which is known to be immunostimulating due to its binding affinity (as ligands) to Toll-like
receptors: TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLR8, TLR9, TLR10, TLR11, TLR12 or TLR13 may suitably
be used as further component to further stimulate the immune response induced by RNA molecules of the invention in
the inventive pharmaceutical compositions.

[0134] Another class of compounds, which may be added to a pharmaceutical composition of the invention, are CpG
nucleic acids, in particular CpG-RNA or CpG-DNA. A CpG-RNA or CpG-DNA can be a single-stranded CpG-DNA (ss
CpG-DNA), a double-stranded CpG-DNA (dsDNA), a single-stranded CpG-RNA (ss CpG-RNA) or a double-stranded
CpG-RNA (ds CpG-RNA). The CpG nucleic acid is preferably in the form of CpG-RNA, more preferably in the form of
single-stranded CpG-RNA (ss CpG-RNA). The CpG nucleic acid preferably contains at least one or more (mitogenic)
cytidine (cytosine)/guanine dinucleotide sequence(s) (CpG motif(s)). According to a first preferred alternative, at least
one CpG motif contained in these sequences, that is to say the C (cytidine (cytosine)) and the G (guanine) of the CpG
motif, is unmethylated. All further cytidines (cytosines) or guanines optionally contained in these sequences can be either
methylated or unmethylated. According to a further preferred alternative, however, the C (cytidine (cytosine)) and the
G (guanine) of the CpG motif can also be present in methylated form.

[0135] According to a particularly preferred embodiment, the pharmaceutical composition according to the invention
can also be provided as a vaccine. Vaccines according to the invention typically comprise (correspond to) a pharma-
ceutical composition according to the invention. The composition of such vaccines according to the invention is charac-
terized by a specific class of pharmaceutically active components incorporated into the vaccine composition. Typically,
the pharmaceutically active compound will be animmunstimulatory substance, which evokes a specific (adaptive) immune
response against a certain antigen/s. The specific (adaptive) immune response elicited allows the subject to develop
an immune response (evoked by an active or passive mode) against e.g. a specific pathogen or a specific tumor.
[0136] The inventive pharmaceutical composition and, in particular the inventive vaccine, is specifically characterized
by the manner in which it is administered. Typically, pharmaceutical compositions of the invention, in particular vaccines,
are preferably administered systemically. Routes for the administration of such an inventive pharmaceutical composi-
tion/vaccine typically include oral, subcutaneous, intravenous, intramuscular, intra-articular, intra-synovial, intrasternal,
intrathecal, intrahepatic, intralesional, intracranial, transdermal, intradermal, intrapulmonal, intraperitoneal, intracardial,
intraarterial, and sublingual topical and/or intranasal routes. Alternatively, vaccines or pharmaceutical composition of
the invention may be administered by an intradermal, subcutaneous, intramuscular route. Compositions/vaccines are
therefore formulated preferably in liquid or solid form as defined above for pharmaceutical compositions in general.
Further auxiliary substances (as defined above) can further increase the immunogenicity, in particular of the vaccine,
which may preferably be incorporated into a vaccine according to the invention. Advantageously, one or more such
auxiliary substances as defined hereinbefore is/are to be chosen, depending on the immunogenicity and other properties
of the pharmaceutically active component in the vaccine according to the invention.

[0137] According to a further preferred object of the present invention, the pharmaceutical composition according to
the invention, particularly preferably the inventive vaccine, are used for the treatment of indications mentioned by way
of example hereinbelow. With a pharmaceutical composition according to the invention, particularly preferably an inven-
tive vaccine, it is possible to treat, for example, diseases or conditions that are associated with various pathologically
absent immune responses or that require an immune response, preferably an increased immune response, within the
context of a therapy, for example tumour-specific or pathogen-specific diseases, infectious diseases, etc or diseases,
which may be treated by shifting the (exceeding) immune response to a TH1 dominated immune response and/or by
desensitizing the patient suffering from an exceeding immune response, as e.g. in allergies or autoimmune diseases.
The production of such an immune response, or the increase of an already existing but optionally inadequate immune
response, by the pharmaceutical composition according to the invention is based substantially on its ability to trigger an
a non-antigen-specificimmune reaction. An important factor for a suitable immune response is the stimulation of different
T-cell sub-populations. T-lymphocytes typically differentiate into two sub-populations, the T-helper 1 (Th1) cells and the
T-helper 2 (Th2) cells, with which the immune system is capable of destroying intracellular (Th1) and extracellular (Th2)
pathogens (e.g. antigens). The two Th cell populations differ in the pattern of the effector proteins (cytokines) produced
by them. Thus, Th1 cells assist the cellular immune response by activation of macrophages and cytotoxic T-cells. Th2
cells, on the other hand, promote the humoral immune response by stimulation of the B-cells for conversion into plasma
cells and by formation of antibodies (e.g. against antigens). The Th1/Th2 ratio is therefore of great importance in the
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immune response. In connection with the present invention, the Th1/Th2 ratio of the immune response is preferably
displaced by the pharmaceutical composition according to the invention containing at least one RNA molecule according
to the invention as defined above, e.g. one, two three, four six seven, or more RNA molecules thereof, in the direction
towards the cellular response, that is to say the Th1 response, and a predominantly cellularimmune response is thereby
induced. Only by this displacement and the preferential, or even exclusive, occurrence of a TH1 immune response an
efficient treatment of the above-mentioned indications is possible. Preferably, therefore, the present pharmaceutical
compositions or vaccines according to the invention are used to trigger tumour-specific or pathogen-specific immune
responses. Such pharmaceutical compositions or vaccines according to the invention can be used particularly preferably
forincreasingimmune responses of antigen-presenting cells (APCs). Likewise particularly preferably, the pharmaceutical
compositions or vaccines according to the invention can be used for the treatment of cancer or tumour diseases, preferably
selected from colon carcinomas, melanomas, renal carcinomas, lymphomas, acute myeloid leukaemia (AML), acute
lymphoid leukaemia (ALL), chronic myeloid leukaemia (CML), chronic lymphocytic leukaemia (CLL), gastrointestinal
tumours, pulmonary carcinomas, gliomas, thyroid tumours, mammary carcinomas, prostate tumours, hepatomas, various
virus-induced tumours such as, for example, papilloma virus-induced carcinomas (e.g. cervical carcinoma), adenocar-
cinomas, herpes virus-induced tumours (e.g. Burkitt's lymphoma, EBV-induced B-cell lymphoma), heptatitis B-induced
tumours (hepatocell carcinoma), HTLV-1- and HTLV-2-induced lymphomas, acoustic neuromas/neurinomas, cervical
cancer, lung cancer, pharyngeal cancer, anal carcinomas, glioblastomas, lymphomas, rectal carcinomas, astrocytomas,
brain tumours, stomach cancer, retinoblastomas, basaliomas, brain metastases, medulloblastomas, vaginal cancer,
pancreatic cancer, testicular cancer, melanomas, thyroidal carcinomas, bladder cancer, Hodgkin’s syndrome, meningi-
omas, Schneeberger disease, bronchial carcinomas, hypophysis tumour, Mycosis fungoides, oesophageal cancer,
breast cancer, carcinoids, neurinomas, spinaliomas, Burkitt's lymphomas, laryngeal cancer, renal cancer, thymomas,
corpus carcinomas, bone cancer, non-Hodgkin’s lymphomas, urethral cancer, CUP syndrome, head/neck tumours,
oligodendrogliomas, vulval cancer, intestinal cancer, colon carcinomas, oesophageal carcinomas, wart involvement,
tumours of the small intestine, craniopharyngeomas, ovarian carcinomas, soft tissue tumours/sarcomas, ovarian cancer,
liver cancer, pancreatic carcinomas, cervical carcinomas, endometrial carcinomas, liver metastases, penile cancer,
tongue cancer, gall bladder cancer, leukaemia, plasmocytomas, uterine cancer, lid tumour, prostate cancer, etc. It is
particularly preferred, if the lipid used in the lipid-modified nucleic acid or as pharmaceutically active component in the
composition is alpha-tocopherol (vitamin E), D-alpha-tocopherol, L-alpha-tocopherol, D,L-alpha-tocopherol or vitamin
E succinate (VES). alpha-Tocopherol (vitamin E) is not very toxic and exhibits potent antitumour activity (A. Bendich,
L.J. Machlin Am. J. Clin. Nutr. 48 (1988) 612), which makes it appear very promising in cancer therapy. As an explanation
for the inhibition of the proliferation of tumour cells or the cytotoxic activity thereon, two mechanisms inter alia are known:
On the one hand, vitamin E is a potent antioxidant and a good radical acceptor (C. Borek Ann. NY Acad Sci. 570 (1990)
417); on the other hand, itis able, by stimulating the immune response, to prevent tumour growth (G. Shklar, J. Schwartz,
D.P. Trickler, S. Reid J. Oral Pathol. Med. 19 (1990) 60). In more recent works, a connection has further been found
between the expression of the tumour suppressor gene p53 in tumour cells (oral squamous cancer) and treatment with
vitamin E succinate (VES) (J. Schwartz, G. Shklar, D. Trickler Oral Oncol. Europ. J. Cancer 29B (1993) 313). It has
thereby been possible to observe both a stimulation of the production of wild-type p53, which acts as a tumour suppressor,
and a reduction in mutated p53, which develops oncogenic activity. Interestingly, the biological activity of VES on these
tumour cells is dose-dependent in two respects: in physiological doses (0.001 to 50 wmol/l), increasing cell growth is to
be observed; in pharmacological doses (100 to 154 wmol/l), cell growth is inhibited. This has been shown in cell culture
(T.M.A. Elattar, A.S. Virji AnticancerRes. 19 (1999) 365). It has also been possible to induce apoptosis in various breast
cancer cell lines by treatment with VES (W. Yu, K. Israel, Q.Y. Liao, C. M. Aldaz, B.G. Sanders, K. Kline Cancer Res.
59 (1999) 953). The induced apoptosis is initiated via an interaction of Fas ligand and Fas receptor. This is to be
particularly emphasised because it has hitherto not been possible to observe such a mechanism in the corresponding
cell lines. There are various isomers of vitamin E, which differ in the number and position of the methyl groups on the
aromatic ring. In the described works, the biologically most active form of naturally occurring vitamin E, a-tocopherol;
was used. This in turn occurs in various stereoisomers, because the molecule contains three optically active centres.
The natural form of vitamin E is RRR-alpha-tocopherol (formerly D-alpha-tocopherol), but the racemate (D,L-alpha-
tocopherol) is predominantly used nowadays. All the above-mentioned forms of vitamin E are likewise included as lipid
within the scope of the present invention.

[0138] Likewise particularly preferably, at least one RNA molecule according to the invention as defined above, or the
pharmaceutical composition according to the invention, are used for the treatment of infectious diseases. Withoutimplying
any limitation, such infectious diseases are preferably selected from influenza, malaria, SARS, yellow fever, AIDS, Lyme
borreliosis, Leishmaniasis, anthrax, meningitis, viral infectious diseases such as AIDS, Condyloma acuminata, hollow
warts, Dengue fever, three-day fever, Ebola virus, cold, early summer meningoencephalitis (FSME), flu, shingles, hep-
atitis, herpes simplex type |, herpes simplex type Il, Herpes zoster, influenza, Japanese encephalitis, Lassa fever,
Marburg virus, measles, foot-and-mouth disease, mononucleosis, mumps, Norwalk virus infection, Pfeiffer's glandular
fever, smallpox, polio (childhood lameness), pseudo-croup, fifth disease, rabies, warts, West Nile fever, chickenpox,
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cytomegalic virus (CMV), from bacterial infectious diseases such as miscarriage (prostate inflammation), anthrax, ap-
pendicitis, borreliosis, botulism, Camphylobacter, Chlamydia trachomatis (inflammation of the urethra, conjunctivitis),
cholera, diphtheria, donavanosis, epiglottitis, typhus fever, gas gangrene, gonorrhoea, rabbit fever, Heliobacter pylori,
whooping cough, climatic bubo, osteomyelitis, Legionnaire’s disease, leprosy, listeriosis, pneumonia, meningitis, bac-
terial meningitis, anthrax, otitis media, Mycoplasma hominis, neonatal sepsis (Chorioamnionitis), noma, paratyphus,
plague, Reiter's syndrome, Rocky Mountain spotted fever, Salmonella paratyphus, Salmonella typhus, scarlet fever,
syphilis, tetanus, tripper, tsutsugamushi disease, tuberculosis, typhus, vaginitis (colpitis), soft chancre, and from infectious
diseases caused by parasites, protozoa or fungi, such as amoebiasis, bilharziosis, Chagas disease, athlete’s foot, yeast
fungus spots, scabies, malaria, onchocercosis (river blindness), or fungal diseases, toxoplasmosis, trichomoniasis,
trypanosomiasis (sleeping sickness), visceral Leishmaniosis, nappy/diaper dermatitis, schistosomiasis, fish poisoning
(Ciguatera), candidosis, cutaneous Leishmaniosis, lambliasis (giardiasis), or sleeping sickness, or from infectious dis-
eases caused by Echinococcus, fish tapeworm, fox tapeworm, canine tapeworm, lice, bovine tapeworm, porcine tape-
worm, miniature tapeworm.

[0139] Accordingly, atleastone RNA oftheinvention according to the invention as defined above, or the pharmaceutical
composition of the invention may be used for the preparation of a medicament for the treatment of an allergic disorder
or disease. Allergy is a condition that typically involves an abnormal, acquired immunological hypersensitivity to certain
foreign antigens or allergens. Allergies normally result in a local or systemic inflammatory response to these antigens
or allergens and leading to immunity in the body against these allergens. Allergens in this context include e.g. grasses,
pollens, molds, drugs, or numerous environmental triggers, etc. Without being bound to theory, several different disease
mechanisms are supposed to be involved in the development of allergies. According to a classification scheme by P.
Gell and R. Coombs the word "allergy" was restricted to type | hypersensitivities, which are caused by the classical IgE
mechanism. Type | hypersensitivity is characterised by excessive activation of mast cells and basophils by IgE, resulting
in a systemic inflammatory response that can result in symptoms as benign as a runny nose, to life-threatening anaphy-
lactic shock and death. Well known types of allergies include, without being limited thereto, allergic asthma (leading to
swelling of the nasal mucosa), allergic conjunctivitis (leading to redness and itching of the conjunctiva), allergic rhinitis
("hay fever"), anaphylaxis, angiodema, atopic dermatitis (eczema), urticaria (hives), eosinophilia, respiratory, allergies
to insect stings, skin allergies (leading to and including various rashes, such as eczema, hives (urticaria) and (contact)
dermatitis), food allergies, allergies to medicine, etc. Withregard to the presentinvention, e.g. aninventive pharmaceutical
composition or vaccine is provided, which contains an allergen (e.g. from a cat allergen, a dust allergen, a mite antigen,
a plant antigen (e.g. a birch antigen) etc.) either as a protein, an mRNA (or DNA) encoding for that protein allergen in
combination with an RNA molecule of the invention as defined above. A pharmaceutical composition of the present
invention may shift the (exceeding) immune response to a stronger TH1 response, thereby suppressing or attenuating
the undesired IgE response.

