
Composition comprising a complexed (m)RNA and a naked
mRNA for providing or enhancing an immunostimulatory
response in a mammal and uses thereof The present
invention relates to an immunostimulatory composition
comprising a) an adjuvant component, comprising or
consisting of at least one (m)RNA, complexed with a
cationic or polycationic compound, and b) at least one
free mRNA, encoding at least one therapeutically
active protein, antigen, allergen and/or antibody,
wherein the immunostimulatory composition is capable
to elicit or enhance an innate and optionally an
adaptive immune response in a mammal. The inventive
immunostimulatory composition may be a pharmaceutical
composition or a vaccine. The invention furthermore
relates to a method of preparation of the inventive
immunostimulatory composition. The invention also
relates to the use of the inventive immunostimulatory
composition or its components (for the preparation of
a pharmaceutical composition or a vaccine) for the
treatment of various diseases. Finally, the invention
relates to kits containing the inventive
immunostimulatory composition, its components and/or
the pharmaceutical composition or vaccine. Induction
and/or enhancement of immune responses of the innate
and/or the adaptive immune system plays an important
role in the treatment and prevention of numerous
diseases. For such a purpose, the immune system is
typically modulated by, e.g., administration of an
immunostimulatory agent or an adjuvant. However, the
immune system of vertebrates such as humans is very
complex and finely regulated. It consists of many
types of proteins, cells, organs, and tissues, which
interact in an elaborate and dynamic network. The
immune system typically protects these organisms from
infection with layered defenses of increasing
specificity. One layer of defense comprises physical
or chemical barriers and allows an a priori
elimination of at least some pathogens and antigens. A
further layer of defense includes the innate and the
adaptive immune system.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. The innate immune system is typically based
on a small number of receptors, called pattern
recognition receptors. They recognize conserved
molecular patterns that distinguish foreign organisms,
like viruses, bacteria, fungi and parasites from cells
of their hosts. Such pathogen-associated molecular
patterns include viral nucleic acids, components of
bacterial and fungal walls, flagellar proteins, and
more. The first family of pattern recognition
receptors studied in detail was the Toll-like receptor
(TLR) familiy. 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). To date, at least 10 members of Toll-like
receptors (TLRs 1-10) have been identified in human
and 13 (TLRs 1- 13) in mice. Those Toll-like receptors
(TLRs) in human 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 analogs and
ssRNA), TLR9 (known ligands: CpG DNA of bacteria,
viruses and protozoans and malaria pigment hemozoin
(product of digestion of haemoglobin)) and TLR1 0.
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-1 2), type I
interferon (IFN-beta and multiple IFN-alpha) and
chemokines (Kawai, T. and S. Akira (2006). "TLR
signaling." Cell Death Differ 13(5): 8 16-25). As part
of the more complex immune response of vertebrates,
the immune system adapts over time to recognize
particular pathogens or antigens more efficiently.
This adaptation process creates immunological memories
and allows even more effective protection during
future encounters with these pathogens. This process
of adaptive or acquired immunityforms the basis for
vaccination strategies. In contrast to the innate
immune system as described above, the adaptive immune
system is antigen-specific and requires the
recognition of specific "self" or "non-self" antigens
during a process called antigen presentation.
Furthermore, unlike cells of the innate immune system,
which recognize and respond to pathogens in a generic
way, the adaptive immune system confers long-lasting
or protective immunity to the host and thus allows a
more tailored response to specific pathogens,
pathogen-infected cells or antigens. The ability to
mount these tailored responses is maintained in the
body by so called "memory cells". Should an antigen or
a pathogen enter/infect the body more than once, these
specific memory cells are used to quickly eliminate
it. The adaptive immune system thus allows for a
stronger immune response as well as an immunological
memory, wherein different immune responses are
possible in favor of specific diseases. E.g., in case
of infections, each pathogen is "remembered" by a
signature antigen, whereas in case of cancer diseases
tumor antigens or self-antigens may be recognized and
neutralized by the adaptive immune system. The major
components of the adaptive immune system in
vertebrates predominantly include lymphocytes on the
cellular level and antibodies on the molecular level.
Lymphocytes as cellular components of the adaptive
immune system include B cells and T cells which are
derived from hematopoietic stem cells in the bone
marrow. B cells are involved in the humoral response,
whereas T cells are involved in the cell mediated
immune response. Both B cells and T cells carry
receptor molecules that recognize specific targets. T
cells recognize a "non-self" target, such as a
pathogenic target structure, only after antigens (e.g.
small fragments of a pathogen) have been processed and
presented in combination with a "self" receptor called
a major histocompatibility complex (MHC) molecule. In
contrast, the B cell antigen-specific receptor is an
antibody molecule on the B cell surface, and
recognizes pathogens as such when antibodies on its
surface bind to a specific foreign antigen. This
antigen/antibody complex is taken up by the B cell and
processed by proteolysis into peptides. The B cell
then displays these antigenic peptides on its surface
MHC class Il molecules. This combination of MHC and
antigen attracts a matching helper T cell, which
releases lymphokines and activates the B cell. As the
activated B cell then begins to divide, its offspring
secretes millions of copies of the antibody that
recognizes this antigen. These antibodies circulate in
blood plasma and lymph, bind to pathogens or tumor
cells expressing the antigen and mark them
fordestruction by complement activation or for uptake
and destruction by phagocytes. As a cellular component
of the adaptive immune system cytotoxic T cells (CD8+)
may also form a CTL-response. Cytotoxic T cells (CD8+)
can recognize peptides from endogenous pathogens and
self-antigens bound by MHC type I molecules. CD8 +-T
cells carry out their killing function by releasing
cytotoxic proteins in the cell. Both basic mechanisms
of the immune system, i.e. the innate immune system as
well as the adaptive immune system, may thus form
targets for curative treatments and prevention of
numerous diseases. Appropriate methods, which are
presently known in the art, either utilize adjuvants
to elicit an innate immune response or utilize
antigens, pathogens or immunogens in order to evoke an
adaptive immune response, or, in some rare cases,
both. Particularly, an adaptive immune response may be
elicited by administering the cells or the host
organism a specific foreign antigen as described above
either in the form of the peptide or protein antigens
or the antigen may be encoded by a nucleic acid, e.g.
a cDNA or a messenger RNA. In order to elicit an
efficient adaptive immune response, an additional
unspecific stimulation of the innate immune system is
advantagoeus, e.g. when providing an unspecific
stimulus parallel to the antigen specific signal. The
parallel unspecific stimulus turns the immune system
into an activated state, which improves an adaptive
immune response. Compounds capable of providing such
an unspecific immune response are typically termed
"adjuvants". A number of compounds and compositions
have been proposed as adjuvants in the prior art, for
example Freund's adjuvant, metal oxides, e.g. alum
(aluminium hydroxide), 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. These adjuvants typically may be
used in combination with other compounds, such as e.g.
proteins, peptides, DNA- or RNA-molecules or other
therapeutically active compounds, dependent on the
result to be achieved. However, free messenger RNA
(mRNA) molecules, cDNAs or nucleic acids in general,
which may encode a specific antigen or any other
therapeutically active protein, suitable for a
specific therapy, typically do not show a significant
or even no immunostimulatory properties. Nevertheless,
such immunostimulatory properties may be conferred to
themRNA molecule, the cDNA or the nucleic acid, when
complexed with a peptide or protein, such as protamin
or a nucleic acid binding protein. In this context,
the mRNA molecule or the nucleic acid may be
formulated such, that a complex is formed between the
mRNA molecule or the nucleic acid and the peptide or
protein, wherein different complexes may be formed
between the mRNA molecule or the nucleic acid and the
peptide or protein. Particularly strong (adjuvant)
complexes can occur, when the nucleic acid, which is
usually negatively charged at neutral pH, is bound by
a cationic or polycationic peptide or protein.
However, when using mRNA or nucleic acid molecules in
vaccination methods, translation of the mRNA or
nucleic acid molecule in vivo remains the most
important and essential factor for inducing an
adaptive immune response or for expressing the encoded
protein in general, e.g. in case of a therapeutically
active protein or peptide. Accordingly, the complexed
mRNA or nucleic acid molecules will have to be
released from the complex with the (cationic) peptide
or protein subsequent to transfection of the complex
into the cells to allow efficient translation of the
mRNA. Unfortunatlely, this does not occur in most
cases. More typically, complexing the mRNA molecule or
the nucleic acid with a cationic or polycationic
compound may even prevent the nucleic acid from
translation or at least significantly reduces the
translation rate in vivo due to the strong binding of
the polycationic compound to the mRNA molecule, cDNA
or nucleic acid molecule in general. Accordingly, it
is difficult to obtain a good immunostimulatory
property of the composition with regard to the innate
immune system taking these compounds and to ensure in
parallel an efficient translation of the mRNA
molecule, cDNA or nucleic acid molecule in general
when using such a formulation. One possibility to
circumvent the above problem may be the administration
of an adjuvant and mRNA in separated formulations.
This, however, renders the administration much more
complicated. It is also preferred that the adjuvant
and the antigen-encoding mRNA enter the same cell to
achieve an optimal immune response. Furthermore, an
adjuvant beneficially supports the induction of an
adaptive immune response, if it induces an innate
immune response in the same cell, in which the antigen
is expressen by the encoding mRNA.Another possibility
to circumvent the above problem may be the excluxive
administration of naked mRNA, cDNA or nucleic acid.
Such an approach, though advantagous for the purpose
of efficient translation of the mRNA, cDNA or nucleic
acid in vivo, dispenses the advantageous activation of
the innate immune system elicited by an adjuvant as
described above. Thus, none of these approaches is in
fact convincing and leads to an innate immune response
paralleled by a good translation of the administered
mRNA, cDNA or nucleic acid. Accordingly, there is
still the need in the art for providing an efficient
immunostimulatory composition or method, which allows
to elicit an innate and optionally an adaptive immune
response, wherein the administration is not impaired
by an inefficient translation of the mRNA due to
formation of a complex with the complex partner, which
confers immunostimulatory properties to the mRNA. In
other words, it is the object of the present
invention, to provide a method and an
immunostimulatory composition which allows eliciting
or enhancing an innate and optionally an adaptive
immunostimulatory response in a mammal, thereby
ensuring an efficient adjuvant (immunostimulatory)
property and an efficient translation of the mRNA to
be administered. This object is solved by the subject
matter of the present invention, preferably by the
attached claims. Particularly, the present invention
solves the above object by an immunostimulatory
composition comprising a) an adjuvant component
comprising or consisting of at least one (m)RNA,
complexed with a cationic or polycationic compound,
and b) at least one free mRNA, encoding at least one
therapeutically active protein, antigen, allergen
and/or antibody, wherein the immunostimulatory
composition is capable to elicit or enhance an innate
and optionally an adaptive immune response in a
mammal. In the context of the present invention, a
mammal may be selected from any mammal, preferably
from a mammal, selected from the group comprising,
without being limited thereto, e.g. goat, cattle,
swine, dog, cat, donkey, monkey, ape, a rodent such as
a mouse, hamster, rabbit, and, in particular, human.
The main advantage of the inventive immunostimulatory
composition is that an innate and optionally an
adaptive immune response may be efficiently elicited
in a mammal, whereinthe translation of the at least
one free mRNA, encoding at least one therapeutically
active protein, is not impaired by the adjuvant
component, particularly the complexation of the at
least one (m)RNA with a cationic or polycationic
compound. This is particularly due to the fact that
the adjuvant component is formed by using a cationic
or polycationic compound for complexation, which
typically leads to a strong complex between the RNA
and the cationic compound, that barely releases the
RNA, with which it is complexed. Accordingly, the free
mRNA is no-more disturbed by the cationic compound,
even though the administration of the adjuvant
component and the free mRNA together in one
formulation also leads to a significantly improved
transfection and expression in vivo of the free mRNA.
The solution according to the present invention
utilizes the surprising finding of the inventors of
the present invention, that both properties of the
immunostimulatory composition, i.e. an efficient
immunostimulatory property and an efficient
translation of the RNA, may be achieved in one and the
same formulation, if the formulation per se is
prepared in two separate steps. This solution is even
more convincing as it allows mixing of the adjuvant
component with any free mRNA without losing free mRNA
by complexation with the cationic compound of the
adjuvant component. The solution may be even stored
for a considerable time without leading to an
equilibration reaction between the complexed RNA and
the free mRNA. In other words, there is no
dissociation of the formed adjuvant component which
may lead to a binding of free mRNA by the cationic
compound of the adjuvant component and to a release of
bound RNA from the complex. As a first component, the
inventive immunostimulatory composition comprises a so
called "adjuvant component", comprising or consisting
of at least one (m)RNA, complexed with a cationic or
polycationic compound. The so called "adjuvant
component" is prepared according to a first step by
complexing the at least one (m)RNA of the adjuvant
component with a cationic or polycationic compound in
a specific ratio to form a stable complex. In this
context, it is important, that no free cationic or
polycationic compound or only a neclectably small
amount remains in the adjuvant component after
complexing the (m)RNA. Accordingly, the ratio of the
(m)RNA and the cationic or polycationic compound in
the adjuvant component is typically selected in a
range that the (m)RNA is entirely complexed and no
free cationic or polycationic compound or only a
neclectably small amount remains in the composition.
Preferably theratio of the adjuvant component, i.e.
the ratio of the (m)RNA to the cationic or
polycationic compound is selected from a range of
about 6:1 (w/w) to about 0,25:1 (w/w), more preferably
from about 5:1 (w/w) to about 0,5:1 (w/w), even more
preferably of about 4:1 (w/w) to about 1: 1 (w/w) or
of about 3:1 (w/w) to about 1: 1 (w/w), and most
preferably a ratio of about 3:1 (w/w) to about 2:1
(w/w). Furthermore, the ratio of the m(RNA) to the
cationic or polycationic compound in the adjuvant
component, may also be calculated on the basis of the
nitrogen/phosphate ratio (N/P-ratio) of the entire RNA
complex. For example, 1 mg RNA typically contains
about 3 nmol phosphate residues, provided the RNA
exhibits a statistical distribution of bases.
Additionally, 1 mg peptide typically contains about x
nmol nitrogen residues, dependent on the molecular
weight and the number of basic amino acids. When
exemplarily calculated for (Arg)9 (molecular weight
1424 g/mol, 9 nitrogen atoms), 1 mg (Arg)9 contains
about 700 pmol (Arg)9 and thus 700 x 9=6300 pmol basic
amino acids = 6.3 nmol nitrogen atoms. For a mass
ratio of about 1: 1 RNA/(Arg) 9 an N/P ratio of about
2 can be calculated. When exemplarily calculated for
protamine (molecular weight about 4250 g/mol, 2 1
nitrogen atoms, when protamine from salmon is used)
with a mass ratio of about 2:1 with 2 mg RNA, 6 nmol
phosphate are to be calulated for the RNA; 1 mg
protamine contains about 235 pmol protamine molecues
and thus 235 x 2 1 = 4935 pmol basic nitrogen atoms =
4.9 nmol nitrogen atoms. For a mass ratio of about 2:1
RNA/protamine an N/P ratio of about 0.81 can be
calculated. For a mass ratio of about 8:1
RNA/protamine an N/P ratio of about 0.2 can be
calculated. In the context of the present invention,
an N/P-ratio is preferably in the range of about
0.1-10, preferably in a range of about 0.3-4 and most
preferably in a range of about 0.5-2 or 0.7-2
regarding the ratio of RNA:peptide in the complex, and
most preferably in the range of about 0.7-1 .5. In the
context of the present invention, a cationic or
polycationic compound is preferably selected from any
cationic or polycationic compound, suitable for
complexing and thereby stabilizing a nucleic acid,
particularly the at least one (m)RNA, e.g. by
associating the at least one (m)RNA with the cationic
or polycationic compound. Such a cationic or
polycationic compound per se does not need to exhibit
any adjuvant properties, since an adjuvant property,
particularly the capability of inducing an innate
immune response, is preferably created upon complexing
the at least one (m)RNA with the cationic
orpolycationic compound. When complexing the at least
one (m)RNA with the cationic or polycationic compound,
the adjuvant component is formed. Particularly
preferred, cationic or polycationic peptides or
proteins as component P2 may be selected from
protamine, nucleoline, spermine or spermidine,
poly-L-lysine (PLL), basic polypeptides,
poly-arginine, cell penetrating peptides (CPPs),
chimeric CPPs, such as Transportan, or MPG peptides,
HIV-binding peptides, Tat, HIV-I Tat (HIV),
Tat-derived peptides, oligoarginines, members of the
penetratin family, e.g. Penetratin,
Antennapedia-derived peptides (particularly from
Drosophila antennapedia), pAntp, plsl, etc.,
antimicrobial-derived CPPs e.g. Buforin-2, Bac71 5-24,
SynB, SynB(1), pVEC, hCT-derived peptides, SAP, MAP,
KALA, PpTG20, Proline-rich peptides, L-oligomers, Argi
nine-rich peptides, Calcitonin-peptides, FGF,
Lactoferrin, poly-L-Lysine, poly-Arginine, histones,
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, Pep-1, Calcitonin
peptide(s), etc. Additionally, preferred cationic or
polycationic proteins or peptides may be selected from
following proteins or peptides having the following
total formula: (Arg)i;(Lys)m;(His) n;(Om) o;(Xaa)x,
wherein I + m + n +o + x = 8-1 5, 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 Om 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, 4,
5, 6, 7, or 8 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. Arg7, Argg, Arg9, Arg7, H3R9,
R9H3, H3R9H3, YSSR9SSY, (RKH)4, Y(RKH)2R, etc. Further
preferred cationic or polycationic compounds, which
can be used for complexing the at least one (m)RNA of
the adjuvant component above 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-C1 4-amidine, DOTIM, SAINT,
DC-Choi, 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,Oditetradecanoyl- N-(
a-trimethylammonioacetyl)diethanolamine chloride,
CLIP! :
rac-[(2,3-dioctadecyloxypropyl)(2-hydroxyethyl)]-dimet
hylammonium chloride, CLIP6: rac-[2(2,3-
dihexadecyloxypropyl-oxymethyloxy)ethyl]trimethylammon
ium, CLI P9: rac-[2(2,3-
dihexadecyloxypropyl-oxysuccinyloxyjethyll-trimethylam
monium, oligofectamine, or cationic or polycationic
polymers, e.g. modified polyaminoacids, such as
b-aminoacidpolymers or reversed polyamides, etc.,
modified polyethylenes, such as PVP (poly(N-ethyl-
4-vinylpyridinium bromide)), etc., modified acrylates,
such as pDMAEMA (poly(dimethylaminoethyl
methylacrylate)), 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, dextran based polymers,
Chitosan, etc., silan backbone based polymers , such
as PMOXA-PDMS copolymers, etc., Blockpolymers
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 modified (m)RNA of the
inventive immunostimulatory composition with cationic
or polycationic compounds preferably provides adjuvant
properties to the (m)RNA and confers a stabilizing
effect to the (m)RNA of the adjuvant component by
complexation. The procedure for stabilizing the
modified (m)RNA is in general described in EP-A-1
083232, the disclosure of which is incorporated by
reference into the present invention in its entirety.
