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RNA for treatment or prophylaxis of a liver disease

Introduction

The present invention relates to an RNA suitable for treatment or prophylaxis of liver diseases. In particular, the
present invention provides an RNA encoding at least one peptide or protein selected from the group consisting
of an extracellular matrix protease, CCAAT/enhancer-binding protein alpha (CEBPA), TNF-related apoptosis-
inducing ligand (TRAIL), hepatocyte nuclear factor 4 alpha (HNF4A), fibroblast growth factor 21 (FGF21), opioid
growth factor receptor-like 1 (OGFRL1), Hepatocyte Growth Factor (HGF), Relaxin 1 (RLN1), Relaxin 2 (RLN2)
and Relaxin 3 (RLN3), or a fragment or a variant of any of these peptides or proteins. The present invention
concerns said RNA as well as compositions and kits comprising the RNA. Furthermore, the present invention
relates to the RNA, compositions or kits as disclosed herein for use as a medicament, in particular for treatment
or prophylaxis of a liver disease. The present invention also provides the use of the RNA, compositions or kits
as disclosed herein for increasing the expression of said encoded protein, in particular in gene therapy.

Liver diseases represent a major health concern worldwide. The major causes of liver injury range from viral
diseases and autoimmune diseases over metabolic disorders to malnutrition and alcoho! drug abuse and vary
greatly in different populations. Irrespective of its cause, however, sustained liver injury leads to a characteristic
wound healing response, in which the extracellular matrix (ECM) is remodelled by activation and proliferation of
mesenchymal cell populations within the fiver. Chronic damage of liver tissue causes a progressive accumulation
of deposited extracellular matrix proteins, which encircle the damaged tissue, resulting in severe structural and
functional alterations. That process, which is also referred to as fibrosis, can ultimately lead to or contribute to

liver cirrhosis, liver failure and liver cancer.

Several therapeutic approaches were designed to stop or reduce the fibrotic response (for review, see Wallace
K. et al.: Liver fibrosis. Biochem. J. (2008), 411:1-18). However, at present there is no therapeutic agent
indicated and licensed for the primary treatment of liver fibrosis and still, no targeted anti-fibrotic therapy exists
at this time. Also for other liver diseases, such as liver cirrhosis, an effective cure is urgently needed.

From the prior art, it is known that systemic administration of e.g. TRAIL or collagenase can lead to adverse
effects, e.g. systemic toxicity. Recombinant TRAIL suffers from a short half-life and low potency, the very short
half-life of TRAIL requiring large and frequent dosing (see Forero-Torres et al.: Phase I Trial of Weekly
Tigatuzumab, an Agonistic Humanized Monoclonal Antibody Targeting Death Receptor 5 (DR5). Cancer
Biotherapy & Radiopharmaceuticals 25.1 (2010): 13-19. PMC). Thus it failed to show efficacy in cancer clinical

trials.

Likewise, W02014158795A1 deals with the diagnosis and treatment of fibrosis using using chemically modified
vascular endothelial growth factor (VEGF) mRNA for treating fibrosis.
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It is thus an object of the present invention to provide a system suitable for use in treatment or prophylaxis of
liver diseaes, such as liver fibrosis, liver cirrhosis or liver cancer. In particular, it is an object to provide a system
for expressing a peptide or protein capable of reducing, ameliorating or curing liver diseases as described herein.
It is a further object of the invention to provide such a system, which allows treatment and/or prophylaxis of
liver diseases, particulary as defined herein, in a safe and effective manner.

The object underlying the present invention is solved by the claimed subject matter.

The present application is filed together with a sequence listing in electronic format. The information contained
in the electronic format of the sequence listing filed together with this application is part of the description of
the present application and is incorporated herein by reference in its entirety. Where reference is made herein
to a "SEQ ID NO: ”, the corresponding nucleic acid sequence or amino acid sequence in the sequence listing
having the respective identifier is referred to, unless specified otherwise.

Definitions

For the sake of clarity and readability the following definitions are provided. Any technical feature mentioned for
these definitions may be read on each and every embodiment of the invention. Additional definitions and
explanations may be specifically provided in the context of these embodiments.

Artificial nucleic acid molecule: An artificial nucleic acid molecule may typically be understood to be a nucleic

acid molecule, e.g. a DNA or an RNA that does not occur naturally. In other words, an artificial nucleic acid
molecule may be understood as a non-natural nucleic acid molecule. Such nucleic acid molecule may be non-
natural due to its individual sequence (which does not occur naturally) and/or due to other modifications, e.g.
structural modifications of nucleotides, which do not occur naturally. An artificial nucleic acid molecule may be
a DNA molecule, an RNA molecule or a hybrid-molecule comprising DNA and RNA portions. Typically, artificial
nucleic acid molecules may be designed and/or generated by genetic engineering methods to correspond to a
desired artificial sequence of nucleotides (heterologous sequence). In this context, an artificial sequence is
usually a sequence that may not occur naturally, i.e. it differs from the wild type sequence by at least one
nucleotide. The term “wild type” may be understood as a sequence occurring in nature. Further, the term
“artificial nucleic acid molecule” is not restricted to mean “one single molecule” but is, typically, understood to
comprise an ensemble of identical molecules. Accordingly, it may relate to a plurality of identical molecules
contained in an aliquot.

Bicistronic RNA, multicistronic RNA: A bicistronic or multicistronic RNA is typically an RNA, preferably an mRNA,

that typically may have two (bicistronic) or more (multicistronic) open reading frames (ORF). An open reading
frame in this context is a sequence of codons that is translatable into a peptide or protein.

Carrier / polymeric carrier: A carrier in the context of the invention may typically be a compound that facilitates

transport and/or complexation of another compound (cargo). A polymeric carrier is typically a carrier that is
formed of a polymer. A carrier may be associated with its cargo by covalent or non-covalent interaction. A carrier
may transport nucleic acids, e.g. RNA or DNA, to the target cells. The carrier may - for some embodiments - be
a cationic component.
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Cationic component: The term “cationic component” typically refers to a charged molecule, which is positively

charged (cation) at a pH value typically from 1 to 9, preferably at a pH value of or below 9 (e.g. from 5 to0 9),
of or below 8 (e.g. from 5 to 8), of or below 7 (e.g. from 5 to 7), most preferably at a physiological pH, e.g.
from 7.3 to 7.4. Accordingly, a cationic component may be any positively charged compound or polymer,
preferably a cationic peptide or protein, which is positively charged under physiological conditions, particularly
under physiological conditions in vivo. A “cationic peptide or protein” may contain at least one positively charged
amino acid, or more than one positively charged amino acid, e.g. selected from Arg, His, Lys or Orn. Accordingly,
“polycationic” components are also within the scope exhibiting more than one positive charge under the
conditions given.

5 -cap: A 5'-cap is an entity, typically a modified nucleotide entity, which generally “caps” the 5"-end of a
mature mRNA. A 5"-cap may typically be formed by a modified nucleotide, particularly by a derivative of a
guanine nucleotide. Preferably, the 5”-cap is linked to the 5 -terminus via a 5°-5 "-triphosphate linkage. A 5°-
cap may be methylated, e.g. m7GpppN, wherein N is the terminal 5 nuclectide of the nucleic acid carrying the
5"-cap, typically the 5"-end of an RNA. Further examples of 5’ -cap structures include glyceryl, inverted deoxy
abasic residue (moiety), 4°,5" methylene nucleotide, 1-(beta-D-erythrofuranosyl) nucleotide, 4 "-thio nucleotide,
carbocyclic nucleotide, 1,5-anhydrohexitol nucleotide, L-nucleotides, alpha-nucleotide, modified base nucleotide,
threo-pentofuranosyl nuclectide, acyclic 3”,4 “-seco nucleotide, acyclic 3,4-dihydroxybuty! nucleotide, acyclic 3,5
dihydroxypentyl nucleotide, 3"-3"-inverted nuclectide moiety, 3°-3 -inverted abasic moiety, 3’-2"-inverted
nucleotide moiety, 3°-2'-inverted abasic moiety, 1,4-butanediol phosphate, 3’-phosphoramidate,
hexylphosphate, aminohexyl phosphate, 3" -phosphate, 3 “phosphorothioate, phosphorodithioate, or bridging or
non-bridging methylphosphonate moiety.

DNA: DNA is the usual abbreviation for deoxyribonucleic acid. It is a nucleic acid molecule, i.e. a polymer
consisting of nucleotides. These nucleotides are usually deoxy-adenosine-monophosphate, deoxy-thymidine-
monophosphate, deoxy-guanosine-monophosphate and deoxy-cytidine-monophosphate monomers which are -
by themselves - composed of a sugar moiety (deoxyribose), a base moiety and a phosphate moiety, and
polymerise by a characteristic backbone structure. The backbone structure is, typically, formed by
phosphodiester bonds between the sugar moiety of the nucleotide, i.e. deoxyribose, of a first and a phosphate
moiety of a second, adjacent monomer. The specific order of the monomers, i.e. the order of the bases linked
to the sugar/phosphate-backbone, is called the DNA sequence. DNA may be single stranded or double stranded.
In the double stranded form, the nucleotides of the first strand typically hybridize with the nucleotides of the
second strand, e.g. by A/T-base-pairing and G/C-base-pairing.

Fragment of a sequence: A fragment of a sequence may typically be a shorter portion of a full-length sequence
of e.g. a nucleic acid molecule or an amino acid sequence. Accordingly, a fragment, typically, consists of a
sequence that is identical to the corresponding stretch within the full-length sequence. A preferred fragment of
a sequence in the context of the present invention, consists of a continuous stretch of entities, such as
nucleotides or amino acids corresponding to a continuous stretch of entities in the molecule the fragment is
derived from, which represents at least 20%, preferably at least 30%, more preferably at least 40%, more
preferably at least 50%, even more preferably at least 60%, even more preferably at least 70%, and most
preferably at least 80% of the total (i.e. full-length) molecule, from which the fragment is derived.
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G/C modified: A G/C-modified nucleic acid may typically be a nucleic acid, preferably an artificial nucleic acid
molecule as defined herein, based on a modified wild type sequence comprising a preferably increased number
of guanosine and/or cytosine nucleotides as compared to the wild type sequence. Such an increased number
may be generated by substitution of codons containing adenosine or thymidine nucleotides by codons containing
guanosine or cytosine nuclectides. If the enriched G/C content occurs in a coding region of DNA or RNA, it makes
use of the degeneracy of the genetic code. Accordingly, the codon substitutions preferably do not alter the
encoded amino acid residues, but exclusively increase the G/C content of the nucleic acid molecule. As used
herein, the term “G/C modification” comprises, in particular, the modifications of the number of guanosine and/or
cytosine nucleotides in the RNA according to the invention, such as GC optimization of sequences, adaptation of
sequences to human codon usage, codon optimization, or C-optimization of sequences.

Gene therapy: Gene therapy may typically be understood to mean a treatment of a patient”s body or isolated
elements of a patient”s body, for example isolated tissues/cells, by nucleic acids encoding a peptide or protein.
It typically may comprise at least one of the steps of a) administration of a nucleic acid, preferably an RNA as
defined herein, directly to the patient - by whatever administration route - or in vitro to isolated cells/tissues of
the patient, which results in transfection of the patient s cells either in vivo/ex vivo or in vitro; b) transcription
and/or translation of the introduced nucleic acid molecule; and optionally c) re-administration of isolated,
transfected cells to the patient, if the nucleic acid has not been administered directly to the patient. The term

“gene therapy” as used herein typically comprises treatment as well as prevention or prophylaxis of a disease.

Heterologous sequence: Two sequences are typically understood to be “heterclogous” if they are not derivable
from the same gene. Le., although heterologous sequences may be derivable from the same organism, they
naturally (in nature) do not occur in the same nucleic acid molecule, such as in the same mRNA.

Cloning site: A cloning site is typically understood to be a segment of a nucleic acid molecule, which is suitable
for insertion of a nucleic acid sequence, e.g., a nucleic acid sequence comprising an open reading frame.
Insertion may be performed by any molecular biological method known to the one skilled in the art, e.g. by
restriction and ligation. A cloning site typically comprises one or more restriction enzyme recognition sites
(restriction sites). These one or more restrictions sites may be recognized by restriction enzymes which cleave
the DNA at these sites. A cloning site which comprises more than one restriction site may also be termed a
multiple cloning site (MCS) or a polylinker.

Nucleic acid molecule: A nucleic acid molecule is @ molecule comprising, preferably consisting of nucleic acid

components. The term “nucleic acid molecule” preferably refers to DNA or RNA molecules. It is preferably used
synonymous with the term “polynucleotide”. Preferably, a nucleic acid molecule is a polymer comprising or
consisting of nucleotide monomers, which are covalently linked to each other by phosphodiester-bonds of a
sugar/phosphate-backbone. The term “nucleic acid molecule” also encompasses modified nucleic acid molecules,
such as base-modified, sugar-modified or backbone-modified etc. DNA or RNA molecules.

Open reading frame: An open reading frame (ORF) in the context of the invention may typically be a sequence

of several nucleotide triplets, which may be translated into a peptide or protein. An open reading frame preferably
contains a start codon, i.e. a combination of three subsequent nucleotides coding usually for the amino acid
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methionine (ATG), at its 5”-end and a subsequent region, which usually exhibits a length which is a multiple of
3 nucleotides. An ORF is preferably terminated by a stop-codon (e.g., TAA, TAG, TGA). Typically, this is the only
stop-codon of the open reading frame. Thus, an open reading frame in the context of the present invention is
preferably a nucleotide sequence, consisting of a number of nucleotides that may be divided by three, which
starts with a start codon (e.g. ATG) and which preferably terminates with a stop codon (e.g., TAA, TGA, or TAG).
The open reading frame may be isolated or it may be incorporated in a longer nucleic acid sequence, for example
in a vector or an mRNA. An open reading frame may also be termed “(protein) coding region” or, preferably,

“coding sequence”.

Peptide: A peptide or polypeptide is typically a polymer of amino acid monomers, linked by peptide bonds. It
typically contains less than 50 monomer units. Nevertheless, the term “peptide” is not a disclaimer for molecules
having more than 50 monomer units. Long peptides are also called polypeptides, typically having between 50
and 600 monomeric units.

Pharmaceutically _effective amount: A pharmaceutically effective amount in the context of the invention is

typically understood to be an amount that is sufficient to induce a pharmaceutical effect, such as an immune
response, altering a pathological level of an expressed peptide or protein, or substituting a lacking gene product,
e.g., in case of a pathological situation.

Protein: A protein typically comprises one or more peptides or polypeptides. A protein is typically folded into 3-

dimensional form, which may be required for the protein to exert its biological function.

Poly(A) sequence: A poly(A) sequence, also called poly(A)tail or 3”-poly(A)tail, is typically understood to be a
sequence of adenosine nucleotides, e.g., of up to about 400 adenosine nuclectides, e.g. from about 20 to about
400, preferably from about 50 to about 400, more preferably from about 50 to about 300, even more preferably
from about 50 to about 250, most preferably from about 60 to about 250 adenosine nucleotides. As used herein,
a poly(A) sequence may also comprise about 10 to 200 adenosine nucleotides, preferably about 10 to 100
adenosine nucleotides, more preferably about 40 to 80 adenosine nucleotides or even more preferably about 50
to 70 adenosine nucleotides. A poly(A) sequence is typically located at the 3 "-end of an mRNA. In the context
of the present invention, a poly(A) sequence may be located within an mRNA or any other nucleic acid molecule,
such as, e.g., in a vector, for example, in a vector serving as template for the generation of an RNA, preferably
an mRNA, e.g., by transcription of the vector.

Polyadenylation: Polyadenylation is typically understood to be the addition of a poly(A) sequence to a nucleic
acid molecule, such as an RNA molecule, e.g. to a premature mRNA. Polyadenylation may be induced by a so-
called polyadenylation signal. This signal is preferably located within a stretch of nucleotides at the 3“-end of a
nucleic acid molecule, such as an RNA molecule, to be polyadenylated. A polyadenylation signal typically
comprises & hexamer consisting of adenine and uracil/thymine nucleotides, preferably the hexamer sequence
AAUAAA. Other sequences, preferably hexamer sequences, are also conceivable. Polyadenylation typically occurs
during processing of a pre-mRNA (also called premature-mRNA). Typically, RNA maturation (from pre-mRNA to
mature mRNA) comprises the step of polyadenylation.
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Restriction site: A restriction site, also termed restriction enzyme recognition site, is a nucleotide sequence
recognized by a restriction enzyme. A restriction site is typically a short, preferably palindromic nucleotide
sequence, e.g. a sequence comprising 4 to 8 nucleotides. A restriction site is preferably specifically recognized
by a restriction enzyme. The restriction enzyme typically cleaves a nuclectide sequence comprising a restriction
site at this site. In a double-stranded nucleotide sequence, such as a double-stranded DNA sequence, the
restriction enzyme typically cuts both strands of the nucleotide sequence.

RNA, mRNA: RNA is the usual abbreviation for ribonucleic-acid. It is a nucleic acid molecule, i.e. a polymer

consisting of nucleotides. These nucleotides are usually adenosine-monophosphate, uridine-monophosphate,
guanosine-monophosphate and cytidine-monophosphate monomers which are connected to each other along a
so-called backbone. The backbone is formed by phosphodiester bonds between the sugar, i.e. ribose, of a first
and a phosphate moiety of a second, adjacent monomer. The specific succession of the monomers is called the
RNA-sequence. Usually RNA may be obtainable by transcription of a DNA-sequence, e.g., inside a cell. In
eukaryotic cells, transcription is typically performed inside the nucleus or the mitochondria. In vivo, transcription
of DNA usually results in the so-called premature RNA which has to be processed into so-called messenger-RNA,
usually abbreviated as mRNA. Processing of the premature RNA, e.g. in eukaryotic organisms, comprises a
variety of different posttranscriptional-modifications such as splicing, 5’ -capping, polyadenylation, export from
the nucleus or the mitochondria and the like. The sum of these processes is also called maturation of RNA. The
mature messenger RNA usually provides the nucleotide sequence that may be translated into an amino-acid
sequence of a particular peptide or protein. Typically, a mature mRNA comprises a 5 -cap, a 5 -UTR, an open
reading frame, a 3"-UTR and a poly(A) sequence. Aside from messenger RNA, several non-coding types of RNA
exist which may be involved in regulation of transcription and/or translation.