[0140] Likewise, atleast one RNA molecule of the invention as defined above, or the pharmaceutically active compo-
sition of the invention may be used for the preparation of a medicament for the treatment of autoimmune diseases.
Autoimmune diseases can be broadly divided into systemic and organ-specific or localised autoimmune disorders,
depending on the principal clinico-pathologic features of each disease. Autoimmune disease may be divided into the
categories of systemic syndromes, including SLE, Sjégren’s syndrome, Scleroderma, Rheumatoid Arthritis and polymy-
ositis or local syndromes which may be endocrinologic (DM Type 1, Hashimoto’s thyroiditis, Addison’s disease etc.),
dermatologic (pemphigus vulgaris), haematologic (autoimmune haemolytic anaemia), neural (multiple sclerosis) or can
involve virtually any circumscribed mass of body tissue. The autoimmune diseases to be treated may be selected from
the group consisting of type | autoimmune diseases or type |l autoimmune diseases or type Ill autoimmune diseases or
type IV autoimmune diseases, such as, for example, multiple sclerosis (MS), rheumatoid arthritis, diabetes, type | diabetes
(Diabetes mellitus), systemic lupus erythematosus (SLE), chronic polyarthritis, Basedow’s disease, autoimmune forms
of chronic hepatitis, colitis ulcerosa, type | allergy diseases, type |l allergy diseases, type Il allergy diseases, type IV
allergy diseases, fibromyalgia, hair loss, Bechterew’s disease, Crohn’s disease, Myasthenia gravis, neurodermitis, Pol-
ymyalgia rheumatica, progressive systemic sclerosis (PSS), psoriasis, Reiter’'s syndrome, rheumatic arthritis, psoriasis,
vasculitis, etc, or type Il diabetes. While the exact mode as to why the immune system induces an immune reaction
against autoantigens has not been elucidated so far, there are several findings with regard to the etiology. Accordingly,
the autoreaction may be due to a T-Cell Bypass. A normal immune system requires the activation of B-cells by T-cells
before the former can produce antibodies in large quantities. This requirement of a T-cell can be by-passed in rare
instances, such as infection by organisms producing super-antigens, which are capable of initiating polyclonal activation
of B-cells, or even of T-cells, by directly binding to one subunit of T-cell receptors in a non-specific fashion. Another
explanation deduces autoimmune diseases from a molecular mimicry. An exogenous antigen may share structural
similarities with certain host antigens; thus, any antibody produced against this antigen (which mimics the self-antigens)
can also, in theory, bind to the host antigens and amplify the immune response. The most striking form of molecular
mimicry is observed in Group A beta-haemolytic streptococci, which shares antigens with human myocardium, and is
responsible for the cardiac manifestations of rheumatic fever. The present invention allows therefore provision of a
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pharmaceutical composition containing an autoantigen (as protein, mMRNA or DNA encoding for a autoantigen protein)
and a nucleic acid of the invention which typically allows the immune system to be desensitized.

[0141] The invention relates also to the use of at least one RNA molecule according to the invention as defined above
in the preparation of a pharmaceutical composition according to the invention or of a vaccine according to the invention
for the treatment of indications described hereinbefore, for example for the treatment of the mentioned tumour, autoim-
mune diseases, allergies and infectious diseases. Alternatively, the invention includes the (therapeutic) use of at least
one RNA molecule according to the invention as defined above, for the treatment of tumour or infectious diseases
autoimmune diseases and allergies, as described hereinbefore.

[0142] Use of the inventive RNA molecule for treating a disorder or disease selected from the group consisting of
cancer diseases, infectious diseases, autoimmune diseases and allergies by administering to a patient in need therof
a pharmaceutically effective amount of an RNA molecule according to the invention is provided as well.

Figures

[0143] The following Figures are intended to illustrate the invention further.

Figure 1:  shows the TNFa inducing capacity of DOTAP formulated RNAs according to formula (I). PBMCs were
seeded at a density of 2*108/well/200 pl Medium and stimulated with RNA (4 ng/ml) formulated with DOTAP
(12 pg/ml) for 20 h. A TNFo-ELISA was then performed with cell free supernatants. As can be seen in
Figure 1, secretion of TNFa is significantly induced by the inventive nucleic acids according to formula (1),
particularly by mRNA sequences according to SEQ ID NOs: 114 to 119 inventive nucleic acids according
to formula (1) as defined above, i.e. MRNA sequences according to SEQ ID NOs: 114 to 119 (SEQ ID NO:
114 (R820/(N100),), SEQ ID NO: 115 (R719/(N100)5), SEQ ID NO: 116 (R720/(N100),,), SEQ ID NO: 117
(R821/(N40T20N40),), SEQ ID NO: 118 (R722/(N40T20N40);), and SEQ ID NO: 119
(R723/(N40T20N40)40)) and controls G,U5;G5g (GGUUUUUUUUUUUUUUUUUUUUGG), Seq. Uyq: UU-
UUUUUUUUUUUUUUUUUUU (Phosphodiester) and Poly(U) (Sigma, 800-1000 kDa).

Figure 2:  shows Figure 2 shows the IFNa inducing capacity of DOTAP formulated RNAs according to formula (1).
PBMCs were seeded at a density of 2*105/well/200 pl Medium and stimulated with RNA (2 p.g/ml) formulated
with DOTAP (12 pg/ml) for 20 h. An IFNa-ELISA was then performed with cell free supernatants. As can
be seen in Figure 2, secretion of IFNa is significantly induced by the nucleic acids particularly by mRNA
sequences according to SEQ ID NOs: 114 to 119 i.e. mRNA sequences according to SEQ ID NOs: 114 to
119 (SEQID NO: 114 (R820/(N100),), SEQ ID NO: 115 (R719/(N100)5), SEQ ID NO: 116 (R720/(N100)4),
SEQ ID NO: 117 (R821/(N40T20N40),), SEQ ID NO: 118 (R722/(N40T20N40)5), and SEQ ID NO: 119
(R723/(N40T20N40),0)) and controls G4U,;G,, (GGUUUUUUUUUUUUUUUUUUUUGG), Seq. Uy,: UU-
UUUUUUUUUUUUUUUUUUU (Phosphodiester) and Poly(U) (Sigma, 800-1000 kDa).

Examples:

[0144] The following Examples are intended to illustrate the invention further.

1. Synthesis of exemplary nucleic acids

[0145] RNA oligonucleotides, as examples of the nucleic acid were prepared by automatic solid-phase synthesis by
means of phosphoramidite chemistry (including sequences according to SEQ ID NOs: 84-85 SEQ ID NOs: 86-87 SEQ
ID NOs: 88-94, and SEQ ID NOs: 107-108. In each case the RNA-specific 2’-hydroxyl groups of the nucleotides were
protected with TBDMS protecting groups. In the synthesis of phosphorothioates, Beaucage reagent was used for the
oxidation. The cleavage of carrier material and of the base-labile protecting groups was carried out with methylamine,
and the cleavage of the TBDMS protecting group was effected with triethylamine hydrofluoride.

[0146] The crude product was purifed by means of HPLC either by ion-pair chromatography, by ion-exchange chro-
matography or by a combination of the two methods, desalinated and dried. The product was checked for purity and
correct base composition by mass spectrometry.

[0147] According to an alternative way, the above sequences were prepared by in vitro translation based on DNA
vectors or oligonucleotide sequences carrying the inventive sequences.

2. In vitro immunostimulation with exemplary nucleic acids

[0148]
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a) For the stimulation of mouse BDMCs (bone marrow derived dendritic cells), 3 ul of oligofectamine were mixed
with 30 pl of FCS-free IMDM medium (BioWhittaker, catalogue no. BE12-722F) and incubated at room temperature
for 5 minutes. 6 g of a nucleic acid according to SEQ ID NOs: 84-94 and 107-108 (each type of nucleic acid forming
a single experiment), respectively, in the form of RNA, was mixed with 60 pl of FCS-free IMDM and mixed with
oligofectamine/IMDM, and incubated for 20 minutes at room temperature. 33 pl of this mixture were then placed for
cultivation overnight in a well of a 96-well microtitre culture plate which contained 200,000 mouse BDMCs in 200
wl of FCS-free IMDM medium. After 4 hours, 100 pl of IMDM containing 20% FCS were added and, after 16 hours’
co-incubation, the supernatant was removed and tested for interleukin-6 (IL-6) and interleukin-12 (IL-12) by a cytokine
ELISA. Comparison tests were carried out analogously to the above sequences using the immunostimulating un-
capped wild-type mRNA of beta-galactosidase (lacZ), complexed with protamine.

It was possible to show that the tested nucleic acids, presentin the form of RNA, in particular the sequences according
to SEQ ID NOs: 84-94 and 107-108, have good immunostimulating properties for stimulation of an innate immune
response.

b) Human PBMCs were obtained via a Ficoll density gradient and cultivation overnight in X-VIVO-15 medium (Bio-
Whittaker, catalogue no. BE04-418Q), which contained 1% glutamine and 1% penicillin in the presence of 10 pg/ml
of the nucleic acids in the form of RNA, in particular of the sequences according to SEQ ID NOs: 84-94 and 107-108
(each type of nucleic acid forming a single experiment).

For stimulation, 3 pl of oligofectamine were mixed with 30 pl of X-VIVO-15 medium (BioWhittaker, catalogue no.
BE04-418Q) and incubated at room temperature for 5 minutes. 6 pg of the nucleic acids in the form of RNA, in
particular the sequences according to SEQ ID NOs: 84-94 and 107-108 (each type of nucleic acid in a single
experiment), respectively, were mixed with 60 wl of X-VIVO-15 medium (BioWhittaker, catalogue no. BE04-418Q)
and, mixed with oligofectamine/X-VIVO medium, incubated for 20 minutes at room temperature. 33 pl of this mixture
were then placed for cultivation overnight in a well of a 96-well microtitre culture plate which contained 200,000
PBMCs in 200 pl of X-VIVO-15 medium (BioWhittaker, catalogue no. BE04-418Q). After co-incubation for 16 hours,
the supernatant was removed and tested for interleukin-6 (IL-6) and interleukin-12 (IL-12) and TNFo by means of
a cytokine-ELISA. Comparison tests were carried out analogously to the sequences according to the invention (see
above) with the immunostimulating oligo RNA40 (5-GCCCGUCUGUUGUGUGACUC-3’, SEQ ID NO: 113).

It was possible to show that the nucleic acids in the form of RNA, have good immunostimulating properties.

3. In vivo immunostimulation with exemplary nucleic acids - use as adjuvant

[0149] BALB/c mice (5 per group) were injected with beta-galactosidase protein and with an adjuvant (as defined
herein) on days 0 and 10. The mice were sacrificed on day 20 and the blood serum was used for an antibody test against
beta-galactosidase protein by means of ELISA, and the IL-6, IL-12 and TNF-alpha values were determined analogously
to the above-described in vitro cultures.

4. Stimulation of human cells with an adjuvant as a nucleic acid molecule

[0150]

a) In order to determine the immunogenic activity of nucleic acids as defined above in the form of adjuvants, particularly
of nucleic acids containing a sequence according to SEQ ID NOs: 84-94 and 107-108 (each type of nucleic acid
again forming a single experiment) were co-incubated with human cells. To this end, human PBMC cells, for example,
were co-incubated for 16 hours in X-VIVO-15 medium (BioWhittaker, catalogue no. BE04-418Q), enriched with 2
mM L-glutamine (BioWhittaker), 10 U/ml penicillin (BioWhittaker) and 10 pwg/ml streptomycin, with 10 png/ml of RNA
(mRNA coding for p-galactosidase and optionally with 10 wg/ml protamine. The supernatants were removed and
the release of IL-6 and TNFalpha was analysed by means of ELISA.

b) In a further experiment, the release of TNF-alpha by human PBMC cells was determined after stimulation with
nucleic acids according to the invention (SEQ ID NOs: 84-94 and 107-108, each type of nucleic acid in a single
experiment, see above) and also adjuvants used according to the invention.

To that end, human PBMC cells were co-incubated for 16 hours with 10 wg/ml said inventive nucleic acids in X-
VIVO 15 medium (BioWhittaker), enriched with 2 mM L-glutamine (BioWhittaker), 10 U/ml penicillin (BioWhittaker)
and 10 pg/ml streptomycin. The supernatants were removed and analysed by means of ELISA.

5. Secretion of TNFa and IFN-a in human PBMCs

[0151] For this experiments, several nucleic acids, i.e. mMRNA sequences according to SEQ ID NOs: 114 to 119, were
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formulated with DOTAP (Roche).
[0152] The nucleic acid sequences used in the experiment were

SEQ ID NO: 114 (R820/(N100),);
SEQ ID NO: 115 (R719/(N100)s);

SEQ ID NO: 116 (R720/(N100),,);

SEQ ID NO: 117 (R821/(N40T20N40),);
SEQ ID NO: 118 (R722/(N40T20N40)5); and
SEQ ID NO: 119 (R723/(N40T20N40) ).

[0153] Human PBMCs were then stimulated with the formulated RNAs at a concentration of 8 wg/ml and 12 png/ml
DOTAP for 20 hours. The Supernatants were then investigated for the secretion of TNFa and IFN-a using a matched-
paired ELISA.

[0154] For the experiment, human PBMCs were obtained via a Ficoll density gradient and cultivation for 20 hours in
X-VIVO-15 medium (BioWhittaker, catalogue no. BE04-418Q), which contained 1% glutamine and 1% penicillin in the
presence of 2 or 4 ng/ml of the above nucleic acids for IFNa or TNFa stimulation respectively. For formulation and
stimulation, 3 or 6 ng RNA in HBS buffer were transferred to a vial containing 18 png N-[1-(2,3-Dioleoyloxy)propyl]
-N,N,Ntrimethylammonium methylsulfate (DOTAP) (Roche Diagnostics, catalogue no. 11 811 177 001) in HBS buffer
and carefully mixed by gently pipetting the mixture several times. The transfection mixture was incubated for 15 min at
15-25°C. 1 volume of the DOTAP/nucleic acid mixture was then gently diluted with 7.3 volumes of X-Vivo medium. 100
wl of this mixture were then placed for cultivation overnight in a well of a 96-well microtitre culture plate which contained
2*105 PBMCs in 100 pl of X-VIVO-15 medium (BioWhittaker, catalogue no. BE04-418Q). After coincubation for 20 hours,
the supernatant was removed and tested for IFNo. and TNFa by means of a cytokine-ELISA. Comparison tests were
carried out analogously to the sequences according to the invention (see above) with the immunostimulating oligo
G,yU,,G;, (Phosphothioat-modifed), Poly(U) (Sigma, Taufkirchen, Germany) and the oligo U,4 (Phophodiester).

[0155] The results are shown in Figures 1 and 2. Figure 1 shows the TNFa inducing capacity of DOTAP formulated
RNAs. PBMCs were seeded at a density of 2*105/well/200 wl Medium and stimulated with RNA (4 wg/ml) formulated
with DOTAP (12 pg/ml) for 20 h. A TNFa-ELISA was then performed with cell free supernatants. Figure 2 shows the
IFNa inducing capacity of DOTAP formulated RNAs. PBMCs were seeded at a density of 2*105/well/200 pl Medium
and stimulated with RNA (2 pg/ml) formulated with DOTAP (12 p.g/ml) for 20 h. An IFNa-ELISA was then performed
with cell free supernatants.

[0156] As canbe seenin Figure 1 and Figure 2, both secretion of TNFa and IFNa is significantly induced by the tested
nucleic acids particularly by mRNA sequences according to SEQ ID NOs: 114 to 119 (SEQ ID NO: 114 (R820/(N100),),
SEQ ID NO: 115 (R719/(N100)5), SEQ ID NO: 116 (R720/(N100),9), SEQ ID NO: 117 (R821/(N40T20N40),), SEQ ID
NO: 118 (R722/(N40T20N40)5), and SEQ ID NO: 119 (R723/(N40T20N40),,)) versus control sequences G,U,,G,
(Phosphothioat-modifed), Poly(U) (Sigma, Taufkirchen, Germany) and the oligo U, (Phophodiester).