Particularly preferred as cationic o r polycationic
compounds are compounds selected from the group
consisting of protamine, 



nucleoline, spermin, spermidine, oligoarginines as
defined above, such as Arg 7, Argg, Arg9, Arg 7, H3R9,
R9H3, H3R9H3, YSSR9SSY, (RKH)4, Y(RKH)2R, etc. In the
context of the present invention, the at least one
(m)RNA of the "adjuvant component" of the inventive
immunostimulatory composition may be any RNA,
preferably, without being limited thereto, a short RNA
oligonucleotide, a coding RNA, an immunostimulatory
RNA, an siRNA, an antisense RNA, or riboswitches,
ribozymes or aptamers. Furthermore, the at least one
(m)RNA of the adjuvant component may be a single- or a
double-stranded RNA (which may also be regarded as an
RNA (molecule) due to non-covalent association of two
single-stranded RNA (molecules)) o r a partially
doublestranded or partially single stranded RNA, which
are at least partially self complementary(both of
these partially double-stranded or partially single
stranded RNA molecules are typically formed by a
longer and a shorter single-stranded RNA molecule or
by two single stranded RNA-molecules, which are about
equal in length, wherein one single-stranded RNA
molecule is in part complementary to the other
single-stranded RNA molecule and both thus form a
double-stranded RNA molecule in this region, i.e. a
partially doublestranded or partially single stranded
RNA). Preferably, the at least one (m)RNA of the
adjuvant component may be a single-stranded RNA.
Furthermore, the at least one (m)RNA of the adjuvant
component may be a circular or linear RNA, preferably
a linear RNA. More preferably, the at least one (m)RNA
of the adjuvant component may be a (linear)
singlestranded RNA. The at least one (m)RNA of the
adjuvant component may be a ribosomal RNA (rRNA), a
transfer RNA (tRNA), a messenger RNA (mRNA), or a
viral RNA (vRNA), more preferably an mRNA. The present
invention allows all of these RNAs to be part of the
"adjuvant component" of the inventive composition,
either alone or in combination. In the context of the
present invention, an mRNA is typically an RNA, which
is composed of several structural elements, e.g. an
optional 5'-UTR region, an upstream positioned
ribosomal binding site followed by a coding region, an
optional 3'-UTR region, which may be followed by a
poly-A tail (and/or a poly-C-tail). An mRNA may occur
as a mono-, di-, or even multicistronic RNA, i.e. an
RNA which carries the coding sequences of one, two or
more proteins or peptides. Such coding sequences in
di-, or even multicistronic mRNA may be separated by
at least one IRES sequence, e.g. as defined herein.
Preferably, the at least one (m)RNA of the adjuvant
component of the inventive immunostimulatory
composition comprises a length of about 5 to about
20,000, or 100 to about 20,000 nucleotides, preferably
of about 250 to about 20,000 nucleotides, more
preferably of about 500 to about 10,000, even more
preferably of about 500 to about 5,000, most
preferably a length of about 100 to 10,000 nucleotides
or a length of about 100 to 5,000 nucleotides.
According to a first embodiment, the at least one
(m)RNA of the adjuvant component of the inventive
immunostimulatory composition may be a short RNA
oligonucleotide. Short RNA oligonucleotides in the
context of the present invention may comprise any RNA
as defined above. Preferably, the short RNA
oligonucleotide may be a single- or a double-stranded
RNA oligonuclotide, more preferably a single-stranded
RNA oligonucleotide. Even morepreferably, the short
RNA oligonucleotide may be a linear single-stranded
RNA oligonucleotide. Also preferably, the short RNA
oligonucleotides as used herein may comprise a length
as defined above in general for RNA molecules, more
preferably a length of 5 to 100, of 5 to 50, or of 5
of 30, and even more preferably a length of 20 to 100,
of 20 to 80, or of 20 of 60 nucleotides. According to
a second embodiment, the at least one (m)RNA of the
adjuvant component of the inventive immunostimulatory
composition may be an immunostimulatory RNA, i.e. an
RNA derived from an immunostimulatory RNA, which
triggers or increases an (innate) immune response.
Preferably, the at least one (m)RNA of the adjuvant
component of the inventive immunostimulatory
composition may be a single-stranded, a
double-stranded or a partially double-stranded or
partially single-stranded RNA, more preferably a
singlestranded RNA, and/or a circular or linear RNA,
more preferably a linear RNA. More preferably, the at
least one (m)RNA of the adjuvant component may be a
(linear) singlestranded RNA. Even more preferably, the
at least one (m)RNA of the adjuvant component may be a
((linear) single-stranded) messenger RNA (mRNA). The
at least one (m)RNA of the adjuvant component of the
inventive immunostimulatory composition may also occur
as a short RNA oligonucleotide as defined above. The
at least one (m)RNA of the adjuvant component of the
inventive immunostimulatory composition may
furthermore be selected from any class of RNA
molecules, found in nature or being prepared
synthetically, and which can induce an innate immune
response. In this context, it is preferable, that the
adjuvant component of the inventive immunostimulatory
composition typically elicits an innate immune
response, whereas the free mRNA of the inventive
immunostimulatory composition may elicit an adaptive
immune response, particularly if the free mRNA encodes
an antigen or allergen as described herein or any
further molecule, which is capable to elicit an
adaptive immune response. Particularly, those classes
of RNA molecules, which can induce an innate immune
response, may be selected from ligands of Toll-like
receptors (TLRs). The at least one immunostimulatory
RNA of the adjuvant component of the inventive
immunostimulatory composition may thus comprise any
RNA sequence known to be immunostimulatory, including,
without being limited thereto, RNA sequences
representing and/or encoding ligands of TLRs,
preferably selected from human family members TLR1 -
TLR10 or murine family members TLR1 - TLR1 3, more
preferably from TLR7 and TLR8, ligands for
intracellular receptors for RNA (such as RIG-I or
MDA-5,etc.) (see e.g. Meylan, E., Tschopp, J. (2006).
Toll-like receptors and RNA helicases: two parallel
ways to trigger antiviral responses. MoI. Cell 22,
561-569), or any other immunostimulatory RNA sequence.
Typically, the immunostimulatory RNA used as an at
least one (m)RNA of the adjuvant component of the
inventive immunostimulatory composition may comprise a
length as defined above in general for RNA molecules
of the RNA of the adjuvant component of the inventive
immunostimulatory composition. Preferably, the RNA may
have a length of 1000 to 5000, of 500 to 5000, of 5 to
5000, or of 5 to 1000, 5 to 500, 5 to 250, of 5 to
100, of 5 to 50 or of 5 to 30 nucleotides. Such
immunostimulatory sequences may comprise e.g. a
nucleic acid of formula (I): G|XmGn , wherein: G is
guanosine, uracil or an analogue of guanosine or
uracil; X is guanosine, uracil, adenosine, thymidine,
cytosine or an analogue of the abovementioned
nucleotides; I is an integer from 1 to 40, wherein
when 1= 1 G is guanosine or an analogue thereof, when
I > 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 uracil or an analogue
thereof, when m > 3 at least 3 successive uracils or
analogues of uracil 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. Such
immunostimulatory sequences may also comprise e.g. a
nucleic acid of formula (II): QXmCn wherein: C is
cytosine, uracil or an analogue of cytosine or uracil;
X is guanosine, uracil, adenosine, thymidine, cytosine
or an analogue of the abovementioned nucleotides; I is
an integer from 1 to 40, wherein when I = 1 C is
cytosine or an analogue thereof, when I > 1 at least
50% of the nucleotides are cytosine or an analogue
thereof; m is an integer and is at least 3; wherein
when m = 3 X is uracil or an analogue thereof, when m
> 3 at least 3 successive uracils or analogues of
uracil occur; n is an integer from 1 to 40, wherein
when n = 1 C is cytosine or an analogue thereof, when
n > 1 at least 50% of the nucleotides are cytosine or
an analogue thereof. The nucleic acids of formula (I)
or (II), which may be used for the at least one (m)RNA
of the adjuvant component of the inventive
immunostimulatory composition, are typically
relatively short nucleic acid molecules and typically
hav a length of approximately from 5 to 100 (but may
also be longer than 100 nucleotides for specific
embodiments, e.g. up to 200 nucleotides), from 5 to 90
or from 5 to 80 nucleotides, preferably a length of
approximately from 5 to 70, more preferably a length
of approximately from 8 to 60 and, more preferably a
length of approximately from 15 to 60 nucleotides,
more preferably from 20 to 60, most preferably from 30
to 60 nucleotides. If the nucleic acid of the
invention has a maximum length of e.g. 100
nucleotides, m will typically be <=98. The number of
nucleotides G in the nucleic acid of formula (I) is
determined by I or n. I and n, independently of one
another, are each an integer from 1 to 40, wherein
when I or n = 1 G is guanosine or an analogue thereof,
and when I or n > 1 at least 50% of the nucleotides
are guanosine or an analogue thereof. For example,
without implying any limitation, when I or n = 4 G, or
Gn can be, for example, a GUGU, GGUU, UGUG, UUGG,
GUUG, GGGU, GGUG, GUGG, UGGG or GGGG, etc.; when I or
n = 5 G or Gn can be, for example, a GGGUU, GGUGU,
GUGGU, UGGGU, UGGUG, UGUGG, UUGGG, GUGUG, GGGGU,
GGGUG, GGUGG, GUGGG, UGGGG, or GGGGG, etc.; etc. A
nucleotide adjacent to Xm in the nucleic acid of
formula (I) according to the invention is preferably
not a uracil. Similarly, the number of nucleotides C
in the nucleic acid of formula (II) accordingto the
invention is determined by I or n. I and n,
independently of one another, are each an integer from
1 to 40, wherein when I or n = 1 C is cytosine or an
analogue thereof, and when I or n > 1 at least 50% of
the nucleotides are cytosine or an analogue thereof.
For example, without implying any limitation, when I
or n = 4, Q or Cn can be, for example, a CUCU, CCUU,
UCUC, UUCC, CUUC, CCCU, CCUC, CUCC, UCCC or CCCC,
etc.; when I or n = 5 Q or Cn can be, for example, a
CCCUU, CCUCU, CUCCU, UCCCU, UCCUC, UCUCC, UUCCC,
CUCUC, CCCCU, CCCUC, CCUCC, CUCCC, UCCCC, or CCCCC,
etc.; etc. A nucleotide adjacent to Xm in the nucleic
acid of formula (II) according to the invention is
preferably not a uracil. Preferably, for formula (I),
when I or n > 1, at least 60%, 70%, 80%, 90% or even
100% of the nucleotides are guanosine or an analogue
thereof, as defined above. The remaining nucleotides
to 100% (when guanosine constitutes less than 100% of
the nucleotides) in the flanking sequences G1 and/or
Gn are uracil or an analogue thereof, as defined
hereinbefore. Also preferably, I and n, independently
of one another, are each an integer from 2 to 30, more
preferably an integer from 2 to 20 and yet more
preferably an integer from 2 to 15. The lower limit of
I or n can be varied if necessary and is at least 1,
preferably at least 2, more preferably at least 3, 4,
5, 6, 7, 8, 9 or 10. This definition applies
correspondingly to formula (II). According to a
particularly preferred embodiment, a nucleic acid
according to any of formulas (I) or (II) above, which
may be used for the at least one (m)RNA of the
adjuvant component of the inventive immunostimulatory
composition, may be selected from a sequence
consisting or comprising any of the following
sequences: - 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); - GGGGGGGGGuuuGGGGGGGG (SEQ ID NO: 6); -
GGGGGGGGUUUUGGGGGGGG (SEQ ID NO: 7); -
GGGGGGGUUUUUUGGGGGGG (SEQ ID 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); -
GGGGGGGGGGUUUGGGGGGGGG (SEQ ID NO: 19); -
GGGGGGGGGUUUUGGGGGGGGG (SEQ ID NO: 20); -
GGGGGGGGUUUUUUGGGGGGGG (SEQ ID NO: 2 1); -
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: 3 1); -
GGGGGGGGGGGUUUGGGGGGGGGG (SEQ ID NO: 32); -
GGGGGGGGGGuuuuGGGGGGGGGG (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 (SEQ ID 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); -
GGGGGGGUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUGGGGGG (SEQID
NO^I); - 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 (SEQ ID NO: 7 1); -
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); -
GGGUUUUUUUUUUUUUUUGGGUUUUUUUUUUUUUUUGGGUUUUUUUUUUUUUUU
GGG (SEQ ID NO: 78); -
GGGUUUUUUUUUUUUUUUGGGGGGUUUUUUUUUUUUUUUGGG (SEQ ID NO:
79); -
GGGUUUGGGUUUGGGUUUGGGUUUGGGUUUGGGUUUGGGUUUGGGUUUGGG
(SEQ ID NO: 80); o r -
cccuuuuuuuuuuuuuuucccuuuuuuuuuuuuuuucccuuuuuuuuuuuuuuu
ccc (SEQ ID NO: 8 1) -
cccuuucccuuucccuuucccuuucccuuucccuuucccuuucccuuuccc
(SEQ ID NO: 82) -
cccuuuuuuuuuuuuuuuccccccuuuuuuuuuuuuuuuccc (SEQ ID NO:
83) or from a sequence having at least 60%, 70%, 80%,
90%, or even 95% sequence identity with any of these
sequences In this context, the term "identity" in the
present application means that the sequences are
compared in relation to a reference sequence and the
percentage identity is determined by comparing them.
For example, in order to determine the percentage
identity of two nucleic acid sequences, the sequences
can first be arranged relative to one another
(alignment) in order to permit subsequent comparison
of the sequences. To this end, for example, gaps can
be introduced into the sequence of the first nucleic
acid sequence and the nucleotides can be compared with
the corresponding position of the second nucleic acid
sequence. When a position in the first nucleic acid
sequence is occupied with the same nucleotide as in a
position in the second sequence, then the two
sequences are identical at that position. The
percentage identity between two sequences is a
function of the number of identical positions divided
by the sequences. If, for example, a specific sequence
identity is assumed for a particular nucleic acid in
comparison with a reference nucleic acid having a
defined length, then this percentage identity is
indicated relatively in relation to the reference
nucleic acid. Therefore, starting, for example, from a
nucleic acid sequence that has 50% sequence identity
with a reference nucleic acid sequence having a length
of 100nucleotides, that nucleic acid sequence can
represent a nucleic acid sequence having a length of
50 nucleotides that is wholly identical with a section
of the reference nucleic acid sequence having a length
of 50 nucleotides. It can, however, also represent a
nucleic acid sequence having a length of 100
nucleotides that has 50% identity, that is to say in
this case 50% identical nucleic acids, with the
reference nucleic acid sequence over its entire
length. Alternatively, that nucleic acid sequence can
be a nucleic acid sequence having a length of 200
nucleotides that, in a section of the nucleic acid
sequence having a length of 100 nucleotides, is wholly
identical with the reference nucleic acid sequence
having a length of 100 nucleotides. Other nucleic acid
sequences naturally fulfil these criteria equally. The
determination of the percentage identity of two
sequences can be carried out by means of a
mathematical algorithm. A preferred but non-limiting
example of a mathematical algorithm which can be used
for comparing two sequences is the algorithm of Karlin
et a/. ( 1 993), PNAS USA, 90:5873-5877. Such an
algorithm is integrated into the NBLAST program, with
which sequences having a desired identity with the
sequences of the present invention can be identified.
In order to obtain a gapped alignment as described
above, the "Gapped BLAST" program can be used, as
described in Altschul eta/. ( 1 997), Nucleic Acids
Res, 25:3389-3402. When using BLAST and Gapped BLAST
programs, the default parameters of the particular
program (e.g. NBLAST) can be used. The sequences can
further be aligned using version 9 of GAP (global
alignment program) from "Genetic Computing Group",
using the default (BLOSUM62) matrix (values -4 to +
11) with a gap open penalty of -12 (for the first zero
of a gap) and a gap extension penalty of -4 (for each
additional successive zero in the gap). After the
alignment, the percentage identity is calculated by
expressing the number of correspondences as a
percentage of the nucleic acids in the claimed
sequence. The described methods for determining the
percentage identity of two nucleic acid sequences can
also be applied correspondingly to amino acid
sequences using the appropriate programs.