Sequence of a nucleic acid molecule: The sequence of a nucleic acid molecule is typically understood to be the

particular and individual order, i.e. the succession of its nuclectides. The sequence of a protein or peptide is
typically understood to be the order, i.e. the succession of its amino acids.

Seguence identity: Two or more sequences are identical if they exhibit the same length and order of nucleotides
or amino acids. The percentage of identity typically describes the extent to which two sequences are identical,
i.e. it typically describes the percentage of nucleotides that correspond in their sequence position with identical
nucleotides of a reference-sequence. For determination of the degree of identity, the sequences to be compared
are considered to exhibit the same length, i.e. the length of the longest sequence of the sequences to be
compared. This means that a first sequence consisting of 8 nucleotides is 80% identical to a second sequence
consisting of 10 nucleotides comprising the first sequence. In other words, in the context of the present
invention, identity of sequences preferably relates to the percentage of nucleotides of a sequence which have
the same position in two or more sequences having the same length. Gaps are usually regarded as non-identical
positions, irrespective of their actual position in an alignment.

Stabilized nucleic acid molecule; A stabilized nucleic acid molecule is a nucleic acid molecule, preferably a DNA

or RNA molecule that is modified such, that it is more stable to disintegration or degradation, e.g., by
environmental factors or enzymatic digest, such as by an exo- or endonuclease degradation, than the nucleic
acid molecule without the modification. Preferably, a stabilized nucleic acid molecule in the context of the present

invention is stabilized in a cell, such as a prokaryotic or eukaryotic cell, preferably in a mammalian cell, such as
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a human cell. The stabilization effect may also be exerted outside of cells, e.g. in a buffer solution etc., for
example, in a manufacturing process for a pharmaceutical composition comprising the stabilized nucleic acid

molecule.

Transfection: The term “transfection” refers to the introduction of nucleic acid molecules, such as DNA or RNA
(e.g. mRNA) molecules, into cells, preferably into eukaryotic cells. In the context of the present invention, the
term “transfection” encompasses any method known to the skilled person for introducing nucleic acid molecules
into cells, preferably into eukaryotic cells, such as into mammalian cells. Such methods encompass, for example,
electroporation, lipofection, e.g. based on cationic lipids and/or liposomes, calcium phosphate precipitation,
nanoparticle based transfection, virus based transfection, or transfection based on cationic polymers, such as
DEAE-dextran or polyethylenimine etc. Preferably, the introduction is non-viral.

Vector: The term “vector” refers to a nucleic acid molecule, preferably to an artificial nucleic acid molecule. A
vector in the context of the present invention is suitable for incorporating or harboring a desired nucleic acid
sequence, such as a nucleic acid sequence comprising an open reading frame. Such vectors may be storage
vectors, expression vectors, cloning vectors, transfer vectors etc. A storage vector is a vector, which allows the
convenient storage of a nucleic acid molecule, for example, of an mRNA molecule. Thus, the vector may comprise
a sequence corresponding, e.g., to a desired mRNA sequence or a part thereof, such as a sequence
corresponding to the coding sequence and the 3-UTR of an mRNA. An expression vector may be used for
production of expression products such as RNA, e.g. mRNA, or peptides, polypeptides or proteins. For example,
an expression vector may comprise sequences needed for transcription of a sequence stretch of the vector, such
as a promoter sequence, e.d. an RNA polymerase promoter sequence. A cloning vector is typically a vector that
contains a cloning site, which may be used to incorporate nucleic acid sequences into the vector. A cloning vector
may be, e.g., a plasmid vector or a bacteriophage vector. A transfer vector may be a vector, which is suitable
for transferring nucleic acid molecules into cells or organisms, for example, viral vectors. A vector in the context
of the present invention may be, e.g., an RNA vector or a DNA vector. Preferably, a vector is a DNA molecule.
Preferably, a vector in the sense of the present application comprises a cloning site, a selection marker, such as
an antibiotic resistance factor, and a sequence suitable for multiplication of the vector, such as an origin of
replication. Preferably, a vector in the context of the present application is a plasmid vector.

Vehicle: A vehicle is typically understood to be a material that is suitable for storing, transporting, and/or

administering a compound, such as a pharmaceutically active compound. For example, it may be a physiologically
acceptable liquid, which is suitable for storing, transporting, and/or administering a pharmaceutically active

compound.

3 -untranslated region (3 -UTR): Generally, the term “3°-UTR” refers to a part of the artificial nucleic acid

molecule, which is located 3" (i.e. “downstream”) of an open reading frame and which is not transiated into
protein. Typically, a 3"-UTR is the part of an mRNA which is located between the protein coding region (open
reading frame (ORF) or coding sequence (CDS)) and the poly(A) sequence of the mRNA. In the context of the
invention, the term "3 -UTR” may also comprise elements, which are not encoded in the template, from which
an RNA is transcribed, but which are added after transcription during maturation, e.g. a poly(A) sequence. A 3"~
UTR of the mRNA is not translated into an amino acid sequence. The 3"-UTR sequence is generally encoded by

the gene, which is transcribed into the respective mRNA during the gene expression process. The genomic
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sequence is first transcribed into pre-mature mRNA, which comprises optional introns. The pre-mature mRNA is
then further processed into mature mRNA in a maturation process. This maturation process comprises the steps
of 5 -capping, splicing the pre-mature mRNA to excise optional introns and modifications of the 3’-end, such
as polyadenylation of the 3"-end of the pre-mature mRNA and optional endo-/ or exonuclease cleavages etc. In
the context of the present invention, a 3"-UTR corresponds to the sequence of a mature mRNA, which is located
between the stop codon of the protein coding region, preferably immediately 3 to the stop codon of the protein
coding region, and the poly(A) sequence of the mRNA. The term “corresponds to” means that the 3 -UTR
sequence may be an RNA sequence, such as in the mRNA sequence used for defining the 3”-UTR sequence, or
a DNA sequence, which corresponds to such RNA sequence. In the context of the present invention, the term
“a 3"-UTR of a gene”, such as “a 3"-UTR of a ribosomal protein gene”, is the sequence, which corresponds to
the 3”-UTR of the mature mRNA derived from this gene, i.e. the mRNA obtained by transcription of the gene
and maturation of the pre-mature mRNA. The term “3°-UTR of a gene” encompasses the DNA sequence and
the RNA sequence (both sense and antisense strand and both mature and immature) of the 3 -UTR.

5 -untranslated region (5°-UTR): A 5°-UTR is typically understood to be a particular section of messenger RNA
(mRNA). It is located 5° of the open reading frame of the mRNA. Typically, the 5°-UTR starts with the
transcriptional start site and ends one nucleotide before the start codon of the open reading frame, The 5'-UTR

may comprise elements for controlling gene expression, also called regulatory elements. Such regulatory
elements may be, for example, ribosomal binding sites. The 5°-UTR may be post-transcriptionally modified, for
example by addition of a 5"-cap. In the context of the present invention, a 5 -UTR corresponds to the sequence
of a mature mRNA, which is located between the 5" -cap and the start codon. Preferably, the 5" -UTR corresponds
to the sequence, which extends from a nucleotide located 3" to the 5 -cap, preferably from the nucleotide
located immediately 3" to the 5"-cap, to a nucleotide located 5 to the start codon of the protein coding region,
preferably to the nucleotide located immediately 5° to the start codon of the protein coding region. The
nucleotide located immediately 3 to the 5 -cap of a mature mRNA typically corresponds to the transcriptional
start site. The term “corresponds to” means that the 5'-UTR sequence may be an RNA sequence, such as in the
mMRNA sequence used for defining the 5"-UTR sequence, or a DNA sequence, which corresponds to such RNA
sequence. In the context of the present invention, the term “a 5'-UTR of a gene” is the sequence, which
corresponds to the 5°-UTR of the mature mRNA derived from this gene, i.e. the mRNA obtained by transcription
of the gene and maturation of the pre-mature mRNA. The term “5'-UTR of a gene” encompasses the DNA
sequence and the RNA sequence of the 5 -UTR. By the inventive embodiments such a 5'-UTR may be provided
5"-terminal to the coding sequence. Its length is typically less than 500, 400, 300, 250 or less than 200
nucleotides. In other embodiments its length may be in the range of at least 10, 20, 30 or 40, preferably up to
100 or 150, nucleotides.

5 -Terminal Oligopyrimidine Tract (TOP): The 5 -terminal oligopyrimidine tract (TOP) is typically a stretch of

pyrimidine nucleotides located in the 5’-terminal region of a nucleic acid molecule, such as the 5'-terminal
region of certain mRNA molecules or the 5 -terminal region of a functional entity, e.g. the transcribed region,
of certain genes. The sequence starts with a cytidine, which usually corresponds to the transcriptional start site,
and is followed by a stretch of usually about 3 to 30 pyrimidine nucleotides. For example, the TOP may comprise
3,4,56,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or even more
nucleotides. The pyrimidine stretch and thus the 5 TOP ends one nuclectide 5° to the first purine nucleotide

located downstream of the TOP. Messenger RNA that contains a 5 -terminal oligopyrimidine tract is often
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referred to as TOP mRNA. Accordingly, genes that provide such messenger RNAs are referred to as TOP genes.
TOP sequences have, for example, been found in genes and mRNAs encoding peptide elongation factors and
ribosomal proteins.

TOP motif: In the context of the present invention, a TOP motif is a nucleic acid sequence which corresponds to
a 5'TOP as defined above. Thus, a TOP motif in the context of the present invention is preferably a stretch of
pyrimidine nucleotides having a length of 3-30 nucleotides. Preferably, the TOP-motif consists of at least 3
pyrimidine nucleotides, preferably at least 4 pyrimidine nucleotides, preferably at least 5 pyrimidine nucleotides,
more preferably at least 6 nucleotides, more preferably at least 7 nucleotides, most preferably at least 8
pyrimidine nucleotides, wherein the stretch of pyrimidine nucleotides preferably starts at its 5"-end with a
cytosine nucleotide. In TOP genes and TOP mRNAs, the TOP-motif preferably starts at its 5 -end with the
transcriptional start site and ends one nucleotide 5° to the first purin residue in said gene or mRNA. A TOP motif
in the sense of the present invention is preferably located at the 5 -end of a sequence, which represents a 5"~
UTR, or at the 5'-end of a sequence, which codes for a 5'-UTR. Thus, preferably, a stretch of 3 or more
pyrimidine nucleotides is called “TOP motif” in the sense of the present invention if this stretch is located at the
5"-end of a respective sequence, such as the artificial nucleic acid molecule, the 5 -UTR element of the artificial
nucleic acid molecule, or the nucleic acid sequence which is derived from the 5 "-UTR of a TOP gene as described
herein. In other words, a stretch of 3 or more pyrimidine nucleotides, which is not located at the 5 -end of a
57-UTR or a 5"-UTR element but anywhere within a 5°-UTR or a 5"-UTR element, is preferably not referred to
as “TOP motif”.

TOP gene: TOP genes are typically characterised by the presence of a 5’-terminal oligopyrimidine tract.
Furthermore, most TOP genes are characterized by a growth-associated translational reguiation. However, also
TOP genes with a tissue specific translational regulation are known. As defined above, the 5°-UTR of a TOP
gene corresponds to the sequence of a 5"-UTR of a mature mRNA derived from a TOP gene, which preferably
extends from the nucleotide located 3 to the 5 -cap to the nuclectide located 5° to the start codon. A 5'-UTR
of a TOP gene typically does not comprise any start codons, preferably no upstream AUGs (UAUGS) or upstream
open reading frames (UORFs). Therein, upstream AUGs and upstream open reading frames are typically
understood to be AUGs and open reading frames that occur 5° of the start codon (AUG) of the open reading
frame that should be translated. The 5'-UTRs of TOP genes are generally rather short. The lengths of 5 -UTRs
of TOP genes may vary between 20 nucleotides up to 500 nucleotides, and are typically less than about 200
nucleotides, preferably less than about 150 nucleotides, more preferably less than about 100 nucleotides.
Exemplary 5°-UTRs of TOP genes in the sense of the present invention are the nucleic acid sequences extending
from the nucleotide at position 5 to the nucleotide located immediately 5 to the start codon (e.g. the ATG) in
the sequences according to SEQ ID NOs: 1-1363 of the patent application W02013/143700, whose disclosure is
incorporated herewith by reference. In this context, a particularly preferred fragment of a 5°-UTR of a TOP gene
is a 5'-UTR of a TOP gene lacking the 5 TOP motif. The terms “5'-UTR of a TOP gene” or 5 TOP-UTR”
preferably refer to the 5 -UTR of a naturally occurring TOP gene.



10

15

20

25

30

35

40

WO 2018/104538 PCT/EP2017/082103

10

Detailed Description of the Invention

The present invention relates to a novel RNA and to compositions and kits comprising the RNA. Furthermore,
several uses, in particular medical uses, of the RNA according to the invention and of the compositions and kits
are provided.

In a first aspect, the present invention relates to an RNA comprising at least one coding sequence encoding at
least one peptide or protein comprising or consisting of a peptide or protein selected from the group consisting
of an extracellular matrix protease or human collagenase MMP1, Hepatocyte Growth Factor (HGF),
CCAAT/enhancer-binding protein alpha (CEBPA), TNF-related apoptosis-inducing ligand (TRAIL), hepatocyte
nuclear factor 4 alpha (HNF4A), fibroblast growth factor 21 (FGF21), opioid growth factor receptor-like 1
(OGFRL1), clostridial type II collagenase, Relaxin 1 (RLN1), Relaxin 2 (RLN2) and Relaxin 3 (RLN3), or a fragment
or a variant of any of these peptides or proteins.

The RNA according to the invention is preferably suitable for use in the treatment or prophylaxis of a liver disease
or a liver disorder as described herein, preferably selected from liver fibrosis and liver cirrhosis. More preferably,
the RNA according to the present invention is preferably suitable for use in safe and effective treatment or
prophylaxis of a liver disease as described herein in mammals, preferably in human.

Accordingly, in a second aspect, the present invention the present invention provides the RNA as described
herein for use in the treatment or prophylaxis of a liver disease. Moreover, the RNA as described herein is
preferably provided for gene therapy.

In the following, the RNA according to the invention is described. The disclosure concerning the inventinve RNA
as such also applies to the RNA for (medical) use as described herein as well as to the RNA in the context of the
(pharmaceutical) composition or the RNA in the context of the kit (of parts) comprising the RNA according to
the invention. In particular, when referring to an “"RNA according to the invention”, the present disclosure also
relates to an "RNA for use according to the invention” and vice versa.

The inventors surprisingly found that the RNA according to the invention is capable of providing sufficient
expression of the peptide or protein encoded in the at least one coding region, e.g. upon administration of the
RNA to a mammalian subject, in particular in liver tissue. Expression levels of the peptide or protein can
surprisingly be obtained by using the RNA of the invention which are increased in comparison with the expression
levels obtained by using a reference construct known in the art encoding the respective peptide or protein.
Advantageously, the peptide or protein encoded by the RNA can thus exert its effects, which are preferably
exploited in treatment or prophylaxis of a liver disesase, in particular in the liver of a mammalian subject,
preferably without or with acceptable side-effects. In preferred embodiments, the expression level of the
encoded peptide or protein is sufficiently high in liver in order to exert its effect in liver and lower in other organs,
in order to reduce side-effects.

In the context of the present invention, the at least one coding sequence of the RNA according to the invention
preferably comprises a nucleic acid sequence encoding a peptide or protein comprising or consisting of a peptide

or protein as defined herein. In some embodiments, a peptide or protein substantially comprises the entire amino
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acid sequence of the reference peptide or protein, such as the naturally occuring peptide or protein (e.g. matrix
metalloproteinase-1 or TNF-related apoptosis-inducing ligand (TRAIL)). The term “full-length peptide or protein”
as used herein may refer to naturally occuring peptides or proteins, such as a peptide or protein comprising or
consisting of an amino acid sequence selected from any one of the amino acid sequences defined by database
accession number NP_003801.1, P50591, NP_036656.1, P05554, NP_031704.2, P53566, NP_004355.2, P49715,
NP_000448.3, P41235, NP_061986.1, QINSA1, NP_078852.3, Q5TC84, NP_008842.1, P04808, NP_604390.1,
P04090, NP_543140.1, Q8WXF3, NP_002412.1, P03956, BAA77453.1, BAA34542.1 and BAA34542.1, or by SEQ
ID NO: 4, 8, 10, 12, 14 to 19, 20, 22, 25 and 26. In addition, the term may also refer to a peptide or protein
comprising or consisting of an amino acid sequence selected from the group consisting of SEQ ID NO: 5to 7, 9,
11, 13, 21, 23, 24, 27 and 28. Furthermore, the term may also refer to an amino acid sequence encoded by any
one of the nucleic acid segences defined by the database accession numbers NM_003810.3, CCDS3219.1,
ENSG00000121858, NM_012524.3, NM_007678.3, CCDS21145.1, NM_004364.4, CCDS54243, M37197,
ENSG00000245848, NM_000457.4, CCDS13330.1, X76930, ENSG00000101076, NM_019113.3, CCDS12734.1,
ABO021975, ENSG0O0000105550, NM_024576.4, CCDS34482.1, ENSG00000119900, NM_006911.3, CCDS6462.,
ENSG00000107018, NM_134441.2, CCDS6460.1, ENSG00000107014, NM_080864.3, NM_001311197,
CCDS12302.1, AF447451, ENSGO0000171136, NM_002421.3, CCDS8322.1, X54925, ENSG00000196611,
D87215.1, AB014075.1 and AB014075.