Advantages of the invention:

[0157] An RNA molecule according to the invention may be used as immunostimulating agent as such for stimulating
the innate immune system of a patient to be treated. This immunstimulating property may well be enhanced by the
addition of other compounds known in the art as actively stimulating the innate immune response to the inventive nucleic
acids, e.g. by lipid modification or addition of additional adjuvants. The inventive RNA molecules as defined herein,
based on the generic structure (N,C,X,G,N,),, exhibit a significant better amplification in bacteria, e.g. E. coli. It is
furthermore particularly advantageous, if the inventive RNA, is a partially double-stranded nucleic acid molecule or a
mixture of a single-stranded and a double-stranded RNA molecule, since such a (partially double-stranded) inventive
RNA molecule can positively stimulate the innate immune response in a patient to be treated by addressing the
PAMP-(pathogen associated molecular pattern) receptors for single-stranded RNA (TLR-7 and TLR-8) as well as the
PAMP-receptors for double-stranded RNA (TLR-3, RIG-I and MDA-5). Receptors TLR-3, TLR-7 and TLR-8 are located
in the endosome and are activated by RNA taken up by the endosome. In contrast, RIG-I and MDA-5 are cytoplasmic
receptors, which are activated by RNA which was directly taken up into the cytoplasm or which has been released from
the endosomes (endosomal release or endosomal escape). Accordingly, a partially double-stranded inventive RNA is
capable of activating different signal cascades of immunostimulation and thus leads to an increased innate immune
response or enhances such a response significantly. A further advantage of the invention is the high induction of the
antiviral cytokine IFNalpha which is preferred in stimulation of the innate immune system. An often underestimated
limitation of generally accepted immunostimulating nucleic acids (e.g. poly A:U and poly I:C) is the undefined structure
of them which results in regulatory restrictions.
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SEQUENCE LISTING
[0158]
<110> Curevac GmbH

<120> Nucleic acids of formula (I) (NuGIxmGnNv)a and derivatives thereof as animmune-stimulating agent/adjuvant
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<130> cu01P072WO

<140>
<141>

<150> EP 08001827.8
<151> 2008-01-31

<160> 119
<170> Patentln version 3.5

<210> 1
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 1
gguuuuuuuu uuuuuuuggg 20

<210> 2
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 2
ggggguuuuu uuuuuggggg 20

<210> 3
<211> 40
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn

<400> 3
ggggguuuuu UuUUUUUUUU UUUuuuuuuU uuuuuggggg 40

<210> 4
<211> 39
<212> RNA
<213> Artificial
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<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn

<400> 4
gugugugugu guuuuuuuuu uuuuuuugug ugugugugu 39

<210>5
<211> 39
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn

<400> 5
gguugguugg uuuuuuuuuu uuuuuuuggu ugguugguu 39

<210> 6
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 6
9999999ggu uuggggggyg 20

<210>7
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 7
999999gguu uuggggggyg 20

<210> 8
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 8
9999ggguuu uuugggggyg 20

<210>9
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"
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<400> 9
9999ggguuu uuuugggggg 20

<210> 10
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 10
9ggggguuuu uuuugggggg 20

<210> 1
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 11
gggggguuuu uuuuuggggg 20

<210> 12
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 12
gggggguuuu uuuuuugggg 20

<210> 13
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 13
ggggguuuuu uuuuuugggg 20

<210> 14
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 14
ggggguuuuu uuuuuuuggg 20
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<210> 15
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 15
gggguuuuuu uuuuuuuggg 20

<210> 16
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 16
gggguuuuuu uuuuuuuugg 20

<210> 17
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn

<400> 17
gguuuuuuuu uuuuuuuugg 20

<210> 18
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 18
guuuuuuUUuU uuuuuuuuug 20

<210> 19
<211> 22
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn

<400> 19
9999999999 uuugggggyg 99 22

<210> 20

<211> 22
<212> RNA
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<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn

<400> 20
999999gggu uuugggggyg 99 22

<210> 21
<211> 22
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn

<400> 21
99999ggguu uuuugggggg 99 22

<210> 22
<211> 22
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 22
99999ggguu uuuuuggggg 99 22

<210> 23
<211> 22
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 23
9999ggguuu uuuuuggggg 99 22

<210> 24
<211> 22
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 24
9999ggguuu uuuuuugggg 99 22

<210> 25
<211> 22
<212> RNA
<213> Artificial

<220>
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<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 25
ggggggguuu uuuuuuuggg gg 22

<210> 26
<211> 22
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 26
gggggguuuu uuuuuuuggg gg 22

<210> 27
<211> 22
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 27
gggggguuuu uuuuuuuugg gg 22

<210> 28
<211> 22
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 28
ggggguuuuu uuuuuuuugg gg 22

<210> 29
<211> 22
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 29
ggggguuuuu uuuuuuuuug gg 22

<210> 30
<211> 22
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 30
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ggguuuuuuu uuuuuuuuug gg 22

<210> 31
<211> 22
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 31
gguuuuuUuU uUUUUuuuuu gg 22

<210> 32
<211> 24
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn

<400> 32
9999999999 guuugggggg 9999 24

<210> 33
<211>24
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn

<400> 33
9999999999 uuuuggggygg 9999 24

<210> 34
<211>24
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 34
999999gggu uuuuuggggg 9999 24

<210> 35
<211>24
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 35
999999gggu uuuuuugggg 9999 24

<210> 36
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<211> 24
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 36
99999gggguu uuuuuugggg 9999 24

<210> 37
<211>24
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 37
9999gggguu uuuuuuuggg 9999 24

<210> 38
<211>24
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 38
9999gggguu uuuuuuuugg 9999 24

<210> 39
<211>24
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 39
ggggggguuu uuuuuuuugg gggg 24

<210> 40
<211> 24
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 40
ggggggguuu uuuuuuuuug gggg 24

<210> 41
<211>24
<212> RNA
<213> Artificial
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<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 41
gggggguuuu uuuuuuuuug gggg 24

<210> 42
<211>24
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 42
gggggguuuu uuuuuuuuuu gggg 24

<210> 43
<211>24
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 43
gggguuuuuu uuuuuuuuuu gggg 24

<210> 44
<211>24
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 44
ggguuuuuuu uuuuuuuuuu uggg 24

<210> 45
<211> 32
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 45
guuUUUUUUU UUUUUUUUUU Uuuuuuuuuu ug 32

<210> 46
<211> 34
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"
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<400> 46
gguuuUUUUU UUUUUUUUUU UuUuuuuuuuU uugg 34

<210> 47
<211> 36
<212> RNA
<213> Artificial

<220> ..
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 47
ggguuuuuuU UUUUUUUUUU UUuUuuuuuuuU uuuggg 36

<210> 48
<211> 37
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 48
gggguuuuuu UUUUUUUUUU UuUuUuUuuu uuuuggg 37

<210> 49
<211> 39
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 49
ggggguuuuu UUUUUUUUUU UUUUUUUUUU uuuuugggg 39

<210> 50
<211> 41
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 50
gggggguuuu uuUUUUUUUU UUUUUUUUUU uuuuuugggg g 41

<210> 51
<211>43
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 51
ggggggguuu uuuUUUUUUU UUUUuUUUUU uuuuuuuggg ggg 43

48



10

15

20

25

30

35

40

45

50

55

EP 2 176 408 B9

<210> 52
<211> 45
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 52
gggggggguu uuuuUUUUUU UUUUUUUUUU uuuuuuuugg ggggg 45

<210> 53
<211> 47
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 53
gggggggggu uuuuUUUUUU UUUUUUUUUU Uuuuuuuuug ggggggg 47

<210> 54
<211>7
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 54
gguuugg 7

<210> 55
<211>8
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn

<400> 55
gguuuugg 8

<210> 56
<211>9
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn

<400> 56
gguuuuugg 9

<210> 57

<211>10
<212> RNA
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<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 57
gguuuuuugg 10

<210> 58
<211> 1
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn

<400> 58
gguuuuuuug g 11

<210> 59
<211> 12
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 59
gguuuuuuuu gg 12

<210> 60
<211> 13
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 60
gguuuuuuuu ugg 13

<210> 61
<211> 14
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 61
gguuuuuuuu uugg 14

<210> 62
<211> 15
<212> RNA
<213> Artificial

<220>
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<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 62
gguuuuuuuu uuugg 15

<210> 63
<211> 16
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 63
gguuuuuuuu uuuugg 16

<210> 64
<211> 17
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 64
gguuuuuuuu uuuuugg 17

<210> 65
<211> 18
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 65
gguuuuuuuu uuuuuugg 18

<210> 66
<211> 19
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 66
gguuuuuuuu uuuuuuugg 19

<210> 67
<211>9
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 67
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ggguuuggg 9

<210> 68
<211> 10
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 68
ggguuuuggg 10

<210> 69
<211> 11
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn

<400> 69
ggguuuuugg g 11

<210> 70
<211> 12
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn

<400> 70
ggguuuuuug gg 12

<210> 71
<211> 13
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 71
ggguuuuuuu ggg 13

<210> 72
<211> 14
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 72
ggguuuuuuu uggg 14

<210> 73
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<211> 15
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 73
ggguuuuuuu uuggg 15

<210> 74
<211> 16
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 74
ggguuuuuuu uuuggg 16

<210> 75
<211> 17
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 75
ggguuuuuuu uuuuggg 17

<210> 76
<211> 18
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 76
ggguuuuuuu uuuuuggg 18

<210> 77
<211> 19
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn"

<400> 77
ggguuuuuuu uuuuuuggg 19

<210> 78
<211> 57
<212> RNA
<213> Artificial
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<220>
<223> Description of artificial sequence: Exemplary core structure "GIXmGn

<400> 78
ggguuuuuuUu UUUUUUUUgg guuuuuuuuu uuuuuugggu uuuuuuuuuu uuuuggg

<210> 79
<211> 42
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 79
ggguuuuuuu uuuuUUuUUgg gggguuuuuu uuuuuuuuug gg 42

<210> 80
<211> 51
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "GlxmGn"

<400> 80
ggguuugggu uuggguuugg guuuggguuu ggguuugggu uuggguuugg g 51

<210> 81
<211> 57
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "CIXmCn"

<400> 81
CCCUUUUUUU UUUUUUUUCC CUUUUUUUUU UUUUUUCCCU UuuUuuuuuU uuuucce

<210> 82
<211> 51
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "ClxmCn"

<400> 82
CCCUUUCCCU UUCCCUUUCC CUUUCCCUUU CCCUUUCCCU UUCCCUUUCC © 51

<210> 83
<211> 42
<212> RNA
<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure "CIXmCn"
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<400> 83
CCCUUUUUUU UUUUUUUUCC CCCCUUUUUU UuuuuuuuuC cc 42

<210> 84
<211> 60
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to formula (1)

<400> 84
uagcgaagcu cuuggaccua gguuuuuuuu uuuuuuuggg ugcguuccua gaaguacacg

<210> 85
<211> 60
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to formula (1)

<220>

<221> misc_feature

<222> (1)..(60)

<223> sequence is double-stranded RNA

<400> 85
uagcgaagcu cuuggaccua gguuuuuuuu uuuuuuuggg ugcguuccua gaaguacacg

<210> 86
<211> 60
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to formula (la)

<400> 86
uagcgaagcu cuuggaccua cCuuuuuuuU UUUUUUUCCC ugcguuccua gaaguacacg

<210> 87
<211> 60
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to formula (la)

<220>

<221> misc_feature

<222> (1)..(60)

<223> sequence is double-stranded RNA

<400> 87
uagcgaagcu cuuggaccua cCuuuuuuuU UUUUUUuCCC ugcguuccua gaaguacacg

<210> 88
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<211> 40
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to general formula (11)

<400> 88
CCCCCCCCCC CCCCCCCCCC gguuuuuuuu uuuuuuuggg 40

<210> 89
<211> 40
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to general formula (11)

<220>

<221> misc_feature

<222> (1)..(20)

<223> sequence is ds RNA (poly(l:C))

<400> 89
CCCCCCCCCC CCCCCCCCCC gguuuuuuuu uuuuuuuggg 40

<210> 90
<211> 40
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to general formula (11)

<220>

<221> misc_feature

<222> (23)..(37)

<223> sequence is double stranded ((A:U)

<400> 90
CCCCCCCCCC CCCCCCCCCC gguuuuuuuu uuuuuuuggg 40

<210> 91
<211> 40
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to general formula (11)

<220>

<221> misc_feature

<222> (1)..(40)

<223> sequence is double-stranded RNA

<400> 91
CCCCCCCCCC CCCCCCCCCC gguuuuuuuu uuuuuuuggg 40
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<210> 92
<211> 80
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to general formula (11)

<400> 92

CCCCCCCcCe CCCCCceeee uagegaagcu cuuggaccua gguuuuuuuy uuuuuuuggg

ugcguuccua gaaguacacg

<210> 93
<211> 80
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to general formula (11)

<220>

<221> misc_feature

<222> (1) .. (80)

<223> sequence is double-stranded RNA

<400> 93

C€CCCCCCCCC CCCCCCCCCC gguuuuUUUU uuuuuuuggg ugcguuccua gaaguacacg

uagcgaagcu cuuggaccua

<210> 94
<211> 80
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to general formula (11)

<220>

<221> misc_feature

<222> (21) .. (80)

<223> sequence is double stranded RNA

<400> 94

CCCCCCCCCC CCCCCCCCCC gguUUUUUUL Uuuuuuuggg ugcguuccua gaaguacacg

uagcgaagcu cuuggaccua

<210> 95
<211> 20
<212> RNA
<213> Artificial
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<220>
<223> Description of sequence: exemplary sequence of stem 1 (sequence is palindromic to SEQ ID NO: 96)

<400> 95
uagcgaagcu cuuggaccua 20

<210> 96
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 2 (sequence is palindromic to SEQ ID NO: 95)

<400> 96
uagguccaag agcuucgcua 20

<210> 97
<211> 1
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 1 (sequence is palindromic to SEQ ID NO: 98)

<400> 97
gcegegggec g 11

<210> 98
<211> 1
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 2 (sequence is palindromic to SEQ ID NO: 97)

<400> 98
cggcecgegg ¢ 11

<210> 99
<211> 10
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 1 (sequence is palindromic to SEQ ID NO: 100)

<400> 99
gacacggugc 10

<210> 100
<211> 10
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 2 (sequence is palindromic to SEQ ID NO: 99)
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<400> 100
gcaccgugca 10

<210> 101
<211>8
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of either stem 1/stem2 (sequence is intrinsic palindromic)

<400> 101
accuaggu 8

<210> 102
<211>8
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of either stem 1/stem2 (sequence is intrinsic palindromic)

<400> 102
uggaucca 8

<210> 103
<211>5
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 1 (sequence is palindromic to SEQ ID NO: 104)

<400> 103
ccugce 5

<210> 104
<211>5
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 2 (sequence is palindromic to SEQ ID NO: 103)

<400> 104
gcagg 5

<210> 105
<211>5
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 1 (sequence is palindromic to SEQ ID NO: 106)

<400> 105
gcagg 5
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<210> 106
<211>5
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 2 (sequence is palindromic to SEQ ID NO: 105)

<400> 106
ccugce 5

<210> 107
<211> 60
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: inventive nucleic acid according to either formula (ll1A) or (lllb)

<400> 107
uagcgaagcu cuuggaccua gguuuuuuuu uuuuuuuggg uagguccaag agcuucgcua 60

<210> 108
<211> 122
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: inventive nucleic acid according to either formula (ll1a) or (llib)

<400> 108
uagcgaagcu cuuggaccua gguuuuuuuu uuuuuuuggg ugcguuccua gaaguacacg 60
gccgegggee gugcguuccu agaaguacac gcggeccgeg gcugcguucc uagaaguaca 120
cg 122

<210> 109

<211> 18

<212> PRT

<213> unknown

<220>
<223> Description of sequence: sequence of protamin Pi

<400> 109

ser Arg Ser Arg Tyr Tyr Arg GIn Arg ng Arg Ser Arg Arg Agg Arg
1 5 1 1

Arg Arg

<210> 110
<211> 21
<212> PRT
<213> unknown
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<220>