Additionally, such immunostimulatory sequences may
also comprise e.g. a nucleic acid (molecule) of
formula (III): (N11C1X1nCnN 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 analogue 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; I is an integer from 1 to 40,
wherein when I = 1, G is guanosine (guanine) or an
analogue thereof, when I > 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 when u = 0, v
> 1, or when v = 0, u > 1; wherein the
immunostimulatory sequence according to formula (III)
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.The structure (N 1 GiX GnN )3 of formula
(III) according to the present invention comprises the
element G XmGn as a core structure, which is
preferably as defined above, and additionally the
bordering elements Nu and/or Nv/ wherein the whole
element NuG XmGnNv may occur repeatedly, i.e. at least
once, as determined by the integer a. As surprisingly
found by the inventors a molecule according to formula
(III) , i.e. having the structure (NuG XmGnNv)a 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 core structure G XmGn as such.
Furthermore, a molecule comprising the above core
structure G XmGn can be amplified in bacterial
organisms with a significantly better yield, when it
is bordered by a repetitive element N 11 and/or Nv as
defined in formula (III). This molecule design is
particularly advantageous when preparing a molecule
according structure (NuG XmGnNv)a of formula (III) as
defined above 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. The core structure G XmGn of
formula (III) is defined more closely in the
following: G in the nucleic acid molecule of formula
(III) (and of formula (I) and (M)) 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 guanosine (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 (nucleoside) 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 components, 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 occurring phosphodiester backbones still
being preferred in the context of the present
invention. Additionally, the sugar (ribose) component
is selected from a desoxyribose, particularly the
nucleic acid is an RNA as defined above, wherein the
sugar (ribose) component is selected from a
desoxyribose. 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-methylguanosine (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-bromouridine (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
4,41 5,732, US 4,458,066, US 4,500,707, US 4,668,777,
US 4,973,679, US 5,047,524, US 5,1 32,41 8, US 5,1
53,31 9, US 5,262,530 and 5,700,642, the disclosures
of which are incorporated by reference herein in their
entirety. In the case of an analogue as described
above, preference is given especially to those
analogues that increase the immunogenity of the
nucleic acid molecule of formula (III) (and of formula
(I) and (II)) 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 Gn, 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 Gn 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. Preferably, the core structure element
G and/or Gn contains at least one analogue of a
naturally occurring guanosine (guanine) and/or a
naturally occurring uridine (uracil) at all. Most
preferably, all nucleotides (nucleosides) of these
core structure elements G and/or Gn are analogues,
which may - most preferably - beidentical 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
nucleotide). The number of nucleotides (nucleosides)
of core structure element G (G and/or Gn) in the
nucleic acid molecule of formula (III) (and of formula
(I) and (II)) is determined by I and n. I 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 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. Preferably, for each integer, when I and/or
n = 1, G is guanosine (guanine) or an analogue
thereof, and when I or n > 1, at least 50%, more
preferably at least 50%, 60%, 70%, 80%, 90% or even
100% of the nucleotides (nucleosides) of core
structure element G (G and/or Gn) are guanosine
(guanine) or an analogue thereof. For example, without
implying any limitation, when I or n = 4, G and/or Gn
can be, for example, a GUGU, GGUU, UGUG, UUGG, GUUG,
GGGU, GGUG, GUGG, UGGG or GGGG, etc.; when I or n = 5,
G and/or Gn 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 Gn directly adjacent to Xm in the nucleic acid
molecule of formula (III) (and of formula (I) and
(II)) is preferably not an uridine (uracil) or an
analogue therof. More preferably nucleotides
(nucleosides) of core structure elements G and/or Gn
directly adjacent to Xm in the nucleic acid molecule
of formula (III) 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 Gn
directly adjacent to N, e.g. N , and/or Nv (or Nw 1 or
Nw2 as defined below) in the nucleic acid molecule of
formula (III) (and of formula (I) and (II)) is
preferably not an uridine (uracil) or an analogue
therof. More preferably, nucleotides (nucleosides) of
core structure elements G and/or Gn directly adjacent
to N, e.g. N , and/or Nv (or Nwl or Nw2 as defined
below) in the nucleic acid molecule of formula (III)
(and of formula (I) and (II)) 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.
Likewise preferably, for formula (III) (and of formula
(I) and (II)), when I or n > 1, at least 60%, 70%,
80%, 90% or even 100% of the nucleotides (nucleosides)
of the core structure elements G and/or Gn are
guanosine (guanine) or an analogue thereof, as defined
above. The remaining nucleotides (nucleosides) to 100%
in the core structure elements G| and/or Gn (when
guanosine (guanine) constitutes less than 100% of
these nucleotides (nucleosides)) may then be uridine
(uracil) or an analogue thereof, as defined
hereinbefore. X, particularly Xm, in the nucleic acid
molecule of formula (III) (and of formula (I) and
(II)) 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, preferably
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 derivatized
nucleotides (nucleosides) with non-natively occurring
functional groups, which are preferably 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. Preferably, at least 10%, more preferably
at least 20 %, more preferably at least 30%, more
preferably at least 50%, more preferably at least 70%
and even more preferably at least 90% of all "X"
nucleotides may exhibit properties of an analogue as
defined herein, if the immunostimulatory sequence
contains at least one analogue at all. The analogues
substituting a specific nucleotide type within the
core structure element "Xm" may be identical, e.g. all
cytidine (cytosine) nucleotides (nucleosides)
occurring in the core structure element "Xn," are
formed by a specific cytidine (cytosine) analogue,
e.g. 2-thio-cytidine (cytosine), or they may be
distinct for a specificnucleotide (nucleosides), e.g.
at least two distinct cytidine (cytosine) analogues
are contained within the core structure element "Xm" .
Analogues of guanosine (guanine), uridine (uracil),
adenosine (adenine), thymidine (thymine), cytidine
(cytosine) 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-adenosine (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-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), 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 4,41 5,732, US
4,458,066, US 4,500,707, US 4,668,777, US 4,973,679,
US 5,047,524, US 5,1 32,41 8, US 5,1 53,31 9, US
5,262,530 and US 5,700,642. In the case of an analogue
as described above, particular preference is given to
those analogues of nucleotides (nuceosides) that
increase the immunogenity of the nucleic acid molecule
of formula (III) (and of formula (I) and (II)) and/or
do not interfere with a further modification that has
been introduced. The number of core structure element
X in the nucleic acid molecule of formula (III) (and
of formula (I) and (M)) 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
directlysuccessive uridines (uracils) or an analogue
thereof occur in the element X of formula (III) (and
of formula (I) and (II)) 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 (III) (and of formula (I) and
(II)). 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 interruped 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, Xm is a
UUU. When m = 4, Xm can be, for example, without
implying any limitation, a UUUA, UUUG, UUUC, UUUU,
AUUU, GUUU or CUUU, etc. When n = 10, Xn, can be, for
example, without implying any limitation, a
UUUAAUUUUC, UUUUGUUUUA, UUUGUUUGUU, UUGUUUUGUU,
UUUUUUUUUU, etc. The nucleotides of Xm adjacent to G,
or Gn of the nucleic acid molecule of formula (III)
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 Xm are uridine (uracil) or an
analogue thereof, as defined above. The remaining
nucleotides of Xn, to 100% (where there is less than
100% uridine (uracil) in the sequence Xm) are then
guanosine (guanine), uridine (uracil), adenosine
(adenine), thymidine (thymine), cytidine (cytosine) or
an analogue thereof, as defined above. The
immunostimulatory sequence according formula (III)
above also contains bordering element N. The bordering
element N is typically 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 nucleotides
(nucleosides), even more preferably 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. Preferably, 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 acidmolecule of formula (III) according
to the present invention 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 (nucleosides), in each case
provided, that such a sequence has a length of about 4
to 50, preferably of about 4 to 40, more preferably of
about 4 to 30 nucleotides (nucleosides) and even more
preferably of about 4 to 30 or 4 to 20 nucleotides
(nucleosides)according to the above definition.
According to a specific embodiment, 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
adenosine (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) or an analogue
thereof preferably of about 0 to 50%, 5 to 45%, or 10
to 40%, more preferably of about 15 to 35%, even more
preferably of about 20 to 30%, and most preferably of
about 25%; a content of uridine (uracil) or an
analogue thereof preferably of about 0 to 50%, 5 to
45%, or 10 to 40%, more preferably of about 15 to 35%,
even more preferably of about 20 to 30%, and most
preferably of about 25%; a content of cytidine
(cytosine) or an analogue thereof preferably of about
0 to 50%, 5 to 45%, or 10 to 40%, more preferably of
about 15 to 35%, even more preferably of about 20 to
30%, and most preferably of about 25%; a content of
guanosine (guanine) or an analogue thereof preferably
of about 0 to 50%, 5 to 45%, or 10 to 40%, more
preferably of about 15 to 35%, even more preferably of
about 20 to 30%, and most preferably of about 25%.
Most preferably, 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, ague, augc, acgu,
gcua, gcau, gacu, guca, cuag, caug, cagu, cgau, uagc,
uacg, ucga, ucag, agcugcua, gcaucaug, caguucga,
etc.,The number of bordering element N in the nucleic
acid molecule of formula (III), i.e. its repetition,
is determined by integers u and/or v. Thus, N in the
nucleic acid molecule of formula (III) may occur as a
(repetitive) bordering element Nu and/or Nv, wherein u
and/or v may be, independently from each other, an
integer from 0 or 1 to 100, more preferably from 0 or
1 to 50, even more preferably from 0 or 1 to 40, and
most preferably 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 preferably, at least
one (repetitive) bordering element N and/or Nv, may be
present in formula (III), i.e. either u or v are not
0, more preferably, both (repetitive) bordering
elements Nu and/or Nv are present, even more
preferably in the above definitions. Additionally, the
combination of core structure elements and bordering
elements to the element N GiX 1GnN may occur as
repetitive elements according to the immunostimulatory
sequence of formula (III), (NuG XmGnNv)a, as defined
above, wherein the number of repetitions of the
combined element according to formula (III), (N GiX
nGnN , is determined by integer a. Preferably, a is an
integer from about 1 to 100, 1 to 50, 1 to 20, more
preferably an integer from about 1 to 15, most
preferably an integer from about 1 to 10. In this
context, the repetitive elements NuG XmGnNv may be
equal or different from each other. According to a
particularly preferred embodiment, the
immunostimulatory sequence of formula (III) (NuG
XmGnNv)a, as defined above, comprises a core structure
G XmGn, preferably selected from at least one of the
following sequences of SEQ ID NOs: 1-80 as defined
above: Furthermore, immunostimulatory sequences as
defined herein may also comprise e.g. a nucleic acid
(molecule) of formula (Ilia) (NuC,XmCnNv)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 analogue 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; I is an integer from 1 to 40, wherein when I = 1,
C is cytidine (cytosine) or an analogue thereof, when
I > 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, preferably wherein
when u = 0, v > 1, or when v = 0, u > 1; wherein the
nucleic acid molecule of formula (Ilia) 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. For formula (Ilia), any of the
definitions given above for elements N (i.e. N 11 and
Nv) and X (XJ, particularly the core structure as
defined above, as well as for integers a, I, m, n, u
and v, similarly apply to elements of formula (Ilia)
correspondingly, wherein in formula (Ilia) thecore
structure is defined by C XmCn. The definition of
bordering elements Nu and Nv is identical to the
definitions given above for Nu and Nv. More
particularly, C in the nucleic acid molecule of
formula (Ilia) is a nucleotide or deoxynucleotide or
comprises a nucleoside, 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, phosphorothioates, peptide
nucleotides, methylphosphonates etc., wherein the
naturally occurring phosphodiester backbone is still
preferred. 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- carboxymethylaminomethyl-2-thio-uridine
(uracil), 5-(carboxy-hydroxylmethyl)-uridine (uracil),
5-fluoro-uridine (uracil), 5-bromo-uridine (uracil),
5-carboxymethylaminomethyluridine (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 4,41
5,732, US 4,458,066, US 4,500,707, US 4,668,777, US
4,973,679, US5,047,524, US 5,1 32,41 8 US 5,1 53,31 9,
US 5,262,530 and US 5,700,642, the disclosures of
which are incorporated by reference herein in their
entirety. In the case of an nucleotide (nucleoside)
analogue as described above, preference is given
especially to those analogues that increase the
immunogenity of the nucleic acid molecule of formula
(Ilia) 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 Q
and/or Cn, optionally at least 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80% 90% or even 100% of the nucleotides
(nucleosides) of the core structure elements Q and/or
Cn 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. Preferably, the
core structure element Q and/or Cn contains at least
one analogue of a naturally occurring cytidine
(cytosine) and/or a naturally occurring uridine
(uracil) at all. Most preferably, all nucleotides
(nucleosides) of these core structure elements Q
and/or Cn are analogues, which may - most preferably -
be identical analogues for the same type of
nucleotides (nucleosides) (e.g. all cytidine
(cytosine) nucleotides are provided as 2-thiocytidine
(cytosine)) or they may be distinct (e.g. at least two
different cytidine (cytosine) analogues substitute the
naturally occurring cytidine (cytosine) nucleotide).
The number of nucleotides (nucleosides) of core
structure element C (Q and/or Cn) in the nucleic acid
molecule of formula (Ilia) is determined by I and n. I
and n, independently of one another, are each an
integer from 1 to 90, 1 to 80, 1 to 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. Preferably, for each integer, when I and/or
n = 1, C is cytidine (cytosine) or an analogue
thereof, and when I or n > 1, at least 50%, more
preferably at least 50%, 60%, 70%, 80%, 90% or even
100% of the nucleotides (nucleosides) of core
structure element C (Q and/or Cn) are cytidine
(cytosine) or an analogue thereof. For example,
without implying any limitation, when I or n = 4, Q
and/or Cn can be, for example, a CUCU, CCUU, UCUC,
UUCC, CUUC, CCCU, CCUC, CUCC, UCCC or CCCC, etc.; when
I or n 5, Q and/or Cn can be, for example, a CCCUU,
CCUCU, CUCCU, UCCCU, UCCUC, UCUCC, UUCCC, CUCUC,
CCCCU, CCCUC, CCUCC, CUCCC, UCCCC, or CCCCC, etc.;
etc. A nucleotide (nucleoside) of core structure
elements Q and/or Cn directly adjacent to Xn, in the
nucleic acid molecule offormula (Ilia) is preferably
not an uridine (uracil) or an analogue therof. More
preferably nucleotides (nucleosides) of core structure
elements Q and/or Cn directly adjacent to Xm in the
nucleic acid molecule of formula (Ilia) are at least
one cytidine (cytosine) 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 cytidines (cytosines) or an analogue thereof.
Additionally, a nucleotide (nucleoside) of core
structure elements Q and/or Cn directly adjacent to N,
e.g. N11, and/or Nv (or Nwl or Nw2 as defined below)
in the nucleic acid molecule of formula (Ilia) is
preferably not an uridine (uracil) or an analogue
therof. More preferably, nucleotides (nucleosides) of
core structure elements Q and/or Cn directly adjacent
to N, e.g. Nu, and/or Nv (or Nw 1 or Nw2 as defined
below) in the nucleic acid molecule of formula (Ilia)
are at least one cytidine (cytosine) 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 cytidines (cytosines) or an
analogue thereof. Likewise preferably, for formula
(Ilia), when I or n > 1, at least 60%, 70%, 80%, 90%
or even 100% of the nucleotides of the core structure
elements C, and/or Cn are cytidine (cytosine) or an
analogue thereof, as defined above. The remaining
nucleotides (nucleosides) to 100% in the core
structure elements Q and/or Cn (when cytidine
(cytosine) constitutes less than 100% of these
nucleotides (nucleosides)) may then be uridine
(uracil) or an analogue thereof, as defined
hereinbefore. X, particularly Xm, as a further core
structure element in the immunostimulatory sequence
according to formula (Ilia), is preferably as defined
above for formula (III). The number of core structure
element X in the nucleic acid molecule of formula
(Ilia) 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 (Ilia) 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 corestructure
element X of the nucleic acid molecule of formula
(Ilia). 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 interruped 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, Xm is a
UUU. When m = 4, Xm can be, for example, without
implying any limitation, a UUUA, UUUG, UUUC, UUUU,
AUUU, GUUU or CUUU, etc. When n = 10, Xn, can be, for
example, without implying any limitation, a
UUUAAUUUUC, UUUUGUUUUA, UUUGUUUGUU, UUGUUUUGUU,
UUUUUUUUUU, etc. The nucleotides (nucleosides) of Xm
adjacent to C1 or Cn of the nucleic acid molecule of
formula (Ilia) 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 Xm are uridine (uracil) or an
analogue thereof, as defined above. The remaining
nucleotides (nucleosides) of Xm to 100% (where there
is less than 100% uridine (uracil) in the sequence Xm)
may then be guanosine (guanine), uridine (uracil),
adenosine (adenine), thymidine (thymine), cytidine
(cytosine) or an analogue thereof, as defined above.
Likewise, the immunostimulatory sequence according
formula (Ilia) above contains a bordering element N,
particularly Nu and/or Nv, wherein the bordering
element N, particularly Nu and/or Nv, as well as
integers x and y are as defined above. The element
NuQXmCnNv may occur as a repetitive element according
to the immunostimulatory sequence of formula (Ilia)
(NuQXmCnNv)a, as defined above, wherein the number of
repetitions of this element according to formula
(Ilia) (NuQXmCnNv)a is determined by the integer a.
Preferably, a is an integer from about 1 to 100, 1 to
50, 1 to 20, more preferably an integer from about 1
to 15, most preferably an integer from about 1 to 10.
In this context, the repetitive elements NuC XmCnNv
may be equal or different from each other. According
to a particularly preferred embodiment, the
immunostimulatory sequence of formula (Ilia)
(NuC|XmCnNv)a, as defined above, comprises a core
structure QXmCn, preferably selected from at least one
of the following sequences of SEQ ID NOs: 8 1-83 as
defined above:The immunostimulatory sequence according
to either formula (III) (or (IMa)), particularly each
single repetitive element NuG|XmGnNv (or NuQXmCnNv)
thereof, may be single-stranded, doublestranded or
partially double-stranded, etc. as defined for formula
(III) in general. If the immunostimulatory sequence
according to either formula (III) (or (HIa)) is a
singlestranded nucleic acid molecule, the sequence is
typically single-stranded over its entire length.