According to a preferred embodiment, the at least one coding sequence of the RNA according to the invention
encodes a peptide or protein comprising or consisting of an amino acid sequence selected from any one of the
amino acid sequences defined by database accession numbers NP_003801.1, P50591, NP_036656.1, P05554,
NP_031704.2, P53566, NP_004355.2, P49715, NP_000448.3, P41235, NP_061986.1, QINSA1, NP_078852.3,
Q5TC84, NP_008842.1, P04808, NP_604390.1, P04090, NP_543140.1, Q8WXF3, NP_002412.1, P03956,
BAA77453.1, BAA34542.1 and BAA34542.1, or a fragment or variant of any one of these amino acid sequences.
More preferably, the encoded peptide or protein comprises or consists of an amino acid sequence encoded by
any one of the nucleic acid segences defined by the database accession numbers NM_003810.3, CCDS$3219.1,
ENSG00000121858, NM_012524.3, NM_007678.3, CCDS21145.1, NM_004364.4, CCDS54243, M37197,
ENSG00000245848, NM_000457.4, CCDS13330.1, X76930, ENSG00000101076, NM_019113.3, CCDS12734.1,
AB021975, ENSG00000105550, NM_024576.4, CCDS34482.1, ENSG00000119900, NM_006911.3, CCDS6462.,
ENSG00000107018, NM_134441.2, CCDS6460.1, ENSGO0000107014, NM_080864.3, NM_001311197,
CCDS12302.1, AF447451, ENSG00000171136, NM_002421.3, CCDS8322.1, X54925, ENSG00000196611,
D87215.1, AB014075.1 and AB014075, or a fragment or a variant of any one of these nucleic acid sequences.
Even more preferably, the encoded peptide or protein comprises or consists of an amino acid sequence selected
from the group consisting of SEQ ID NO: 4 to SEQ ID NO: 28, or a fragment or variant of any one of these
amino acid sequences.

Alternatively, the at least one coding sequence of the RNA according to the invention may also comprise a nucleic
acid sequence encoding a peptide or protein comprising or consisting of a fragment of a peptide or protein or a
fragment of a variant of a peptide or protein as defined herein.

In the context of the present invention, a “fragment” of a peptide or protein or of a variant thereof may comprise
a sequence of a peptide or protein or of a variant thereof as defined above, which is, with regard to its amino

acid sequence (or its encoded nucleic acid sequence), N-terminally, C-terminally and/or intrasequentially
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truncated compared to the reference amino acid sequence, such as the amino acid sequence of the naturally
occuring protein or a variant thereof (or its encoded nucleic acid sequence). Such truncation may occur either
on the amino acid level or on the nucleic acid level, respectively. A sequence identity with respect to such a
fragment as defined herein therefore preferably refers to the entire peptide or protein or a variant thereof as
defined herein or to the entire (coding) nucleic acid sequence of such a peptide or protein or of a variant thereof.

According to some embodiments of the invention, the RNA comprises at least one coding sequence encoding a
peptide or protein comprising or consisting of a variant of a peptide or protein as defined herein, or a fragment
of a variant of a peptide or protein.

In certain embodiments of the present invention, a “variant” of a peptide or protein or a fragment thereof as
defined herein may be encoded by the RNA comprising at least one coding sequence as defined herein, wherein
the amino acid sequence encoded by the at least one coding sequence differs in at least one amino acid residue
from the reference amino acid sequence, such as a naturally occuring amine acid sequence. In this context, the
“change” in at least one amino acid residue may consist, for example, in a mutation of an amino acid residue to
another amino acid, a deletion or an insertion. More preferably, the term “variant” as used in the context of the
amino acid sequence encoded by the at least one coding sequence of the RNA according to the invention
comprises any homolog, isoform or transcript variant of a peptide or protein or a fragment thereof as defined
herein, wherein the homolog, isoform or transcript variant is preferably characterized by a degree of identity or
homology, respectively, as defined herein.

In the context of the present invention, a “fragment” or a “variant” of a protein or peptide may have at least
50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%,
68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% amino acid identity over
a stretch of at least 10, at least 20, at least 30, at least 50, at least 75 or at least 100 amino acids of such protein
or peptide. More preferably, a “fragment” or a “variant” of a protein or peptide as used herein is at least 40%,
preferably at least 50%, more preferably at least 60%, more preferably at least 70%, even more preferably at
least 80%, even more preferably at least 90%, most preferably at least 95% identical to the protein or peptide,
from which the variant is derived.

Preferably, a variant of a peptide or protein or a fragment thereof may be encoded by the RNA comprising at
least one coding sequence as defined herein, wherein at least one amino acid residue of the amino acid sequence
encoded by the at least one coding sequence is substituted. Substitutions, wherein amino acids, which originate
from the same class, are exchanged for one another, are called conservative substitutions. In particular, these
are amino acids having aliphatic side chains, positively or negatively charged side chains, aromatic groups in the
side chains or amino acids, the side chains of which can form hydrogen bridges, e.g. side chains which have a
hydroxyl function. By conservative constitution, e.g. an amino acid having a polar side chain may be replaced
by another amino acid having a corresponding polar side chain, or, for example, an amino acid characterized by
a hydrophobic side chain may be substituted by another amino acid having a corresponding hydrophobic side
chain (e.g. serine (threonine) by threonine (serine) or leucine (isoleucine) by isoleucine (leucine)). In a preferred
embodiment, a variant of a peptide or protein or a fragment thereof may be encoded by the RNA according to

the invention, wherein at least one amino acid residue of the amino acid sequence encoded by the at least one
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coding sequence comprises at least one conservative substitution compared to a reference sequence, such as
the respective naturally occuring sequence. These amino acid sequences as well as their encoding nucleic acid
sequences in particular are comprised by the term “variant” as defined herein.

Insertions, deletions and/or non-conservative substitutions are also possible, in particular, at those sequence
positions, which preferably do not cause a substantial modification of the three-dimensional structure.
Modifications to a three-dimensional structure by insertion(s) or deletion(s) can easily be determined e.g. using
CD spectra (circular dichroism spectra) (Urry, 1985, Absorption, Circular Dichroism and ORD of Polypeptides, in:
Modern Physical Methods in Biochemistry, Neuberger et al. (ed.), Elsevier, Amsterdam).

In order to determine the percentage, to which two sequences (nucleic acid sequences, e.g. RNA or mRNA
sequences as defined herein, or amino acid sequences, preferably the amino acid sequence encoded by the RNA
according to the invention) are identical, the sequences can be aligned in order to be subsequently compared to
one another. For this purpose, €.g. gaps can be inserted into the sequence of the first sequence and the
component at the corresponding position of the second sequence can be compared. If a position in the first
sequence is occupied by the same component as is the case at a corresponding position in the second sequence,
the two sequences are identical at this position. The percentage, to which two sequences are identical, is a
function of the number of identical positions divided by the total number of positions. The percentage, to which
two sequences are identical, can be determined using a mathematical algorithm. A preferred, but not limiting,
example of a mathematical algorithm, which can be used is the algorithm of Karlin et al. (1993), PNAS USA,
90:5873-5877 or Altschul et al. (1997), Nucleic Acids Res., 25:3389-3402. Such an algorithm is integrated, for
example, in the BLAST program. Sequences, which are identical to the sequences of the present invention to a
certain extent, can be identified by this program.

In the context of the present invention, a fragment of a peptide or protein or a variant thereof encoded by the
at least one coding sequence of the RNA according to the invention may typically comprise an amino acid
sequence having a sequence identity of at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, preferably of at least 70%,
more preferably of at least 80%, even more preferably at least 85%, even more preferably of at least 90% and
most preferably of at least 95% or even 97%, with a reference amino acid sequence, preferably with the amino
acid sequence of the respective naturally occuring full-length peptide or protein or a variant thereof.

More preferably, a fragment of a peptide or protein or a variant thereof encoded by the at least one coding
sequence of the RNA according to the invention typically comprises or consists of an amino acid sequence having
a sequence identity of at least 80% with any one of the reference amino acid sequences defined by database
accession numbers NP_003801.1, P50591, NP_036656.1, P05554, NP_031704.2, P53566, NP_004355.2,
P49715, NP_000448.3, P41235, NP_061986.1, Q9NSA1, NP_078852.3, Q5TC84, NP_008842.1, P04808,
NP_604390.1, P04090, NP_543140.1, QBWXF3, NP_002412.1, P03956, BAA77453.1, BAA34542.1 and
BAA34542.1, or a fragment or variant of any of these peptides or proteins. Most preferably, the encoded peptide
or protein comprises or consists of an amino acid sequence having a sequence identity of at least 80% with any
one of the reference amino acid sequences selected from the group consisting of SEQ ID NO: 4 to SEQ ID NO:
28, or a fragment or variant of any one of these sequences.
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Preferably, the at least one coding sequence of the RNA, which encodes the at least one peptide or protein as
defined herein, comprises or consists of a nucleic acid sequence selected from the group consisting of SEQ ID
NO: 3210 71, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124,
125, 126, 127, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149,
150, 151, 152, 153, 154, 155, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175,176, 177, 178, 179, 180, 181, 182, 183, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199,
200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224,
225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 243, 244, 245, 246, 247, 248, 249,
250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 271, 272, 273, 274,
275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 299,
300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321,
322, 323, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346,
347, 348, 349, 350, 351, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371,
372, 373, 374, 375, 376, 377, 378, 379, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396,
397, 398, 399, 400, 401, 402, 403, 404, 405, 406 and 407, or a fragment or variant of any one of these nucleic
acid sequences. As used herein, a nucleic acid sequence comprising or consisting of a nucleic acid sequence
selected from the group consisting of SEQ ID NO: 32 to 71, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 159, 160, 161, 162, 163, 164, 165,
166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 187, 188, 189, 190,
191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 215,
216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237,
238, 239, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262,
263, 264, 265, 266, 267, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287,
288, 289, 290, 291, 292, 293, 294, 295, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312,
313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337,
338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 355, 356, 357, 358, 359, 360, 361, 362,
363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 383, 384, 385, 386, 387,
388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406 and 407 may
also be referred to as “full-length nucleic acid (sequence)”.

In certain embodiments, the RNA according to the invention, preferably the at least one coding sequence of the
RNA according to the invention, may comprise or consist of a fragment of a nucleic acid sequence encoding a
peptide or protein or a fragment or variant thereof as defined herein. Preferably, the at least one coding sequence
of the RNA according to the invention comprises or consists of a fragment, preferably as defined herein, of any
one of the nucleic acid sequences according to SEQ ID NO: 32 to 71, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113,
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 131, 132, 133, 134, 135, 136, 137, 138,
139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 159, 160, 161, 162, 163,
164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 187, 188,
189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210,
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211, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235,
236, 237, 238, 239, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260,
261, 262, 263, 264, 265, 266, 267, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285,
286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310,
311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 327, 328, 329, 330, 331, 332, 333, 334, 335,
336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 355, 356, 357, 358, 359, 360,
361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 383, 384, 385,
386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406 and
407, or a variant of any one of these sequences.

In this context, a “fragment of a nucleic acid (sequence)” is preferably a nucleic acid sequence encoding a
fragment of a peptide or protein or of a variant thereof as described herein. More preferably, the expression
“fragment of a nucleic acid sequence” refers to a nucleic acid sequence having a sequence identity of at least
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99%, preferably of at least 70%, more preferably of at least 80%, even more
preferably at least 85%, even more preferably of at least 90% and most preferably of at least 95% or even
97%, with a respective full-length nucleic acid sequence, preferably with a nucleic acid sequence selected from
the group consisting of SEQ ID NO: 32-71, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
119, 120, 121, 122, 123, 124, 125, 126, 127, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143,
144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 187, 188, 189, 190, 191, 192, 193,
194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 215, 216, 217, 218,
219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 243,
244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265,
266, 267, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290,
291, 292, 293, 294, 295, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315,
316, 317, 318, 319, 320, 321, 322, 323, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340,
341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365,
366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 383, 384, 385, 386, 387, 388, 389, 390,
391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406 and 407, or a variant of any of
these nucleic acid sequences.

In another preferred embodiment, the RNA according to the invention, preferably the at least one coding
sequence of the RNA according to the invention, may comprise or consist of a variant of a nucleic acid sequence
as defined herein, preferably of a nucleic acid sequence encoding a peptide or protein or a fragment thereof as
defined herein.

The expression “variant of a nucleic acid sequence” as used herein in the context of a nucleic acid sequence
encoding a peptide or protein as described herein or a fragment thereof, typically refers to a nucleic acid
sequence, which differs by at least one nucleic acid residue from the respective reference nucleic acid sequence,
for example from the respective naturally occuring nucleic acid sequence or from a full-length nucleic acid
sequence as defined herein, or from a fragment thereof. More preferably, the expression “variant of a nucleic
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acid sequence” as used in the context of the present invention refers to a nucleic acid sequence having a
sequence identity of at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, preferably of at least 70%, more preferably of
at least 80%, even more preferably at least 85%, even more preferably of at least 90% and most preferably of
at least 95% or even 97%, with a nucleic acid sequence, from which it is derived.

Preferably, the RNA according to the invention, more preferably the at least one coding sequence of the RNA
according to the invention, encodes a variant of a peptide or protein or a fragment thereof, preferably as defined

herein.

In a preferred embodiment, the RNA according to the invention, more preferably the at least one coding
sequence of the RNA according to the invention, comprises or consists of a variant of a nucleic acid sequence
encoding a peptide or protein or a fragment thereof as defined herein, wherein the variant of the nucleic acid
sequence encodes an amino acid sequence comprising at least one conservative substitution of an amino acid
residue.

In another embodiment, the RNA according to the invention, more preferably the at least one coding sequence
of the RNA according to the invention, comprises or consists of a variant of a nucleic acid sequence encoding a
a peptide or protein or a fragment thereof as defined herein, wherein the nucleic acid sequence of the variant
differs from a reference nucleic acid sequence, preferably from the respective naturally occuring nucleic acid
sequence in at least one nucleic acid residue, more preferably without resulting - due to the degenerated genetic
code - in an alteration of the encoded amino acid sequence, i.e. the amino acid sequence encoded by the variant
or at least part thereof may preferably not differ from the naturally occuring amino acid sequence in one or more
mutation(s) within the above meaning.

Furthermore, a “variant” of a nucleic acid sequence encoding a peptide or protein or a fragment or variant
thereof as defined herein, may also comprise DNA sequences, which correspond to RNA sequences as defined
herein and may also comprise further RNA sequences, which correspond to DNA sequences as defined herein.
Those skilled in the art are familiar with the translation of an RNA sequence into a DNA sequence (or vice versa)
or with the creation of the complementary strand sequence (i.e. by substitution of U residues with T residues
and/or by constructing the complementary strand with respect to a given sequence).

According to a preferred embodiment, the at least one coding sequence of the RNA according to the invention
comprises or consists of a nucleic acid sequence having a sequence identity of at least 5%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99%, preferably of at least 70%, more preferably of at least 80%, even more preferably at least 85%,
even more preferably of at least 90% and most preferably of at least 95% or even 97%, with a reference nucleic
acid sequence, preferably with a nucleic acid sequence encoding a naturally occuring full-length peptide or
protein, or a variant thereof, or with a full-length peptide or protein as defined herein, or a variant thereof.

In a further preferred embodiment, the at least one coding sequence of the RNA according to the invention
comprises or consists of a nucleic acid sequence identical to or having a sequence identity of at least 5%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
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96%, 97%, 98%, or 99%, preferably of at least 70%, more preferably of at least 80%, even more preferably at
least 85%, even more preferably of at least 90% and most preferably of at least 95% or even 97%, with a
nucleic acid sequence selected from the group consisting of SEQ ID NO: 32-71, 75, 76, 77, 78, 79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 131, 132, 133, 134, 135, 136,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 159, 160, 161,
162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183,
187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208,
209, 210, 211, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233,
234, 235, 236, 237, 238, 239, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258,
259, 260, 261, 262, 263, 264, 265, 266, 267, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283,
284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308,
309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 327, 328, 329, 330, 331, 332, 333,
334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 355, 356, 357, 358,
359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 383,
384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405,
406 and 407, or a fragment or variant of any one of these nucleic acid sequences.

According to a further preferred embodiment, the at least one coding sequence of the RNA according to the
invention comprises or consists of a nucleic acid sequence identical to or at least 80% identical to a nucleic acid
sequence selected from the group consisting of SEQ ID NO: 36, 37, 75, 77, 78, 91-95 and 97-99, or a fragment
or variant of any one of these nucleic acid sequences.

In ancther embodiment, the at least one coding sequence of the RNA according to the invention comprises or
consists of a nucleic acid sequence identical to or at least 80% identical to a nucleic acid sequence selected from
the group consisting of SEQ ID NO: 75, 77, 78, 91-95 and 97-99, or a fragment or variant of any one of these
nucleic acid sequences.

According to a preferred embadiment, the present invention provides an RNA comprising at least one coding
sequence, wherein the at least one coding sequence of the RNA encodes at least one peptide or protein
comprising or consisting of an extracellular matrix (ECM) protease, or a fragment or variant thereof. The present
invention further provides an RNA comprising at least one coding sequence, wherein the coding sequence
encodes at least one peptide or protein comprising or consisting of an extracellular matrix (ECM) protease, or a
fragment or variant thereof, for use in the treatment or prophylaxis of a liver disease as described herein, wherein
the liver disease is preferably selected from liver fibrosis and liver cirrhosis.

In the context of the present invention, the term “extracellular matrix protease” refers to an enzyme capable of
catalyzing the degradation of extracellular matrix protein, preferably in liver tissue. As used herein, an
“extracellular matrix protein” is preferably any type of extracellular matrix protein in liver tissue, more preferably
a collagen, even more preferably selected from an interstitial collagen and a basement membrane collagen, most
preferably selected from a type I, type III and type IV collagen. The term “extraceliular matrix protease” as used
herein preferably refers to collagenases, more preferably to bacterial collagenases or mammalian matrix
metalloproteinases (also referred to herein as “mammalian collagenases”) as described herein. Examples of
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bacterial collagenase include clostridial collagenases, more preferably a clostridial type II collagenase, most
preferably a type II collagenase from Clostridium histolyticum (such as ColG or ColH). An exemplary mammalian

matrix metalioproteinase is, for instance, human matrix metalloproteinase-1.