<223> Description of sequence: sequence of protamin P2

<400> 110

Arg Arg Arg Leu His Arg Ile His Arg QBQ GIn His Arg Ser C)S/s Arg
1 5 1

Arg Arg Lys Arg Arg
20

<210> 111
<211>13
<212> RNA
<213> unknown

<220>
<223> Description of sequence: Kozak sequence

<400> 111
gccgecacca ugg 13

<210> 112
<211> 15
<212> RNA
<213> Artificial

<220>

<223> Description of sequence: generic stabilizing sequence of the formula (C/U)CCANxCCC(U/A)PyxUC(C/u)CC

<220>

<221> variation

<222> (1)..(I)

<223> /replace="cytidine (cytosine)"
/replace="uridine (uracile)"

<220>
<221> misc_feature
<222> (1) .. (1)

<223> nucleic acid = cytidine (cytosine) or uridine (uracile)

<220>

<221> misc_feature

<222> (5)..(5)

<223> Nx = a, g, c or u or any other nucleic acid

<220>
<221> variation
<222> (5)..(5)

<223> /replace="cytidine (cytosine)" /replace="uridine (uracile)" /replace="guanosine" /replace="adenosine", or any

othe nucleic acid

<220>

<221> repeat_unit
<222> (5)..(5)

<223> x = any number
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<220>

<221> misc_feature

<222> (9)..(9)

<223> nucleic acid = uridine (uracile) or adenosine

<220>

<221> variation

<222> (9)..(9)

<223> /replace="uridine (uracile)"
/replace="adonosine"

<220>

<221> misc_feature
<222> (10) .. (10)
<223> Py = pyrimidine

<220>

<221> repeat_unit
<222> (10)..(10)
<223> x = any number

<220>

<221> variation

<222> (10)..(10)

<223> /replace="pyrimidine"

<220>

<221> misc_feature

<222> (13)..(13)

<223> nucleic acid = cytidine (cytosine) or uridine (uracile)

<220>

<221> variation

<222> (13)..(13)

<223> /replace="cytidine (cytosine)"
/replace="uridine (uracile)"

<400> 112
nccanccenn ucnce 15

<210> 113
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: immune-stimulating oligo RNA40

<400> 113
gcccgucugu ugugugacuc 20

<210> 114

<211> 229

<212> RNA

<213> Atrtificial Sequence

<220>
<223> Description of sequence: Exemplary sequence according to formula (1)
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<400> 114
gggagaaagc ucaagcuugg agcaaugccc gcacauugag gaaaccgagu ugcauvaucuc 60
agaguauugg cccccgugua gguuauucuu gacagacagu ggagcuuauu cacucccagg 120
auccgagucg cauacuacgg uacuggugac agaccuaggu cgucaguuga ccaguccgcc 180
acuagacgug aguccgucaa agcaguuaga uguuacacuc uauuagauc 229

<210> 115

<211> 547

<212> RNA

<213> Atrtificial sequence

<220>

<223> Description of sequence: Exemplary sequence according to formula (1)

<400> 115
gggagaaagc ucaagcuugg agcaaugccc gcacauugag gaaaccgagu ugcauaucuc 60
agaguauugg cccccgugua gguuauucuu gacagacagu ggagcuuauu cacucccagg 120
auccgagucg cauacuacgg uacuggugac agaccuaggu cgucaguuga ccaguccgcc 180
acuagacgug aguccgucaa agcaguuaga uguuacacuc uauuagaucu cggauuacag 240
cuggaaggag caggaguagu guucuugcuc uaaguaccga gugugcccaa uacccgauca 300
gcuuauuaac gaacggcucc uccucuuaga cugcagcgua agugcggaau cuggggauca 360
aauvacugac ugccuggauu acccucggac auauaaccuu guagcacgcu guugcuguau 420
aggugaccaa cgcccacucg aguagaccag cucucuuagu ccggacaaug auaggaggcg 480
cggucaaucu acuucuggcu aguuaagaau aggcugcacc gaccucuaua aguagcgugu 540
ccucuag 547

<210> 116

<211> 1083

<212> RNA

<213> Atrtificial Sequence

<220>

<223> Description of sequence: Exemplary sequence according to formula (1)

<400> 116
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gggagaaagc
agaguauugg
auccgagucg
acuagacgug
cuggaaggag
gcuuauuaac
aauuacugac
aggugaccaa
cggucaaucu
ccucuagagc
uuauucggug
gaagacgcgce
uagggcaaua
uucgucugaa
gcacuaagau
ccuaugcccg
gacgugggua
ccgaccuaaa
auu
<210> 117

<211> 229
<212> RNA

ucaagcuugg
cccccgugua
cauvacuacgg
aguccgucaa
caggaguagu
gaacggcucc
ugccuggauu
cgcccacucg
acuucuggcu
uacgcagguu
aaacgccaga
gcuuaucuug
ggggagcugg
acaacccggce
ucauggugua
ggcuugugcc
ccgauucgug

cugguccaau

<213> Atrtificial sequence

<220>

EP 2 176 408 B9

agcaaugccc
gguuauucuu
uacuggugac
agcaguuaga
guucuugcuc
uccucuuaga
acccucggac
aguagaccag
aguuaagaau
cgcaauaaaa
augcuaaauu
uguacguucu
guagcagcga
auccguugua
gucgacaaua
ucucaggugc
acacuuccua

guauacgcau

gcacauugag
gacagacagu
agaccuaggu
uguuacacuc
uaaguaccga
cugcagcgua
avauaaccuu
cucucuuagu
aggcugcacc
gcguugauua
ccaauaacuc
cgcacaugga
aaaagggccc
gcgaucccqu
acagcgucuu
acagcgauac
agauuauucc

ucgcugageg

gaaaccgagu
ggagcuuauu
cgucaguuga
uvauuagaucu
gugugcccaa
agugcggaau
guagcacgcu
ccggacaaug
gaccucuaua
gugugcauag
uucccaaaac
agaaucagcg
cugcgcacgu
uaucaguguu
ggcagauucu
uuaaagccuu
acuguguuag

gaucgauaau

<223> Description of sequence: Exemplary sequence according to formula (1)

<400> 117

ugcauaucuc
cacucccagg
ccaguccgec
cggauuacag
uvacccgauca
cuggggauca
guugcuguau
auaggaggcg
aguagcgugu
aacagaccuc
gcguacggcec
ggcauggugg
agcuucgcug
auucuugugc
ggucacgugc
caagguacuc
ccccgcaccg

aaaagcuuga

gggagaaagc ucCaagcuuau ccaaguaggC uggucaccug uacaacguag ccgguauuuu

uuuuuUUUUY UuuuuLUUga ccgucucaag guccaaguua gucugccuau aaaggugcqg

auccacagcu 9augaaagac uugugcggua Cgguuaaucu CCCCULULUU UUUUULUUUY

Uuuuuaguaa augcgucuac ugaauccagc gaugaugcug gcccagauc

<210> 118
<211> 546
<212> RNA

<213> Atrtificial Sequence

<220>

<223> Description of sequence: Exemplary sequence according to formula (1)
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<400> 118

gggagaaagc
uuUUUUUUUU
auccacagcu
uuuuuaguaa
gugcauauag
cugagacuuc
gaaaucccgu
guggaguguc
UuuULUUULY

gcucua

<210> 119
<211> 1083
<212> RNA

ucaagcuuau
uuuuUUUga
gaugaaagac
augcgucuac
uagucaucga
gcuagagacu
ucagguuuuu
acugcucucg

uuuuuuuuuu

<213> Atrtificial Sequence

<220>

EP 2 176 408 B9

ccaaguaggc
ccgucucaag
uugugcggua
ugaauccagc
gggucgccuu
acaguuacag
uuUUUULUUY
aggucucacg

uugugcgacg

uggucaccug
guccaaguua
cgguuaaucu
gaugaugcug
uuUUUUULUY
cugcaguagu
uuuuuuccgce
agagcgcucg

aucacagaga

uacaacguag
gucugccuau
ccccuuuuuy
gcccagaucu
uuuUUUUUUY
aaccacugcg
ucacuaugau
avacaguccu

dacuucuauuc

<223> Description of sequence: Exemplary sequence according to formula (1)

<400> 119

gggagaaagc
uuUULUUUUY
auccacagcu
uuuuuaguaa
gugcauauag
cugagacuuc

gaaaucccgu

ucaagcuuau
uuuuuuuuga
gaugaaagac
augcgucuac
uagucaucga
gcuagagacu

ucagguuuuu

ccaaguaggc
ccgucucaag
uugugcggua
ugaauccagc
gggucgccuu
acaguuacag

uyuuuuuuuuy

uggucaccug
guccaaguua
cgguuaaucu
gaugaugcug
IV TV ITT ALY,
cugcaguagu

uuuuuuccgce

65

uvacaacguag
gucugccuau
ccccuuuuuu
gcccagaucu
uuuuuuuuuu
aaccacugcg

ucacuaugau

ccgguauuuu
aaaggugcgg
uuuuUUUUUY
ucgaccacaa
uggcccaguu
gcuauugcag
uvaagaaccag
uggaagaauc

augcaggucu

ccgguauuuy
aaaggugcgg
UUUUUUUUUY
ucgaccacaa
uggcccaguu
gcuauugcag

uvaagaaccag

60
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guggaguguc acugcucucg aggucucacg agagcgcucg auacaguccu uggaagaauc 480
UUUUUUUUUU JUUUUUUUUU uugugcgacg aucacagaga acuucuauuc augcaggucu 540
gcucuagaac gaacugaccu gacgccugaa Cuuaugagcg ugcguauuuu UUUUUUUUUY 600
UUUUUUUUUC Ccucccaacaa augucgauca auagcugggec uguuggagac gcgucagcaa 660
augccgugge uccauaggac guguagacuu Cuauuuuuuu ULUUUUUUUL UUUUCCCggg 720
accacaaaua auauucuugc uugguugggc gcaagggeccc cguaucaggu cauaaacggg 780
uacauguugc acaggcucCu UUUUUUUUUU UUUUUUUUUU uucgcugagu uauuccgguc 840
ucaaaagacg gcagacguca gucgacaaca cggucuaaag cagugcuaca aucugccgug 900
UUCQUGUUUU UUUULUUUUU Uuuuuuguga accuacacgg cgugcacugu aguucgcaau 960
ucauagggua ccggcucaga guuaugccuu gguugaaaac ugcccagcau acuuuuuuuy 1020
UUULUUUUUU UUCauauucc caugcuaagc aagggaugcc gcgagucaug uuaagcuuga 1080
auu 1083
Claims

RNA molecule consisting of or comprising SEQ ID NO: 117, SEQ ID NO: 118 or SEQ ID NO: 119 stimulating the
innate immune response by addressing the receptors TLR-7, TLR-8, TLR-3, RIG-I or MDA-5.

RNA molecules according to claim 1 for use as a medicament

Pharmaceutical composition containing an RNA molecule according to claim 1, a pharmaceutically acceptable carrier
and, optionally, further auxiliary substances, additives and/or adjuvants.

Pharmaceutical composition according to claim 3, additionally comprising at least one pharmaceutically active com-
ponent preferably selected from the group consisting of peptides, proteins, nucleic acids, (therapeutically active)
low molecular weight organic or inorganic compounds having a molecular weight less than 5000, sugars, antigens,
antibodies, pathogens, attenuated pathogens, deactivated pathogens, (human) cells, cellular fragments or fractions
and other therapeutic agents, which are preferably adapted to exhibit enhanced transfection properties, including
by complexation with lipids and/or polycationic compounds, including polycationic peptides.

Pharmaceutical composition according to any of claims 3 or 4, characterized in that the composition contains at
least one further adjuvant, which is an immunostimulating agent, selected from the group consisting of cationic
peptides, including polypeptides including protamine, nucleoline, spermine or spermidine, cationic polysaccharides,
including chitosan, TDM, MDP, muramyl dipeptide, pluronics, alum solution, aluminium hydroxide, ADJUMER™
(polyphosphazene); aluminium phosphate gel; glucans from algae; algammulin; aluminium hydroxide gel (alum);
highly protein-adsorbing aluminium hydroxide gel; low viscosity aluminium hydroxide gel; AF or SPT (emulsion of
squalane (5%), Tween 80 (0.2%), Pluronic L121 (1.25%), phosphate-buffered saline, pH 7.4); AVRIDINE™ (pro-
panediamine); BAY R1005™ ((N-(2-deoxy-2-L-leucylamino-b-D-glucopyranosyl)-N-octadecyldodecanoyl-amide hy-
droacetate); CALCITRIOL™ (1-alpha,25-dihydroxy-vitamin D3); calcium phosphate gel; CAPTM (calcium phosphate
nanoparticles); cholera holotoxin, cholera-toxin-A1-protein-A-D-fragment fusion protein, sub-unit B of the cholera
toxin; CRL 1005 (block copolymer P1205); cytokine-containing liposomes; DDA (dimethyldioctadecylammonium
bromide); DHEA (dehydroepiandrosterone); DMPC (dimyristoylphosphatidylcholine); DMPG (dimyristoylphosphati-
dylglycerol); DOC/alum complex (deoxycholic acid sodium salt); Freund’s complete adjuvant; Freund’s incomplete
adjuvant; gamma inulin; Gerbu adjuvant (mixture of: i) N-acetylglucosaminyl-(P1-4)-N-acetylmuramyl-L-alanyl-D-
glutamine (GMDP), ii) dimethyldioctadecylammonium chloride (DDA), iii) zinc-L-proline salt complex (ZnPro-8); GM-
CSF); GMDP (N-acetylglucosaminyl-(b1-4)-N-acetylmuramyl-L-alanyl-D-isoglutamine); imiquimod (1-(2-methypro-
pyl)-1H-imidazo[4,5-c]quinoline-4-amine); ImmTher™ (N-acetylglucosaminyl-N-acetylmuramyl-L-Ala-D-isoGlu-L--
Ala-glycerol dipalmitate); DRVs (immunoliposomes prepared from dehydration-rehydration vesicles); interferon-
gamma; interleukin-1beta; interleukin-2; interleukin-7; interleukin-12; ISCOMS™ ("Immunostimulating Complexes");
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ISCOPREP 7.0.3. ™; liposomes; LOXORIBINE™ (7-allyl-8-oxoguanosine (guanine)); LT oral adjuvant (E.coli labile
enterotoxin-protoxin); microspheres and microparticles of any composition; MF59™; (squalene-water emulsion);
MONTANIDE ISA 51™ (purified incomplete Freund’s adjuvant); MONTANIDE ISA 720™ (metabolisable oil adjuvant);
MPL™ (3-Q-desacyl-4’-monophosphoryl lipid A); MTP-PE and MTP-PE liposomes ((N-acetyl-L-alanyl-D-isoglutam-
inyl-L-alanine-2-(1,2-dipalmitoyl-sn-glycero-3-(hydroxyphosphoryloxy))ethylamide, monosodium salt); MURA-
METIDE™ (Nac-Mur-L-Ala-D-GIn-OCHj3); MURAPALMITINE™ and D-MURAPALMITINE™ (Nac-Mur-L-Thr-D-iso-
GIn-sn-glyceroldipalmitoyl); NAGO (neuraminidase-galactose oxidase); nanospheres or nanoparticles of any com-
position; NISVs (non-ionic surfactant vesicles); PLEURAN™ (beta-glucan); PLGA, PGA and PLA (homo- and co-
polymers of lactic acid and glycolic acid; microspheres/nanospheres); PLURONIC L121™; PMMA (polymethyl meth-
acrylate); PODDS™ (proteinoid microspheres); polyethylene carbamate derivatives; poly-rA: poly-rU (polyadenylic
acid-polyuridylic acid complex); polysorbate 80 (Tween 80); protein cochleates (Avanti Polar Lipids, Inc., Alabaster,
AL); STIMULON™ (QS-21); Quil-A (Quil-A saponin); S-28463 (4-amino-otec-dimethyl-2-ethoxymethyl-1H-imida-
zo[4,5-c]quinoline-1-ethanol); SAF-1™ ("Syntex adjuvant formulation"); Sendai proteoliposomes and Sendai-con-
taining lipid matrices; Span-85 (sorbitan trioleate); Specol (emulsion of Marcol 52, Span 85 and Tween 85); squalene
or Robane® (2,6,10,15,19,23-hexamethyltetracosan and 2,6,10,15,19,23-hexamethyl-2,6,10,14,18,22-tetracosa-
hexane); stearyltyrosine (octadecyltyrosine hydrochloride); Theramid® (N-acetylglucosaminyl-N-acetylmuramyl-L-
Ala-D-isoGlu-L-Ala-dipalmitoxypropylamide); Theronyl-MDP (Termurtide™ or [thr 1]-MDP; N-acetylmuramyl-L-thre-
onyl-D-isoglutamine); Ty particles (Ty-VLPs or virus-like particles); Walter-Reed liposomes (liposomes containing
lipid A adsorbed on aluminium hydroxide), and lipopeptides, including Pam3Cys,