Likewise, if the immunostimulatory sequence according
to either formula (III) (or (HIa)) is a
double-stranded nucleic acid molecule, the sequence is
typically double-stranded over its entire length. If
the immunostimulatory sequence according to either
formula (III) (or (MIa)) is a partially
double-stranded nucleic acid molecule, the nucleic
acid sequence of a nucleic acid molecule of either
formula (III) (or (MIa)) may be single-stranded in the
region outside the core structure G|XmGn (or C|XmCn),
and double-stranded in the region of said core
structure, the core structure G|XmGn (or C|XmCn),
preferably being selected from at least one of the
above defined sequences of SEQ ID NOs: 1-83. Even more
preferably, the core structure G,XmGn (or QXmCn) of
(either) formula (III) (or (MIa)) 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 o r at least 60%, 70%, 80%, 90%, 95%,
98% or 99% thereof. Alternatively or additionally, if
the immunostimulatory sequence according to either
formula (III) or (IMa) is a partially double-stranded
nucleic acid molecule, other parts (than the core
structure G,XmGn) of the immunostimulatory sequence
according to formula (III) or (Ilia) as defined above
may be double-stranded. E.g., the nucleic acid
sequence of a nucleic acid molecule of either formula
(III) o r (Ilia) may be double-stranded in the region
outside the core structure G|XmGn (or QXmCn), e.g. in
the bordering elements Nu and/or Nv, and
single-stranded in the region of said core structure,
the core structure G XmGn (or QX Cn), preferably
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 Nv and/or Nv may be
double-stranded, whereas the remaining elements of
either formula (III) or (MIa), e.g. the core structure
G XmGn and/or other elements, may remain
single-stranded.Alternatively or additionally, the
immunostimulatory sequence according to formula (III)
may be selected from a mixture of a single-stranded
nucleic acid molecule according to either formula
(III) or (Ilia) and a (partially) double-stranded
nucleic acid molecule according to either formula
(III) (or (HIa)), preferably in a ratio of about 1:10
to 10:1, more preferably in a ratio of 1:3 to 3:1 .
According to a very particularly preferred embodiment,
the immunostimulatory sequence according to formula
(III) may be selected from e.g. any of the following
sequences: from SEQ ID NO: 84: UAGCGAAGCU CUUGGACCUA
GG UUUUU UUUUU UUUUU GGG UGCGUUCCUA GAAGUACACG o rfrom
SEQ ID NO: 85: UAGCGAAGCU CUUGGACCUA GG UUUUU UUUUU
UUUUU GGG UGCGUUCCUA GAAGUACACG AUCGCUUCGA GAACCUGGAU
CC AAAAA AAAAA AAAAA CCC ACGCAAGGAU CUUCAUGUGC o rfrom
SEQ ID NO: 114 (R820: (N 100)2)
GGGAGAAAGCUCAAGCUUGGAGCAAUGCCCGCACAUUGAGGAAACCGAGUUGCA
UAUCUCAGAGUAUUG
GGUACUGGUGACAGACCUAGGUCGUCAGUUGACCAGUCCGCCACUAGACGUGAG
UCCGUCAAAGCAGUU AGAUGUUACACUCUAUUAGAUC o rf
AGAUGUUACACUCUAUUAGAUCUCGGAUUACAGCUGGAAGGAGCAGGAGUAGUG
UUCUUGCUCUAAGUA
CCGAGUGUGCCCAAUACCCGAUCAGCUUAUUAACGAACGGCUCCUCCUCUUAGA
CUGCAGCGUAAGUGC
GGAAUCUGGGGAUCAAAUUACUGACUGCCUGGAUUACCCUCGGACAUAUAACCU
UGUAGCACGCUGUUG
UCAAUCUACUUCUGGCUAGUUAAGAAUAGGCUGCACCGACCUCUAUAAGUAGCG
UGUCCUCUAG o rfrom SEQ ID NO: 116 (R720: (N 100)10)
GGGAGAAAGCUCAAGCUUGGAGCAAUGCCCGCACAUUGAGGAAACCGAGUUGCA
UAUCUCAGAGUAUUG
GCCCCCGUGUAGGUUAUUCUUGACAGACAGUGGAGCUUAUUCACUCCCAGGAUC
CGAGUCGCAUACUAC
GGUACUGGUGACAGACCUAGGUCGUCAGUUGACCAGUCCGCCACUAGACGUGAG
UCCGUCAAAGCAGUU
CCGAGUGUGCCCAAUACCCGAUCAGCUUAUUAACGAACGGCUCCUCCUCUUAGA
CUGCAGCGUAAGUGC
GGAAUCUGGGGAUCAAAUUACUGACUGCCUGGAUUACCCUCGGACAUAUAACCU
UGUAGCACGCUGUUG
CUGUAUAGGUGACCAACGCCCACUCGAGUAGACCAGCUCUCUUAGUCCGGACAA
UGAUAGGAGGCGCGG
UCAAUCUACUUCUGGCUAGUUAAGAAUAGGCUGCACCGACCUCUAUAAGUAGCG
UGUCCUCUAGAGCUA
CGCAGGUUCGCAAUAAAAGCGUUGAUUAGUGUGCAUAGAACAGACCUCUUAUUC
GGUGAAACGCCAGAA
UGCUAAAUUCCAAUAACUCUUCCCAAAACGCGUACGGCCGAAGACGCGCGCUUA
UCUUGUGUACGUUCU
CGCACAUGGAAGAAUCAGCGGGCAUGGUGGUAGGGCAAUAGGGGAGCUGGGUAG
CAGCGAAAAAGGGCC
CCUGCGCACGUAGCUUCGCUGUUCGUCUGAAACAACCCGGCAUCCGUUGUAGCG
AUCCCGUUAUCAGUG
UUAUUCUUGUGCGCACUAAGAUUCAUGGUGUAGUCGACAAUAACAGCGUCUUGG
CAGAUUCUGGUCACG
UGCCCUAUGCCCGGGCUUGUGCCUCUCAGGUGCACAGCGAUACUUAAAGCCUUC
AAGGUACUCGACGUG
GGUACCGAUUCGUGACACUUCCUAAGAUUAUUCCACUGUGUUAGCCCCGCACCG
CCGACCUAAACUGGU
CCAAUGUAUACGCAUUCGCUGAGCGGAUCGAUAAUAAAAGCUUGAAUU o r
from SEQ ID NO: 117 (R821 :
(N40U20N40)2GGGAGAAAGCUCAAGCUUAUCCAAGUAGGCUGGUCACCUGUA
CAACGUAGCCGGUAUUUUUUUUUUUUU
UUUUUUUUUGACCGUCUCAAGGUCCAAGUUAGUCUGCCUAUAAAGGUGCGGAUC
CACAGCUGAUGAAAG
ACUUGUGCGGUACGGUUAAUCUCCCCUUUUUUUUUUUUUUUUUUUUUAGUAAAU
GCGUCUACUGAAUCC AGCGAUGAUGCUGGCCCAGAUC o r from SEQ ID
NO: 118 (Seq. R722: (N40U20N40)5)
GGGAGAAAGCUCAAGCUUAUCCAAGUAGGCUGGUCACCUGUACAACGUAGCCGG
UAUUUUUUUUUUUUU
UUUUUUUUUGACCGUCUCAAGGUCCAAGUUAGUCUGCCUAUAAAGGUGCGGAUC
CACAGCUGAUGAAAG
ACUUGUGCGGUACGGUUAAUCUCCCCUUUUUUUUUUUUUUUUUUUUUAGUAAAU
GCGUCUACUGAAUCC
AGCGAUGAUGCUGGCCCAGAUCUUCGACCACAAGUGCAUAUAGUAGUCAUCGAG
GGUCGCCUUUUUUUU
UUUUUUUUUUUUUUUGGCCCAGUUCUGAGACUUCGCUAGAGACUACAGUUACAG
CUGCAGUAGUAACCA
AACCAGGUGGAGUGUCACUGCUCUCGAGGUCUCACGAGAGCGCUCGAUACAGUC
CUUGGAAGAAUCUUU
UUUUUUUUUUUUUUUUUUUGUGCGACGAUCACAGAGAACUUCUAUUCAUGCAGG
UCUGCUCUA o r from SEQ ID NO: 119 (R723: (N
40U20N40)10 ) :
GGGAGAAAGCUCAAGCUUAUCCAAGUAGGCUGGUCACCUGUACAACGUAGCCGG
UAUUUUUUUUUUUUU
AGCGAUGAUGCUGGCCCAGAUCUUCGACCACAAGUGCAUAUAGUAGUCAUCGAG
GGUCGCCUUUUUUUU
UUUUUUUUUUUUUUUGGCCCAGUUCUGAGACUUCGCUAGAGACUACAGUUACAG
CUGCAGUAGUAACCA
CUGCGGCUAUUGCAGGAAAUCCCGUUCAGGUUUUUUUUUUUUUUUUUUUUUCCG
CUCACUAUGAUUAAG
AACCAGGUGGAGUGUCACUGCUCUCGAGGUCUCACGAGAGCGCUCGAUACAGUC
CUUGGAAGAAUCUUU
UGUCGAUCAAUAGCUGGGCUGUUGGAGACGCGUCAGCAAAUGCCGUGGCUCCAU
AGGACGUGUAGACUU
CUAUUUUUUUUUUUUUUUUUUUUUCCCGGGACCACAAAUAAUAUUCUUGCUUGG
UUGGGCGCAAGGGCC
CCGUAUCAGGUCAUAAACGGGUACAUGUUGCACAGGCUCCUUUUUUUUUUUUUU
UUUUUUUUUCGCUGA
AUUCCCAUGCUAAGCAAGGGAUGCCGCGAGUCAUGUUAAGCUUGAAUU
According to another very particularly preferred
embodiment, the immunostimulatory sequence according
to formula (Ilia) may be selected from e.g. any of the
following sequences: UAGCGAAGCU CUUGGACCUA CC UUUUU
UUUUU UUUUU CCC UGCGUUCCUA GAAGUACACG (SEQ ID NO: 86)
o r UAGCGAAGCU CUUGGACCUA CC UUUUU UUUUU UUUUU CCC
UGCGUUCCUA GAAGUACACG AUCGCUUCGA GAACCUGGAU GG AAAAA
AAAAA AAAAA GGG ACGCAAGGAU CUUCAUGUGC (SEQ ID NO: 87)
According to one preferred embodiment, the
immunostimulatory sequence according to formula (III)
(or (MIa)) as defined above may be modified with a
poly(X) sequence (modifying element). Such
immunostimulatory sequences may comprise e.g. a
nucleic acid molecule according to formula (IV):
polydV), (N11 G,XmGn Nv)a poly(IV), ,wherein the
nucleic acid molecule of formula (IV) likewise 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. In an immunostimulatory sequence
according to formula (IV), the elements G, X and N,
particularly, the core structure G XmGn, and the
elements Nu and Nv, as well as the integers a, I, m,
n, u and v are as defined above for formula (III). In
the context of the present invention, a modifying
element poly(IV), particularly poly(IV) s and/or
poly(IV) t, of an immunostimulatory sequence according
to formula (IV), is typically a single-stranded, a
double-stranded or a partially double-stranded nucleic
acid sequence, e.g a DNA or RNA sequence as defined
above in general. Preferably, the modifying element
poly(IV), particularly poly(IV) s and/or poly(IV)t, is
a homopolymeric stretch of nucleic acids, wherein X
may be any nucleotide or deoxynucleotide or comprises
a nucleoside as defined above for X of an
immunostimulatory sequence according to formula (III)
or (Ilia). Preferably, X may selected independently
for each poly(IV), particularly poly(IV) s and/or
poly(IV),, 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(Q), of
guanosine (guanine)s (poly(G)), of adenosine
(adenine)s (poly(A)), of uridines (uracils) (poly(U)),
of inosines (poly(lll)), etc. or from a homopolymeric
doublestranded stretch of inosines and cytidines
(cytoines) (poly(lll:Q), of adenosine (adenine) and
uridines (uracils) (poly(A:U)), etc., wherein the
homoplymeric sequence, particularly poly(lll:C) and/or
poly(A:U), may be coupled to the sequence (Nu G XmGn
Nv)a of the nucleic acid molecule according to formula
(IV) 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(IV),
particularly poly(IV) 5 and/or poly(IV),, of the
immunostimulatory sequence of formula (IV) 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.According to a
particularly preferred embodiment, a nucleic acid
molecule according to formula (IV) as defined above,
may specifically comprise e.g. a nucleic acid molecule
according to formula (IVa), poly(X) (N11 G,XmGn Nv)a ,
or a nucleic acid molecule according to formula (IVb),
poly(X) (N11 G1X nGn Nv)a poly(X) , wherein any of
these nucleic acid molecules of formulas (IVa) or
(IVb) likewise 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. Similarly, all
other definitions apply as set forth for formula (IV)
or (III) above. Likewise, said formulas (IV), (IVa)
and (IVb) may be defined o n basis of a formula
according to 



formula (1Mb), i.e. introducing the core structure
QXmCn. More preferably, poly(X) in an
immunostimulatory sequence according to either formula
(IV), (IVa) and/or (IVb) may be selected from a
poly(IV) 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
formula (IV), (IVa) and/or (IVb) 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. Similarly
as defined above for formula (III) or (Ilia), the
immunostimulatory sequence according to either formula
(IV), (IVa) and/or (IVb) may be a single-stranded, a
double-stranded or a partially double-stranded nucleic
acid molecule, as defined above. If the
immunostimulatory sequence according to formula (IV),
(IVa) and/or (IVb) is a singlestranded nucleic acid
molecule, the sequence is typically single-stranded
over its entire length. Likewise, if the
immunostimulatory sequence according to either formula
(IV), (IVa) and/or (IVb) is a double-stranded nucleic
acid molecule, the sequence is typically
double-stranded over its entire length.If the
immunostimulatory sequence according to either formula
(IV), (IVa) and/or (IVb) is a partially
double-stranded nucleic acid molecule, the nucleic
acid sequence of a nucleic acid molecule of either
formula (IV), (IVa) and/or (IVb) may be
single-stranded in the region outside the core
structure G|XmGn, and double-stranded in the region of
said core structure, the core structure G XmGn,
preferably being selected from at least one of the
above defined sequences of SEQ ID NOs: 1-80 or SEQ ID
NOs: 8 1 to 83. Even more preferably, the core
structure G|XmGn (or C|XmCn) of either formula (III)
(or (MIa)) 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. Alternatively or
additionally, if the immunostimulatory sequence
according to either formula (IV), (IVa) and/or (IVb)
is a partially double-stranded nucleic acid molecule,
other parts (than the core structure G|XmGn) of the
immunostimulatory sequence according to either formula
(IV), (IVa) and/or (IVb) as defined above may be
double-stranded. E.g., the nucleic acid sequence of a
nucleic acid molecule of either formula (IV), (IVa)
and/or (IVb) may be doublestranded in the region
outside the core structure G|XmGn, e.g. in the
bordering elements Nu and/or Nv, 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|XmGn,
preferably being 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 Nu and/or Nv,
and/or at least one of the modifying elements
poly(IV), e.g. poly(IV) s and or poly(IV),, may be
double-stranded, whereas the remaining elements of
either formula (IV), (IVa) and/or (IVb), e.g. the core
structure G|XmGn and/or other elements, may remain
single-stranded. Alternatively or additionally a
mixture of a single-stranded nucleic acid molecule
according to either formula (IV), (IVa)) and/ (IVb)
and a (partially) double-stranded nucleic acid
molecule according to either formula (IV), (IVa)) and/
(IVb), preferably in a ratio of about 1: 1 0 to 10:1,
more preferably in a ratio of 1:3 to 3:1 . According
to a particularly preferred embodiment, the
immunostimulatory sequence according to either formula
(IV), (IVa) and/or (IVb) may be selected from e.g. any
of the following sequences:- CCCCCCCCCC CCCCCCCCCC GG
UUUUU UUUUU UUUUU GGG (SEQ ID NO: 88) - CCCCCCCCCC
CCCCCCCCCC GG UUUUU UUUUU UUUUU GGG (SEQ ID NO: 89) -
CCCCCCCCCC CCCCCCCCCC GG UUUUU UUUUU UUUUU GGG (SEQ ID
NO: 90) AAAAA AAAAA AAAAA - CCCCCCCCCC CCCCCCCCCC GG
UUUUU UUUUU UUUUU GGG (SEQ ID NO: 91) GGGGGGGGGG
GGGGGGGGGG CC AAAAA AAAAA AAAAA CCC - CCCCCCCCCC
CCCCCCCCCC UAGCGAAGCU CUUGGACCUA GG UUUUU UUUUU UUUUU
GGG UGCGUUCCUA GAAGUACACG (SEQ ID NO: 92) - CCCCCCCCCC
CCCCCCCCCC GG UUUUU UUUUU UUUUU GGG UGCGUUCCUA
GAAGUACACG GGGGGGGGGG GGGGGGGGGG CC AAAAA AAAAA AAAAA
CCC ACGCAAGGAU CUUCAUGUGC UAGCGAAGCU CUUGGACCUA (SEQ
ID NO: 93) AUCGCUUCGA GAACCUGGAU - CCCCCCCCCC
CCCCCCCCCC GG UUUUU UUUUU UUUUU GGG UGCGUUCCUA
GAAGUACACG CC AAAAA AAAAA AAAAA CCC ACGCAAGGAU
CUUCAUGUGC UAGCGAAGCU CUUGGACCUA (SEQ ID NO: 94)
AUCGCUUCGA GAACCUGGAU An immunostimulatory sequence
according to formula (III) (or (HIa)) as defined above
may also be modified by inserting a stem or a stem
loop, e.g. leading to a nucleic acid molecule
according to formula (Va), (Nu steml G|XmGnstem2 Nv)a
, or to a nucleic acid molecule according to formula
(Vb), (Nu G|XmGnNv)a stemi Nw 1 stem2 Nw2 , wherein
the nucleic acid molecule of either formula (Va)
and/or (Vb) has a length 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. Likewise, said
formulas (Va)and (Vb) may be defined on basis of
formula (MIb), i.e. by introducing the core structure
C|XmCn. Particularly, the immunostimulatory sequences
of either formula (Va) and/or (Vb) represent variants
of formula (III) as defined above. In a nucleic acid
according to any of formulas (Va) and/or (Vb), the
bordering elements N, i.e. Nu and/or Nv, bordering the
core structure G|XmGn, are further augmented by at
least one stem or stem loop structure, preferably
consisting of single stem loop elements stemi and
stem2. In the immunostimulatory sequences according to
any of formulas (Va) and/or (Vb) as defined above, the
elements G, X and N, particularly, the core structure
G|XmGn, 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
Nw) and Nw2, adjacent to stem loop elements stemi and
stem2, represent further bordering elements, which are
defined as described above for bordering elements N11
and/or Nv. Particularly, bordering element N in
general is as described above for N in formula (III)
above, and integers w 1 and w2 are independently
selected from each other and are defined as above in
formula (III) for integers u and/or v. 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 stemi 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 loop thereby typically represents a region of
the nucleic acid, which shows no or nearly no identity
or homology with the sequence of either stemi 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 threehydrogen 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 stemi
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 stemi and stem2 may also be
included. In the context of the present invention,
optimal loop length tends to be about 4-1 00 bases
long, more preferably 4 to 50 or even 4 to 30 or even
4 to 20 bases. Hence, in the context of an
immunostimulatory sequence according to any of
formulas (Va) and/or (Vb), stem loop elements stemi
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 stemi
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 stemi 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 stemi and/or stem2.