Extracellular matrix proteases, such as bacterial or mammalian collagenases, are typicaily expressed as precursor
protein, which is usually inactive. Said precursor protein can be activated by cellular enzymes, which remove a
regulatory domain, e.g. by proteolytic cleavage at a determined cleavage site. According to a preferred
embodiment of the present invention, the at least one coding sequence of the RNA encodes at least one peptide
or protein comprising or consisting a collagenase, preferably a bacterial collagenase or a mammalian matrix
metalloproteinase, or a fragment or variant thereof, lacking said regulatory domain. Collagenases lacking the
regulatory domain are preferably active upon expression, even without prior activation.

In one embodiment, the at least one coding sequence of the RNA according to the invention encodes at least
one peptide or protein comprising or consisting of an amino acid sequence identical to or at least 80% identical
to an amino acid sequence selected from the group consisting of SEQ ID NO: 20-28, or a fragment or variant of

any one of said amino acid sequences.

In a preferred embodiment, the at least one coding sequence of the RNA according to the invention encodes at
least one peptide or protein comprising or consisting of a mammalian matrix metalloproteinase, preferably matrix
metalloproteinase-1, more preferably human matrix metalloproteinase-1, or a fragment or variant thereof.

As used herein, the term “human matrix metalloproteinase-1" may be abbreviated as, for example, “"MMP1" and
typically refers to a peptide or protein comprising or consisting of an amino acid sequence identical or at least
80% identical to any one of the amino acid sequences as defined by database accession numbers NP_002412.1
or P03956, or a homolog, fragment or variant of any one of these sequences. Preferably, the term may also
refer to an amino acid sequence as encoded by a nucleic acid sequence identical or at least 80% identical to any
one of the nucleic acid sequences as defined by database accession numbers NM_002421.3, CCDS8322.1,
X54925 or ENSG00000196611, or a homolog, fragment or variant of any one of these sequences. Moreover, the
term as used herein may also refer to a peptide or protein comprising or consisting of an amino acid sequence
identical or at least 80% identical to an amino acid sequence selected from SEQ ID NO: 20 or 21, or a homolog,
fragment or variant of any one of said amino acid sequences.

In certain embodiments, the at least one coding sequence of the RNA according to the invention encodes at
least one peptide or protein comprising or consisting of a mammalian matrix metalloproteinase, wherein the
peptide or protein comprises or consists of an amino acid sequence identical to or at least 80% identical to SEQ
ID NO: 20 or 21, or a fragment or variant of any one of these amino acid sequences. According to a preferred
embodiment, the encoded peptide or protein comprises or consists of an amino acid sequence identical to or at
least 80% identical to SEQ ID NO: 21, or a fragment or variant thereof. Therein, the at least one coding sequence
of the RNA preferably comprises or consists of a nucleic acid sequence identical or at least 80% identical to a
nucleic acid sequence selected from the group consisting of SEQ ID NO: 55, 56, 57, 91, 92, 119, 120, 147, 148,
175, 176, 203, 204, 231, 232, 259, 260, 287, 288, 315, 316, 343, 344, 371, 372, 399 and 400, or a fragment or
variant of any one of these nucleic acid sequences.
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In an alternative embodiment, the at least one coding sequence of the RNA according to the invention encodes
at least one peptide or protein comprising or consisting of a bacterial collagenase, preferably a clostridial
collagenase, more preferably a clostridial type II collagenase, most preferably a type II collagenase from
Clostridium histolyticum, or a fragment or variant thereof. It is particularly preferred that the encoded peptide
or protein comprises or consists of ColG or ColH from Clostridium histolyticum.

As used herein, the term “ColG" typically refers to a peptide or protein comprising or consisting of an amino acid
sequence identical to or at least 80% identical to the amino acid sequence as defined by database accession
number BAA77453.1, or a homolog, fragment or variant thereof. Preferably, the term may also refer to an amino
acid sequence as encoded by a nucleic acid sequence identical to or at least 80% identical to the nucleic acid
sequence as defined by database accession number D87215.1, or a homolog, fragment or variant thereof.
Moreover, the term as used herein may also refer to a peptide or protein comprising or consisting of an amino
acid sequence identical to or at lest 80% identical to an amino acid sequence selected from the group consisting
of SEQ ID NO: 22-24, or a homolog, fragment or variant of any one of said amino acid sequences.

In the context of the present invention, the term “ColH"” typically refers to a peptide or protein comprising or
consisting of an amino acid sequence identical or at least 80% identical to the amino acid sequence as defined
by database accession number BAA34542.1, or a homolog, fragment or variant thereof. Preferably, the term
may also refer to an amino acid sequence as encoded by a nucleic acid sequence identical to or at least 80%
identical to the nucleic acid sequence as defined by database accession number AB014075.1, or a homolog,
fragment or variant thereof. Moreover, the term as used herein may also refer to a peptide or protein comprising
or consisting of an amino acid sequence identical to or at least 80% identical to an amino acid sequence selected
from the group consisting of SEQ ID NO: 25-28, or a homolog, fragment or variant of any one of said amino

acid sequences.

As mentioned above, collagenases are typically expressed as precursor proteins. Usually, the collagenase
precursor protein is cleaved by cellular proteases. However, as the cleavage sites in bacterial collagenases, such
as ColG and ColH, are of bacterial origin, eukaryotic proteases may in some cases not effectively cleave the
precursor protein. Furthermore, cleavage can be inefficient when recombinant collagenase is expressed at high
levels. In preferred embodiments, the at least one coding sequence of the RNA encodes at least one peptide or
protein comprising or consisting of a bacterial collagenase as described herein, wherein the bacterial collagenase
comprises a cleavage site, preferably a furin cleavage site. More preferably, the at least one coding sequence of
the RNA encodes at least one peptide or protein comprising an amino acid sequence identical to or at least 80%
identical to the amino acid sequence according to SEQ ID NO: 3; or a fragment or variant thereof. In a preferred
embodiment, the at least one coding sequence of the RNA comprises a nucleic acid sequence identical to or at
least 80% identical to a nucleic acid sequence selected from the group consisting of SEQ ID NO: 31, 74, 102,
130, 158, 186, 214, 242, 270, 298, 326, 354 and 382, or a fragment or variant thereof. In a preferred
embodiment, the presence of said cleavage site advantageously enhances the maturation process of bacterial
collagenases, such as ColG and ColH, in eukaryotic cells.

In some embodiments, the at least one coding sequence of the RNA according to the invention encodes at least
one peptide or protein comprising or consisting of a ColG, wherein the peptide or protein comprises or consists
of an amino acid sequence identical to or at least 80% identical to an amino acid sequence selected from the
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group consisting of SEQ ID NO: 22-24, or a fragment or variant of any one of these amino acid sequences.
Therein, the at least one coding sequence of the RNA preferably comprises or consists of a nucleic acid sequence
identical to or at least 80% identical to a nucleic acid sequence selected from the group consisting of SEQ ID
NO: 58, 59, 60, 61, 62, 63, 93, 94, 95, 121, 122, 123, 149, 150, 151, 177, 178, 179, 205, 206, 207, 233, 234,
235, 261, 262, 263, 289, 290, 291, 317, 318, 319, 345, 346, 347, 373, 374, 375, 401, 402 and 403, or a fragment

or variant of any one of these nucleic acid sequences.

According to a further embodiment, the at least one coding sequence of the RNA according to the invention
encodes at least one peptide or protein comprising or consisting of a ColH, wherein the peptide or protein
comprises or consists of an amino acid sequence identical to or at least 80% identical to an amino acid sequence
selected from the group consisting of SEQ ID NO: 25-28, or a fragment or variant of any one of these amino
acid sequences. Therein, the at least one coding sequence of the RNA preferably comprises or consists of a
nucleic acid sequence identical to or at least 80% identical to a nucleic acid sequence selected from the group
consisting of SEQ ID NO: 64, 65, 66, 67, 68, 69, 70, 71, 96, 97, 98, 99, 124, 125, 126, 127, 152, 153, 154, 155,
180, 181, 182, 183, 208, 209, 210, 211, 236, 237, 238, 239, 264, 265, 266, 267, 292, 293, 294, 295, 320, 321,
322, 323, 348, 349, 350, 351, 376, 377, 378, 379, 404, 405, 406 and 407, or a fragment or variant of any one
of these nucleic acid sequences.

In some embodiments, the at least one coding sequence of the RNA according to the invention encodes at least
one peptide or protein comprising a bacterical collagenase as defined herein, preferably ColG or ColH, wherein
the peptide or protein comprises a signal peptide, preferably a heterologous signal peptide. As used herein, the
term “heterologous” refers to a nucleic acid sequence or an amino acid sequence derived from another gene.
Hence, the heterologous signal peptide is preferably not derived from a collagenase gene, more preferably not
from a bacterial collagenase gene, even more preferably not from a clostridial collagenase gene.

Preferably, the signal peptide as described herein is fused to the N-terminus of a bacterial collagenase gene. In
some embodiments, the bacterial collagenase gene may be madified in order to replace an original (wild type)
signal peptide with a heterologous signal peptide as described herein. In another embodiment, a Furin cleavage
site as described herein is introduced 3" (C-terminally) of the signal peptide, so as to allow removal of the signal
peptide by cleavage.

In preferred embodiments, the at least one coding sequence of the RNA according to the invention encodes at
least one peptide or protein comprising an amino acid sequence identical to or at least 80% identical to an amino
acid sequence selected from the group consisting of SEQ ID NO: 1 and 1455 to 1468, or a fragment or variant
of any one of these amino acid sequences. Preferably, the at least one coding sequence of the RNA according
to the invention preferably comprises a nucleic acid sequence identical to or at least 80% identical to a nucleic
acid sequence selected from the group consisting of SEQ ID NO: 29, 72, 100, 128, 156, 184, 212, 240, 268,
296, 324, 352, 380, 489 and 1469-1650, or a fragment or variant of any one of these nucleic acid sequences.

More preferably, the at least one coding sequence of the RNA according to the invention encodes at least one
peptide or protein comprising an amino acid sequence identical to or at least 80% identical to an amino acid
sequence selected from the group consisting of SEQ ID NO: 1651-1654, or a fragment or variant of any one of

these amino acid sequences, and further comprising an amino acid sequence identical to or at least 80% identical
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to an amino acid sequence selected from the group consisting of SEQ ID NO: 1 and 1455-1468, or a fragment
or variant of any one of these amino acid sequences.

According to a preferred embodiment, the at least one coding sequence of the RNA according to the invention
preferably comprises a nucleic acid sequence identical to or at least 80% identical to a nucleic acid sequence
selected from the group consisting of SEQ ID NO: 1655 to 1710, or a fragment or variant of any one of these
nucleic acid sequences, and further comprises a nucleic acid sequence identical to or at least 80% identical to a
nucleic acid sequence selected from the group consisting of SEQ ID NO: 29, 72, 100, 128, 156, 184, 212 ,240,
268, 296, 324, 352, 380, 489 and 1469-1650, or a fragment or variant of any one of these nucleic acid sequences.

According to a preferred embodiment, the present invention provides the RNA as described herein for use in the
treatment or prophylaxis of a liver disease, wherein the treatment or prophylaxis comprises expression of both,
ColG and ColH, or a fragment or variant of any of these. In that embodiment, expression of ColG and ColH, or
of a fragment or variant of any of these, in the target tissue is achieved by provision (and administration,
preferably as described herein) of embodiments of the RNA according to the invention encoding both, ColG and
ColH or a fragment or variant of any of these.

In some embodiments, the treatment or prophylaxis of a liver disease comprises administration, of an RNA as
described herein encoding ColG, or a fragment or variant thereof, and of another RNA as described herein
encoding ColH, or a fragment or variant thereof, wherein the two RNAs are preferably administered concurrently.

Alternatively, the treatment or prophylaxis of a liver disease may comprise administration of an RNA as described
herein, wherein the RNA encodes both, ColG and ColH, or a fragment or variant of any of these. In preferred
embodiments, the RNA according to the invention is a bi- or multicistronic RNA, wherein separate coding
sequences encode ColG and ColH, or a fragment or variant of any of these, respectively. As an alternative, the
RNA according to the invention may comprise a coding sequence encoding a polypeptide or protein comprising
both, ColG and ColH, or a fragment or variant of any of these. Therein, the amino acid sequences derived from
ColG and ColH, respectively, may be separated by a linker and/or a processing site, which optionally allows for
cleavage and thus separation of the amino acid sequences derived from ColG and ColH, respectively.

In a preferred embodiment, the treatment or prophylaxis of a liver disease comprises administration of both,
ColG and ColH, or a fragment or variant of any of these, as described herein, wherein the molar ratio of expressed
ColG or a fragment or variant thereof to expressed ColH or a fragment or variant thereof is about 1. Alternatively,
the molar ratio of expressed ColG or a fragment or variant thereof to expressed ColH or a fragment or variant
thereof is preferably in the range from about 0.1 to about 10, preferably from about 0.2 to about 5, more
preferably from about 0.3 to about 3, even more preferably from about 0.5 to about 2, most preferably about
1. In a preferred embodiment, the molar ratio of expressed ColG or a fragment or variant thereof to expressed
ColH or a fragment or variant thereof is in the range from about 1 to about 10, preferably from about 2 to about
10, from about 2 to about 5 or from about 2 to about 4. Alternatively, the molar ratio of expressed ColH or a
fragment or variant thereof to expressed ColG or a fragment or variant thereof is in the range from about 1 to
about 10, preferably from about 2 to about 10, from about 2 to about 5 or from about 2 to about 4. Therein,
the ratios are irrespective of whether ColG and ColH, or a fragment or variant of any of these, respectively, are

expressed from one or more RNAs or from the same coding sequence or from separate coding sequences.
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According to a particularly preferred embodiment, the treatment or prophylaxis of a liver disease comprises
administration of both, ColG and ColH, or a fragment or variant of any of these, as described herein, wherein
the molar ratio of an administered coding sequence encoding ColG or a fragment or variant thereof to an
administered coding sequence encoding ColH or a fragment or variant thereof is about 1. Alternatively, the
treatment or prophylaxis of a liver disease comprises administration of both, ColG and ColH, or a fragment or
variant of any of these, as described herein, wherein the molar ratio of an administered coding sequence
encoding ColG or a fragment or variant thereof to an administered coding sequence encoding ColH or a fragment
or variant thereof is preferably in the range from about 0.1 to about 10, preferably from about 0.2 to about 5,
more preferably from about 0.3 to about 3, even more preferably from about 0.5 to about 2, most preferably
about 1. In a preferred embodiment, the treatment or prophylaxis of a liver disease comprises administration of
both, ColG and ColH, or a fragment or variant of any of these, as described herein, wherein the molar ratio of
an administered coding sequence encoding ColG or a fragment or variant thereof to an administered coding
sequence encoding ColH or a fragment or variant thereof is in the range from about 1 to about 10, preferably
from about 2 to about 10, from about 2 to about 5 or from about 2 to about 4. Alternatively, the treatment or
prophylaxis of a liver disease comprises administration of both, ColG and ColH, or a fragment or variant of any
of these, as described herein, wherein the molar ratio of an administered coding sequence encoding ColH or a
fragment or variant thereof to an administered coding sequence encoding ColG or a fragment or variant thereof
is in the range from about 1 to about 10, preferably from about 2 to about 10, from about 2 to about 5 or from
about 2 to about 4. Therein, the ratios are irrespective of whether the administered coding sequences encoding
ColG and ColH, or a fragment or variant of any of these, respectively, are expressed from one (e.g. in the case
of a bi- or multicistronic RNA) or more RNAs.

According to a further embodiment, the present invention concerns an RNA comprising at least one coding
sequence, wherein the at least one coding sequence of the RNA encodes at least one peptide or protein
comprising or consisting of CCAAT/enhancer-binding protein alpha (CEBPA), or a fragment or variant thereof.
As used herein, the term “CCAAT/enhancer-binding protein alpha” may be abbreviated as, for example, “CEBPA”
and typically refers to a peptide or protein comprising or consisting of an amino acid sequence identical to or at
least 80% identical to any one of the amino acid sequences defined by database accession numbers
NP_036656.1, P05554, NP_031704.2 , P53566, NP_004355.2 or P49715, or a homolog, fragment or variant of
any one of these sequences. Preferably, the term may also refer to an amino acid sequence as encoded by a
nucleic acid sequence identical to or at least 80% identical to any one of the nucleic acid sequences defined by
database accession numbers NM_012524.3, NM_007678.3, CCDS21145.1, NM_004364.4, CCDS54243, M37197
or ENSG00000245848, or a homolog, fragment or variant of any one of these sequences. Moreover, the term as
used herein may also refer to a peptide or protein comprising or consisting of an amino acid sequence identical
to or at least 80% identical to an amino acid sequence selected from the group consisting of SEQ ID NO: 8-13,

or a homolog, fragment or variant of any one of said amino acid sequences.

Furthermore, the present invention also provides an RNA comprising at least one coding sequence, wherein the
coding sequence encodes at least one peptide or protein comprising or consisting of CCAAT/enhancer-binding
protein alpha (CEBPA) or hepatocyte nuclear factor 4 alpha (HNF4A), or a fragment or variant thereof, for use
in the treatment or prophylaxis of a liver disease as described herein, wherein the liver disease is preferably
selected from liver fibrosis, liver cirrhosis and hepatocellular carcinoma (HCC).
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In one embodiment, the at least one coding sequence of the RNA according to the invention encodes at least
one peptide or protein comprising or consisting of an amino acid sequence identical to or at least 80% identical
to an amino acid sequence selected from the group consisting of SEQ ID NO: 8-13, or a fragment or variant of
any one of said amino acid sequences.

In a preferred embodiment, the at least one coding sequence of the RNA according to the invention encodes at
least one peptide or protein comprising or consisting of human CCAAT/enhancer-binding protein alpha (CEBPA),
or a fragment or variant thereof, wherein the peptide or protein preferably comprises or consists of an amino
acid sequence identical to or at least 80% identical to the amino acid sequence according to SEQ ID NO: 12 or
13, or a fragment or variant of any one of these amino acid sequences. Therein, the at least one coding sequence
of the RNA preferably comprises or consists of a nucleic acid sequence identical to or at least 80% identical to
a nucleic acid sequence selected from the group consisting of SEQ ID NO: 40, 41, 42, 43, 83, 84, 111, 112, 139,
140, 167, 168, 195, 196, 223, 224, 251, 252, 279, 280, 307, 308, 335, 336, 363, 364, 391 and 392, or a fragment
or variant of any one of these nucleic acid sequences.