in particular aluminium salts, such as Adju-phos, Alhydrogel, Rehydragel, etc.; emulsions, such as CFA, SAF, IFA,
MF59, Provax, TiterMax, Montanide, Vaxfectin, etc.; copolymers, such as Optivax (CRL1005), L121,
Poloaxmer4010), etc.; liposomes, such as Stealth, etc., cochleates, such as BIORAL, etc.; plant derived adjuvants,
such as QS21, Quil A, Iscomatrix, ISCOM, etc.; preferred adjuvants suitable for costimulation may include e.g.
Tomatine, biopolymers, such as PLG, PMM, Inulin, etc.; microbe derived adjuvants, such as Romurtide, DETOX,
MPL, CWS, Mannose, CpG7909, 1SS-1018, IC31, Imidazoquinolines, Ampligen, Ribi529, IMOxinc, IRIVs, VLPs,
choleratoxin, heat-labile toxin, Pam3Cys, Flagellin, GPl anchor, LNFPIll/Lewis X, antimicrobial peptides, UC-1V150,
RSV fusion protein, cdiGMP, etc.; preferred adjuvants suitable as antagonists may e.g. include CGRP neuropeptide,
or from cationic or polycationic compounds which are suitable for depot and delivery, including protamine, nucleoline,
spermin or spermidine, or other cationic peptides or proteins, including poly-L-lysine (PLL), poly-arginine, basic
polypeptides, cell penetrating peptides (CPPs), including HIV-binding peptides, Tat, HIV-1 Tat (HIV), Tat-derived
peptides, Penetratin, VP22 derived or analog peptides, HSV VP22 (Herpes simplex), MAP, KALA or protein trans-
duction domains (PTDs, PpT620, prolin-rich peptides, arginine-rich peptides, lysine-rich peptides, MPGpeptide(s),
Pep-1, L-oligomers, Calcitonin peptide(s), Antennapedia-derived peptides (particularly from Drosophila antennape-
dia), pAntp, plsl; FGF, Lactoferrin, Transportan, Buforin-2, Bac715-24, SynB, SynB(1), pVEC, hCT-derived peptides,
SAP, protamine, spermine, spermidine, or histones. Additionally, preferred cationic or polycationic proteins or pep-
tides may be selected from following proteins or peptides having the following total formula:
(Arg);;(Lys)m;(His),;(Om),;(Xaa),, wherein | + m + n + o + x = 8-15, and I, m, n or o independently of each other
may be any number selected from 0, 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14 or 15, provided that the overall content
of Arg, Lys, His and Orn represents at least 50% of all amino acids of the oligopeptide; and Xaa may be any amino
acid selected from native (= naturally occurring) or non-native amino acids except of Arg, Lys, His or Om; and x
may be any number selected from 0, 1, 2, 3 or 4, provided, that the overall content of Xaa does not exceed 50 %
of all amino acids of the oligopeptide, cationic polysaccharides, for example chitosan, polybrene, cationic polymers,
including polyethyleneimine (PEI), cationic lipids, Including DOTMA: [1-(2,3-sioleyloxy)propyl)]-N,N,N-trimethylam-
monium chloride, DMRIE, di-C14-amidine, DOTIM, SAINT, DC-Chol, BGTC, CTAP, DOPC, DODAP, DOPE: Dioleyl
phosphatidylethanol-amine, DOSPA, DODAB, DOIC, DMEPC, DOGS: Dioctadecylamidoglicylspermin, DIMRI:
Dimyristo-oxypropyl dimethyl hydroxyethyl ammonium bromide, DOTAP: dioleoyloxy-3-(trimethylammonlo)pro-
pane, DC-6-14: O,0O-ditetradecanoyl-N-(a-trimethylammoniacetyl)diethanolamine chloride, CLIP1: rac-[(2,3-diocta-
decyloxypropyl)(2-hydroxyethyl)]-dimethylammonlum chloride, CLIP6: rac-[2(2,3-dihexadecyloxypropyl-oxymethy-
loxy)ethyl]trimethylammonium, CLIP9: rac-[2(2,3-dihexadecyloxypropyl-oxysuccinyloxy)ethyl]-trimethylammonium,
oligofectamine, or cationic or polycationic polymers, including modified polyaminoacids, including -aminoacid-
polymers or reversed polyamides, modified polyehylenes, including PVP (poly(N-ethyl-4-vinylpyridinium bromide)), ,
modified acrylates, including pPDMAEMA (poly(dimethylaminoethyl methylacrylate)), , modified Amidoamines includ-
ing pAMAM (poly(amidoamine)), , modified polybetaaminoester (PBAE), including diamine end modified 1,4 bu-
tanediol diacrylate-co-5-amino-1-pentanol polymers,, dendrimers, including polypropylamine dendrimers or pAMAM
based dendrimers, , polyimine(s), including PEI: poly(ethyleneimine), poly(propyleneimine), , polyallylamine, sugar
backbone based polymers, including cyclodextrin based polymers, dextran based polymers, Chitosan, , silan back-
bone based polymers, including PMOXA-PDMS copolymers, , blockpolymers consisting of a combination of one or
more cationic blocks (including selected og a cationic polymer as mentioned above) and of one or more hydrophilic-
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or hydrophobic blocks (e.g polyethyleneglycole);

or may be selected from nucleic acids of formule (IV: G X,G,,, wherein: G is guanosine, uridine or an analogue of
guanosine or uridine; X is guanosine, uridine, adenosine, thymidine, cytidine or an analogue of the above-mentioned
nucleotides; | is an integer from 1 to 40, wherein when | = 1 G is guanosine or an analogue thereof, when | > 1 at
least 50% of the nucleotides are guanosine or an analogue thereof; m is an integer and is at least 3; wherein when
m = 3 X is uridine or an analogue thereof, when m > 3 at least 3 successive uridines or analogues of uridine occur;
n is an integer from 1 to 40, wherein when n =1 G is guanosine or an analogue thereof, when n > 1 at least 50% of
the nucleotides are guanosine or an analogue thereof;

or from nucleic acids of formula (V): CX,C,,, wherein: C is cytidine, uridine or an analogue of cytidine or uridine; X
is guanosine, uridine, adenosine, thymidine, cytidine or an analogue of the above-mentioned nucleotides; | is an
integer from 11040, wherein when | = 1 Cis cytidine or an analogue thereof, when | > 1 at least 50% of the nucleotides
are cytidine or an analogue thereof; mis an integer and is at least 3; wherein when m = 3 X is uridine or an analogue
thereof, when m > 3 at least 3 successive uridines or analogues of uridine occur; n is an integer from 1 to 40, wherein
when n = 1 C is cytidine or an analogue thereof, when n > 1 at least 50% of the nucleotides are cytidine or an
analogue thereof.

Pharmaceutical composition according to any one of claims 3 to 5, characterized in that the pharmaceutical
composition is a vaccine.

of a RNA molecule according to claim 1 for use in the treatment of cancer diseases, autoimmune disease, allergies
or infectious diseases,

wherein the cancer diseases are preferably selected from colon carcinomas, melanomas, renal carcinomas, lym-
phomas, acute myeloid leukaemia (AML), acute lymphoid leukaemia (ALL), chronic myeloid leukaemia (CML),
chronic lymphocytic leukaemia (CLL), gastrointestinal tumours, pulmonary carcinomas, gliomas, thyroid tumours,
mammary carcinomas, prostate tumours, hepatomas, various virus-induced tumours such as, forexample, papilloma
virus-induced carcinomas (e.g. cervical carcinoma), adenocarcinomas, herpes virus-induced tumours (e.g. Burkitt's
lymphoma, EBV-induced B-cell lymphoma), heptatitis B-induced tumours (hepatocell carcinoma), HTLV-1- and
HTLV-2-induced lymphomas, acoustic neuro-mas/neurinomas, cervical cancer, lung cancer, pharyngeal cancer,
anal carcinomas, glioblastomas, lymphomas, rectal carcinomas, astrocytomas, brain tumours, stomach cancer,
retinoblastomas, basaliomas, brain metastases, medulloblastomas, vaginal cancer, pancreatic cancer, testicular
cancer, melanomas, thyroidal carcinomas, bladder cancer, Hodgkin’s syndrome, meningiomas, Schneeberger dis-
ease, bronchial carcinomas, hypophysis tumour, Mycosis fungoides, oesophageal cancer, breast cancer, carcinolds,
neurinomas, spinaliomas, Burkitt's lymphomas, laryngeal cancer, renal cancer, thymomas, corpus carcinomas,
bone cancer, non-Hodgkin’s lymphomas, urethral cancer, CUP syndrome, head/neck tumours, oligodendrogliomas,
vulval cancer, intestinal cancer, colon carcinomas, oesophageal carcinomas, wart involvement, tumours of the small
intestine, craniopharyngeomas, ovarian carcinomas, soft tissue tumours/sarcomas, ovarian cancer, liver cancer,
pancreatic carcinomas, cervical carcinomas, endometrial carcinomas, liver metastases, penile cancer, tongue can-
cer, gall bladder cancer, leukaemia, plasmocytomas, uterine cancer, lid tumour and prostate cancer, and

wherein the infectious diseases are preferably selected from influenza, malaria, SARS, yellow fever, AIDS, Lyme
borreliosis, Leishmaniasis, anthrax, meningitis, viral infectious diseases such as AIDS, Condyloma acuminata,
hollow warts, Dengue fever, three-day fever, Ebola virus, cold, early summer meningoencephalitis (FSME), flu,
shingles, hepatitis, herpes simplex type |, herpes simplex type Il, Herpes zoster, influenza, Japanese encephalitis,
Lassa fever, Marburg virus, measles, foot-and-mouth disease, mononucleosis, mumps, Norwalk virus infection,
Pfeiffer’s glandular fever, smallpox, polio (childhood lameness), pseudo-croup, fifth disease, rabies, warts, West
Nile fever, chickenpox, cytomegalic virus (CMV), from bacterial infectious diseases such as miscarriage (prostate
inflammation), anthrax, appendicitis, bomeliosis, botulism, Camphylobacter, Chlamydia trachomatis (inflammation
of the urethra, conjunctivitis), cholera, diphtheria, donavanosis, epiglottitis, typhus fever, gas gangrene, gonorrhoea,
rabbit fever, Heliobacter pylori, whooping cough, climatic bubo, osteomyelitis, Legionnaire’s disease, leprosy, liste-
riosis, pneumonia, meningitis, bacterial meningitis, anthrax, otitis media, Mycoplasma hominis, neonatal sepsis
(Chorioamnionitis), noma, paratyphus, plague, Reiter's syndrome, Rocky Mountain spotted fever, Salmonella para-
typhus, Salmonella typhus, scarlet fever, syphilis, tetanus, tripper, tsutsugamushi disease, tuberculosis, typhus,
vaginitis (colpitis), soft chancre, and from infectious diseases caused by parasites, protozoa or fungi, such as
amoebiasis, bilharziosis, Chagas disease, athlete’s foot, yeast fungus spots, scabies, malaria, onchocercosis (river
blindness), or fungal diseases, toxoplasmosis, trichomoniasis, trypanosomiasis (sleeping sickness), visceral Leish-
maniosis, nappy/diaper dermatitis, schistosomiasis, fish poisoning (Ciguatera), candidosis, cutaneous Leishmani-
osis, lambliasis (giardiasis), or sleeping sickness, or from infectious diseases caused by Echinococcus, fish tape-
worm, fox tapeworm, canine tapeworm, lice, bovine tapeworm, porcine tapeworm and miniature tapeworm, and
wherein the autoimmune diseases are preferably selected from the group consisting of type | autoimmune diseases
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or type Il autoimmune diseases or type Il autoimmune diseases or type IV autoimmune diseases, such as, for
example, multiple sclerosis (MS), rheumatoid arthritis, diabetes, type | diabetes (Diabetes mellitus), systemic lupus
erythematosus (SLE), chronic polyarthritis, Basedow’s disease, autoimmune forms of chronic hepatitis, colitis ulce-
rosa, type | allergy diseases, type |l allergy diseases, type Il allergy diseases, type |V allergy diseases, fibromyalgia,
hair loss, Bechterew’s disease, Crohn’s disease, Myasthenia gravis, neurodermitis, Polymyalgia rheumatica, pro-
gressive systemic sclerosis (PSS), psoriasis, Reiter’s syndrome, rheumatic arthritis, psoriasis, vasculitis, etc, or
type Il diabetes, and

wherein the allergies are preferably selected from the group consisting of allergic asthma (leading to swelling of the
nasal mucosa), allergic conjunctivitis (leading to redness and itching of the conjunctive), allergic rhinitis ("hay fever"),
anaphylaxis, angiodema, atopic dermatitis (eczema), urticaria (hives), eosinophilia, respiratory, allergies to insect
stings, skin allergies (leading to and including various rashes, such as eczema, hives (urticaria) and (contact)
dermatitis), food allergies, and allergies to medicine.

Patentanspriiche

1.

RNA-Molekil, bestehend aus oder umfassend SEQ ID NO: 117, SEQ ID NO: 118 oder SEQ ID NO: 119, welches
die angeborene Immunantwort durch Adressierung der Rezeptoren TLR-7, TLR-8, TLR-3, RIG-I oder MDA-5 sti-
muliert.

RNA-Molekiil gemaR Anspruch 1 zur Verwendung als Medikament.

Pharmazeutische Zusammensetzung, welche ein RNA-Molekiil gemaR Anspruch 1, einen pharmazeutisch akzep-
tablen Tragerstoff und, optional, weitere Hilfsstoffe, Zusatzstoffe und/oder Adjuvanzien enthalt.

Pharmazeutische Zusammensetzung gemaf Anspruch 3, welche zusatzlich wenigstens eine pharmazeutisch aktive
Komponente enthalt, die bevorzugt ausgewahlt ist aus der Gruppe bestehend aus Peptiden, Proteinen, Nuklein-
sauren, (therapeutisch wirksamen) niedermolekularen organischen oder anorganischen Verbindungen mit einem
Molekulargewicht unter 5000, Zuckern, Antigenen, Antikdrpern, Pathogenen, attenuierten Pathogenen, deaktivierten
Pathogenen, (humanen) Zellen, Zellfragmenten oder Zellfraktionen und anderen therapeutischen Agenzien, welche
bevorzugt erhdhte Transfektionseigenschaften, unter anderem durch Komplexierung mit Lipiden und/oder polyka-
tionischen Verbindungen, einschliellich polykationischen Peptiden, aufweisen.