Additionally, stem loop element stemi 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. Therefore, stem loop elements
stemi or stem2 may be selected pairwise from any
nucleic acid sequence, provided that stem loop
elements stemi or stem2 are palindromic to each other,
i.e. that one sequence is equal to the other
(complementary) sequence read backwards or shows a
identiy or homology to this sequence of at least 90%,
more preferably of at least 95%, and most preferably
of at least 99% to the other sequence, when read
backwards. Such palindromic sequences stemi 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 anologue thereof as defined
herein.Exemplary sequences for stem loop elements
stemi and stem2 may include e.g.: a) for stemi :
UAGCGAAGCUCUUGGACCUA (SEQ ID NO: 95) for stem2:
UAGGUCCAAGAGCUUCGCUA (SEQ ID NO: 96) b) for stem 1:
UAGGUCCAAGAGCUUCGCUA (SEQ ID NO: 96) for stem2:
UAGCGAAGCUCUUGGACCUA (SEQ ID NO: 95) c) for stem 1:
GCCGCGGGCCG (SEQ ID NO: 97) for stem2 : CGGCCCGCGGC
(SEQ ID NO: 98) d ) for stemi : CGGCCCGCGGC (SEQ ID
NO: 98) for stem2: GCCGCGGGCCG (SEQ ID NO: 97) e) for
stemi : GACACGGUGC (SEQ ID NO: 99) for stem2:
GCACCGUGCA (SEQ ID NO: 100) f) for stem 1 : GCACCGUGCA
(SEQ ID NO: 100) for stem2: GACACGGUGC (SEQ ID NO: 99)
g) for stem 1: ACCUAGGU (SEQ ID NO: 101 ) for stem2:
ACCUAGGU (SEQ ID NO: 101) h) for stemi : UGGAUCCA (SEQ
ID NO: 102) for stem2: UGGAUCCA (SEQ ID NO: 102) i)
for stem 1: CCUGC (SEQ ID NO: 103) for stem2: GCAGG
(SEQ ID NO: 104) j ) for stem 1: GCAGG (SEQ ID NO:
105)for stem2: CCUGC (SEQ ID NO: 106) etc. According
to one first alternative, the core structure C|XmGn
may be located within the stem loop structure, i.e.
the core structure G|XmGn may be located between stem
loop elements stemi and stem2, thereby preferably
forming a loop. Such a nucleic acid molecule is
resembled by formula (Va), having the composition (Nu
stem1 G[XmGn stem2 Nv)a, as defined above. When u
and/or v = 0, and a = 1 formula (Va) may lead to a
specific nucleic acid molecule "stemi G|XmGn stem2",
which is also incorporated by the present invention.
According to another alternative, the core structure
G|XmGn may be located outside the stem loop structure,
wherein likewise stem loop elements stemi and stem2
may be separated from each other by a sequence,
preferably a bordering element N, e.g. Nwl or Nw2,
which then may form a loop structure upon base pairing
of stem loop elements stemi and stem2. Additionally,
stem loop elements 1 and/or 1, adjacent to the core
structure G|XmGn may be separated from the core
structure G|XmGn by a further bordering element, e.g.
Nwl or Nw2. According to the present invention, such a
nucleic acid is resembled by formula (Vb), having the
composition (Nu G,XmGnNv)a stemi Nw 1 stem2 Nw2, as
defined above. The immunostimulatory sequence
according to either formula (Va) and/or (Vb) may be
single-stranded, or partially double-stranded. If the
immunostimulatory sequence according to either formula
(Va) and/or (Vb) is a single-stranded nucleic acid
molecule, the sequence is typically single-stranded
over its entire length. If the immunostimulatory
sequence according to either formula (Va) and/or (Vb)
is a partially double-stranded nucleic acid molecule,
the nucleic acid molecule of either formula (Va)
and/or (Vb) preferably may be single-stranded in the
region of the stem loop elements stemi and stem2 and
in the regions of the loop formed by either the core
structure G|XmGn or by any other element, e.g. Nw 1 or
Nw2. Elements positioned outside the stem loop
elements stemi and stem2 and in the regions of the
loop formed by either the core structure G|XmGn or by
any other element, e.g. Nw 1 or Nw2, may then be,
independent from each other, single or
double-stranded. Alternatively or additionally a
mixture of a single-stranded or partially
double-stranded nucleic acid molecule according to
either formula (Va) or (Vb) and a (partially)
doublestranded nucleic acid molecule according to
either formula (Va) or (Vb), preferably in a ratio of
about 1: 1 0 to 10:1, more preferably in a ratio of
1:3 to 3:1 . According to a very particularly
preferred embodiment, the immunostimulatory sequence
according to either formula (Va) and/or (Vb),
respectively, may be selected from e.g. any of the
following sequences: UAGCGAAGCU CUUGGACCUA GG UUUUU
UUUUU UUUUU GGG UAGGUCCAAG AGCUUCGCUA (SEQIDNO: 107) -
UAGCGAAGCU CUUGGACCUA GG UUUUU UUUUU UUUUU GGG
UGCGUUCCUA GAAGUACACG GCCGCGGGCCG UGCGUUCCUA
GAAGUACACG CGGCCCGCGGC UGCGUUCCUA GAAGUACACG (SEQIDNO:
108) (stemi and stem2 are underlined, the core
structure G XmGn is written in bold); The
immunostimulatory sequence of formula (I), (II),
(III), (Ilia), (IV), (IVa), (IVb), (Va) and/or (Vb) as
defined above, is typically a nucleic acid, which may
be in the form of any DNA or RNA, preferably, without
being limited thereto, a circular or linear DNA or
RNA, a singleor a double-stranded DNA or RNA (which
may also be regarded as an DNA or RNA due to
non-covalent association of two single-stranded DNAs
or RNAs) or a partially doublestranded DNA or RNA
(which is typically formed by a longer and at least
one shorter singlestranded DNA or RNA molecule or by
at least two single-stranded DNA or RNA-molecules,
which are about equal in length, wherein one or more
single-stranded DNA or RNA molecules are in part
complementary to one or more other single-stranded DNA
or RNA molecules and thus form a double-stranded RNA
in this region), e.g. a (partially) singlestranded DNA
or RNA, mixed with regions of a (partially)
double-stranded DNA or RNA. Preferably, the nucleic
acid molecule of formula (I), (II), (III), (Ilia),
(IV), (IVa), (IVb), (Va) and/or (Vb) as defined above
may be in the form of a single- or a double-stranded
DNA or RNA, more preferably a partially
double-stranded DNA or RNA. It is also preferred that
the immunostimulatory sequence of formula (I), (II),
(III), (Ilia), (IV), (IVa), (IVb), (Va) and/or (Vb) as
defined above is in the form of a mixture of a
single-stranded nucleic and double stranded DNA or
RNA.It is particularly advantageous, if the
immunostimulatory sequence of formula (I), (II),
(III), (Ilia), (IV), (IVa), (IVb), (Va) and/or (Vb) as
defined above is a partially double-stranded nucleic
acid molecule, since such a (partially
double-stranded) immunostimulatory sequence according
to formula (I), (II), (III), (Ilia), (IV), (IVa),
(IVb), (Va) and/or (Vb) as defined above), 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, any
partially double-stranded immunostimulatory sequence
of formula (I), (II), (III), (Ilia), (IV), (IVa),
(IVb), (Va) and/or (Vb) as defined above is capable of
activating different signal cascades of
immunostimulation and thus leads to an innate immune
response or enhances such a response significantly.
Nucleic acid molecules of either formula (I), (II),
(III), (Ilia), (IV), (IVa), (IVb), (Va) and/or (Vb) 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 immunostimulatory sequences. As surprisingly found
by the inventors of the present invention, nucleic
acid molecules of either formula (I), (II), (III),
(Ilia), (IV), (IVa), (IVb), (Va) and/or (Vb) 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 nucleic acid molecules of either formula (I), (II),
(III), (Ilia), (IV), (IVa), (IVb), (Va) and/or (Vb)
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, nucleic acid molecules of either
formula (I), (II), (III), (Ilia), (IV), (IVa), (IVb),
(Va) and/or (Vb) as defined above are particularly
preferred, when prepared by an in vitro transcription
reaction. Furthermore, (classes of) RNA molecules,
which may be used for the at least one (m)RNA of the
adjuvant component of the inventive immunostimulatory
composition, may include anyother RNA capable of
eliciting an immune response. Without being limited
thereto, such an immunostimulatory RNA may include
ribosomal RNA (rRNA), transfer RNA (tRNA), messenger
RNA (mRNA), and viral RNA (vRNA). According to a third
embodiment, the at least one (m)RNA of the adjuvant
component of the inventive immunostimulatory
composition may be an siRNA. An siRNA is of interest
particularly in connection with the phenomenon of RNA
interference. Attention was drawn to the phenomenon of
RNA interference in the course of immunological
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 sequencespecific
suppression of gene expression (Zamore (2001) Nat.
Struct. Biol. 9: 746-750; Sharp (2001 ) Genes Dev.
5:485-490: Hannon (2002) Nature 4 1: 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 a/. ( 1 998) Annu. Rev.
Biochem. 67: 227-264; He and Katze (2002) Viral
Immunol. 15: 95-1 19). Recently, dsRNA molecules have
also been used in vivo (McCaffrey et a/. (2002),
Nature 4 18: 38-39; Xia et a/. (2002), Nature Biotech.
20: 1006-1010; Brummelkamp et a/. (2002), Cancer Cell
2: 243-247). Thus, an siRNA used for the at least one
(m)RNA of the adjuvant component of the inventive
immunostimulatory composition may be an
immunostimulatory RNA, and typically comprises a
(single- or) double stranded, preferably a
double-stranded, RNA sequence with about 8 to 30
nucleotides, preferably 17 to 25 nucleotides, even
more preferably from 20 to 25 and most preferably from
2 1 to 23 nucleotides. In principle, all the sections
having a length of from 17 to 29, preferably from 19
to 25, most preferably from 2 1 to 23 base pairs that
occur in the coding region of an RNA sequence as
mentioned above can serve as target sequence for such
an siRNA. Equally, siRNAs can also be directed against
nucleotide sequences of a protein, particularly of
regulatory proteins, which negatively regulate
induction of an (innate or adaptive) immune response,
that do not lie inthe coding region, in particular in
the 5' non-coding region of the RNA, for example, 



therefore, against non-coding regions of an RNA having
a regulatory function. The target sequence of the
siRNA, used as the at least one (m)RNA of the adjuvant
component of the inventive immunostimulatory
composition, can therefore lie in the translated
and/or untranslated region of the nucleotide sequence
of such a protein as defined above and/or in the
region of its control elements. The target sequence of
an siRNA as defined above 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 RNA. According to
a fourth embodiment, the at least one (m)RNA of the
adjuvant component of the inventive immunostimulatory
composition may be an antisense RNA. In the context of
the present invention, an antisense RNA is preferably
a (single-stranded) RNA molecule transcribed off the
coding, rather than the template, strand of a DNA, so
that (preferably) the (entire) anti-sense mRNA
sequence is complementary to the sense (messenger)
RNA. An antisense RNA as defined herein typically
forms a duplex between the sense and antisense RNA
molecules and is thus capable to block transcription
of the coding strand. An antisense RNA used as the at
least one (m)RNA of the adjuvant component of the
inventive immunostimulatory composition can be
directed against the nucleotide sequences, e.g. a
(naturally occurring) mRNA or genomic sequence
encoding a protein or peptide, which may be selected
from any protein or peptide sequence suitable for that
purpose. Preferably, the antisense RNA used herein as
at least one (m)RNA of the adjuvant component of the
inventive immunostimulatory composition comprises a
length as defined above in general for RNA molecules,
more preferably a length of 1000 to 5000, of 500 to
5000, of 5 to 5000, or of 5 to 1000, 5 to 500, 5 to
250, of 5 to 100, of 5 to 50 or of 5 to 30
nucleotides. According to a fifth embodiment, the at
least one (m)RNA of the adjuvant component of the
inventive immunostimulatory composition may be a
coding RNA. Such a coding RNA may be any RNA as
defined above. Preferably, such a coding RNA may be a
single- or a double-stranded RNA, more preferably a
single-stranded RNA, and/or a circular or linear RNA,
more preferably a linear RNA. Even more preferably,
the coding RNA may be a (linear) single-stranded RNA.
Most preferably, the coding RNA may be a ((linear)
singlestranded) messenger RNA (mRNA). The coding RNA
used as the at least one (m)RNA of theadjuvant
component of the inventive immunostimulatory
composition may further encode a protein or a peptide,
which may be selected, without being restricted
thereto, e.g. from therapeutically active proteins or
peptides, from antigens, e.g. tumor antigens,
pathogenic antigens (e.g. selected from pathogenic
proteins as defined above or from animal antigens,
viral antigens, protozoal antigens, bacterial
antigens, allergic antigens), autoimmune antigens, or
further antigens, from allergens, from antibodies,
from immunostimulatory proteins or peptides, from
antigen-specific T-cell receptors, or from any other
protein or peptide suitable for a specific
(therapeutic) application, wherein the coding RNA used
as the at least one (m)RNA of the adjuvant component
of the inventive immunostimulatory composition may be
transported into a cell, a tissue or an organism and
the protein may be expressed subsequently in this
cell, tissue or organism. a) Therapeutically active
proteins In this context, therapeutically active
proteins encoded by the at least one (m)RNA of the
adjuvant component of the immunostimulatory
composition may be selected from any naturally
occurring recombinant or isolated proteins known to a
skilled person from the prior art. Without being
restricted thereto therapeutically active proteins may
comprise proteins, capable of stimulating or
inhibiting the signal transduction in the cell, e.g.
cytokines, antibodies, etc. Therapeutically active
proteins may thus comprise cytokines of class I of the
family of cytokines, having 4 positionally conserved
cysteine residues (CCCC) and comprising a conserved
sequence motif Trp-Ser-X-Trp-Ser (WSXWS), wherein X is
a non-conserved amino acid. Cytokines of class I of
the family of cytokines comprise the GM-CSF subfamily,
e.g. IL-3, IL-5, GM-CSF, the IL-6-subfamily, e.g.
IL-6, IL- 11, IL-12, or the IL-2 -subfamily, e.g.
IL-2, IL-4, IL-7, IL-9, IL-1 5, etc., or the cytokines
IL- 1alpha, IL-1 beta, IL-1 0 etc. Therapeutically
active proteins may also comprise cytokines of class
Il of the family of cytokines, which also comprise 4
positionally conserved cystein residues (CCCC), but no
conserved sequence motif Trp-Ser-X-Trp-Ser (WSXWS).
Cytokines of class Il of the family of cytokines
comprise e.g. IFN-alpha, IFN-beta, IFNgamma, etc.