In another embodiment, the present invention provides an RNA comprising at least one coding sequence,
wherein the at least one coding sequence of the RNA encodes at least one peptide or protein comprising or
consisting of TNF-related apoptosis-inducing ligand (TRAIL), or a fragment or variant thereof. As used herein,
the term “TNF-related apoptosis-inducing ligand” may be abbreviated as “TRAIL” or “TNFSF10” and typically
refers to a protein comprising or consisting of an amino acid sequence identical to or at least 80% identical to
an amino acid sequence as defined by database accession numbers NP_003801.1 or P50591, or a homolog,
fragment or variant of any one of these sequences. Preferably, the term may also refer to an amino acid sequence
as encoded by a nucleic acid sequence identical to or at least 80% identical to a nucleic acid sequence as defined
by database accession numbers NM_003810.3, CCDS3219.1 or ENSG00000121858, or a homolog, fragment or
variant of any one of these sequences. Moreover, the term as used herein may also refer to a peptide or protein
comprising or consisting of an amino acid sequence identical to or at least 80% identical to an amino acid
sequence selected from the group consisting of SEQ ID NO: 4-7, or a homolog, fragment or variant of any one
of said amino acid sequences.

In addition, the present invention also provides an RNA comprising at least one coding sequence, wherein the
coding sequence encodes at least one peptide or protein comprising or consisting of TNF-related apoptosis-
inducing ligand (TRAIL), or a fragment or variant thereof, for use in the treatment or prophylaxis of a liver
disease as described herein, wherein the liver disease is preferably selected from liver fibrosis and liver cirrhosis.

In one embodiment, the at least one coding sequence of the RNA according to the invention encodes at least
one peptide or protein comprising or consisting of an amino acid sequence identical or at least 80% identical to
an amino acid sequence selected from the group consisting of SEQ ID NO: 4-7, or a fragment or variant of any
one of said amino acid sequences. Therein, the at least one coding sequence of the RNA preferably comprises
or consists of a nucleic acid sequence identical or at least 80% identical to a nucleic acid sequence selected from
the group consisting of SEQ ID NO: 32, 33, 34, 35, 75, 76, 77, 78, 103, 104, 105, 106, 131, 132, 133, 134, 159,
160, 161, 162, 187, 188, 189, 190, 215, 216, 217, 218, 243, 244, 245, 246, 271, 272, 273, 274, 299, 300, 301,
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302, 327, 328, 329, 330, 355, 356, 357, 358, 383, 384, 385 and 386, or a fragment or variant of any one of

these nucleic acid sequences.

In some embodiments, the at least one coding sequence of the RNA according to the invention encodes at least
one peptide or protein comprising TNF-related apoptosis-inducing ligand (TRAIL), or a fragment or variant
thereof, preferably as defined herein, wherein the encoded peptide or protein further comprises an isoleucine
zipper, preferably a heterologous isoleucine zipper. Preferably, an isoleucine zipper as used herein comprises or
consists of an amino acid sequence identical to or at least 80% identical to the amino acid sequence according
to SEQ ID NO: 3, or a fragment or variant thereof,

In a preferred embodiment, the at least one coding sequence of the RNA according to the invention encodes at
least one peptide or protein comprising TNF-related apoptosis-inducing ligand (TRAIL), or a fragment or variant
thereof, preferably as defined herein, wherein the coding sequence comprises a nucleic acid sequence identical
to or at least 80% identical to a nucleic acid sequence selected from the group consisting of SEQ ID NO: 30, 73,
101, 129, 157, 185, 213, 241, 269, 297, 325, 353, 381 and 499, or a fragment or variant thereof.

In another embodiment, the present invention concerns an RNA comprising at least one coding sequence,
wherein the at least one coding sequence encodes at least one peptide or protein selected from the group
consisting of hepatocyte nuclear factor 4 alpha (HNF4A), fibroblast growth factor 21 (FGF21), opioid growth
factor receptor-like 1 (OGFRL1), Hepatocyte Growth Factor (HGF), Relaxin 1 (RLN1), Relaxin 2 (RLN2) and
Relaxin 3 (RLN3), or a fragment or variant of any of these peptides or proteins. Moreover, an RNA comprising
at least one coding sequence, wherein the at least one coding sequence encodes at least one peptide or protein
selected from the group consisting of hepatocyte nuclear factor 4 alpha (HNF4A), fibroblast growth factor 21
(FGF21), opioid growth factor receptor-like 1 (OGFRL1), Hepatocyte Growth Factor (HGF), Relaxin 1 (RLN1),
Relaxin 2 (RLN2) and Relaxin 3 (RLN3), or a fragment or variant of any of these peptides or proteins, is provided
for use in the treatment or prophylaxis of a liver disease, wherein the liver disease is preferably selected from

liver fibrosis and liver cirrhosis.

In a preferred embodiment, the at least one coding sequence of the RNA according to the invention encodes at
least one peptide or protein comprising or consisting of an amino acid sequence identical to or at least 80%
identical to an amino acid sequence selected from the group consisting of SEQ ID NO: 14-19, or a fragment or
variant of any one of said amino acid sequences. Therein, the at least one coding sequence of the RNA preferably
comprises or consists of a nucleic acid sequence identical to or at least 80% identical to a nucleic acid sequence
selected from the group consisting of SEQ ID NO: 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 85, 86, 87, 88, 89,
90, 113, 114, 115, 116, 117, 118, 141, 142, 143, 144, 145, 146, 169, 170, 171, 172, 173, 174, 197, 198, 199,
200, 201, 202, 225, 226, 227, 228, 229, 230, 253, 254, 255, 256, 257, 258, 281, 282, 283, 284, 285, 286, 309,
310, 311, 312, 313, 314, 337, 338, 339, 340, 341, 342, 365, 366, 367, 368, 369, 370, 393, 394, 395, 396, 397
and 398, or a fragment or variant of any one of these nucleic acid sequences.

In a preferred embodiment, the at least one coding sequence of the RNA according to the present invention
does not encode vascular endothelial growth factor (VEGF) or a fragment or variant thereof. More preferably,
the at least one coding sequence does not encode VEGF-A. According to one embodiment, the RNA according
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to the present invention does not comprise a nucleic acid sequence according to SEQ ID NO: 3 of
WO02014/158795.

In some embodiments, the at least one coding sequence of the RNA according to the present invention does not
encode a cell signaling molecule, a cytokine or an antibody. According to ancther embodiment, the at least one
coding sequence of the RNA according to the present invention does not encode IL-1, IL-2, IL-11, Interferon-
alpha, Tumor necrosis factor, Apoptosis-inducing factor, CBX family proteins, Bcl-x, Rituxan, Herceptin,
Ocrelizumab, Ofatumumab, Gemtuzumab, Alemtuzumab, Trastuzumab, Nimotuzumab, Cetuximab,
Bavacizumab, Palivizumab, Efungumab, Exbivirumab, Foravirumab, Libivirumab, Rafiviumab, Regavirumab,
Sevirumab, Tuvirumab, Felvizumab, Motavizumab, Suvizumab, Nebacumab, Panobacumab, Raxibacumab,
Edobacomab, Pagibaimab, Tefibazumab or Urtoxazumab, or a combination thereof,

According to certain embodiments, the RNA according to the invention is mono-, bi-, or multicistronic, preferably
as defined herein. The coding sequences in a bi- or multicistronic RNA preferably encode a distinct peptide or
protein as defined herein or a fragment or variant thereof. Preferably, the coding sequences encoding two or
more peptides or proteins may be separated in the bi- or multicistronic RNA by at least one IRES (internal
ribosomal entry site) sequence, as defined below. Thus, the term “encoding two or more peptides or proteins”
may mean, without being limited thereto, that the bi- or even multicistronic RNA, may encode e.g. at least two,
three, four, five, six or more (preferably different) peptides or proteins as described herein or their fragments or
vartants within the definitions provided herein. More preferably, without being limited thereto, the bi- or even
multicistronic mRNA, may encode, for example, at least two, three, four, five, six or more (preferably different)
peptides or proteins as defined herein or their fragments or variants as defined herein. In this context, a so-
called IRES (internal ribosomal entry site) sequence as defined above can function as a sole ribosome binding
site, but it can also serve to provide a bi- or even multicistronic mRNA as defined above, which encodes several
peptides or proteins, which are to be translated by the ribosomes independently of one another. Examples of
IRES sequences, which can be used according to the invention, are those from picornaviruses (e.g. FMDV),
pestiviruses (CFFV), polioviruses (PV), encephalomyocarditis viruses (ECMV), foot and mouth disease viruses
(FMDV), hepatitis C viruses (HCV), classical swine fever viruses (CSFV), mouse leukoma virus (MLV), simian
immunodeficiency viruses (SIV) or cricket paralysis viruses (CrPV).

According to a further embodiment the at least one coding sequence of the RNA according to the invention may
encode at least two, three, four, five, six, seven, eight, nine and more peptides or proteins (or fragments or
variants thereof) as defined herein linked with or without an amino acid linker sequence, wherein said linker
sequence can comprise rigid linkers, flexible linkers, cleavable linkers (e.g., self-cleaving peptides) or a
combination thereof. Therein, the peptides or proteins (or fragments or variants thereof) may be identical or
different or a combination thereof.

Preferably, the at least one coding sequence of the RNA according to the invention comprises at least two, three,
four, five, six, seven, eight, nine or more nucleic acid sequences identical to or having a sequence identity of at
least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99%, preferably of at least 70%, more preferably of at least 80%, even more
preferably at least 85%, even more preferably of at least 90% and most preferably of at least 95% or even
97%, with a nucleic acid sequence selected from the group consisting of SEQ ID NO: 32-71, 75, 76, 77, 78, 79,
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80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 131, 132, 133, 134,
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 159,
160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181,
182, 183, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206,
207, 208, 209, 210, 211, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,
232, 233, 234, 235, 236, 237, 238, 239, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256,
257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281,
282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 299, 300, 301, 302, 303, 304, 305, 306,
307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 327, 328, 329, 330, 331,
332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 355, 356,
357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378,
379, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403,
404, 405, 406 and 407, or a fragment or variant of any one of these nucleic acid sequences.

Preferably, the RNA comprising at least one coding sequence as defined herein typically comprises a length of
about 50 to about 20000, or 100 to about 20000 nuclectides, preferably of about 250 to about 20000 nucleotides,
more preferably of about 500 to about 10000, even more preferably of about 500 to about 5000.

The RNA according to the invention may further be single stranded or double stranded. When provided as a
double stranded RNA, the RNA according to the invention preferably comprises a sense and a corresponding
antisense strand.

In a preferred embodiment, the RNA comprising at least one coding sequence as defined herein is an mRNA, a
viral RNA or a replicon RNA. Preferably, the RNA is an artificial nucleic acid, more preferably as described herein.

According to a further embodiment, the RNA, preferably an mRNA, according to the invention is a modified RNA,
preferably a modified RNA as described herein. A modified RNA as used herein does preferably not comprise a
chemically modified sugar, a chemically modified backbone or a chemically modified nuclecbase. More
preferably, a modified RNA as used herein does not comprise a chemically modified nucleoside or a chemically
modified nucleotide. It is further preferred that a modified RNA as used herein does not comprise a chemical

modification as described in international patent application WO 2014/158795.

In the context of the present invention, a modification as defined herein preferably leads to a stabilization of the
RNA according to the invention. More preferably, the invention thus provides a stabilized RNA comprising at least

one coding sequence as defined herein.

According to one embodiment, the RNA of the present invention may thus be provided as a “stabilized mRNA",

that is to say as an RNA that is essentially resistant to in vivo degradation (e.g. by an exo- or endo-nuclease).

Stabilization of an RNA can be achieved, for example, by a modified phosphate backbone of the RNA of the
present invention. A backbone modification in connection with the present invention is a modification, in which
phosphates of the backbone of the nuclectides contained in the RNA are chemically modified. Nucleotides that
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may be preferably used in this connection contain e.g. a phosphorothioate-modified phosphate backbone,
preferably at least one of the phosphate oxygens contained in the phosphate backbone being replaced by a
sulfur atom. Stabilized RNAs may further include, for example: non-ionic phosphate analogues, such as, for
example, alkyl and aryl phosphonates, in which the charged phosphonate oxygen is replaced by an alkyl or aryl
group, or phosphodiesters and alkylphosphotriesters, in which the charged oxygen residue is present in alkylated
form. Such backbone modifications typically include, without implying any limitation, modifications from the
group consisting of methylphosphonates, phosphoramidates and phosphorothioates (e.g. cytidine-5"-O-(1-
thiophosphate)).

In the following, specific modifications are described, which are preferably capable of “stabilizing” the RNA as
defined herein.

Modifications

Chemical modifications

The term “RNA modification” as used herein may refer to chemical modifications comprising backbone

modifications as well as sugar modifications or base modifications.

In this context, a modified RNA as defined herein may contain nucleotide analogues/modifications, e.g. backbone
modifications, sugar modifications or base modifications. A backbone modification in connection with the present
invention is a modification, in which phosphates of the backbone of the nucleotides contained in an RNA as
defined herein are chemically modified. A sugar modification in connection with the present invention is a
chemical modification of the sugar of the nucleotides of the RNA as defined herein. Furthermore, a base
modification in connection with the present invention is a chemical modification of the base moiety of the
nucleotides of the RNA. In this context, nucleotide analogues or modifications are preferably selected from
nucleotide analogues, which are applicable for transcription and/or translation.

Sugar Modifications:

The modified nucleosides and nucleotides, which may be incorporated into a modified RNA as described herein,
can be modified in the sugar moiety. For example, the 2” hydroxy! group (OH) can be modified or replaced with
a number of different “oxy"” or “deoxy” substituents. Examples of “oxy” -2 hydroxyl group modifications include,
but are not limited to, alkoxy or aryloxy (-OR, e.g., R = H, alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or sugar);
polyethyleneglycols (PEG), -O(CH2CH20)nCH,CH,0R; “locked” nucleic acids (LNA) in which the 2” hydroxy! is
connected, e.g., by a methylene bridge, to the 4" carbon of the same ribose sugar; and amino groups (-O-
amino, wherein the amino group, e.g., NRR, can be alkylamino, dialkylamino, heterocyclyl, arylamino,
diarylamino, heteroarylamino, or diheteroaryl amino, ethylene diamine, polyamino) or aminoalkoxy.

“Deoxy” modifications include hydrogen, amino (e.g. NH;; alkylamino, dialkylamino, heterocyclyl, arylamino,
diaryl amino, heteroaryl amino, diheteroaryl amino, or amino acid); or the amino group can be attached to the
sugar through a linker, wherein the linker comprises one or more of the atoms C, N, and O.
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The sugar group can also contain one or more carbons that possess the opposite stereochemical configuration
than that of the corresponding carbon in ribose. Thus, a modified RNA can include nucleotides containing, for
instance, arabinose as the sugar.

Backbone Madifications:

The phosphate backbone may further be modified in the modified nucleosides and nucleotides, which may be
incorporated into a modified RNA as described herein. The phosphate groups of the backbone can be modified
by replacing one or more of the oxygen atoms with a different substituent. Further, the modified nucleosides
and nucleotides can include the full replacement of an unmodified phosphate moiety with a modified phosphate
as described herein. Examples of modified phosphate groups include, but are not limited to, phosphorothioate,
phosphoroselenates, borano phosphates, borano phosphate esters, hydrogen phosphonates,
phosphoroamidates, alkyl or aryl phosphonates and phosphotriesters. Phosphorodithioates have both non-finking
oxygens replaced by sulfur. The phosphate linker can also be modified by the replacement of a linking oxygen
with nitrogen (bridged phosphoroamidates), sulfur (bridged phosphorothioates) and carbon (bridged methylene-
phosphonates).

Base Madifications

The modified nucleosides and nucleotides, which may be incorporated into a modified RNA as described herein
can further be modified in the nucleobase moiety. Examples of nucleobases found in RNA include, but are not
limited to, adenine, guanine, cytosine and uracil. For example, the nucleosides and nucieotides described herein
can be chemically modified on the major groove face. In some embodiments, the major groove chemical
modifications can include an amino group, a thiol group, an alkyl group, or a halo group.