Pharmazeutische Zusammensetzung gemal irgendeinem der Anspriiche 3 oder 4, dadurch gekennzeichnet,
dass die Zusammensetzung wenigstens ein weiteres Adjuvanz enthalt, bei dem es sich um einimmunstimulierendes
Agens handelt, das ausgewahlt ist aus der Gruppe bestehend aus kationischen Peptiden, einschlie3lich Polypep-
tiden, darunter Protamin, Nucleolin, Spermin oder Spermidin, kationischen Polysacchariden, einschlieRlich Chitosan,
TDM, MDP, Muramyldipeptid, Pluronics, Alaun-Lésung, Aluminiumhydroxid, ADJUMER™ (Polyphosphazen); Alu-
miniumphosphat-Gel; Glucanen aus Algen; Algammulin; Aluminiumhydroxid-Gel (Alaun); stark Protein-adsorbie-
rendem Aluminiumhydroxid-Gel; niederviskosem Aluminiumhydroxid-Gel; AF oder SPT (Emulsion von Squalan
(5%), Tween 80 (0,2%), Pluronic L121 (1,25%), Phosphat-gepufferter Salzlésung, pH 7,4); AVRIDINE™ (Propan-
diamin); BAY R1005™ ((N-(2-Deoxy-2-L-leucylamino-b-D-glucopyranosyl)-N-octadecyldodecanoylamidhydroace-
tat); CALCITRI-OL™ (1-alpha-2,5-Dihydroxy-Vitamin D3); Calciumphosphatgel; CAPTM (Calciumphosphat-Nano-
partikel); Choleraholotoxin, Choleratoxin-A1-Protein-A-D-Fragment-Fusionsprotein, Untereinheit B des Cholerato-
xins; CRL 1005 (Blockcopolymer P1205); Zytokin-enthaltenden Liposomen; DDA (Dimethyldioctadecylammonium-
bromid); DHEA (Dehydroepiandrosteron); DMPC (Dimyristoylphosphatidylcholin); DMPG (Dimyristoylphosphatidyl-
glycerin); DOC/Alaun-Komplex (Desoxycholinsdure-Natriumsalz); komplettem Freundschen Adjuvans; inkomplet-
tem Freundschem Adjuvans; gamma-Inulin; Gerbu-Adjuvans (Mischung aus: i) N-Acetylglucosaminyl-(P1-4)-N-
acetylmuramyl-L-alanyl-D-glutamin (GMDP), ii) Dimethyldioctade-cylammoniumchlorid (DDA), iii) Zink-L-Prolin-
Salzkomplex (ZnPro-8); GM-CSF); GMDP (N-Acetylglucosaminyl-(b1-4)-N-acetylmuramyl-L-alanyl-D-isoglutamin);
Imiquiméd (1-(2-Methypropyl)-1H-imidazo[4,5-c]quinolin-4-amin); ImmTher™ (N-Acetylglucosaminyl-N-acetylmu-
ramyl-L-Ala-D-iso-Glu-L-Ala-glyceroldipalmitat); DRVs (Immunoliposomen, hergestellt aus Dehydrations-Rehydra-
tions-Vesikeln); Interferon-gamma; Interleukin-1-beta; Interleukin-2; Interleukin-7; Interleukin-12; ISCOMS™ ("Im-
munstimulierende Komplexe"); ISCOPREP 7.0.3.™; Liposomen; LOXORIBINE™ (7-Allyl-8-oxoguanosin (-guanin));
LT-Oraladjuvans (E.coli labiles Enterotoxin-Protoxin); Mikrospharen und Mikropartikeln jedweder Zusammenset-
zung; MF5™; (Squalen-Wasser-Emulsion); MONTANIDE ISA 51™ (gereinigtes inkomplettes Freundsches Adju-
vans); MONTANIDE ISA 720™ (metabolisierbares Ol-Adjuvans); MPL™ (3-Q-Desacyl-4’-monophosphoryl-Lipid A);
MTP-PE und MTP-PE-Liposomen ((N-Acetyl-L-alanyl-D-isoglutaminyl-L-alanin-2-(1,2-dipalmitoyl-sn-glycero-3-(hy-
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droxyphosphoryloxy))ethylamid, Mononatriumsalz); MURAMETIDE™ (Nac-Mur-L-Ala-D-GIn-OCHs); MURAPALMI-
TINE™ und D-MURAPALMITINE™ (Nac-Mur-L-Thr-D-isoGInsn-glyceroldipalmitoyl); NAGO (Neuraminidase-Galac-
tose-Oxidase); Nanospharen oder Nanopartikeln jedweder Zusammensetzung; NISVs (nichtionische Surfactant-
Vesikel); PLEURAN™ (beta-Glucan); PLGA, PGA und PLA (Homo- und Copolymere von Milchséure und Glykol-
séure; Mikrospharen/Nanosphéren); PLURONIC L121™; PMMA (Polymethylmethacrylat); PODDS™ (Proteinoid-
Mikrosphéaren); Polyethylencarbamat-Derivaten; Poly-rA:Poly-rU (Polyadenylsdure-Polyuridylsdure-Komplex); Po-
lysorbat 80 (Tween 80); Proteincochleaten (Avanti Polar Lipids, Inc., Alabaster, AL); STIMULON™ (QS-21); Quil-A
(Quil-A-Saponin); S-28463 (4-Amino-otecdimethyl-2-ethoxymethyl-1H-imidazo[4,5-c]quinolin-1-ethanol); SAF-1™
("Syntex-Adjuvans-Formulierung"); Sendai-Proteoliposomen und Sendaienthaltenden Lipidmatrices; Span-85 (Sor-
bitantrioleat); Specol (Emulsion von Marcol 52, Span 85 und Tween 85); Squalen oder Robane® (2,6,10,15,19,23-
Hexamethyltetracosan und 2,6,10,15,19,23-Hexamethyl-2,6,10,14,18,22-tetracosahexan); Stearyltyrosin (Octade-
cyltyrosinhydrochlorid); Theramid® (N-Acetylglucosaminyl-N-acetylmuramyl-L-Ala-D-isoGlu-L-Ala-dipalmitoxypro-
pylamid); Theronyl-MDP (Termurtide™ oder [thr 1]-MDP; N-Aacetylmuramyl-L-threonyl-D-isoglutamin); Ty-Partikeln
(Ty-VLPs oder Virus-artige Partikel); Walter-Reed-Liposomen (Liposomen, enthaltend Lipid A adsorbiert an Alumi-
niumhydroxid), und Lipopeptiden, einschlief3lich Pam3Cys,

insbesondere Aluminiumsalzen, wie beispielsweise Adju-phos, Alhydrogel, Rehydragel, usw.; Emulsionen, wie bei-
spielsweise CFA, SAF, IFA, MF59, Provax, TiterMax, Montanide, Vaxfectin, usw.; Copolymeren, wie beispielsweise
Optivax (CRL1005), L121, Poloxamer 4010), usw.; Liposomen, wie beispielsweise Stealth, usw., Cochleaten, wie
beispielsweise BIORAL, usw.; von Pflanzen abgeleiteten Adjuvanzien, wie beispielsweise QS21, Quil A, Iscomatrix,
ISCOM, usw.; wobei bevorzugte zur Costimulation geeignete Adjuvanzien z.B. Tomatin, Biopolymere, wie beispiels-
weise PLG, PMM, Inulin, usw. umfassen kdnnen; von Mikroben abgeleiteten Adjuvanzien, wie beispielsweise Romur-
tid, DETOX, MPL, CWS, Mannose, CpG7909, 1SS-1018, IC31, Imidazoquinolinen, Ampligen, Ribi529, IMOxin,
IRIVs, VLPs, Choleratoxin, Hitze-labilem Toxin, Pam3Cys, Flagellin, GPI-Anker, LNFPIll/Lewis X, antimikrobiellen
Peptiden, UC-1V150, RSV-Fusionsprotein, cdiGMP, usw.; wobei bevorzugte als Antagonisten geeignete Adjuvan-
zien z.B. CGRP-Neuropeptid umfassen kdnnen,

oder aus kationischen oder polykationischen Verbindungen, welche zum Depot und zur Abgabe geeignet sind,
einschlieflich Protamin, Nucleolin, Spermin oder Spermidin, oder andere kationische Peptide oder Proteine, ein-
schlief3lich Poly-L-Lysin (PLL), Poly-Arginin, basische Polypeptide, zellpenetrierende Peptide (CPPs), einschlie3lich
HIV-bindende Peptide, Tat, HIV-1-Tat (HIV), Tat-abgeleitete Peptide, Penetratin, VP22-abgeleitete oder analoge
Peptide, HSV VP22 (Herpes simplex), MAP, KALA oder Proteintransduktionsdoméanen (PTDs), PpT620, Prolin-
reiche Peptide, Argininreiche Peptide, Lysin-reiche Peptide, MPG-Peptid(e), Pep-1, L-Oligomere, Calcitonin-Pep-
tid(e), Antennapedia-abgeleitete Peptide (insbesondere von Drosophila antennapedia), pAntp, plsl, FGF, Lactoferrin,
Transportan, Bu-forin-2, Bac715-24, SynB, SynB(1), pVEC, hCT-abgeleitete Peptide, SAP, Protamin, Spermin,
Spermidin, oder Histone; wobei bevorzugte kationische oder polykationische Proteine oder Peptide auRerdem aus
folgenden Proteinen oder Peptiden mit der folgenden Gesamtformel ausgewdhlt sein konnen:
(Ar@);;(Lys)m: (HiS),;(Orn),;(Xaa),, wobei | + m + n +o + x = 8-15, und |, m, n oder o unabh&ngig voneinander
irgendeine Zahl, ausgewahltaus 0,1, 2, 3,4,5,6,7,8,9, 10, 11,12, 13, 14 oder 15 sein kdnnen, unter der MalRgabe,
dass der Gesamtgehalt an Arg, Lys, His und Orn wenigstens 50% aller Aminosauren des Oligopeptids ausmacht;
und Xaa irgendeine Aminosdaure sein kann, die aus nativen (= natirlich vorkommenden) oder nicht-nativen Amino-
sauren, ausgenommen Arg, Lys, His oder Orn, ausgewahlt ist; und x irgendeine Zahl sein kann, die aus 0, 1, 2, 3
oder 4 ausgewahlt ist, mit der Mallgabe, dass der Gesamtgehalt an Xaa nicht 50 % aller Aminoséuren des Oligo-
peptids Ubersteigt, kationische Polysaccharide, zum Beispiel Chitosan, Polybren, kationische Polymere,
einschlief3lich Polyethylenimin (PEI), kationische Lipide, einschlieBlich DOTMA: [1-(2,3-Sioleyloxy)propyl)]-N,N,N-
trimethylammoniumchlorid, DMRIE, Di-C14-amidin, DOTIM, SAINT, DC-Chol, BGTC, CTAP, DOPC, DODAP, DO-
PE: Dioleylphosphatidylethanolamin, DOSPA, DODAB, DOIC, DMEPC, DOGS: Dioctadecylamidoglicylspermin,
DIMRI: Dimyristooxypropyldimethylhydroxyethylammoniumbromid, DOTAP: Dioleoyloxy-3-(trimethylammonio)pro-
pan, DC-6-14: O,0-Ditetradecanoyl-N-(a-trimethylammonioacetyl)diethanolaminchlorid, CLIP1: rac-[(2,3-Dioctade-
cyloxypropyl)(2-hydroxyethyl)]-dimethylammoniumchlorid, CLIP6: rac-[2(2,3-Dihexadecyloxypropyloxymethylo-
xy)ethylJtrimethylammonium, CLIP9: rac-[2(2,3-Dihexadecyloxypropyloxysuccinyloxy)ethyl]-trimethylammonium,
Oligofectamin, oder kationische oder polykationische Polymere, einschlieRlich modifizierte Polyaminosauren, ein-
schlief3lich B-Aminosaurepolymere oder reversierte Polyamide, modifizierte Polyethylene, einschliellich PVP (Po-
ly(N-ethyl-4-vinylpyridiniumbromid)), modifizierte Acrylate, einschlie8lich pPDMAEMA (Poly(dimethylaminoethylme-
thylacrylat)), modifizierte Amidoamine, einschlie8lich pAMAM (Poly(amidoamin)), modifizierte Polybetaaminoester
(PBAE), einschlief3lich am Diamin-Ende modifizierte 1,4-Butandioldiacrylat-Co-5-amino-1-pentanol-Polymere, Den-
drimere, einschlieRlich Polypropylamin-Dendrimere oder auf pAMAM basierende Dendrimere, Polyimin(e), ein-
schlief3lich PEI: Poly(ethylenimin), Poly(propylenimin), Polyallylamin, Polymere basierend auf einem Zucker-Riick-
grat, einschlieBlich auf Cyclodextrin basierende Polymere, auf Dextran basierende Polymere, Chitosan, auf einem
Silan-Ruckgrat basierende Polymere, einschlieRlich PMOXA-PDMS-Copolymere, Blockpolymere, bestehend aus
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einer Kombination von einem oder mehreren kationischen Blécken (einschlieRlich ausgewahlt aus einem oben
erwahnten kationischen Polymer) und einem oder mehreren hydrophilen oder hydrophoben Blécken (z.B. Polye-
thyleneglycol);

oder ausgewahlt sein kann aus Nukleinsauren der Formel (1V): G X,,,G,,, worin: G Guanosin, Uridin oder ein Analogon
von Guanosin oder Uridinist; X Guanosin, Uridin, Adenosin, Thymidin, Cytidin oder ein Analogon der oben genannten
Nukleotide ist; | eine ganze Zahl von 1 bis 40 ist, wobei, wenn | = 1, G Guanosin oder ein Analogon davon ist, wenn
1> 1, wenigstens 50% der Nukleotide Guanosin oder ein Analogon davon sind; m eine ganze Zahl ist und wenigstens
3 ist; wobei, wenn m = 3, X Uridin oder ein Analogon davon ist, wenn m > 3, wenigstens 3 aufeinander folgende
Uridine oder Analoga von Uridin auftreten; n eine ganze Zahl von 1 bis 40 ist, wobei, wenn n = 1, G Guanosin oder
ein Analogon davon ist, wenn n > 1, wenigstens 50% der Nukleotide Guanosin oder ein Analogon davon sind;
oder aus Nukleinsauren der Formel (V): CX,C,,, worin: C Cytidin, Uridin oder ein Analogon von Cytidin oder Uridin
ist; X Guanosin, Uridin, Adenosin, Thymidin, Cytidin oder ein Analogon der oben genannten Nukleotide ist; | eine
ganze Zahl von 1 bis 40 ist, wobei, wenn | = 1, C Cytidin oder ein Analogon davon ist, wenn | > 1, wenigstens 50%
der Nukleotide Cytidin oder ein Analogon davon sind; m eine ganze Zahl ist und wenigstens 3 ist; wobei, wenn m
= 3, X Uridin oder ein Analogon davon ist, wenn m > 3, wenigstens 3 aufeinander folgende Uridine oder Analoga
von Uridin auftreten; n eine ganze Zahl von 1 bis 40 ist, wobei, wenn n = 1, C Cytidin oder ein Analogon davon ist,
wenn n > 1, wenigstens 50% der Nukleotide Cytidin oder ein Analogon davon sind.

Pharmazeutische Zusammensetzung gemaf irgendeinem der Anspriiche 3 bis 5, dadurch gekennzeichnet, dass
die Zusammensetzung eine Vakzine ist.