Therapeutically active proteins may additionally
comprise cytokines of the family of tumor necrose
factors, e.g. TNF-alpha, TNF-beta, etc., or cytokines
of the family of chemokines, which comprise 7
transmembrane helices and interact with G-protein,
e.g. IL-8, MIP-1, RANTES, CCR5, CXR4, etc., or
cytokine specific receptors, such as TNFRl, TNF-RII,
CD40, OX40 (CDI 34), Fas,.Therapeutically active
proteins encoded by the at least one (m)RNA of the
adjuvant component of the immunostimulatory
composition may also be selected from any of the
proteins given in the following: 0ATL3, 0FC3, 0PA3,
0PD2, 4-1 BBL, 5T4, 6Ckine, 707- AP, 9D7, A2M, AA,
AAAS, AACT, AASS, ABAT, ABCA1, ABCA4, ABCB1 , ABCB1 1,
ABCB2, ABCB4, ABCB7, ABCC2, ABCC6, ABCC8, ABCD1 ,
ABCD3, ABCG5, ABCG8, ABL1, ABO, ABR ACAA1, ACACA,
ACADL, ACADM, ACADS, ACADVL, ACAT1, ACCPN, ACE, ACHE,
ACHM3, ACHM1, ACLS, ACPI, ACTA1, ACTC, ACTN4, ACVRL1,
AD2, ADA, ADAMTS13, ADAMTS2, ADFN, ADH1 B, ADH1 C,
ADLDH3A2, ADRB2, ADRB3, ADSL, AEZ, AFA, AFD1, AFP,
AGA, AGL, AGMX2, AGPS, AGS1, AGT, AGTR1, AGXT, AH02,
AHCY, AHDS, AHHR, AHSG, AIC, AIED, AIH2, AIH3, AIM-2,
AIPLI, AIRE, AK1, ALAD, ALAS2, ALB, HPG1, ALDH2,
ALDH3A2, ALDH4A1, ALDH5A1, ALDH 1A1 , ALDOA, ALDOB,
ALMS1, ALPL, ALPP, ALS2, ALX4, AMACR, AMBP, AMCD,
AMCDI, AMCN, AMELX, AMELY, AMGL, AMH, AMHR2, AMPD3,
AMPD1, AMT, ANC, ANCR, ANK1 , ANOPI, AOM, AP0A4,
AP0C2, AP0C3, AP3B1, APC, aPKC, APOA2, APOA1 , APOB,
APOC3, APOC2, APOE, APOH, APP, APRT, APSI, AQP2, AR,
ARAF1, ARG1 , ARHGEFl 2, ARMET, ARSA, ARSB, ARSC2,
ARSE, ART-4, ARTC1/m, ARTS, ARVD1, ARX, AS, ASAH,
ASAT, ASD1, ASL, ASMD, ASMT, ASNS, ASPA, ASS, ASSP2,
ASSP5, ASSP6, AT3, ATD, ATHS, ATM, ATP2A1, ATP2A2,
ATP2C1, ATP6B1 , ATP7A, ATP7B, ATP8B1 , ATPSK2, ATRX,
ATXN1, ATXN2, ATXN3, AUTS1, AVMD, AVP, AVPR2, AVSD1,
AXINI, AXIN2, AZF2, B2M, B4GALT7, B7H4, BAGE, BAGE-1,
BAX, BBS2, BBS3, BBS4, BCA225, BCAA, BCH, BCHE,
BCKDHA, BCKDHB, BCL1 0, BCL2, BCL3, BCL5, BCL6, BCPM,
BCR, BCR/ABL, BDC, BDE, BDMF, BDMR, BEST1, beta-
Catenin/m, BF, BFHD, BFIC, BFLS, BFSP2, BGLAP,BGN,
BHD, BHR1, BING-4, BIRC5, BJS, BLM, BLMH, BLNK, BMPR2,
BPGM, BRAF, BRCA1, BRCA1/m, BRCA2, BRCA2/m, BRCD2,
BRCD1, BRDT, BSCL, BSCL2, BTAA, BTD, BTK, BUB1, BWS,
BZX, C0L2A1 , C0L6A1, C 1 NH, C 1QA, C1QB, C1QG, C 1S,
C2, C3, C4A, C4B, C5, C6, C7, C7orf2, C8A, C8B, C9,
CA1 25, CA1 5-3/CA 27-29, CA1 95, CA1 9-9, CA72-4,
CA2, CA242, CA50, CABYR, CACD, CACNA2D1, CACNA1A,
CACNA1 F, CACNA1 S, CACNB2, CACNB4, CAGE, CA1, CALB3,
CALCA, CALCR, CALM, CALR, CAM43, CAMEL, CAP-1, CAPN3,
CARD1 5, CASP-5/m, CASP-8, CASP-8/m, CASR, CAT, CATM,
CAV3, CB1, CBBM, CBS, CCA1 , CCAL2, CCAL1 , CCAT,
CCL-1, CCL-1 1, CCL-12, CCL-1 3, CCL-1 4, CCL-1 5,
CCL- 16, CCL-1 7, CCL-1 8, CCL-1 9, CCL-2, CCL-20,
CCL-21, CCL-22, CCL-23, CCL-24, CCL25, CCL-27, CCL-3,
CCL-4, CCL-5, CCL-7, CCL-8, CCM1 , CCNB1, CCND1, CCO,
CCR2, CCR5, CCT, CCV, CCZS, CD1 , CD1 9, CD20, CD22,
CD25, CD27, CD27L, cD3, CD30, CD30, CD30L, CD33, CD36,
CD3E, CD3G, CD3Z, CD4, CD40, CD40L, CD44, CD44v,
CD44v6, CD52, CD55, CD56, CD59, CD80, CD86, CDAN1,
CDAN2, CDAN3, CDC27, CDC27/m, CDC2L1, CDHl, CDK4,
CDK4/m, CDKN 1C, CDKN2A, CDKN2A/m, CDKN1A, CDKN1 C,
CDL1 , CDPD1, CDR1, CEA, CEACAM1 , CEACAM5, CECR,
CECR9, CEPA, CETP, CFNS, CFTR, CGF1, CHAC, CHED2,
CHED1 , CHEK2, CHM, CHML, CHR39C, CHRNA4, CHRNA1,
CHRNB1, CHRNE, CHS, CHS1, CHST6, CHX1 0, CIAS1, CIDX,
CKN1, CLA2, CLA3, CLA1, CLCA2, CLCN1, CLCN5, CLCNKB,
CLDN1 6, CLP, CLN2, CLN3, CLN4, CLN5, CLN6, CLN8, C
1QA, C 1QB, C 1QG, C l R, CLS, CMCWTD, CMDJ, CMD1A,
CMD1 B, CMH2, MH3, CMH6, CMKBR2, CMKBR5, CML28, CML66,
CMM, CMT2B, CMT2D, CMT4A, CMT1A, CMTX2, CMTX3, C-MYC,
CNA1, CND, CNGA3, CNGA1, CNGB3, CNSN, CNTF, COA-1/m,
COCH, COD2, COD1 , COHl, COL10A, COL2A2, COL1 1A2,
COL1 7A1, COL1A1 , COL1A2, COL2A1 , COL3A1, COL4A3,
COL4A4, COL4A5, COL4A6, COL5A1, COL5A2, COL6A1,
COL6A2, COL6A3, COL7A1 , COL8A2, COL9A2, COL9A3, COL1
1A1, COL1A2, COL23A1, COL1A1, COLQ, COMP, COMT, CORD5,
CORD1, COX1 0, COX-2, CP, CPB2, CPO, CPP, CPS1, CPT2,
CPT1A, CPX, CRAT, CRB1, CRBM, CREBBP, CRH, CRHBP, CRS,
CRV, CRX, CRYAB, CRYBA1, CRYBB2, CRYGA, CRYGC, CRYGD,
CSA, CSE, CSF1 R, CSF2RA, CSF2RB, CSF3R, CSF1 R, CST3,
CSTB, CT, CT7, CT-9/BRD6, CTAA1, CTACK, CTEN, CTH,
CTHM, CTLA4, CTM, CTNNB1, CTNS, CTPA, CTSB, CTSC,
CTSK, CTSL, CTS1 , CUBN, CVD1, CX3CL1, CXCL1 , CXCL1
0, CXCL1 1, CXCL1 2, CXCL1 3, CXCL1 6, CXCL2, CXCL3,
CXCL4, CXCL5, CXCL6, CXCL7, CXCL8, CXCL9, CYB5, CYBA,
CYBB, CYBB5, , CYFRA 2 1-1, CYLD, CYLD1, CYMD, CYP1
1B1, CYP1 1B2, CYP1 7, CYP1 7A1 , CYP1 9, CYP1 9A1,
CYP1A2, CYP1 B 1, CYP21A2, CYP27A1, CYP27B1, CYP2A6,
CYP2C, CYP2C1 9, CYP2C9, CYP2D, CYP2D6, CYP2D7P1 ,
CYP3A4, CYP7B1, CYPB1 , CYP1 1B 1, CYP1A1, CYP1 B1,
CYRAA, D40,DADl, DAM, DAM-10/MAGE-B1, DAM-6/MAGE-B2,
DAXI, DAZ, DBA, DBH, DBI, DBT, DCC, DC-CK1 , DCK, DCR,
DCX, DDB 1, DDB2, DDIT3, DDU, DECR1 , DEK-CAN, DEM,
DES, DF,DFN2, DFN4, DFN6, DFNA4, DFNA5, DFNB5, DGCR,
DHCR7, DHFR, DHOF, DHS, DIA1, DIAPH2, DIAPH1, DIH1,
DIO1, DISCI, DKC1, DLAT, DLD, DLL3, DLX3, DMBT1, DMD,
DMI, DMPK, DMWD, DNAH, DNASE1 , DNMT3B, DPEP1 , DPYD,
DPYS, DRD2, DRD4, DRPLA, DSCR1 , DSG1, DSP, DSPP, DSS,
DTDP2, DTR, DURS1, DWS, DYS, DYSF, DYT2, DYT3, DYT4,
DYT2, DYT1 ,DYX1 , EBAF, EBM, EBNA, EBP, EBR3, EBSl,
ECA1, ECB2, ECE1 , ECGFl, ECT, ED2, ED4, EDA, EDAR,
ECA1, EDN3, EDNRB, EEC1 , EEF1A1 L14, EEGV1, EFEMP1,
EFTUD2/m, EGFR, EGFR/Herl , EGI, EGR2, EIF2AK3, elF4G,
EKV, El IS, ELA2, ELF2, ELF2M, ELK1, ELN, ELONG, EMD,
EMLl, EMMPRIN, EMX2, ENA-78, ENAM, END3, ENG, ENO1,
ENPP1, ENUR2, ENUR1, EOS, EP300, EPB41, EPB42, EPCAM,
EPD, EphA1, EphA2, EphA3, EphrinA2, EphrinA3, EPHXI,
EPM2A, EPO,EPOR, EPX, ERBB2, ERCC2 ERCC3,ERCC4, ERCC5,
ERCC6, ERVR, ESR1, ETFA, ETFB, ETFDH, ETM1, ETV6-AML1,
ETV1 , EVC, EVR2, EVR1, EWSR1, EXT2, EXT3, EXT1, EYA1
, EYCL2, EYCL3, EYCLl, EZH2, F10, FI I , F12, F1 3A1 ,
F 1 3B, F2, F5, F5F8D, F7, F8, F8C, F9, FABP2, FACL6,
FAH, FANCA, FANCB, FANCC, FANCD2, FANCF, FasL,FBN2,
FBNI , FBP1, FCG3RA,FCGR2A, FCGR2B, FCGR3A, FCHL,
FCMD, FCP1, FDPSL5, FECH, FEO, FEOM1, FES, FGA, FGB,
FGDI, FGF2, FGF23, FGF5, FGFR2, FGFR3, FGFRI, FGG,
FGS1, FH, FICI, FIH, F2, FKBP6, FLNA, FLT4, FMO3,FMO4,
FMR2, FMR1, FN, FN1/m, FOXC1, FOXE1, FOXL2, FOXOlA,
FPDMM, FPF, Fra-1 , FRAXF, FRDA, FSHB, FSHMD1A, FSHR,
FTH1, FTHL1 7, FTL, FTZF1, FUCA1, FUT2, FUT6, FUT1,
FY, G250, G250/CAIX, G6PC, G6PD, G6PT1, G6PT2, GAA,
GABRA3, GAGE-1 , GAGE-2, GAGE-3, GAGE-4, GAGE-5,
GAGE-6, GAGE-7b, GAGE-8, GALC, GALE, GALK1, GALNS,
GALT, GAMT, GAN, GAST, GASTRIN1 7, GATA3, GATA, GBA,
GBE, GC, GCDH, GCGR, GCH1, GCK, GCP-2, GCS1, G-CSF,
GCSH, GCSL, GCY, GDEP,GDF5, GDI1 , GDNF, GDXY, GFAP,
GFND, GGCX, GGT1, GH2, GH1, GHR, GHRHR, GHS, GIF,
GINGF, GIP, GJA3, GJA8, GJB2, GJB3, GJB6, GJB1, GK,
GLA, GLB, GLB1, GLC3B, GLC1 B, GLC1 C, GLDC, GLI3,
GLP1, GLRAl, GLUD1, GM1 (fuc-GMI), GM2A, GM-CSF, GMPR,
GNAI2, GNAS, GNAT1, GNB3, GNE, GNPTA, GNRH, GNRH1,
GNRHR, GNS, GnT-V, gp1 00, GP1 BA, GP1 BB, GP9, GPC3,
GPD2, GPDS1, GPI, GP1 BA, GPN1 LW, GPNMB/m, GPSC,
GPXI, GRHPR, GRKI, GRO a, GRO b, GRO g, GRPR, GSE,
GSM1, GSN, GSR, GSS, GTD, GTS, GUCA1A, GUCY2D, GULOP,
GUSB, GUSM, GUST, GYPA, GYPC, GYS1, GYS2, H0KPP2,
H0MG2, HADHA, HADHB, HAGE, HAGH, HAL, HAST-2, H B 1,
HBA2, HBA1 , HBB, HBBPl, HBD, HBE1, HBG2, HBG1, HBHR,
HBP1, HBQ1, HBZ, HBZP, HCA, HCC-1, HCC-4, HCF2, HCG,
HCL2, HCL1, HCR, HCVS, HD, HPN, HER2, HER2/NEU, HER3,
HERV-K-MEL, HESX1, HEXA, HEXB, HF1 , HFE, HF1 , HGD,
HHC2, HHC3, HHG, HK1 HLA-A, HLA-A*0201-R1 70l, HLA-A1
1/m, HLA-A2/m, HLA-DPB1 HLA-DRA, HLCS, HLXB9, HMBS,
HMGA2, HMGCL, HMI, HMN2, HMOX1, HMS1 HMW-MAA, HND,
HNE, HNF4A, HOAC, HOMEOBOX NKX 3.1, HOM-TES14/SCP-1,
HOM-TES-85, HOXA1 HOXD13, HP, HPC1, HPD, HPE2, HPE1,
HPFH, HPFH2, HPRTI, HPS1, HPT, HPV-E6, HPV-E7, HR,
HRAS, HRD, HRG, HRPT2, HRPT1, HRX, HSD1 1B2, HSD1 7B3,
HSDl 7B4, HSD3B2, HSD3B3, HSN1, HSP70-2M, HSPG2,
HST-2, HTC2, HTC1 , hTERT, HTN3, HTR2C, HVBS6, HVBS1,
HVEC, HV1 S, HYAL1, HYR, I-309, IAB, IBGC1, IBM2,
ICAM1, ICAM3, iCE, ICHQ, ICR5, ICRI, ICS 1, IDDM2,
IDDM1 , IDS, IDUA, IF, IFNa/b, IFNGR1, IGAD1, IGER,
IGF-I R, IGF2R, IGFI, IGH, IGHC, IGHG2, IGHGl, IGHM,
IGHR, IGKC, IHG1, IHH, IKBKG, ILl, IL-I RA, ILl O, IL-
11, IL12, IL12RB1, ILl 3, IL-1 3Ra2, IL-1 5, IL-1 6,
IL-I 7, ILl 8, IL-I a, IL-Ia, IL-I b, IL-1 b, IL1
RAPL1, IL2, IL24, IL-2R, IL2RA, IL2RG, IL3, IL3RA,IL4,
IL4R,IL4R, IL-5, IL6, IL-7, IL7R, IL-8, IL-9, Immature
laminin receptor, IMMP2L, INDX, INFGRl, INFGR2, INFa,
IFN, INFg, INS, INSR, INVS, IP-I O, IP2, IPFI, IPl,
IRF6, IRSl, ISCW, ITGA2, ITGA2B, ITGA6, ITGA7, ITGB2,
ITGB3, ITGB4, ITIHI, ITM2B, IV, IVD, JAG1, JAK3, JBS,
JBTS1, JMS, JPD, KAL1 , KAL2, KALI, KLK2, KLK4, KCNAl,
KCNE2, KCNEl, KCNH2, KCNJl, KCNJ2, KCNJl, KCNQ2,
KCNQ3, KCNQ4, KCNQl, KCS, KERA, KFM, KFS, KFSD, KHK,
ki-67, KIAA0020, KIAA0205, KIAA0205/m, KIF1 B, KIT,
KK-LC-I , KLK3, KLKBl, KM-HN-1 , KMS, KNG, KNO,
K-RAS/m, KRAS2, KREVI, KRT1 , KRT1 0, KRT1 2, KRT1 3,
KRTl 4, KRTl 4L1 , KRT14L2, KRT14L3,KRT1 6, KRTl 6L1,
KRTI 6L2, KRTl 7, KRTl 8, KRT2A, KRT3, KRT4, KRT5,
KRT6 A, KRT6B, KRT9, KRTHBl, KRTHB6, KRT1 , KSA, KSS,
KWE, KYNU, LOHI 9CRl, Ll CAM, LAGE, LAGE-I, LALL,
LAMA2, LAMA3, LAMB3, LAMBl, LAMC2, LAMP2, LAP, LCA5,
LCAT, LCCS, LCCS 1, LCFS2, LCSl, LCT, LDHA, LDHB,
LDHC, LDLR, LDLR/FUT, LEP, LEWISY, LGCR, LGGF-PBP,
LGIl, LGMD2H, LGMDlA, LGMD1 B, LHB, LHCGR, LHON, LHRH,
LHX3, LIF, LIGl, LIMM, LIMP2, LIPA, LIPA, LIPB, LIPC,
LIVIN, LlCAM, LMAN1, LMNA, LMXl B, LOLR, LOR, LOX,
LPA, LPL, LPP, LQT4, LRP5, LRS 1, LSFC, LT- b , LTBP2,
LTC4S, LYLI, XCLI, LYZ, M344, MA50, MAA, MADH4, MAFD2,
MAFD1 , MAGE, MAGE-Al, MAGE-A1 0, MAGE-Al 2, MAGE-A2,
MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A9, MAGEBl, MAGE-B1 0,
MAGE-B1 6, MAGEB 17, MAGE-B2, MAGE-B3, MAGE-B4,
MAGE-B5, MAGE-B6, MAGE-Cl, MAGE-C2, MAGE-C3, MAGE-Dl,
MAGE-D2, MAGE-D4, MAGE-El, MAGE-E2, MAGE-Fl, MAGEHI,
MAGEL2, MGBl, MGB2, MAN2A1, MAN2B1, MANBA, MANBB,
MAOA, MAOB, MAPK8IP1, MAPT, MART-1, MART-2, MART2/m,
MATlA, MBL2, MBP, MBSl, MCl R, MC2R, MC4R, MCC, MCCC2,
MCCCl, MCDRl, MCF2, MCKD, MCL1, MCl R, MCOLNl, MCOP,
MCOR, MCP-I, MCP-2, MCP-3, MCP-4, MCPH2, MCPH1 , MCS,
MCSF, MDB, MDCR, MDM2, MDRV, MDS 1, MEl, MEl /m, ME2,
ME20, ME3, MEAX,MEB, MEC CCL-28, MECP2, MEFV, MELANA,
MELAS, MEN1 MSLN, MET, MF4, MG50, MG50/PXDN, MGAT2,