In particularly preferred embodiments of the present invention, the nuclectide analogues/modifications are
selected from base modifications, which are preferably selected from 2-amino-6-chloropurineriboside-5"-
triphosphate, 2-Aminopurine-riboside-5"-triphosphate;  2-aminoadenosine-5*-triphosphate, 2’-Amino-2"-
deoxycytidine-triphosphate, 2-thiocytidine-5"-triphosphate, 2-thiouridine-5"-triphosphate, 2 “-Fluorothymidine-
5"-triphosphate, 2’-O-Methyl-inosine-5"-triphosphate 4-thiouridine-5"-triphosphate, 5-aminoallylcytidine-5 -
triphosphate,  5-aminoallyluridine-5 "-triphosphate,  5-bromocytidine-5"-triphosphate,  5-bromouridine-5"-
triphosphate,  5-Bromo-2’-deoxycytidine-5"-triphosphate, ~ 5-Bromo-2 "-deoxyuridine-5 " -triphosphate,  5-
iodocytidine-5 “-triphosphate, 5-Iodo-2"-deoxycytidine-5 '-triphosphate, 5-iodouridine-5 " -triphosphate, 5-Iodo-
2" -deoxyuridine-5"-triphosphate, ~ 5-methylcytidine-5"-triphosphate, ~ 5-methyluridine-5-triphosphate, ~ 5-
Propynyl-2 " -deoxycytidine-5 "-triphosphate, ~ 5-Propynyl-2 “-deoxyuridine-5 "-triphosphate, ~ 6-azacytidine-5 -
triphosphate, 6-azauridine-5"-triphosphate, 6-chloropurineriboside-5 "-triphosphate, 7-deazaadenosine-5 -
triphosphate, 7-deazaguanosine-5 '-triphosphate, 8-azaadenosine-5 -triphosphate, 8-azidoadenosine-5 -
triphosphate, benzimidazole-riboside-5 “-triphosphate, N1-methyladenosine-5 "-triphosphate, N1-
methylguanosine-5 " -triphosphate, N6-methyladenosine-5 "-triphosphate, O6-methylguanosine-5 " -triphosphate,
pseudouridine-5"-triphosphate, or  puromycin-5"-triphosphate,  xanthosine-5 "-triphosphate.  Particular
preference is given to nucleotides for base modifications selected from the group of base-modified nucleotides
consisting of 5-methylcytidine-5"-triphosphate, 7-deazaguanosine-5 ' -triphosphate, 5-bromocytidine-5"-
triphosphate, and pseudouridine-5 " -triphosphate.
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In some embodiments, modified nucleosides include pyridin-4-one ribonucleoside, 5-aza-uridine, 2-thio-5-aza-
uridine, 2-thiouridine, 4-thio-pseudouridine, 2-thio-pseudouridine, S-hydroxyuridine, 3-methyluridine, 5-
carboxymethyl-uridine, 1-carboxymethyl-pseudouridine, 5-propynyl-uridine, 1-propynyl-pseudouridine, 5-
taurinomethyluridine, 1-taurinomethyl-pseudouridine, 5-taurinomethyl-2-thio-uridine, 1-taurinomethyl-4-thio-
uridine,  5-methyl-uridine,  1-methyl-pseudouridine,  4-thio-1-methyl-pseudouridine,  2-thio-1-methyl-
pseudouridine,  1-methyl-1-deaza-pseudouridine,  2-thio-1-methyl-1-deaza-pseudouridine,  dihydrouridine,
dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-dihydropseudouridine, 2-methoxyuridine, 2-methoxy-4-thio-
uridine, 4-methoxy-pseudouridine, and 4-methoxy-2-thio-pseudouridine.

In some embodiments, modified nucleosides include 5-aza-cytidine, pseudoisocytidine, 3-methyl-cytidine, N4-
acetylcytidine, 5-formylcytidine, N4-methylcytidine, 5-hydroxymethyleytidine, 1-methyl-pseudoisocytidine,
pyrrolo-cytidine, pyrrolo-pseudoisocytidine, 2-thio-cytidine, 2-thio-5-methyl-cytidine, 4-thio-pseudoisocytidine,
4-thio-1-methyl-pseudoisocytidine, 4-thio-1-methyl- 1-deaza-pseudoisocytidine, 1-methyl-1-deaza-
pseudoisocytidine, zebularine, 5-aza-zebularine, 5-methyl-zebularine, 5-aza-2-thio-zebularine, 2-thio-zebularine,
2-methoxy-cytidine, 2-methoxy-5-methyl-cytidine, 4-methoxy-pseudoisocytidine, and 4-methoxy-1-methyl-
pseudoisocytidine .

In other embodiments, modified nucleosides include 2-aminopurine, 2, 6-diaminopurine, 7-deaza-adenine, 7-
deaza-8-aza-adenine, 7-deaza-2-aminopurine, 7-deaza-8-aza-2-aminopurine, 7-deaza-2,6-diaminopurine, 7-
deaza-8-aza-2,6-diaminopurine, 1-methyladenosine, N6-methyladenosine, N6-isopentenyladenosine, N6-(cis-
hydroxyisopentenyl)adenosine, 2-methylthio-N6-(cis-hydroxyisopentenyl) adenosine, N6-
glycinylcarbamoyladenosine, N6-threonylcarbamoyladenosine, 2-methylthio-N6-threonyl carbamoyladenosine,
N6,Nb6-dimethyladenosine, 7-methyladenine, 2-methylthio-adenine, and 2-methoxy-adenine.

In other embodiments, modified nucleosides include inosine, 1-methyl-inosine, wyosine, wybutosine, 7-deaza-
guanosine, 7-deaza-8-aza-guanosine, 6-thio-guanosine, 6-thio-7-deaza-guanosine, 6-thio-7-deaza-8-aza-
guanosine, 7-methyl-guanosine, 6-thio-7-methyl-guanosine, 7-methylinosine, 6-methoxy-guanosine, 1-
methylguanosine, N2-methylguanosine, N2,N2-dimethylguanosine, 8-oxo-guanosine, 7-methyl-8-oxo-
guanosine, 1-methyl-6-thio-guanosine, N2-methyl-6-thio-guanosine, and N2,N2-dimethyl-6-thio-guanosine.

In some embodiments, the nucleotide can be modified on the major groove face and can include replacing
hydrogen on C-5 of uracil with a methyl group or a halo group. In specific embodiments, a modified nucleoside
is 5"-O-(1-thiophosphate)-adenosine, 5-O-(1-thiophosphate)-cytidine, 5 -0-(1-thiophosphate)-guanosine, 5~
O-(1-thiophosphate)-uridine or 5 -O-(1-thiophosphate)-pseudouridine.

In further specific embodiments, a modified RNA may comprise nucleoside modifications selected from 6-aza-
cytidine, 2-thio-cytidine, o-thio-cytidine, Pseudo-iso-cytidine, 5-aminoallyl-uridine, S-iodo-uridine, N1-methyl-
pseudouridine, 5,6-dihydrouridine, «-thio-uridine, 4-thio-uridine, 6-aza-uridine, 5-hydroxy-uridine, deoxy-
thymidine, 5-methyl-uridine, Pyrrolo-cytidine, inosine, a-thio-guanosine, 6-methyl-guanosine, 5-methyl-cytdine,
8-oxo-guanosine, 7-deaza-guanosine, N1-methyl-adenosine, 2-amino-6-Chloro-purine, N6-methyi-2-amino-
purine, Pseudo-iso-cytidine, 6-Chloro-purine, N6-methyl-adenosine, a-thio-adenosine, 8-azido-adenosine, 7-

deaza-adenosine.
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Lipid modification

According to a further embodiment, a modified RNA as defined herein can contain a lipid modification. Such a
lipid-modified RNA typically comprises an RNA as defined herein. Such a lipid-modified RNA as defined herein
typically further comprises at least one linker covalently linked with that RNA, and at least one lipid covalently
linked with the respective linker. Alternatively, the lipid-modified RNA comprises at least one RNA as defined
herein and at least one (bifunctional) lipid covalently linked (without a linker) with that RNA. According to a third
alternative, the lipid-modified RNA comprises an RNA molecule as defined herein, at least one linker covalently
linked with that RNA, and at least one lipid covalently linked with the respective linker, and also at least one
(bifunctional) lipid covalently linked (without a linker) with that RNA. In this context, it is particularly preferred
that the lipid modification is present at the terminal ends of a linear RNA sequence.

G/C content modification

According to another embodiment, the RNA of the present invention, preferably an mRNA, may be modified,
and thus stabilized, by modifying the guanosine/cytosine (G/C) content of the RNA, preferably of the at least
one coding sequence of the RNA of the present invention.

In a particularly preferred embodiment of the present invention, the G/C content of the coding sequence (coding
region) of the RNA of the present invention is modified, particularly increased, compared to the G/C content of
the coding region of the respective wild type RNA, i.e. the unmodified RNA. The amino acid sequence encoded
by the RNA is preferably not modified as compared to the amino acid sequence encoded by the respective wild
type RNA. This modification of the RNA of the present invention is based on the fact that the sequence of any
RNA region to be translated is important for efficient translation of that RNA. Thus, the composition of the RNA
and the sequence of various nucleotides are important. In particular, sequences having an increased G
(guanosine)/C (cytosine) content are more stable than sequences having an increased A (adenosine)/U (uracil)
content. According to the invention, the codons of the RNA are therefore varied compared to the respective wild
type RNA, while retaining the translated amino acid sequence, such that they include an increased amount of
G/C nuclectides. In respect to the fact that several codons code for one and the same amino acid (so-called
degeneration of the genetic code), the most favourable codons for the stability can be determined (so-called
alternative codon usage). Depending on the amino acid to be encoded by the RNA, there are various possibilities
for modification of the RNA sequence, compared to its wild type sequence. In the case of amino acids, which
are encoded by codons, which contain exclusively G or C nucleotides, no modification of the codon is necessary.
Thus, the codons for Pro (CCC or CCG), Arg (CGC or CGG), Ala (GCC or GCG) and Gly (GGC or GGG) require no
modification, since no A or U is present. In contrast, codons which contain A and/or U nuclectides can be
modified by substitution of other codons, which code for the same amino acids but contain no A and/or U.
Examples of these are: the codons for Pro can be modified from CCU or CCA to CCC or CCG; the codons for Arg
can be modified from CGU or CGA or AGA or AGG to CGC or CGG; the codons for Ala can be modified from GCU
or GCA to GCC or GCG; the codons for Gly can be modified from GGU or GGA to GGC or GGG. In other cases,
although A or U nucleotides cannot be eliminated from the codons, it is however possible to decrease the A and
U content by using codons which contain a lower content of A and/or U nucleotides. Examples of these are: the
codons for Phe can be modified from UUU to UUC; the codons for Leu can be modified from UUA, UUG, CUU or
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CUA to CUC or CUG; the codons for Ser can be modified from UCU or UCA or AGU to UCC, UCG or AGC; the
codon for Tyr can be modified from UAU to UAC; the codon for Cys can be modified from UGU to UGC; the
codon for His can be modified from CAU to CAC; the codon for Gin can be modified from CAA to CAG; the codons
for Ile can be modified from AUU or AUA to AUC; the codons for Thr can be modified from ACU or ACA to ACC
or ACG; the codon for Asn can be modified from AAU to AAC; the codon for Lys can be modified from AAA to
AAG; the codons for Val can be modified from GUU or GUA to GUC or GUG; the cadon for Asp can be modified
from GAU to GAC,; the codon for Glu can be modified from GAA to GAG; the stop codon UAA can be modified to
UAG or UGA. In the case of the codons for Met (AUG) and Trp (UGG), on the other hand, there is no possibility
of sequence modification. The substitutions listed above can be used either individually or in all possible
combinations to increase the G/C content of the at least one mRNA of the composition of the present invention
compared to its particular wild type mRNA (i.e. the original sequence). Thus, for example, all codons for Thr
occurring in the wild type sequence can be modified to ACC (or ACG). Preferably, however, for example,
combinations of the above substitution possibilities are used:

substitution of all codons coding for Thr in the original sequence (wild type mRNA) to ACC (or ACG) and
substitution of all codons originally coding for Ser to UCC (or UCG or AGC); substitution of all codons coding for
Ile in the original sequence to AUC and

substitution of all codons originally coding for Lys to AAG and

substitution of all codons originally coding for Tyr to UAC; substitution of all codons coding for Val in the original
sequence to GUC (or GUG) and

substitution of all codons originally coding for Glu to GAG and

substitution of all codons originally coding for Ala to GCC (or GCG) and

substitution of all codons originally coding for Arg to CGC (or CGG); substitution of all codons coding for Val in
the original sequence to GUC (or GUG) and

substitution of all codons originally coding for Glu to GAG and

substitution of all codons originally coding for Ala to GCC (or GCG) and

substitution of all codons originally coding for Gly to GGC (or GGG) and

substitution of all codons originally coding for Asn to AAC; substitution of all codons coding for Val in the original
sequence to GUC (or GUG) and

substitution of all codons originally coding for Phe to UUC and

substitution of all codons originally coding for Cys to UGC and

substitution of all codons originally coding for Leu to CUG (or CUC) and

substitution of all codons originally coding for Gin to CAG and

substitution of all codons originally coding for Pro to CCC (or CCG); etc.

Preferably, the G/C content of the coding region of the RNA of the present invention is increased by at least 7%,
more preferably by at least 15%, particularly preferably by at least 20%, compared to the G/C content of the
coding region of the wild type RNA, which codes for a peptide or protein as defined herein or a fragment or
variant thereof. According to a specific embodiment at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, more
preferably at least 70%, even more preferably at least 80% and most preferably at least 90%, 95% or even
100% of the substitutable codons in the region coding for a peptide or protein as defined herein or a fragment
or variant thereof or the whole sequence of the wild type RNA sequence are substituted, thereby increasing the
GC/content of said sequence. In this context, it is particularly preferable to increase the G/C content of the RNA

of the present invention, preferably of the at least one coding region of the RNA according to the invention, to
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the maximum (i.e. 100% of the substitutable codons) as compared to the wild type sequence. According to the
invention, a further preferred modification of the RNA of the present invention is based on the finding that the
translation efficiency is also determined by a different frequency in the occurrence of tRNAs in cells, Thus, if so-
called “rare codons” are present in the RNA of the present invention to an increased extent, the corresponding
modified RNA sequence is translated to a significantly poorer degree than in the case where codons coding for
relatively “frequent” tRNAs are present. According to the invention, in the modified RNA of the present invention,
the region which codes for a peptide or protein as defined herein or a fragment or variant thereof is modified
compared fo the corresponding region of the wild type RNA such that at least one codon of the wild type
sequence, which codes for a tRNA which is relatively rare in the cell, is exchanged for a codon, which codes for
a tRNA which is relatively frequent in the cell and carries the same amino acid as the relatively rare tRNA. By
this modification, the sequences of the RNA of the present invention is modified such that codons for which
frequently occurring tRNAs are available are inserted. In other words, according to the invention, by this
modification all codons of the wild type sequence, which code for a tRNA which is relatively rare in the cell, can
in each case be exchanged for a codon, which codes for a tRNA which is relatively frequent in the cell and which,
in each case, carries the same amino acid as the relatively rare tRNA. Which tRNAs occur relatively frequently in
the cell and which, in contrast, occur relatively rarely is known to a person skilled in the art; cf. e.g. Akashi, Curr.
Opin. Genet. Dev. 2001, 11(6): 660-666. The codons, which use for the particular amino acid the tRNA which
occurs the most frequently, e.g. the Gly codon, which uses the tRNA, which occurs the most frequently in the
(human) cell, are particularly preferred. According to the invention, it is particularly preferable to link the
sequential G/C content which is increased, in particular maximized, in the modified RNA of the present invention,
with the “frequent” codons without modifying the amino acid sequence of the peptide or protein encoded by the
coding region of the RNA. This preferred embodiment allows provision of a particularly efficiently translated and
stabilized (modified) RNA of the present invention. The determination of a modified RNA of the present invention
as described above (increased G/C content; exchange of tRNAs) can be carried out using the computer program
explained in WO 02/098443 - the disclosure content of which is included in its full scope in the present invention.
Using this computer program, the nucleotide sequence of any desired RNA can be modified with the aid of the
genetic code or the degenerative nature thereof such that a maximum G/C content results, in combination with
the use of codons which code for tRNAs occurring as frequently as possible in the cell, the amino acid sequence
coded by the modified RNA preferably not being modified compared to the non-modified sequence. Alternatively,
it is also possible to modify only the G/C content or only the codon usage compared to the original sequence.
The source code in Visual Basic 6.0 (development environment used: Microsoft Visual Studio Enterprise 6.0 with
Servicepack 3) is also described in WO 02/098443. In a further preferred embodiment of the present invention,
the A/U content in the environment of the ribosome binding site of the RNA of the present invention is increased
compared to the A/U content in the environment of the ribosome binding site of its respective wild type mRNA.
This modification (an increased A/U content around the ribosome binding site) increases the efficiency of
ribosome binding to the RNA. An effective binding of the ribosomes to the ribosome binding site (Kozak
sequence: SEQ ID NO: 1454; the AUG forms the start codon) in turn has the effect of an efficient translation of
the RNA. According to a further embodiment of the present invention, the RNA of the present invention may be
modified with respect to potentially destabilizing sequence elements. Particularly, the coding region and/or the
5" and/or 3" untranslated region of this RNA may be modified compared to the respective wild type RNA such
that it contains no destabilizing sequence elements, the encoded amino acid sequence of the modified RNA
preferably not being modified compared to its respective wild type RNA. It is known that, for example in
sequences of eukaryotic RNAs, destabilizing sequence elements (DSE) occur, to which signal proteins bind and
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regulate enzymatic degradation of RNA in vivo. For further stabilization of the modified RNA, optionally in the
region which encodes a peptide or protein as defined herein or a fragment or variant thereof, one or more such
modifications compared to the corresponding region of the wild type RNA can therefore be carried out, so that
no or substantially no destabilizing sequence elements are contained there. According to the invention, DSE
present in the untranslated regions (3"~ and/or 5'-UTR) can also be eliminated from the RNA of the present
invention by such modifications. Such destabilizing sequences are e.g. AU-rich sequences (AURES), which occur
in 3"-UTR sections of numerous unstable RNAs (Caput et al., Proc. Natl. Acad. Sci. USA 1986, 83: 1670 to 1674).
The RNA of the present invention is therefore preferably modified compared to the respective wild type RNA
such that the RNA of the present invention contains no such destabilizing sequences. This also applies to those
sequence motifs which are recognized by possible endonucleases, e.g. the sequence GAACAAG, which is
contained in the 37-UTR segment of the gene encoding the transferrin receptor (Binder et al., EMBO J. 1994,
13: 1969-1980). These sequence motifs are also preferably removed in the RNA of the present invention.

According to a preferred embodiment, the present invention provides an RNA as defined herein comprising at
least one coding sequence, wherein the at least one coding sequence preferably comprises or consists of a
nucleic acid sequence identical or at least 80% identical to a nucleic acid sequence selected from the group
consisting of SEQ ID NO: 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97,98, 99, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206,
207, 208, 209, 210, 211, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,
232, 233, 234, 235, 236, 237, 238, 239, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256,
257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281,
282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 299, 300, 301, 302, 303, 304, 305, 306,
307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 327, 328, 329, 330, 331,
332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 355, 356,
357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378,
379, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403,
404, 405, 406 and 407, or a fragment or variant of any one of these nucleic acid sequences.