RNA-Molekiil gemafR Anspruch 1 zur Verwendung bei der Behandlung von Krebserkrankungen, Autoimmunerkran-
kungen, Allergien oder Infektionskrankheiten,

wobei die Krebserkrankungen bevorzugt ausgewahlt sind aus Darmkarzinomen, Melanomen, Nierenkarzinomen,
Lymphomen, akuter myeloischer Leukdmie (AML), akuter lymphatischer Leuk&mie (ALL), chronischer myeloischer
Leuka@mie (CML), chronischer lymphatischer Leukéamie (CLL), Magen-Darm-Tumoren, Lungenkarzinomen, Glio-
men, Schilddriisentumoren, Mammakarzinomen, Prostatatumoren, Hepatomen, verschiedenen Virus-induzierten
Tumoren, wie beispielsweise Papilloma-Virus-induzierten Karzinomen (z.B. Zervikalkarzinom), Adenokarzinomen,
Herpes-Virus-induzierten Tumoren (z.B. Burkitt-Lymphom, EBV-induziertes B-Zell-Lymphom), Heptatitis-B-indu-
zierten Tumoren (Hepatozelluldre Karzinome), HTLV-1- und HTLV-2-induzierten Lymphomen, akustischen Neuro-
men/Neurinomen, Gebarmutterhalskrebs, Lungenkrebs, Rachenkrebs, Analkarzinomen, Glioblastomen, Lympho-
men, Rektalkarzinomen, Astrozytomen, Gehirntumoren, Magenkrebs, Retinoblastomen, Basaliomen, Gehirnmeta-
stasen, Medulloblastomen, Vaginalkrebs, Bauchspeicheldriisenkrebs, Hodenkrebs, Melanomen, Schilddriisenkar-
zinomen, Blasenkrebs, Hodgkin-Lymphom, Meningiomen, Schneeberger-Krankheit, Bronchialkarzinomen, Hypo-
physentumor, Mycosis fungoides, Speiserdhrenkrebs, Brustkrebs, Karzinoiden, Neurinomen, Spinaliomen, Burkitt-
Lymphomen, Kehlkopfkrebs, Nierenkrebs, Thymomen, Korpuskarzinomen, Knochenkrebs, Non-Hodgkin-Lympho-
men, Harnréhrenkrebs, CUP-Syndrom, Kopf-Hals-Tumoren, Oligodendrogliomen, Scheidenkrebs, Darmkrebs, Ko-
lonkarzinomen, (")sophaguskarzinomen, Warzenbefall, Tumoren des Diinndarms, Kraniopharyngiomen, Ovarial-
karzinomen, Weichgewebetumoren/Sarkomen, Eierstockkrebs, Leberkrebs, Pankreaskarzinomen, Zervikalkarzi-
nomen, Endometriumkarzinomen, Lebermetastasen, Peniskrebs, Zungenkrebs, Gallenblasenkrebs, Leukamie,
Plasmozytomen, Gebarmutterkrebs, Lidtumor und Prostatakrebs, und

wobei die Infektionskrankheiten bevorzugt ausgewahlt sind aus Influenza, Malaria, SARS, Gelbfieber, AIDS, Lyme-
Borreliose, Leishmaniose, Anthrax, Meningitis, viralen Infektionskrankheiten, wie beispielsweise AIDS, Condyloma
acuminata, Hohlwarzen, Dengue-Fieber, Dreitagefieber, Ebola-Virus, Erkaltung, Frihsommer-Meningoenzephalitis
(FSME), Grippe, Giirtelrose, Hepatitis, Herpes simplex Typ |, Herpes simplex Typ Il, Herpes zoster, Influenza,
Japanischer Enzephalitis, Lassa-Fieber, Marburg-Virus, Masern, Hand-FuR-Mund-Krankheit, Mononukleose,
Mumps, Norwalk-Virus-Infektion, Pfeifferschem Driisenfieber, Windpocken, Polio (Kinderlahmung), Pseudokrupp,
Ringelrételn, Tollwut, Warzen, Westnilfieber, Windpocken, Zytomegalovirus (CMV), bakteriellen Infektionskrank-
heiten, wie beispielsweise Abort (Prostataentziindung), Anthrax, Appendizitis, Borreliose, Botulismus, Camphylo-
bakter, Chlamydia trachomatis (Entziindung der Harnréhre, Konjunktivitis), Cholera, Diphtherie, Donavanosis, Epi-
glottitis, Typhusfieber, Gasgangran, Gonorrhée, Kaninchenfieber, Heliobacter pylori, Keuchhusten, Klimatischer
Bubo, Osteomyelitis, Legionarskrankheit, Lepra, Listeriose, Pneumonie, Meningitis, bakterieller Meningitis, Anthrax,
Otitis media, Mycoplasma hominis, neonataler Sepsis (Chorioamnionitis), Noma, Paratyphus, Pest, Reiter-Syndrom,
Rocky-Mountain-Fleckfieber, Salmonellen-Paratyphus, Salmonellen-Typhus, Scharlach, Syphilis, Tetanus, Tripper,
Tsutsugamushi-Krankheit, Tuberkulose, Typhus, Vaginitis (Colpitis), Weicher Schanker, und Infektionskrankheiten,
die durch Parasiten, Protozoen oder Pilze verursacht werden, wie beispielsweise Amdbiasis, Bilharziosis, Chagas-
Krankheit, FuBpilz, Hautpilzflecken, Skabies (Kratze), Malaria, Onchozerkose (Flusskrankheit), oder Pilzkrankhei-
ten, Toxoplasmose, Trichomoniasis, Trypanosomiasis (Schlafkrankheit), viszerale Leishmaniose, Windeldermatitis,
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Schistosomiasis, Fischvergiftung (Ciguatera), Candidosis, kutane Leishmaniose, Lambliasis (Giardiasis) oder
Schlafkrankheit, oder aus Infektionskrankheiten, die durch Echinococcus, Fischbandwurm, Fuchsbandwurm, Hun-
debandwurm, Lause, Rinderbandwurm, Schweinebandwurm und Zwergbandwurm verursacht werden, und

wobei die Autoimmunerkrankungen bevorzugt ausgewahlt sind aus der Gruppe bestehend aus Typ-I-Autoimmu-
nerkrankungen oder Typ-ll-Autoimmunerkrankungen oder Typ-Ill-Autoimmunerkrankungen oder Typ-IV-Autoim-
munerkrankungen, wie beispielsweise Multiple Sclerose (MS), Rheumatoide Arthritis, Diabetes, Typ-I-Diabetes
(Diabetes mellitus), systemischer Lupus erythematodes (SLE), chronische Polyarthritis, Basedow-Krankheit, au-
toimmune Formen chronischer Hepatitis, Colitis ulcerosa, Typ-I-Allergieerkrankungen, Typ-lI-Allergieerkrankungen,
Typ-lll-Allergieerkrankungen, Typ-IV-Allergieerkrankungen, Fibromyalgie, Haarausfall, Bechterew-Krankheit, Mor-
bus Crohn, Myasthenia gravis, Neurodermitis, Polymyalgia rheumatica, Progressive Systemische Sklerose (PSS),
Psoriasis, Reiter-Syndrom, Rheumatische Arthritis, Psoriasis, Vasculitis, usw., oder Typ-ll-Diabetes, und

wobei die Allergien bevorzugt ausgewahlt sind aus der Gruppe bestehend aus allergischem Asthma (was zu einem
Anschwellen der Nasenschleimhaut fiihrt), allergischer Konjunktivitis (was zur Rétung und Jucken der Bindehaut
fuhrt), allergischer Rhinitis ("Heuschnupfen"), Anaphylaxis, Angiédem, atopischer Dermatitis (Ekzem), Urticaria
(Nesselsucht), Eosinophiliie, Allergien der Atemwege, Allergien auf Insektenstiche, Hautallergien (welche zu ver-
schiedenen Ausschlagen, wie beispielsweise Ekzem, Nesselsucht (Urticaria) und (Kontakt-) Dermatitis fiihren und
diese beinhalten), Nahrungsmittelallergien und Arzneimittelallergien.

Revendications

Molécule d’ARN consistant en ou comprenant SEQ ID NO: 117, SEQ ID NO: 118 ou SEQ ID NO: 119, qui stimule
la réponse immunitaire innée en ciblant les récepteurs TLR-7, TLR-8, TLR-3, RIG-1 ou MDA-5.

Molécule d’ARN selon la revendication 1, destinée a étre utilisée en tant que médicament.

Composition pharmaceutique contenant une molécule d’ARN selon la revendication 1, un véhicule pharmaceuti-
quement acceptable et, facultativement, des substances auxiliaires, additifs et/ou adjuvants supplémentaires.

Composition pharmaceutique selon la revendication 3, comprenant en outre au moins un composant pharmaceu-
tiquement actif sélectionné de préférence dans le groupe consistant en des peptides, des protéines, des acides
nucléiques, des composés organiques ou inorganiques de bas poids moléculaire (thérapeutiquement actifs) ayant
un poids moléculaire inférieur a 5 000, des sucres, des antigénes, des anticorps, des agents pathogénes, des agents
pathogénes atténués, des agent pathogénes inactivés, des cellules (humaines), des fragments ou des fractions
cellulaires et d’autres agents thérapeutiques, qui sont de préférence adaptés pour exhiber des propriétés de trans-
fection améliorées, y compris par une complexation avec des lipides et/ou des composés polycationiques, compre-
nant des peptides polycationiques.

Composition pharmaceutique selon I'une quelconque des revendications 3 ou 4, caractérisée en ce que la com-
position contient au moins un adjuvant supplémentaire, qui est un agent immunostimulant, sélectionné dans le
groupe consistant en des peptides cationiques, comprenantdes polypeptides comprenantla protamine, la nucléoline,
la spermine oula spermidine, des polysaccharides cationiques, comprenantle chitosan, le TDM, le MDP, un dipeptide
muramyle, des Pluronics, une solution d’alun, I'hydroxyde d’aluminium, TADJUMER™ (polyphosphazéne) ; un gel
de phosphate d’aluminium ; des glucanes issus d’algues ; I'algammuline ; un gel d’hydroxyde d’aluminium (alun) ;
un gel d’hydroxyde d’aluminium adsorbant fortement les protéines ; un gel d’hydroxyde d’aluminium de faible
viscosité ; 'AF ou le SPT (émulsion de squalane (5 %), Tween 80 (0,2 %), Pluronic L121 (1,25 %), solution saline
tamponnée au phosphate, pH 7,4) ; TAVRIDINE™ (propanediamine); le BAY R1005™ (hydroacétate de (N-(2-
désoxy-2-L-leucylamino-b-D-glucopyranosyl)-N-octadécyl-dodécanoyl-amide) ; le CALCITRIOL™ (1-alpha,25-di-
hydroxy-vitamine D3) ; un gel de phosphate de calcium ; le CAPTM (nanoparticules de phosphate de calcium) ;
I'holotoxine cholérique, une protéine de fusion domaine A1 de la toxine cholérique-protéine A-fragment D, la sous-
unité B de la toxine cholérique ; le CRL 1005 (copolymeére séquencé P1205); des liposomes contenant une cytokine ;
le DDA (bromure de diméthyldioctadécylammonium); la DHEA (déhydroépiandrostérone); la DMPC
(dimyristoylphosphatidylcholine) ; le DMPG (dimyristoylphosphatidylglycérol) ; un complexe DOC/alun (sel de so-
dium d’acide désoxycholique) ; un adjuvant complet de Freund ; un adjuvant incomplet de Freund ; la gamma-
inuline ; un adjuvant Gerbu (mélange de : i) N-acétylglucosaminyl-(P1-4)-N-acétylmuramyl-L-alanyl-D-glutamine
(GMDP), ii) chlorure de diméthyldioactadécylammonium (DDA), iii) complexe salin zinc-L-proline (ZnPro-8) ; GM-
CSF) ; la GMDP (N-acétylglucosaminyl-(b1-4)-N-acétylmuramyl-L-alanyl-D-isoglutamine) ; 'imiquimod (1-(2-mé-
thylpropyl)-1H-imidazo[4,5-c]quinoline-4-amine) ; 'ImmTher™ (dipalmitate de N-acétylglucosaminyl-N-acétylmura-
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myl-L-Ala-D-isoGlu-L-Ala-glycérol) ; des DRV (immunoliposomes préparés a partir de vésicules obtenues par dés-
hydratation-réhydratation) ; I'interféron gamma ; l'interleukine-1 béta ; l'interleukine-2 ; l'interleukine-7 ; l'interleuki-
ne-12 ; des ISCOMS™ (« complexes immunostimulants ») ; IISCOPREP 7.0.3.™ ; des liposomes ; la LOXORIBI-
NE™ (7-allyl-8-oxoguanosine (guanine)) ; un adjuvant oral LT (entérotoxine labile d’E. coli-protoxine) ; des micros-
phéres et des microparticules de composition quelconque ; le MF59™ (émulsion squaléne-eau) ; le MONTANIDE
ISA 51™ (adjuvant incomplet de Freund purifié) ; le MONTANIDE ISA 720™ (adjuvant huileux métabolisable) ; le
MPL™ (3-Q-désacyl-4’-monophosphoryle lipide A) ; le MTP-PE et des liposomes a base de MTP-PE ((N-acétyl-L-
alanyl-D-isoglutaminyl-L-alanine-2-(1,2-dipalmitoyl-sn-glycéro-3-(hydroxyphosphoryloxy))éthylamide, sel de
monosodium) ; le MURAMETIDE™ (Nac-Mur-L-Ala-D-GIn-OCHs) ; la MURAPALMITINE™ et la D-MURAPALMI-
TINE™ (Nac-Mur-L-Thr-D-IsoGIn-sn-glycéroldipalmitoyl) ; la NAGO (neuraminidase-galactose oxydase) ; des na-
nosphéres ou des nanoparticules de composition quelconque ; des NISV (vésicules de tensioactif non ionique) ; le
PLEURAN™ (béta-glucane) ; le PLGA, PGA et PLA (homo- et copolymeéres d’acide lactique et d’acide glycolique ;
microspheres/nanosphéres) ; le PLURONIC L121™; [e PMMA (méthacrylate de polyméthyle) ; le PODDS™ (mi-
crosphéres protéinoides) ; des dérivés de carbamate de polyéthyléne ; le poly-rA:poly-rU (complexe acide polya-
dénylique-acide polyuridylique) ; le polysorbate 80 (Tween 80) ; des structures cochléaires protéiques (Avanti Polar
Lipids, Inc., Alabaster, AL) ; le STIMULON™ (QS-21) ; le Quil-A (saponine Quil-A) ; le S-28463 (4-amino-otec-
diméthyl-2-éthoxyméthyl-1H-imidazo[4-5-c]quinoline-1-éthanol) ; le SAF-1™ (« formulation d’adjuvant Syntex ») ;
des protéoliposomes du virus Sendai et des matrices lipidiques contenant le virus Sendai ; le Span-85 (trioléate de
sorbitane) ; le Specol (émulsion de Marcol 52, Span 85 et Tween 85) ; le squaléne ou Robane® (2,6,10,15,19,23-
hexaméthyltétracosane et 2,6,10,15,19,23-hexaméthyl-2,6,10,14,18,22-tétracosahexane) ; la stéaryltyrosine (chlo-
rhydrate d’octadécyltyrosine) ; le Theramid® (N-acétylglucosaminyl-N-acétylmuramyl-L-Ala-D-isoGlu-L-Ala-
dipalmitoxypropylamide) ; le Théronyl-MDP (Termurtide™ ou [thr1]-MDP ; N-acétylmuramyl-L-thréonyl-D-
isoglutamine) ; des particules du virus Ty (VLP du virus Ty ou pseudo-particules virales) ; des liposomes de Walter-
Reed (liposomes contenant le lipide A adsorbé sur de I'hydroxyde d’aluminium) et des lipopeptides, comprenant
Pam3Cys,