MGAT5, MGC1 MGCR, MGCT, MGI, MGP, MHC2TA, MHS2, MHS4,
MIC2, MIC5, MIDI, MIF, MIP, MIP-5/HCC-2, MITF, MJD,
MKI67, MKKS, MKS1, MLHl, MLL, MLLT2, MLLT3, MLLT7,
MLLT1, MLS, MLYCD, MMAI a, MMP 11, MMVP1, MN/CA
IX-Antigen, MNG1, MN1, MOC31, MOCS2, MOCS1, MOG, MORC,
MOS, MOV1 8, MPD1 , MPE, MPFD, MPI, MPIF-1, MPL, MPO,
MPS3C, MPZ, MRE1 1A, MROS, MRP1, MRP2, MRP3, MRSD,
MRX14, MRX2, MRX20, MRX3, MRX40, MRXA, MRX1, MS,
MS4A2, MSD, MSH2, MSH3, MSH6, MSS, MSSE, MSX2, MSX1,
MTATP6, MTC03, MTCO1, MTCYB, MTHFR, MTM1, MTMR2,
MTND2, MTND4, MTND5, MTND6, MTND1, MTP, MTR, MTRNR2,
MTRNRI, MTRR,MTTE, MTTG, MTTI, MTTK, MTTL2, MTTLI,
MTTN, MTTP, MTTSI, MUC1 ,MUC2, MUC4, MUC5AC, MUM-I,
MUM-1/m, MUM-2, MUM-2/m, MUM-3, MUM-3/m, MUT, mutant
p21 ras, MUTYH, MVK, MX2, MXH, MY05A, MYB, MYBPC3,
MYC, MYCL2, MYH6, MYH7, MYL2, MYL3, MYMY, MYO1 5A,
MYO1 G, MYO5A, MYO7A, MYOC, Myosin/m, MYP2, MYP1,
NA88-A, Nacetylglucosaminyltransferase- V, NAGA,
NAGLU, NAMSD, NAPB, NAT2, NAT, NBIA1 , NBS1, NCAM,
NCF2, NCF1, NDN , NDP, NDUFS4, NDUFS7, NDUFS8, NDUFVI
, NDUFV2, NEB, NEFH, NEM1 , Neo-PAP, neo-PAP/m, NEU1,
NEUROD1 , NF2, NF1, NFYQm, NGEP, NHS, NKS1 , NKX2E,
NM, NME1, NMP22, NMTC, NODAL, NOG, NOS3, NOTCH3,
NOTCH1 , NP, NPC2, NPC1, NPHL2, NPHP1, NPHS2, NPHS1,
NPM/ALK, NPPA, NQO1, NR2E3, NR3C1 , NR3C2, NRAS,
NRAS/m, NRL, NROB1, NRTN, NSE, NSX, NTRK1 , NUMA1,
NXF2, NY-CO1 , NY-ESO1, NY-ESO-B, NY-LU-12, ALDOA,
NYS2, NYS4, NY-SAR-35, NYS1, NYX, OA3, OA1, OAP, OASD,
OAT, OCA1, OCA2, OCD1, OCRL, OCRL1 , OCT, ODDD, ODTI,
OFC1, OFD1, OGDH, OGT, OGT/m, OPA2, OPA1 , OPD1, OPEM,
OPG, OPN, OPN1 LW, OPN1 MW, OPN1 SW, OPPG, OPTB1, TTD,
ORM1, ORP1, OS-9, OS-9/m, OSM LIF, OTC, OTOF, OTSC1,
OXCT1, OYTES1, PI 5, PI 90 MINOR BCR-ABL, P2RY1 2, P3,
P 1 6, P40, P4HB, P-501, P53, P53/m, P97, PABPN1,
PAFAH1 B1, PAFAH1 P1, PAGE-4, PAGE-5, PAH, PAI-I, PAI-
2, PAK3, PAP, PAPPA, PARK2, PART-1, PATE, PAX2, PAX3,
PAX6, PAX7, PAX8, PAX9, PBCA, PBCRA1 , PBT, PBX1 ,
PBXP1, PC, PCBD, PCCA, PCCB, PCK2, PCK1, PCLD, PCOS1,
PCSK1, PDB1, PDCN, PDE6A, PDE6B, PDEF, PDGFB, PDGFR,
PDGFRL, PDHAI, PDR, PDX1, PECAM1, PEE1, PEO1, PEPD,
PEX1 0, PEXI 2, PEX1 3, PEX3, PEX5, PEX6, PEX7, PEX1 ,
PF4, PFBI, PFC, PFKFBI, PFKM, PGAM2, PGD, PGK1, PGK1
P1, PGL2, PGR, PGS, PHA2A, PHB, PHEX, PHGDH, PHKA2,
PHKA1, PHKB, PHKG2, PHP,PHYH, Pl, PI3, PIGA, PIM1
-KINASE, PIN1, PIP5K1 B, PITX2, PITX3, PKD2, PKD3,
PKD1 , PKDTS, PKHD1, PKLR, PKP1, PKU1, PLA2G2A,
PLA2G7, PLAT, PLEC1, PLG, PLI, PLOD, PLP1, PMEL1 7,
PML, PML/RAR a, PMM2, PMP22, PMS2, PMS1, PNKD, PNLIP,
POFI, POLA, POLH, POMC, PON2, PON1, PORC, POTE, POU1
F1, POU3F4, POU4F3, POU1 F1, PPAC, PPARG, PPCD, PPGB,
PPH1, PPKB, PPMX, PPOX, PPP1 R3A, PPP2R2B, PPTl,
PRAME, PRB, PRB3, PRCA1, PRCC, PRD, PRDX5/m, PRF1,
PRG4, PRKAR1A, PRKCA, PRKDC, PRKWNK4, PRNP, PROC,
PRODH, PROM1, PROP1, PROSI, PRST, PRP8, PRPF31, PRPF8,
PRPH2, PRPS2, PRPS1, PRS, PRSS7, PRSSl, PRTN3, PRX,
PSA, PSAP, PSCA, PSEN2, PSEN1, PSG1, PSGR, PSM, PSMA,
PSORS1, PTC, PTCH, PTCH1, PTCH2, PTEN, PTGS1, PTH,
PTHR1, PTLAH, PTOS1, PTPNl 2, PTPNI I, PTPRK, PTPRK/m,
PTS, PUJO, PVR, PVRLI , PWCR, PXE, PXMP3, PXR1, PYGL,
PYGM, QDPR, RAB27A, RAD54B, RAD54L, RAG2, RAGE,
RAGE-1, RAG1, RAP1, RARA, RASA1 , RBAF600/m, RB1,
RBP4, RBP4, RBS, RCA1, RCAS1, RCCP2, RCD1, RCV1, RDH5,
RDPA, RDS, RECQL2, RECQL3, RECQL4, REG1A, REHOBE, REN,
RENBP, RENSl, RET, RFX5, RFXANK, RFXAP, RGR, RHAG,
RHAMM/CD1 68, RHD, RHO, Rip-1, RLBP1, RLN2, RLN1, RLS,
RMDI, RMRP, ROM1, ROR2, RP, RP1 , RP14, RP1 7, RP2,
RP6, RP9, RPD1, RPE65, RPGR, RPGRIP1, RP1, RP1 0, RPS1
9, RPS2, RPS4X, RPS4Y, RPS6KA3, RRAS2, RS1, RSN, RSS,
RU1, RU2, RUNX2,RUNXI, RWS, RYR1, S-1 00, SAA1 , SACS,
SAG, SAGE, SALL1, SARDH, SART1, SART2 , SART3, SAS,
SAX1, SCA2, SCA4, SCA5, SCA7, SCA8, SCA1, SCC, SCCD,
SCF, SCLC1, SCN1A, SCN1 B, SCN4A, SCN5A, SCNN1A, SCNN1
B, SCNN1 G, SCO2, SCP1, SCZD2, SCZD3, SCZD4, SCZD6,
SCZD1 , SDF-1 a/ b, SDHA, SDHD, SDYS, SEDL, SERPENA7,
SERPINA3, SERPINA6, SERPINA1, SERPINC1 , SERPIND1,
SERPINE1 , SERPINF2, SERPING1 , SERPINM, SFTPA1,
SFTPB, SFTPC, SFTPD, SGCA, SGCB, SGCD, SGCE, SGM1,
SGSH, SGY-1, SH2D1A, SHBG, SHFM2, SHFM3, SHFM1, SHH,
SHOX, Sl, SIAL, SIALYL LEWISX , SIASD, Sl I , SIM1,
SIRT2/m, SIX3, SJS1, SKP2, SLC1 0A2, SLC12A1, SLC12A3,
SLC1 7A5, SLCl 9A2, SLC22A1 L, SLC22A5, SLC25A1 3,
SLC25A1 5, SLC25A20, SLC25A4, SLC25A5, SLC25A6,
SLC26A2, SLC26A3, SLC26A4, SLC2A1, SLC2A2, SLC2A4,
SLC3A1, SLC4A1, SLC4A4, SLC5A1, SLC5A5, SLC6A2,
SLC6A3, SLC6A4, SLC7A7, SLC7A9, SLCl 1A1 , SLOS, SMA,
SMAD1, SMAL, SMARCB1, SMAX2, SMCR, SMCY, SM1, SMN2,
SMN1, SMPD1, SNCA, SNRPN, SOD2, SOD3, SOD1, SOS1,
SOST, SOX9, SOX10, Sp1 7, SPANXC, SPG23, SPG3A, SPG4,
SPG5A, SPG5B, SPG6, SPG7, SPINK1, SPINK5, SPPK, SPPM,
SPSMA, SPTA1, SPTB, SPTLCl, SRC, SRD5A2, SRPX, SRS,
SRY, bhCG, SSTR2, SSX1, SSX2 (HOMMEL-40/SSX2), SSX4,
ST8, STAMP-1, STAR, STARPI, STATH, STEAP, STK2, STKl I
, STn/ KLH, STO, STOM, STS, SUOX, SURF1, SURVIVIN-2B,
SYCP1 , SYM1, SYN1, SYNS1, SYP, SYT/SSX, SYT-SSX-1,
SYT-SSX-2, TA-90, TAAL6, TACSTD1, TACSTD2, TAG72,
TAF7L, TAFI, TAGE, TAG-72, TALI, TAM, TAP2, TAP1,
TAPVR1 , TARC, TARP, TAT, TAZ, TBP, TBX22, TBX3, TBX5,
TBXA2R, TBXAS1, TCAP, TCF2, TCFI , TCIRGl, TCL2, TCL4,
TCLlA, TCN2, TCOF1, TCR, TCRA, TDD, TDFA, TDRD1, TECK,
TECTA, TEK, TEL/AML1, TELAB1, TEX1 5, TF, TFAP2B,
TFE3, TFR2, TG, TGFA, TGF- b, TGFBI, TGFB1, TGFBR2,
TGFBRE, TGFb, TGFbRII, TGIF, TGM-4, TGM1, TH, THAS,
THBD, THC, THC2, THM, THPO, THRA, THRB, TIMM8A, TIMP2,
TIMP3, TIMP1, TITFI, TKCR, TKT, TLP, TLR1 , TLR1 0,
TLR2, TLR3, TLR4, TLR4, TLR5, TLR6, TLR7, TLR8, TLR9,
TLX1 , TM4SF1, TM4SF2, TMC1, TMD, TMIP, TNDM, TNF,
TNFRSF1 1A, TNFRSF1A, TNFRSF6, TNFSF5, TNFSF6, TNFa,
TNF b, TNNI3, TNNT2, TOC, TOP2A, TOP1, TP53, TP63,
TPA, TPBG, TPI, TPI/m, TPII , TPM3, TPM1 , TPMT, TPO,
TPS, TPTA, TRA, TRAG3, TRAPPC2, TRC8, TREH, TRG, TRH,
TRIM32, TRIM37, TRP1, TRP2, TRP-2/6b, TRP-2/INT2,
Trp-p8, TRPS1, TS, TSC2, TSC3, TSCl, TSG1 0 1, TSHB,
TSHR, TSP-1 80, TST, TTGA2B, TTN, TTPA, TTR, TU M2-PK,
TULP1, TWIST, TYH, TYR, TYROBP, TYROBP, TYRP1, TYS,
UBE2A, UBE3A, UBE1, UCHL1, UFS, UGT1A, ULR, UMPK,
UMPS, UOX, UPA, UQCRC1, URO5, UROD, UPK1 B, UROS,
USH2A, USH3A, USH1A, USH1 C, USP9Y, UV24, VBCH, VCF,
VDI, VDR, VEGF, VEGFR-2, VEGFR-1, VEGFR-2/FLK-1, VHL,
VIM, VMD2, VMD1, VMGLOM, VNEZ, VNF, VP, VRNI, VWF,
VWS, WAS, WBS2, WFS2, WFS1 , WHCR, WHN, WISP3, WMS,
WRN, WS2A, WS2B, WSN, WSS, WT2, WT3, WT1, WTS, WWS,
XAGE, XDH, XIC, XIST, XK, XM, XPA, XPC, XRCC9, XS,
ZAP70, ZFHX1 B, ZFX, ZFY, ZIC2, ZIC3, ZNFl 45, ZNF261
, ZNF35, ZNF41, ZNF6, ZNF1 98, ZWS1 . Therapeutically
active proteins may further be selected from apoptotic
factors o r apoptosis related proteins including AIF,
Apaf e.g. Apaf-1 , Apaf-2, Apaf-3, oder APO-2 (L),
APO-3 (L), Apopain, Bad, Bak, Bax, Bcl-2, Bcl-x L,
Bcl-x s, bik, CAD, Calpain, Caspase e.g. Caspase-1 ,
Caspase-2, Caspase-3, Caspase-4, Caspase-5, Caspase-6,
Caspase-7, Caspase-8, Caspase-9, Caspase-1 0,
Caspase-1 1, ced-3, ced-9, c-Jun, c-Myc, crm A,
cytochrom C, CdR1, DcR1, DD, DED, DISC, DNA-PKc , DR3,
DR4, DR5, FADD/MORT- 1, FAK, Fas (Fas-ligand CD95/fas
(receptor)), FLICE/MACH, FLIP, fodrin, fos, G-Actin,
Gas-2, gelsolin, granzyme A/B, ICAD, ICE, JNK, lamin
A/B, MAP, MCL-1, Mdm-2, MEKK- 1, MORT-1, NEDD, NF-^B,
NuMa, p53, PAK-2, PARP, perforin, PITSLRE,
PKCdelta,pRb, presenilin, prICE, RAIDD, Ras, RIP,
sphingomyelinase, thymidinkinase from herpes 



simplex, TRADD, TRAF2, TRAIL-R1, TRAIL-R2, TRAIL-R3,
transglutaminase, etc. A therapeutically active
protein, which may be encoded by the at least one
(m)RNA of the adjuvant component of the inventive
immunostimulatory composition, can also be an adjuvant
protein. In this context, an adjuvant protein is
preferably to be understood as any protein, which is
capable to elicit an innate immune response as defined
herein. Preferably, such an innate immune response
comprises activation of a pattern recognition
receptor, such as e.g. a receptor selected from the
Toll-like receptor (TLR) familiy, including e.g. a
Toll like receptor selected from human TLRl to TLR10
or from murine Toll like receptors TLR1 to TLR1 3.
Preferably, an innate immune response is elicited in a
mammal as defined above. More preferably, the adjuvant
protein is selected from human adjuvant proteins or
from pathogenic adjuvant proteins, in particular from
bacterial adjuvant proteins. In addition, mRNA
encoding human proteins involved in adjuvant effects
may be used as well. Human adjuvant proteins, which
may be encoded by the at least one (m)RNA of the
adjuvant component of the inventive immunostimulatory
composition, typically comprise any human protein,
which is capable of eliciting an innate immune
response (in a mammal), e.g. as a reaction of the
binding of an exogenous TLR ligand to a TLR. More
preferably, human adjuvant proteins encoded by the at
least one modified (m)RNA of the inventive
immunostimulatory composition are selected from the
group consisting of, without being limited thereto,
cytokines which induce or enhance an innate immune
response, including IL-2, IL-1 2, IL-1 5, IL-1 8,
IL-21CCL21 , GM-CSF and TNF-alpha; cytokines which are
released from macrophages, including IL-I IL-6, IL-8,
IL-12 and TNF-alpha; from components of the complement
system including C 1q, MBL, C 1r, C1s, C2b, Bb, D,
MASP-I, MASP-2, C4b, C3b, C5a, C3a, C4a, C5b, C6, QJ,
C8, C9, CR1, CR2, CR3, CR4, C 1qR, C 1 INH, C4bp, MCP,
DAF, H, I, P and CD59; from proteins which are
components of the signalling networks of the pattern
recognition receptors including TLR and IL-I R1,
whereas the components are ligands of the pattern
recognition receptors including IL-I alpha, IL-I beta,
Beta-defensin, heat shock proteins, such as HSP10,
HSP60, HSP65, HSP70, HSP75 and HSP90, gp96,
Fibrinogen, Typlll repeat extra domain A of
fibronectin; the receptors, including IL-I Rl, TLR1,
TLR2, TLR3, TLR4, TLR5, TLR6,TLR7, TLR8, TLR9, TLR10,
TLR1 1; the signal transducers including components of
the Small-GTPases signalling (RhoA, Ras, Rac1, Cdc42
etc.), components of the PIP signalling (PI3K,
Src-Kinases, etc.), components of the MyD88-dependent
signalling (MyD88, IRAKI, IRAK2, etc.), components of
the MyD88-independent signalling (TICAM1, TICAM2
etc.); activated transcription factors including e.g.