In a further preferred embodiment, the at least one coding sequence of the RNA according to the invention
comprises or consists of a nucleic acid sequence identical to or having a sequence identity of at least 5%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99%, preferably of at least 70%, more preferably of at least 80%, even more preferably at
least 85%, even more preferably of at least 90% and most preferably of at least 95% or even 97%, with a
nucleic acid sequence selected from the group consisting of SEQ ID NO: 75, 76, 77, 78, 79, 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196,
197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 215, 216, 217, 218, 219, 220, 221,
222,223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 243, 244, 245, 246,
247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 271,
272,273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293,
294, 295, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318,
319, 320, 321, 322, 323, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343,
344, 345, 346, 347, 348, 349, 350, 351, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368,
369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393,
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394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406 and 407, or a fragment or variant of any one

of these nucleic acid sequences.

Sequences adapted to human codon usage

According to the invention, a further preferred modification of the RNA of the present invention is based on the
finding that codons encoding the same amino acid typically occur at different frequencies. According to the
invention, in the modified RNA of the present invention, the coding sequence (coding region) as defined herein
is preferably modified compared to the corresponding region of the respective wild type RNA such that the
frequency of the codons encoding the same amino acid corresponds to the naturally occurring frequency of that
codon according to the human codon usage as e.g. shown in Table 1.

For example, in the case of the amino acid alanine (Ala) present in an amino acid sequence encoded by the at
least one coding sequence of the RNA according to the invention, the wild type coding sequence is preferably
adapted in a way that the codon “GCC” is used with a frequency of 0.40, the codon “GCT” is used with a
frequency of 0.28, the codon “GCA” is used with a frequency of 0.22 and the codon “GCG" is used with a
frequency of 0.10 etc. (see Table 1).
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Table 1: Human codon usage table

Amino acid | codon | fraction | /1000 | Amino acid | codon | fraction | /1000
Ala GCG 0.10 7.4 Pro CCG 0.11 6.9
Ala GCA 0.22 15.8 Pro CCA 0.27 16.9
Ala GCT 0.28 18.5 Pro CcCT 0.29 17.5
Ala GCC* 0.40 27.7 Pro ccex 0.33 19.8
Cys TGT 0.42 10.6 Gin CAG* 0.73 34.2
Cys TGC* 0.58 12.6 Gln CAA 0.27 12.3
Asp GAT 0.44 21.8 Arg AGG 0.22 12.0
Asp GAC* 0.56 25.1 Arg AGA* 0.21 12.1
Glu GAG* 0.59 39.6 Arg CGG 0.19 11.4
Glu GAA 0.41 29.0 Arg CGA 0.10 6.2
Phe TTr 0.43 17.6 Arg CGT 0.09 4.5
Phe TTC* 0.57 20.3 Arg CGC 0.19 10.4
Gly GGG 0.23 16.5 Ser AGT 0.14 12.1
Gly GGA 0.26 16.5 Ser AGC* 0.25 19.5
Gly GGT 0.18 10.8 Ser TCG 0.06 4.4
Gly GGC* 0.33 22.2 Ser TCA 0.15 12.2
His CAT 0.41 10.9 Ser TCT 0.18 15.2
His CAC* 0.59 15.1 Ser TCC 0.23 17.7
Ile ATA 0.14 7.5 Thr ACG 0.12 6.1
Ile ATT 0.35 16.0 Thr ACA 0.27 15.1
Ile ATC* 0.52 20.8 Thr ACT 0.23 13.1
Lys AAG* 0.60 31.9 Thr ACC* 0.38 18.9
Lys AAA 0.40 24.4 Val GTG* 0.48 28.1
Leu TTG 0.12 12.9 Val GTA 0.10 7.1
Leu TTA 0.06 7.7 Val GTT 0.17 11.0
Leu CTG* 0.43 39.6 val GTC 0.25 14.5
Leu CTA 0.07 7.2 Trp TGG* 1 13.2
Leu c1T 0.12 13.2 Tyr TAT 0.42 12.2
Leu CTC 0.20 19.6 Tyr TAC* 0.58 15.3
Met ATG* 1 22.0 Stop TGA* 0.61 1.6
Asn AAT 0.44 17.0 Stop TAG 0.17 0.8
Asn AAC* 0.56 19.1 Stop TAA 0.22 1.0

*: most frequent codon

In a preferred embodiment, the present invention provides an RNA comprising at least one coding sequence,
wherein the coding sequence comprises a nucleic acid sequence identical or at least 80% identical to a nucleic
acid sequence selected from the group consisting of SEQ ID NO: 131, 132, 133, 134, 135, 136, 137, 138, 139,
140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154 and 155, or a fragment or variant of
any one of said nucleic acid sequences.
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According to a further embodiment, the at least one coding sequence of the RNA according to the invention
comprises or consists of a nucleic acid sequence having a sequence identity of at least 5%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99%, preferably of at least 70%, more preferably of at least 80%, even more preferably at least 85%,
even more preferably of at least 90% and most preferably of at least 95% or even 97%, with a nucleic acid
sequence selected from the group consisting of SEQ ID NO: 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154 and 155, or a fragment or variant of any
one of said nucleic acid sequences.

Codon-optimized sequences

As described above it is preferred according to the invention, that all codons of the wild type sequence which
code for a tRNA, which is relatively rare in the cell, are exchanged for a codon which codes for a tRNA, which is
relatively frequent in the cell and which, in each case, carries the same amino acid as the relatively rare tRNA.
Therefore it is particularly preferred that the most frequent codons are used for each encoded amino acid (see
Table 1, most frequent codons are marked with asterisks). Such an optimization procedure increases the codon
adaptation index (CAI) and ultimately maximises the CAL In the context of the invention, sequences with
increased or maximized CAI are typically referred to as “codon-optimized” sequences and/or CAl increased
and/or maximized sequences. According to a preferred embodiment, the RNA of the present invention comprises
at least one coding sequence, wherein the coding sequence is codon-optimized as described herein. More
preferably, the codon adaptation index (CAI) of the at least one coding sequence is at least 0.5, at least 0.8, at
least 0.9 or at least 0.95. Most preferably, the codon adaptation index (CAI) of the at least one coding sequence
is 1.

For example, in the case of the amino acid alanine (Ala) present in the amino acid sequence encoded by the at
least one coding sequence of the RNA according to the invention, the wild type coding sequence is adapted in a
way that the most frequent human codon “GCC" is always used for said amino acid, or for the amino acid
Cysteine (Cys), the wild type sequence is adapted in a way that the most frequent human codon “TGC” is always
used for said amino acid etc.

In a preferred embodiment, the present invention provides an RNA comprising at least one coding sequence,
wherein the coding sequence comprises a nucleic acid sequence identical or at least 80% identical to a nucleic
acid sequence selected from the group consisting of SEQ ID NO: 159, 160, 161, 162, 163, 164, 165, 166, 167,
168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182 and 183, or a fragment or variant of
any one of said nucleic acid sequences.

According to a further embodiment, the at least one coding sequence of the RNA according to the invention
comprises or consists of a nucleic acid sequence having a sequence identity of at least 5%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99%, preferably of at least 70%, more preferably of at least 80%, even more preferably at least 85%,
even more preferably of at least 90% and most preferably of at least 95% or even 97%, with a nucleic acid
sequence selected from the group consisting of SEQ ID NO: 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
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169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182 and 183, or a fragment or variant of any
one of said nucleic acid sequences.

C-optimized seqguences

According to another embodiment, the RNA of the present invention may be modified by modifying, preferably
increasing, the cytosine (C) content of the RNA, preferably of the coding region of the RNA.

In a particularly preferred embodiment of the present invention, the C content of the coding region of the RNA
of the present invention is modified, preferably increased, compared to the C content of the coding region of
the respective wild type RNA, i.e. the unmodified RNA. The amino acid sequence encoded by the at least one
coding sequence of the RNA of the present invention is preferably not modified as compared to the amino acid
sequence encoded by the respective wild type mRNA.

In a preferred embodiment of the present invention, the modified RNA is modified such that at least 10%, 20%,
30%, 40%, 50%, 60%, 70% or 80%, or at least 90% of the theoretically possible maximum cytosine-content

or even a maximum cytosine-content is achieved.

In further preferred embodiments, at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or even 100%
of the codons of the target RNA wild type sequence, which are “cytosine content optimizable” are replaced by
codons having a higher cytosine-content than the ones present in the wild type sequence.

In a further preferred embodiment, some of the codons of the wild type coding sequence may additionally be
modified such that a codon for a relatively rare tRNA in the cell is exchanged by a codon for a relatively frequent
tRNA in the cell, provided that the substituted codon for a relatively frequent tRNA carries the same amino acid
as the relatively rare tRNA of the original wild type codon. Preferably, all of the codons for a relatively rare tRNA
are replaced by a codon for a relatively frequent tRNA in the cell, except codons encoding amino acids, which
are exclusively encoded by codons not containing any cytosine, or except for glutamine (GIn), which is encoded
by two codons each containing the same number of cytosines.

In a further preferred embodiment of the present invention, the modified target RNA is modified such that at
least 80%, or at least 90% of the theoretically possible maximum cytosine-content or even a maximum cytosine-
content is achieved by means of codons, which code for relatively frequent tRNAs in the cell, wherein the amino

acid sequence remains unchanged.

Due to the naturally occurring degeneracy of the genetic code, more than one codon may encode a particular
amino acid. Accordingly, 18 out of 20 naturally occurring amino acids are encoded by more than one codon (with
Tryp and Met being an exception), e.g. by 2 codons (e.g. Cys, Asp, Glu), by three codons (e.g. lie), by 4 codons
(e.g. Al, Gly, Pro) or by 6 codons (e.g. Leu, Arg, Ser). However, not all codons encoding the same amino acid
are utilized with the same frequency under in vivo conditions. Depending on each single organism, a typical
codon usage profile is established.
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The term “cytosine content-optimizable codon” as used within the context of the present invention refers to
codons, which exhibit a lower content of cytosines than other codons encoding the same amino acid. Accordingly,
any wild type codon, which may be replaced by another codon encoding the same amino acid and exhibiting a
higher number of cytosines within that codon, is considered to be cytosine-optimizable (C-optimizable). Any such
substitution of a C-optimizable wild type codon by the specific C-optimized codon within a wild type coding region
increases its overall C-content and reflects a C-enriched modified mRNA sequence. According to a preferred
embodiment, the RNA of the present invention, preferably the at least one coding sequence of the RNA of the
present invention, comprises or consists of a C-maximized RNA sequence containing C-optimized codons for all
potentially C-optimizable codons. Accordingly, 100% or all of the theoretically replaceable C-optimizable codons
are preferably replaced by C-optimized codons over the entire length of the coding region.

In this context, cytosine-content optimizable codons are codons, which contain a lower number of cytosines than
other codons coding for the same amino acid.

Any of the codons GCG, GCA, GCU codes for the amino acid Ala, which may be exchanged by the codon GCC
encoding the same amino acid, and/or

the codon UGU that codes for Cys may be exchanged by the codon UGC encoding the same amino acid, and/or
the codon GAU which codes for Asp may be exchanged by the codon GAC encoding the same amino acid, and/or
the codon that UUU that codes for Phe may be exchanged for the codon UUC encoding the same amino acid,
and/or

any of the codons GGG, GGA, GGU that code Gly may be exchanged by the codon GGC encoding the same amino
acid, and/or

the codon CAU that codes for His may be exchanged by the codon CAC encoding the same amino acid, and/or

any of the codons AUA, AUU that code for Ile may be exchanged by the codon AUC, and/or

any of the codons UUG, UUA, CUG, CUA, CUU coding for Leu may be exchanged by the codon CUC encoding
the same amino acid, and/or

the codon AAU that codes for Asn may be exchanged by the codon AAC encoding the same amino acid, and/or
any of the codons CCG, CCA, CCU coding for Pro may be exchanged by the codon CCC encoding the same amino
acid, and/or

any of the codons AGG, AGA, CGG, CGA, CGU coding for Arg may be exchanged by the codon CGC encoding the
same amino acid, and/or

any of the codons AGU, AGC, UCG, UCA, UCU coding for Ser may be exchanged by the codon UCC encoding the
same amino acid, and/or

any of the codons ACG, ACA, ACU coding for Thr may be exchanged by the codon ACC encoding the same amino
acid, and/or

any of the codons GUG, GUA, GUU coding for Val may be exchanged by the codon GUC encoding the same
amino acid, and/or

the codon UAU coding for Tyr may be exchanged by the codon UAC encoding the same amino acid.

In any of the above instances, the number of cytosines is increased by 1 per exchanged codon. Exchange of all
non C-optimized codons (corresponding to C-optimizable codons) of the coding region results in a C-maximized
coding sequence. In the context of the invention, at least 70%, preferably at least 80%, more preferably at least
S0%, of the non C-optimized codons within the at least one coding region of the RNA according to the invention
are replaced by C-optimized codons.
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It may be preferred that for some amino acids the percentage of C-optimizable codons replaced by C-optimized
codons is less than 70%, while for other amino acids the percentage of replaced codons is higher than 70% to
meet the overall percentage of C-optimization of at least 70% of all C-optimizable wild type codons of the coding
region.

Preferably, in a C-optimized RNA of the invention, at least 50% of the C-optimizable wild type codons for any
given amino acid are replaced by C-optimized codons, e.g. any modified C-enriched RNA preferably contains at
least 50% C-optimized codons at C-optimizable wild type codon positions encoding any one of the above
mentioned amino acids Ala, Cys, Asp, Phe, Gly, His, Ile, Leu, Asn, Pro, Arg, Ser, Thr, Val and Tyr, preferably at
least 60%.

In this context codons encoding amino acids, which are not cytosine content-optimizable and which are,
however, encoded by at least two codons, may be used without any further selection process. However, the
codon of the wild type sequence that codes for a relatively rare tRNA in the cell, e.g. a human cell, may be
exchanged for a codon that codes for a relatively frequent tRNA in the cell, wherein both code for the same
amino acid. Accordingly, the relatively rare codon GAA coding for Glu may be exchanged by the relative frequent
codon GAG coding for the same amino acid, and/or

the relatively rare codon AAA coding for Lys may be exchanged by the relative frequent codon AAG coding for
the same amino acid, and/or

the relatively rare codon CAA coding for GIn may be exchanged for the relative frequent codon CAG encoding
the same amino acid.

In this context, the amino acids Met (AUG) and Trp (UGG), which are encoded by only one cadon each, remain
unchanged. Stop codons are not cytosine-content optimized, however, the relatively rare stop codons amber,
ochre (UAA, UAG) may be exchanged by the relatively frequent stop codon opal (UGA).

The single substitutions listed above may be used individually as well as in all possible combinations in order to
optimize the cytosine-content of the modified RNA compared to the wild type mRNA sequence.

Accordingly, the at least one coding sequence as defined herein may be changed compared to the coding region
of the respective wild type RNA in such a way that an amino acid encoded by at least two or more codons, of
which one comprises one additional cytosine, such a codon may be exchanged by the C-optimized codon
comprising one additional cytosine, wherein the amino acid is preferably unaltered compared to the wild type
sequence.

In a preferred embodiment, the present invention provides an RNA comprising at least one coding sequence,
wherein the coding sequence comprises a nucleic acid sequence identical or at least 80% identical to a nucleic
acid sequence selected from the group consisting of SEQ ID NO: 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126 and 127, or a fragment or variant of
any one of said nucleic acid sequences.
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According to a further embodiment, the at least one coding sequence of the RNA according to the invention
comprises or consists of a nucleic acid sequence having a sequence identity of at least 5%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99%, preferably of at least 70%, more preferably of at least 80%, even more preferably at least 85%,
even more preferably of at least 90% and most preferably of at least 95% or even 97%, with a nucleic acid
sequence selected from the group consisting of SEQ ID NO: 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126 and 127, or a fragment or variant of any

one of said nucleic acid sequences.

According to a particularly preferred embodiment, the invention provides an RNA, preferably an mRNA,
comprising at least one coding sequence as defined herein, wherein the G/C content of the at least one coding
sequence of the RNA is increased compared to the G/C content of the corresponding coding sequence of the
corresponding wild type RNA, and/or

wherein the C content of the at least one coding sequence of the RNA is increased compared to the C content
of the corresponding coding sequence of the corresponding wild type RNA, and/or

wherein the codons in the at least one coding sequence of the RNA are adapted to human codon usage, wherein
the codon adaptation index (CAI) is preferably increased or maximised in the at least one coding sequence of
the RNA,

and wherein the amino acid sequence encoded by the RNA is preferably not being modified compared to the
amino acid sequence encoded by the corresponding wild type RNA.

In a preferred embodiment, the present invention provides an RNA comprising at least one coding sequence,
wherein the coding sequence comprises a nucleic acid sequence identical or at least 80% identical to a nucleic
acid sequence selected from the group consisting of SEQ ID NO: 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114,
115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 131, 132, 133, 134, 135, 136, 137, 138, 139,
140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 159, 160, 161, 162, 163, 164,
165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 187, 188, 189,
190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211,
215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236,
237, 238, 239, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261,
262, 263, 264, 265, 266, 267, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286,
287, 288, 289, 290, 291, 292, 293, 294, 295, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311,
312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336,
337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 355, 356, 357, 358, 359, 360, 361,
362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 383, 384, 385, 386,
387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406 and 407,
or a fragment or variant of any one of said nucleic acid sequences.

According to a further embodiment, the at least one coding sequence of the RNA according to the invention
comprises or consists of a nucleic acid sequence having a sequence identity of at least 5%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99%, preferably of at least 70%, more preferably of at least 80%, even more preferably at least 85%,
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even more preferably of at least 90% and most preferably of at least 95% or even 97%, with a nucleic acid
sequence selected from the group consisting of SEQ ID NO: 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 159, 160, 161, 162, 163, 164, 165,
166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 187, 188, 189, 190,
191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 215,
216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237,
238, 239, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262,
263, 264, 265, 266, 267, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287,
288, 289, 290, 291, 292, 293, 294, 295, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312,
313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337,
338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 355, 356, 357, 358, 359, 360, 361, 362,
363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 383, 384, 385, 386, 387,
388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406 and 407, or a
fragment or variant of any one of said nucleic acid sequences.