en particulier des sels d’aluminium tels que Adju-phos, Alhydrogel, Rehydragel, etc. ; des émulsions telles que le
CFA, SAF, IFA, MF59, Provax, TiterMax, Montanide, Vaxfectine, etc. ; des copolymeéres tels que Optivax (CRL1005),
L121, Poloxamére 4010), etc. ; des liposomes tels que Stealth, etc., des structures cochléaires telles que BIORAL,
etc. ; des adjuvants dérivés de plantes tels que le QS21, Quil A, Iscomatrix, ISCOM ; etc. ; des adjuvants préférés
appropriés pour une costimulation peuvent comprendre, par exemple, la tomatine, des biopolymeres tels que PLG,
PMM, l'inuline, etc. ; des adjuvants dérivés de microbes tels que le romurtide, DETOX, MPL, CWS, le mannose,
CpG7909, ISS-1018, IC31, des imidazoquinolines, Ampligen, Ribi529, IMOxine, des IRIV, des VLP, la toxine cho-
lérique, une toxine thermolabile, Pam3Cys, la flagelline, une ancre GPI, LNFPIIl/Lewis X, des peptides antimicro-
biens, UC-1V150, une protéine de fusion du RSV, cdiGMP, etc. ; des adjuvants préférés appropriés en tant qu’ago-
nistes peuvent, par exemple, comprendre un neuropeptide CGRP,

ou parmi des composés cationiques ou polycationiques qui sont appropriés pour un dépét et une délivrance, com-
prenant la protamine, la nucléoline, la spermine ou la spermidine, ou d’autres peptides ou protéines cationiques,
comprenant la poly-L-lysine (PLL), la polyarginine, des polypeptides basiques, des peptides pénétrant les cellules
(CPP), comprenant des peptides se liantau VIH, Tat, Tat du VIH-1 (VIH), des peptides dérivés de Tat, la pénétratine,
des peptides dérivés de VP22 ou analogues peptidiques de VP22, VP22 du HSV (Herpés simplex), MAP, KALA
ou des domaines de transduction de protéines (PTD), PpT620, des peptides riches en proline, des peptides riches
en arginine, des peptides riches en lysine, un/des peptide(s) MPG, Pep-1, des L-oligoméres, un/des peptide(s) de
calcitonine, des peptides dérivés d’Antennapedia (particulierement de Drosophila antennapedia), pAntp, plsl ; le
FGF, la lactoferrine, le transportane, la buforine-2, Bac715-24, SynB, SynB(1), pVEC, des peptides dérivés de hCT,
la SAP, la protamine, la spermine, la spermidine, ou des histones. De plus, des protéines ou des peptides cationiques
ou polycationiques préférés peuvent étre sélectionnés parmi les protéines ou peptides suivant(e)s ayant la formule
totale suivante : (Arg), ; (Lys), ; (His), ; (Orn), ; (Xaa),, oul+m+n+o0+x=8-15,et 1, m, n ouo, indépendamment
les uns des autres, peuvent étre un nombre quelconque sélectionné parmi 0, 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13,
14 ou 15, a condition que la teneur globale de Arg, Lys, His et Orn représente au moins 50 % de tous les acides
aminés de l'oligopeptide ; et Xaa peut étre un quelconque acide aminé sélectionné parmi des acides aminés natifs
(= survenant a I'état naturel) ou non natifs a I'exception de Arg, Lys, His ou Orn ; et x peut &tre un nombre quelconque
sélectionné parmi 0, 1, 2, 3 ou 4, a condition que la teneur globale de Xaa n’excede pas 50 % de tous les acides
aminés de l'oligopeptide, des polysaccharides cationiques, par exemple le chitosan, le polybréne, des polymeéres
cationiques, comprenant la polyéthyléeneimine (PEI), des lipides cationiques, comprenant DOTMA : chlorure de
[1-(2,3-sioleyloxy)propyl)]-N,N,N-triméthylammonium, DMRIE, di-C14-amidine, DOTIM, SAINT, DC-Chol, BGTC,
CTAP, DOPC, DODAP, DOPE : dioleylphosphatidyléthanolamine, DOSPA, DODAB" DOIC, DMEPC, DOGS :
dioactadécylamidoglycylspermine, DIMRI: bromure de dimyristo-oxypropyldiméthylhydroxyéthylammonium,
DOTAP : dioléoyloxy-3-(triméthalammonio)propane, DC-6-14: chlorure d’O,O-ditétradécanoyl-N-(o.-triméthylam-
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monioacétyl)diéthanolamine, CLIP1 : chlorure de rac-[(2,3-dioactadécyloxypropyl)(2-hydroxyéthyl)]-diméthylam-
monium, CLIP6 : rac-[2(2,3-dihexadécyloxypropyl-oxyméthyloxy)éthyl]-triméthylammonium, CLIP9 : rac-[2(2,3-di-
hexadécyloxypropyl-oxysuccinyloxy)éthyl]-triméthylammonium, I'oligofectamine, ou des polyméres cationiques ou
polycationiques, comprenant des polyacides aminés modifiés, comprenant des polymeres d’acides f-aminés ou
des polyamides inversés, des polyéthylénes modifiés, comprenant la PVP (bromure de poly(N-éthyl-4-vinylpyridi-
nium)), des acrylates modifiés, comprenant le pPDMAEMA (méthacrylate de poly(diméthylaminoéthyle)), des ami-
doamines modifiées comprenant le pAMAM (poly(amidoamine)), un poly(béta-aminoester) modifié (PBAE), com-
prenant des polymeéres de 1,4-butanediol-diacrylate-co-5-amino-1-pentanol modifiés par une extrémité diamine,
des dendriméres, comprenant des dendriméres de polypropylamine ou des dendriméres a base de pAMAM, une/des
polyimine(s), comprenant la PEI : polyéthyléneimine, la polypropyléneimine, la polyallylamine, des polyméres a
base de squelette sucre, comprenant des polymeres a base de cyclodextrine, des polyméres a base de dextran,
le chitosan, des polymeéres a base de squelette silane, comprenant des copolyméres PMOXA-PDMS, des polymeéres
séquenceés consistant en une combinaison d’'un ou de plusieurs blocs cationiques (y compris sélectionné parmi un
polymeére cationique tel que susmentionné) et un ou plusieurs blocs hydrophiles ou hydrophobes (par exemple,
polyéthylene glycol) ;

ou peut étre sélectionné parmi des acides nucléiques de formule (IV) : G X,G,, dans laquelle : G est la guanosine,
I'uridine ou un analogue de guanosine ou d’uridine ; X estla guanosine, I'uridine, 'adénosine, la thymidine, la cytidine
ou un analogue des nucléotides susmentionnés ; 1 est un nombre entier compris entre 1 et 40, ou lorsque 1 =1,
G est la guanosine ou un analogue de celle-ci, lorsque 1 > 1, au moins 50 % des nucléotides sont la guanosine ou
un analogue de celle-ci ; m est un nombre entier et est au moins 3 ; ou lorsque m = 3, X est l'uridine ou un analogue
de celle-ci, lorsque m > 3, au moins 3 uridines ou analogues d’uridine successifs sont observés ; n est un nombre
entier compris entre 1 et 40, ou lorsque n = 1, G est la guanosine ou un analogue de celle-ci, lorsque n > 1, au
moins 50 % des nucléotides sont la guanosine ou un analogue de celle-ci ;

ou parmi des acides nucléiques de formule (V) : C)X,,C,,, dans laquelle : C est la cytidine, I'uridine ou un analogue
de cytidine ou d’uridine ; X est la guanosine, l'uridine, I'adénosine, la thymidine, la cytidine ou un analogue des
nucléotides susmentionnés ; 1 est un nombre entier compris entre 1 et 40, ou lorsque 1 = 1, C est la cytidine ou un
analogue de celle-ci, lorsque 1 > 1, au moins 50 % des nucléotides sont la cytidine ou un analogue de celle-ci ; m
est un nombre entier et est au moins 3 ; ou lorsque m = 3, X est I'uridine ou un analogue de celle-ci, lorsque m >
3, au moins 3 uridines ou analogues de l'uridine successifs sont observés ; n est un nombre entier compris entre
1 et40, ou lorsque n = 1, C est la cytidine ou un analogue de celle-ci, lorsque n > 1, au moins 50 % des nucléotides
sont la cytidine ou un analogue de celle-ci.

Composition pharmaceutique selon I'une quelconque des revendications 3 a 5, caractérisée en ce que la compo-
sition pharmaceutique est un vaccin.

Molécule d’ARN selon la revendication 1, destinée a étre utilisée dans le traitement de maladies cancéreuses, de
maladies auto-immunes, d’allergies ou de maladies infectieuses,

ou les maladies cancéreuses sont de préférence sélectionnés parmi des carcinomes du cblon, des mélanomes,
des carcinomes rénaux, des lymphomes, la leucémie aigué myéloide (LAM), la leucémie aigué lymphoblastique
(LAL), la leucémie myéloide chronique (LMC), la leucémie lymphoide chronique (LLC), des tumeurs gastro-intes-
tinales, des carcinomes pulmonaires, des gliomes, des tumeurs de la thyroide, des carcinomes mammaires, des
tumeurs de la prostate, des hépatomes, diverses tumeurs induites par un virus telles que, par exemple, des carci-
nomes induits par un papillomavirus (par exemple, carcinome du col de I'utérus), des adénocarcinomes, des tumeurs
induites par un herpeésvirus (par exemple, lymphome de Burkitt, ymphome a cellules B induit par 'TEBV), des tumeurs
induites par I'hépatite B (carcinome hépatocellulaire), des lymphomes induits par le HTLV-1 et le HTLV-2, des
neuromes/neurinomes acoustiques, le cancer du col de I'utérus, le cancer du poumon, le cancer du pharynx, des
carcinomes de l'anus, des glioblastomes, des lymphomes, des carcinomes du rectum, des astrocytomes, des
tumeurs cérébrales, le cancer de I'estomac, des rétinoblastomes, des basaliomes, des métastases cérébrales, des
médulloblastomes, le cancer du vagin, le cancer du pancréas, le cancer des testicules, des mélanomes, des car-
cinomes de la thyroide, le cancer de la vessie, le syndrome de Hodgkin, des méningiomes, la maladie de Schnee-
berger, des carcinomes bronchiques, une tumeur hypophysaire, le mycosis fongoide, le cancer de 'oesophage, le
cancer du sein, des carcinoides, des neurinomes, des spinaliomes, des lymphomes de Burkitt, le cancer du larynx,
le cancerdurein, des thymomes, des carcinomes de 'endomeétre, le cancer des os, des lymphomes non-Hodgkiniens,
le cancer de l'urétre, le syndrome CUP, des tumeurs de la téte/du cou, des oligodendrogliomes, le cancer de la
vulve, le cancer des intestins, des carcinomes du cblon, des carcinomes de I'oesophage, des verrues, des tumeurs
de lintestin gréle, des craniopharyngiomes, des carcinomes de 'ovaire, des tumeurs/sarcomes des tissus mous,
le cancer de l'ovaire, le cancer du foie, des carcinomes du pancréas, des carcinomes du col de l'utérus, des
carcinomes de I'endometre, des métastases hépatiques, le cancer du pénis, le cancer de la langue, le cancer de
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la vésicule biliaire, une leucémie, des plasmocytomes, le cancer de I'utérus, une tumeur de la paupiére et le cancer
de la prostate, et

ou les maladies infectieuses sont de préférence sélectionnées parmi la grippe, la malaria, le SRAS, la fiévre jaune,
le SIDA, la borréliose de Lyme, la leishmaniose, I'anthrax, la méningite, des maladies infectieuses virales comme
le SIDA, des condylomes acuminés, des verrues creuses, la dengue, la fiévre des trois jours, le virus Ebola, le
rhume, la méningo-encéphalite verno-estivale (MEVE), la grippe, le zona, I'hépatite, I'herpés simplex de type |,
I'herpées simplex de type ll, le zona, la grippe, 'encéphalite japonaise, la fievre de Lassa, le virus Marburg, la rougeole,
la fievre aphteuse, la mononucléose, les oreillons, une infection par le virus de Norwalk, la fievre glandulaire de
Pfeiffer, la variole, la poliomyélite (boiterie de I'enfant), la pseudo laryngo-trachéo-bronchite, la cinquieme maladie,
la rage, des verrues, la fieévre du Nil occidental, la varicelle, le cytomégalovirus (CMV), parmi des maladies infec-
tieuses bactériennes telles que la fausse couche (inflammation de la prostate), I'anthrax, 'appendicite, la borréliose,
le botulisme, Campylobacter, Chlamydia trachomatis (inflammation de 'urétre, conjonctivite), le choléra, la diphtérie,
la donovanose, I'épiglottite, la fievre typhoide, la gangréne gazeuse, la gonorrhée, la fievre du lapin, Helicobacter
pylori, la coqueluche, le lymphogranulome vénérien, 'ostéomyélite, la Iégionellose, la lépre, la listériose, la pneu-
monie, la méningite, une méningite bactérienne, I'anthrax, I'otite moyenne, Mycoplasma hominis, une septicémie
néonatale (chorioamniotite), le noma, le paratyphus, la peste, le syndrome de Reiter, la fievre pourprée des mon-
tagnes rocheuses, Salmonella paratyphi, Salmonella typhi, la scarlatine, la syphilis, le tétanos, la gonorrhée, la
maladie de Tstutsugamushi, la tuberculose, le typhus, la vaginite (colpite), le chancre mou, et parmi des maladies
infectieuses causées par des parasites, des protozoaires ou des champignons, telles que I'amibiase, la bilharziose,
la maladie de Chagas, le pied d’athléte, des taches provoquées par une levure, la gale, la malaria, 'onchocercose
(cécité des rivieres), ou des maladies fongiques, la toxoplasmose, la trichomonase, la trypanosomiase (maladie du
sommeil), la leishmaniose viscérale, I'érythéme fessier, la schistosomiase, une intoxication par le poisson (Cigua-
tera), la candidose, la leishmaniose cutanée, la lambliase (giardiase), ou la maladie du sommeil, ou parmi des
maladies infectieuses provoquées par Echinococcus, le ténia du poisson, le ténia du renard, le ténia canin, les poux,
le ténia bovin, le ténia porcin et le ténia miniature, et

ou les maladies auto-immunes sont de préférence sélectionnées dans le groupe consistant en des maladies auto-
immunes de type | ou des maladies auto-immunes de type Il ou des maladies auto-immunes de type Ill ou des
maladies auto-immunes de type IV, telles que, par exemple, la sclérose en plaques (SEP), la polyarthrite rhumatoide,
le diabete, le diabéte de type | (diabéte sucré), le lupus érythémateux systémique (LES), la polyarthrite chronique,
la maladie de Basedow, des formes auto-immunes d’hépatite chronique, la colite ulcéreuse, des maladies allergiques
de type |, des maladies allergiques de type I, des maladies allergiques de type Ill, des maladies allergiques de type
IV, la fibromyalgie, la chute de cheveux, la maladie de Bechterew, la maladie de Crohn, la myasthénie grave, la
neurodermite, la polymyalgie rhumatismale, la sclérose systémique progressive (SSP), le psoriasis, le syndrome
de Reiter, I'arthrite rhumatismale, le psoriasis, la vascularite, etc. ; ou le diabéte de type Il, et

ou les allergies sont de préférence sélectionnées dans le groupe consistant en I'asthme allergique (entrainant un
gonflement de la muqueuse nasale), la conjonctivite allergique (entrainant une rougeur et des démangeaisons de
la conjonctive), la rhinite allergique (« rhume des foins »), 'anaphylaxie, 'angioedéme, la dermatite atopique (ec-
zéma), l'urticaire (exantheme), I'éosinophilie, des allergies respiratoires aux piqlres d’insecte, des allergies cutanées
(entrainant et comprenant diverses éruptions cutanées, comme I'eczéma, I'exanthéme (urticaire) et la dermatite
(de contact)), des allergies alimentaires, et des allergies a un médicament.
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