NF-kB, c-Fos, c-Jun, c-Myc; and induced target genes
including e.g. IL-I alpha, IL-I beta, Beta-Defensin,
IL-6, IFN gamma, IFN alpha and IFN beta; from
costimulatory molecules, including CD28 or CD40-ligand
or PD1; protein domains, including LAMP; cell surface
proteins; or human adjuvant proteins including CD80,
CD81, CD86, trif, flt-3 ligand, thymopentin, Gp96 or
fibronectin, etc., or any species homolog of any of
the above human adjuvant proteins. Pathogenic adjuvant
proteins, which may be encoded by the at least one
(m)RNA of the adjuvant component of the inventive
immunostimulatory composition, typically comprise any
pathogenic (adjuvant) protein, which is capable of
eliciting an innate immune response (in a mammal),
more preferably selected from pathogenic (adjuvant)
proteins derived from bacteria, protozoa, viruses, or
fungi, animals, etc., and even more preferably from
pathogenic adjuvant proteins selected from the group
consisting of, without being limited thereto,
bacterial proteins, protozoan proteins (e.g. profilin
- like protein of Toxoplasma gondii), viral proteins,
or fungal proteins, animal proteins, etc. In this
context, bacterial (adjuvant) proteins, which may be
encoded by the at least one (m)RNA of the adjuvant
component of the inventive immunostimulatory
composition, may comprise any bacterial protein, which
is capable of eliciting an innate immune response
(preferably in a mammal) or shows an adjuvant
character. More preferably, such bacterial (adjuvant)
proteins are selected from the group consisting of
bacterial heat shock proteins or chaperons, including
Hsp60, Hsp70, Hsp90, Hsp100; OmpA (Outer membrane
protein) from gram-negative bacteria; bacterial
porins, including OmpF; bacterial toxins, including
pertussis toxin (PT) from Bordetella pertussis,
pertussis adenylate cyclase toxin CyaA and CyaC from
Bordetella pertussis, PT-9K/129G mutant from pertussis
toxin, pertussis adenylate cyclase toxin CyaA and CyaC
from Bordetella pertussis, tetanus toxin, cholera
toxin (CT), cholera toxin B-subunit, CTK63 mutant from
cholera toxin, CTE1 12K mutant from CT, Escherichia
coli heat-labile enterotoxin (LT), B subunit from
heat-labile enterotoxin (LTB) Escherichia coli
heat-labile enterotoxinmutants with reduced toxicity,
including LTK63, LTR72; phenol-soluble modulin;
neutrophil-activating protein (HP-NAP) from
Helicobacter pylori, Surfactant protein D; Outer
surface protein A lipoprotein from Borrelia
burgdorferi, Ag38 (38 kDa antigen) from Mycobacterium
tuberculosis; proteins from bacterial fimbriae;
Enterotoxin CT of Vibrio cholerae, Pilin from pili
from gram negative bacteria, and Surfactant protein A;
etc., or any species homolog of any of the above
bacterial (adjuvant) proteins. Bacterial (adjuvant)
proteins, which may be encoded by the at least one
(m)RNA of the adjuvant component of the inventive
immunostimulatory composition, may also be selected
from bacterial adjuvant proteins, even more preferably
selected from the group consisting of, without being
limited thereto, bacterial flagellins, including
flagellins from organisms including Agrobacterium,
Aquifex, Azospirillum, Bacillus, Bartonella,
Bordetella, Borrelia, Burkholderia, Campylobacter,
Caulobacte, Clostridium, Escherichia, Helicobacter,
Lachnospiraceae, Legionella, Listeria, Proteus,
Pseudomonas, Rhizobium, Rhodobacter, Roseburia,
Salmonella, Serpulina, Serratia, Shigella, Treponema,
Vibrio, Wolinella, Yersinia, more preferably
flagellins from the species, without being limited
thereto, Agrobacterium tumefaciens, Aquifex
pyrophilus, Azospirillum brasilense, Bacillus
subtilis, Bacillus thuringiensis, Bartonella
bacilliformis, Bordetella bronchiseptica, Borrelia
burgdorferi, Burkholderia cepacia, Campylobacter
jejuni, Caulobacter crescentus, Clostridium botulinum
strain Bennett clone 1, Escherichia coli, Helicobacter
pylori, Lachnospiraceae bacterium, Legionella
pneumophila, Listeria monocytogenes, Proteus
mirabilis, Pseudomonas aeroguinosa, Pseudomonas
syringae, Rhizobium meliloti, Rhodobacter sphaeroides,
Roseburia cecicola, Roseburis hominis, Salmonella
typhimurium, Salmonella bongori, Salmonella typhi,
Salmonella enteritidis, Serpulina hyodysenteriae,
Serratia marcescens, Shigella boydii, Treponema
phagedenis, Vibrio alginolyticus, Vibrio cholerae,
Vibrio parahaemolyticus, Wolinella succinogenes and
Yersinia enterocolitica. Bacterial flagellins, which
may be encoded by the at least one (m)RNA of the
adjuvant component of the inventive immunostimulatory
composition, even more preferably comprise a sequence
selected from the group comprising any of the
following sequences as referred to their accession
numbers:Extruder and Process for Extruding a Polymer
The present invention relates to an extruder for a
polymer, and a process for extruding a polymer using
said extruder. The extrusion of polymer is a common
processing step in polymer production. In genera],
polymer powder may be metered at a desired rate in to
a feed hopper, then passed by gravity from said feed
hopper through what is known as a feed port and into
an extruder barrel in which there are rotating screws.
The screws rotate to move the polymer away from the
feed port along the barrel. Thermal and mechanical
energy (from the screw) are provided to the polymer
powder in the barrel causing it to melt. Once melted
the polymer is passed into a suitable die and extruded
to form polymer in the desired extruded form, such as
pellets or film. In industrial scale extrusion
processes typical extruders are made up of barrel
sections having a "standard" barrel length. Typically
the overall length of a standard barrel section is 2
to 3 times the diameter of the screw or rotor.
Conventionally, at industrial scale polymer is fed
into the first barrel section in a sequence, with at
least a second barrel section being provided
"downstream". At least a third barrel section is also
common to ensure polymer is completely melted prior to
extrusion. There are a number of parameters which are
important in the extrusion process, including, for
example, barrel dimensions, screw speed, screw pitch
and torque. The general direction in the art has been
to increase extrusion throughput, which has involved
increasing all linear dimensions of the barrel, the
screw speed and the torque as much as possible since
these have, to date, been the limiting factors. The
principal requirement of the feeding of the polymer
has been to sufficiently fill the barrel as the
polymer is moved along it. The polymer is fed to the
first barrel section, usually from a hopper, through
an area known as the feed port. It is typical that the
feed port width is maximised based on the barrel
section width i.e. up to the extremity of the screws,
for example up to 2 times the diameter of the screws
or rotors in the case of twin screw or twin rotor
extruders. Typically, the feed port also has an axial
length of up to 2 times the diameter of the screw or
rotor in this section of the extruder, giving a feed
port area with length and width both up to 2 times the
screw diameter.The feed rate of the polymer powder for
twin-screw extruders is generally controlled by the
rate at which the powder is metered into the hopper.
The hopper is generally considered to run "empty" by
which is meant without significant volume of powder
therein and without "hold-up" of the powder at the
base of the hopper. To date the feed port area has not
generally been limiting on the process, and therefore
has not caused a great deal of concern. However, it
has now been found that as capacity increases, and
even though the feed port area is generally increased
(by proportional increases in its width and length) as
the screw and barrel sizes are increased, the feed
port area increases only in a squared mathematical
relationship whereas the throughput increases in a
cubic relationship, and there becomes an issue that
the polymer does not feed into the barrel through the
feed port at a rate fast enough to fill the barrel
sufficiently. This issue is especially significant for
feedstocks with poor flowability. Thus, in order to
meet the continued requirements for higher capacity it
is necessary to design an extruder which has an
increased polymer feed capability compared to prior
art extruders. TIius, in a first aspect the present
invention provides an extruder comprising: (!) two or
more barrel sections arranged sequentially from: (a)
an upstream feed barrel section to which polymer
feedstock to be extruded is fed, the upstream feed
barrel section containing two or more screws each
having a diameter of X; to (b) a downstream barrel
section from which melted polymer is passed to a die
and extruded; and (ii) one or more feed ports for
feeding polymer feedstock to be extruded into the
extruder at its upstream end, characterised in that
the total area of the one or more feed ports through
which polymer feedstock is introduced is greater than
4*X2 The present invention relates to extruders having
multiple (two or more) screws. The screws are provided
in parallel (or close thereto) and may rotate in the
same or opposite directions in use (known respectively
as co-rotating or counter-rotating). The screws may be
non-intermeshi pg, partially intermeshing, or fully
intermeshing.The most common type of extruders having
multiple screws, and the preferred extruders of the
present invention, are those having two screws.
Examples of such extruders are twin-screw extruders
and twin rotor mixer extruders. It is noted that the
terms "screw" and "rotor" are widely used in the
extruder industry, often apparently interchangeably.
As used herein, the term "screw" is meant to include
both such screws and rotors, and where reference to a
"twin-screw extruder" is made, and unless otherwise
defined, it should also be read as also referring to
twin rotor extruders. Preferably, the extruder
comprises three of more barrel sections. For avoidance
of doubt, although it is the diameter of the two or
more screws in the upstream feed barrel section that
is important in the process of the present invention,
each barrel section will contain a corresponding two
or more screw sections in communication with the two
or more screws in the upstream feed barrel section.
The present invention is characterised in that the
total area of the one or more feed ports through which
polymer feedstock is introduced is greater than 4*X2,
where X is the diameter of the screws in the upstream
feed barrel section. In one embodiment, the object of
the present invention may be achieved by adding a
second feed port downstream of the first feed port, or
even multiple feed ports downstream of the first feed
port, such that the combined area of the ports is
greater than 4*X2. However, it is generally preferred
that a single feed port is used which has an area
ofgreater than 4*X2. Preferably, the total area of the
one or more feed ports through which polymer is
introduced is greater than 5*X2, and most preferably
greater than 6*X2. Although other shapes may in theory
be used, for maximum area per unit length and for
simplicity of design and manufacture, the feed port
area will generally be a rectangular shape with width
limited by the width of the upstream feed barrel
section i.e. 2*X. The rectangular shape is preferably
a rectangle with rounded corners, since angled corners
are more prone to powder sticking therein. It will be
apparent that, to obtain the above areas for the feed
port, the length of the feed port may be greater than
the length of a so-called "standard" barrel. Thus, the
feed port length will be greater than 2*X, preferably
greater than 2.5 X and more preferably greater than 3
X.It is possible to use an extended or "non-standard"
barrel having an increased length for the upstream
feed barrel section. Alternatively, the length/area of
the feed port may extend the feed port onto a second
downstream barrel section such that at least part of
it feeds polymer directly into the second barrel
section. For example, the extruder may comprise three
of more barrel sections each having a length, L, and
the feed port has a length of greater than L. Another
important parameter in the process of the present
invention is the screw pitch. The screw pitch is the
distance between the adjacent points at which the
screw helix returns to the same radial position on the
screw. For avoidance of doubt, where the screw
comprises more than one helix, the screw pitch as used
herein is the distance where an individual screw helix
returns to the same radial position, which will be
greater than the distance between adjacent helixes.
The pitch is also shown schematically in Figure 2. The
ratio of screw pitch to screw diameter within the
upstream feed barrel section is suitably at least 1
and no greater than 2.5. The use of a longer screw
pitch can increase the extruder throughput. However,
without the use of an enlarged feed port according to
the process of the present invention it has been found
that as scale increases this results in the channels
in the screw being only partially filled, so that any
further increase in pitch, or an increase in speed,
will not give an increase in throughput. In addition
in the case of long pitch screws the forward conveying
efficiency of the polymer feedstock will decrease. In
a second aspect, the present invention provides a
process for extrusion of polymer comprising feeding a
polymer feedstock to the feed port of an extruder as
described herein. The polymer feedstock is typically
provided in the form of powder or pellets. The polymer
feedstock of the present invention is preferably a
polymer of ethylene or propylene, either homopolymers
thereof or copolymers thereof with another comonomer.
The present invention applies particularly to
relatively high capacity extrusion processes and
relatively large extruder dimensions. Typically the
present invention applies to extruders with each screw
having a screw diameter of 200 mm or greater in the
upstream feed barrel section. Whilst the extruder and
process of the present invention may be used with any
polymer powder, even those that are generally
considered as "free-flowing" or "easyflowing", the
present invention applies particularly to polymer
powders with relatively poor flow properties. Powder
flow properties are typically characterised by testing
in a shear cell. An example of such a test is
described in ASTM D 6773-02 "Standard Shear Test
Method for Bulk Solids Using the Schulze Ring Shear
Tester". As described in ASTM D 6773-02, the flow
function of a polymer powder is a plot of the unconf
ned yield strength of the powder versus major
consolidation stress. In general, polymers are rated
in their flowability in terms of the flowability
ratio, ffc, which is defined as the ratio of the
consolidation stress to the unconf ned yield strength,
as follows: ffc < l non-flowing 1 < ffc < 2 very
cohesive (to non-flowing) 2 < ffc < 4 cohesive 4 < ffc
< 10 easy-flowing 10 < ffc free-flowing. The present
invention is particularly applicable to polymer
powders with a value of ffc less than 4, although it
may also be useful even for polymer powders with
values above 4 . Preferably, therefore, the polymer
powder to be extruded in the process of the present
invention has a flowability ratio of less than 6. More
preferably, the polymer powder to be extruded in the
process of the present invention has a flowability
ratio of less than 4, and most preferably has a
flowability ratio of less than 2. Preferably, the
polymer powder to be extruded in the process of the
present invention has a flowability ratio of at least
1. It should be noted that the flowability ratio of a
polymer powder may change as a function of the
consolidation pressure and also of temperature. As
used herein, the flowability ratio of the polymer
powder is the value measured using the instantaneous
shear test described in ASTM D 6773-02 at a
consolidation pressure of 2000 Pa and at a temperature
that is equal to the temperature of the polymer powder
at the feed port during the extrusion process to which
it is to be fed. For example, for a polyethylene
powder that is to be extruded and wherein the
temperature of the polyethylene powder at the feed
port of the extruder is 650C, the flowability ratio of
the polyethylene powder should be measured at a
temperature of 650C.An extruder according to the
present invention is shown schematically in Figure 1.
In particular, Figure 1 shows an extruder having three
barrel sections, denoted Ia (upstream feed barrel
section), Ib (second barrel section) and Ic
(downstream barrel section), each having a length, L.
The barrels contain two non-intermeshing screws of
diameter X (not shown in Figure 1, but shown in Figure
T). (The internal height of each barrel is a fraction
greater than X necessary to contain the screws and
allow the rotation of the screw during operation. For
the same reason, the internal width of each barrel is
a fraction greater than 2*X.) In the Figure the length
L is approximately 2.5 *X. To feed polymer into the
extruder there is provided a hopper, 2, with a feed
port the area of which is at least 4*X2. (As shown the
feed port has an axial length, Z, which is
approximately 3*X, corresponding to an area of
approximately *X2). Also shown schematically in Figure
1 are a screw motor, 3, extruder gear box, 4, a
transition piece, 5, and a die, 6. Figure 2 shows in
schematic form a top view of a section of twin-screws
of a nonintermeshing twin screw extruder. In this case
the width is 2*X. (Intermeshing or partially
intermeshing would have a lower width related to the
extent of intermeshing.)Claims: 1. An extruder
comprising: (i) two or more barrel sections arranged
sequentially from: (a) an upstream feed barrel section
to which polymer feedstock to be extruded is fed, the
upstream feed barrel section containing two or more
screws each having a diameter of X; to (b) a
downstream barrel section from which melted polymer is
passed to a die and extruded; and (ii) one or more
feed ports for feeding polymer feedstock to be
extruded into the extruder at its upstream end,
characterised in that the total area of the one or
more feed ports through which polymer feedstock is
introduced is greater than 4*X2. 2 . An extruder
according to claim 1 having two screws. 3 . An
extruder according to claim 1 or claim 2 which
comprises three of more barrel sections. 4 An extruder
according to any one of the preceding claims which has
a single feed port which has an area greater than 4
X2. 5. An extruder according to any one of the
preceding claims in which the total area of the one or
more feed ports through which polymer is introduced is
greater than 5*X2. 6. An extruder according to any one
of the preceding claims in which the diameter of the
screws in the feed port barrel section is 200 mm or
greater. 7. A process for extrusion of polymer
comprising feeding a polymer feedstock to the feed
port of an extruder as described in any one of claims
1 to 6. 8. A process according to claim 7 wherein the
polymer feedstock is in the form of a powder having a
flowability ratio of less than 6. 