5'-cap

According to another preferred embodiment of the invention, a modified RNA as defined herein, can be modified
by the addition of a so-called "5 “-cap” structure, which preferably stabilizes the RNA as described herein. A 5'-
cap is an entity, typically a modified nucleotide entity, which generally “caps” the 5"-end of a mature mRNA. A
5"-cap may typically be formed by a modified nucleotide, particularly by a derivative of a guanine nucleotide.
Preferably, the 5'-cap is linked to the 5'-terminus via a 5°-5'-triphosphate linkage. A 5 -cap may be
methylated, e.g. m7GpppN, wherein N is the terminal 5° nucleotide of the nucleic acid carrying the 5 -cap,
typically the 5"-end of an mRNA. m7GpppN is the 5°-cap structure, which naturally occurs in mRNA transcribed
by polymerase II and is therefore preferably not considered as modification comprised in a modified mRNA in
this context. Accordingly, a modified RNA of the present invention may comprise a m7GpppN as 5 -cap, but
additionally the modified RNA typically comprises at least one further modification as defined herein.

Further examples of 5"-cap structures include glyceryl, inverted deoxy abasic residue (moiety), 4,5  methylene
nuclectide, 1-(beta-D-erythrofuranosyl) nuclectide, 4'-thio nucleotide, carbocyclic nuclectide, 1,5-
anhydrohexitol nucleotide, L-nucleotides, alpha-nucleotide, modified base nucleotide, threo-pentofuranosyl
nucleotide, acyclic 3",4"-seco nucleotide, acyclic 3,4-dihydroxybutyl nucleotide, acyclic 3,5 dihydroxypentyl
nucleotide, 3"-3 -inverted nucleotide moiety, 3"-3"-inverted abasic moiety, 3"-2"-inverted nucleotide moiety,
37-2 -inverted abasic moiety, 1,4-butanediol phosphate, 3°-phosphoramidate, hexylphosphate, aminohexyl
phosphate, 3-phosphate, 3 ’phosphorothioate, ~phosphorodithioate, or bridging or non-bridging
methylphosphonate moiety. These modified 5 -cap structures are regarded as at least one modification in this
context.

Particularly preferred modified 5" -cap structures are capl (methylation of the ribose of the adjacent nucleotide
of m7G), cap2 (additional methylation of the ribose of the 2nd nucleotide downstream of the m7G), cap3
(additional methylation of the ribose of the 3rd nuclectide downstream of the m7G), cap4 (methylation of the
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ribose of the 4th nucleotide downstream of the m7G), ARCA (anti-reverse cap analogue, modified ARCA (e.q.
phosphothioate modified ARCA), inosine, N1-methyl-guanosine, 2 "-fluoro-guanosine, 7-deaza-guanosine, 8-oxo-
guanosine, 2-amino-guanosine, LNA-guanosine, and 2-azido-guanosine. Accordingly, the RNA according to the
invention preferably comprises a 5 -cap structure.

In a preferred embodiment, the RNA according to the invention comprises at least one 5~ or 3'-UTR element.
In this context, an UTR element comprises or consists of a nucleic acid sequence, which is derived from the 5°-
or 3'-UTR of any naturally occurring gene or which is derived from a fragment, a homolog or a variant of the
5'- or 3"-UTR of a gene. Preferably, the 5'- or 3"-UTR element used according to the present invention is
heterologous to the at least one coding sequence of the RNA of the invention. Even if 5'- or 3"-UTR elements
derived from naturally occurring genes are preferred, also synthetically engineered UTR elements may be used
in the context of the present invention.

The term “3"-UTR element” typically refers to a nucleic acid sequence, which comprises or consists of a nucleic
acid sequence that is derived from a 3"-UTR or from a variant of a 3"-UTR. A 3"-UTR element in the sense of
the present invention may represent the 3 -UTR of an RNA, preferably an mRNA. Thus, in the sense of the
present invention, preferably, a 3"-UTR element may be the 3'-UTR of an RNA, preferably of an mRNA, or it
may be the transcription template for a 3"-UTR of an RNA. Thus, a 3 -UTR element preferably is a nucleic acid
sequence which corresponds to the 3"°-UTR of an RNA, preferably to the 3 -UTR of an mRNA, such as an mRNA
obtained by transcription of a genetically engineered vector construct. Preferably, the 3°-UTR element fulfils the
function of a 3”-UTR or encodes a sequence which fulfils the function of a 3" -UTR.

According to a preferred embodiment, the RNA, preferably an mRNA, according to the invention comprisesa 5'-
cap structure and/or at least one 3 -untranslated region element (3'-UTR element), preferably as defined
herein. More preferably, the RNA further comprises a 5'-UTR element as defined herein.

Poly(A) tail

According to a further preferred embodiment, the RNA of the present invention may contain a poly(A) tail on
the 3 -terminus of typically about 10 to 200 adenosine nucleotides, preferably about 10 to 100 adenosine
nucleotides, more preferably about 40 to 80 adenosine nucleotides or even more preferably about 50 to 70
adenosine nucleotides.

Preferably, the poly(A) sequence in the RNA of the present invention is derived from a DNA template by RNA in
vitro transcription. Alternatively, the poly(A) sequence may also be obtained in vitro by common methods of
chemical-synthesis without being necessarily transcribed from a DNA-progenitor. Moreover, poly(A) sequences,
or poly(A) tails may be generated by enzymatic polyadenylation of the RNA according to the present invention
using commercially available polyadenylation kits and corresponding protocols known in the art.

Alternatively, the RNA as described herein optionally comprises a polyadenylation signal, which is defined herein
as a signal, which conveys polyadenylation to a (transcribed) RNA by specific protein factors (e.g. cleavage and
polyadenylation specificity factor (CPSF), cleavage stimulation factor (CstF), cleavage factors I and II (CF I and

CF II), poly(A) polymerase (PAP)). In this context, a consensus polyadenylation signal is preferred comprising
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the NN(U/T)ANA consensus sequence. In a particularly preferred aspect, the polyadenylation signal comprises
one of the following sequences: AA(U/T)AAA or A(U/T)(U/T)AAA (wherein uridine is usually present in RNA and
thymidine is usually present in DNA).

Poly(C) tail

According to a further preferred embodiment, the RNA of the present invention may contain a poly(C) tail on
the 3"-terminus of typically about 10 to 200 cytidine nucleotides, preferably about 10 to 100 cytidine nuclectides,
more preferably about 20 to 70 cytidine nucleotides or even more preferably about 20 to 60 or even 10 to 40
cytidine nucleotides.

3-UTR

In a further preferred embodiment, the RNA according to the invention further comprises at least one 3 -UTR
element. Preferably, the at least one 3"-UTR element comprises or consists of a nucleic acid sequence derived
from the 3"-UTR of a chordate gene, preferably a vertebrate gene, more preferably a mammalian gene, most
preferably a human gene, or from a variant of the 3"-UTR of a chordate gene, preferably a vertebrate gene,

more preferably a mammalian gene, most preferably a human gene.

Preferably, the RNA of the present invention comprises a 3 -UTR element, which may be derivable from a gene
that relates to an mRNA with an enhanced half-life (that provides a stable mRNA), for example a 3°-UTR element
as defined and described below. Preferably, the 3°-UTR element is a nucleic acid sequence derived froma 3'-
UTR of a gene, which preferably encodes a stable mRNA, or from a homolog, a fragment or a variant of said
gene.

In a particularly preferred embodiment, the 3"-UTR element comprises or consists of a nucleic acid sequence,
which is derived from a 3"-UTR of a gene selected from the group consisting of an albumin gene, an a-globin
gene, a B-globin gene, a tyrosine hydroxylase gene, a lipoxygenase gene, and a collagen alpha gene, such as a
collagen alpha 1(I) gene, or from a variant of a 3'-UTR of a gene selected from the group consisting of an
albumin gene, an o-globin gene, a B-globin gene, a tyrosine hydroxylase gene, a lipoxygenase gene, and a
collagen alpha gene, such as a collagen alpha 1(I) gene according to SEQ ID NO: 1369-1390 of the patent
application W02013/143700, whose disclosure is incorporated herein by reference, or from a homolog, a
fragment or a variant thereof. In a particularly preferred embodiment, the 3 "-UTR element comprises or consists
of a nucleic acid sequence which is derived from a 3"-UTR of an albumin gene, preferably a vertebrate albumin
gene, more preferably a mammalian albumin gene, most preferably a human albumin gene according to SEQ ID
NO: 1445 or the corresponding RNA sequence SEQ ID NO: 1446, or a fragment or variant thereof.

In this context it is particularly preferred that the RNA according to the invention comprises a 3”-UTR element
comprising a corresponding RNA sequence derived from the nucleic acids according to SEQ ID NOs: 1369-1390
of the patent application W02013/143700, or a fragment, homolog or variant thereof.
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Most preferably the 3"-UTR element comprises the nucleic acid sequence derived from a fragment of the human
albumin gene according to SEQ ID NO: 1447 (corresponding to SEQ ID NO: 1376 of the patent application
WQ02013/143700) or 1449.

In this context, it is particularly preferred that the 3 -UTR element of the RNA according to the present invention
comprises or consists of a corresponding RNA sequence of the nucleic acid sequence according to SEQ ID NO:
1447 or 1449 as shown in SEQ ID NO: 1448 or 1450.

In another particularly preferred embodiment, the 3°-UTR element comprises or consists of a nucleic acid
sequence which is derived from a 3"-UTR of an a-globin gene, preferably a vertebrate «-or B-globin gene, more
preferably a mammalian o-or B-globin gene, most preferably a human o-or B-globin gene according to SEQ ID
NOs: 1437, 1439 or 1441 or the corresponding RNA sequences SEQ ID NOs: 1438, 1440 or 1442:

37-UTR of Homo sapiens hemoglobin, alpha 1 (HBA1)
GCTGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTCCTCCCCTTCCTGCACCCGTACCCCCG
TGGTCTTTGAATAAAGTCTGAGTGGGCGGC (SEQ ID NO: 1437 corresponding to SFQ ID NO: 1370 of the patent
application W02013/143700)

3-UTR of Homo sapiens hemoglobin, alpha 2 (HBA2)
GCTGGAGCCTCGGTAGCCGTTCCTCCTGCCCGCTGGGCCTCCCAACGGGCCCTCCTCCCCTCCTTGCACCGGCCCTTCCT
GGTCTTTGAATAAAGTCTGAGTGGGCAG (SEQ ID NO: 1439 corresponding to SEQ ID NO: 1371 of the patent
application W02013/143700)

3"-UTR of Homo sapiens hemoglobin, beta (HBB)
GCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATATTATGAA
GGGCCTTGAGCATCTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGC (SEQ ID NO: 1441 corresponding to SEQ
ID NO: 1372 of the patent application W02013/143700)

For example, the 3"-UTR element may comprise or consist of the center, «-complex-binding portion of the 3°-
UTR of an a-globin gene, such as of a human a-globin gene, or a homolog, a fragment, or a variant of an -
globin gene, preferably according to SEQ ID NO: 1443:

Center, a-complex-binding portion of the 3"-UTR of an a-globin gene (also named herein as “muag”)
GCCCGATGGGCCTCCCAACGGGCCCTCCTCCCCTCCTTGCACCG (SEQ ID NO: 1443 corresponding to SEQ ID NO:
1393 of the patent application W02013/143700).

In this context it is particularly preferred that the 3°-UTR element of the RNA according to the invention
comprises or consists of a corresponding RNA sequence of the nucleic acid sequence according to SEQ ID NO:
1443 as shown in SEQ ID NO: 1444, or a homolog, a fragment or variant thereof.

The term “a nucleic acid sequence which is derived from the 3"-UTR of a [...] gene” preferably refers to a nucleic
acid sequence which is based on the 3"-UTR sequence of a [...] gene or on a part thereof, such as on the 3'-

UTR of an albumin gene, an o-globin gene, a B-globin gene, a tyrosine hydroxylase gene, a lipoxygenase gene,
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or a collagen alpha gene, such as a collagen alpha 1(I) gene, preferably of an albumin gene or on a part thereof.
This term includes sequences corresponding to the entire 3"-UTR sequence, i.e. the full length 3"-UTR sequence
of a gene, and sequences corresponding to a fragment of the 3"-UTR sequence of a gene, such as an albumin
gene, a-globin gene, B-globin gene, tyrosine hydroxylase gene, lipoxygenase gene, or collagen alpha gene, such
as a collagen alpha 1(I) gene, preferably of an albumin gene.

The term “a nucleic acid sequence which is derived from a variant of the 3 -UTR of a [...] gene” preferably refers
to a nucleic acid sequence, which is based on a variant of the 3"-UTR sequence of a gene, such as on a variant
of the 37-UTR of an albumin gene, an a-globin gene, a B-globin gene, a tyrosine hydroxylase gene, a
lipoxygenase gene, or a collagen alpha gene, such as a collagen alpha 1(I) gene, or on a part thereof as described
above. This term includes sequences corresponding to the entire sequence of the variant of the 3'-UTR of a
gene, i.e. the full length variant 3"-UTR sequence of a gene, and sequences corresponding to a fragment of the
variant 3"-UTR sequence of a gene. A fragment in this context preferably consists of a continuous stretch of
nucleotides corresponding to a continuous stretch of nuclectides in the full-length variant 3’-UTR, which
represents at least 20%, preferably at least 30%, more preferably at least 40%, more preferably at least 50%,
even more preferably at least 60%, even more preferably at least 70%, even more preferably at least 80%, and
most preferably at least 90% of the full-length variant 3"-UTR. Such a fragment of a variant, in the sense of the

present invention, is preferably a functional fragment of a variant as described herein,

5-UTR

In a particularly preferred embodiment, the at least one mRNA of the inventive composition comprises at least
one 5’ -untranslated region element (5°-UTR element). Preferably, the at least one 5°-UTR element comprises
or consists of a nucleic acid sequence, which is derived from the 5 -UTR of a TOP gene or which is derived from
a fragment, homolog or variant of the 5°-UTR of a TOP gene.

It is particularly preferred that the 5"-UTR element does not comprise a TOP-motif or a 5 TOP, as defined
above.

In some embodiments, the nucleic acid sequence of the 5’ -UTR element, which is derived from a 5" -UTR of a
TOP gene, terminates at its 3"-end with a nucleotide located at position 1, 2, 3,4, 5, 6, 7, 8, 9 or 10 upstream
of the start codon (e.g. A(U/T)G) of the gene or mRNA it is derived from. Thus, the 5 -UTR element does not
comprise any part of the protein coding region. Thus, preferably, the only protein coding part of the at least one
mRNA of the inventive composition is provided by the coding region.

The nucleic acid sequence derived from the 5°-UTR of a TOP gene is preferably derived from a eukaryotic TOP
gene, preferably a plant or animal TOP gene, more preferably a chordate TOP gene, even more preferably a
vertebrate TOP gene, most preferably a mammalian TOP gene, such as a human TOP gene.

For example, the 5'-UTR element is preferably selected from 5'-UTR elements comprising or consisting of a
nucleic acid sequence, which is derived from a nucleic acid sequence selected from the group consisting of SEQ
ID NOs: 1-1363, SEQ ID NO: 1395, SEQ ID NO: 1421 and SEQ ID NO: 1422 of the patent application
WQ02013/143700, whose disclosure is incorporated herein by reference, from the homologs of SEQ ID NOs: 1-
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1363, SEQ ID NO: 1395, SEQ ID NO: 1421 and SEQ ID NO: 1422 of the patent application W02013/143700,
from a variant thereof, or preferably from a corresponding RNA sequence. The term “homologs of SEQ ID NOs:
1-1363, SEQ ID NO: 1395, SEQ ID NO: 1421 and SEQ ID NO: 1422 of the patent application W02013/143700”
refers to sequences of other species than homo sapiens, which are homologous to the sequences according to
SEQ ID NOs: 1-1363, SEQ ID NO: 1395, SEQ ID NO: 1421 and SEQ ID NO: 1422 of the patent application
W02013/143700.

In a preferred embodiment, the 5"-UTR element of the RNA according to the invention comprises or consists of
a nucleic acid sequence, which is derived from a nucleic acid sequence extending from nucleotide position 5 (i.e.
the nucleotide that is located at position 5 in the sequence) to the nucleotide position immediately 5° to the
start codon (located at the 3"-end of the sequences), e.g. the nucleotide position immediately 5° to the ATG
sequence, of a nucleic acid sequence selected from SEQ ID NOs: 1-1363, SEQ ID NO: 1395, SEQ ID NO: 1421
and SEQ ID NO: 1422 of the patent application W02013/143700, from the homologs of SEQ ID NOs: 1-1363,
SEQ ID NO: 1395, SEQ ID NO: 1421 and SEQ ID NO: 1422 of the patent application W02013/143700 from a
variant thereof, or a corresponding RNA sequence. It is particularly preferred that the 5'-UTR element is derived
from a nucleic acid sequence extending from the nucleotide position immediately 3° to the 5 TOP to the
nucleotide position immediately 5° to the start codon (located at the 3°-end of the sequences), e.g. the
nucleotide position immediately 5° to the ATG sequence, of a nucleic acid sequence selected from SEQ ID NOs:
1-1363, SEQ ID NO: 1395, SEQ ID NO: 1421 and SEQ ID NO: 1422 of the patent application W02013/143700,
from the homologs of SEQ ID NOs: 1-1363, SEQ ID NO: 1395, SEQ ID NO: 1421 and SEQ ID NO: 1422 of the
patent application W02013/143700, from a variant thereof, or a corresponding RNA sequence.

In a particularly preferred embodiment, the 5°-UTR element comprises or consists of a nucleic acid sequence,
which is derived from a 5 -UTR of a TOP gene encoding a ribosomal protein or from a variant of a 5 -UTR of a
TOP gene encoding a ribosomal protein. For example, the 5°-UTR element comprises or consists of a nucleic
acid sequence, which is derived from a 5"-UTR of a nucleic acid sequence according to any of SEQ ID NOs: 67,
170, 193, 244, 259, 554, 650, 675, 700, 721, 913, 1016, 1063, 1120, 1138, and 1284-1360 of the patent
application W02013/143700, a corresponding RNA sequence, a homolog thereof, or a variant thereof as
described herein, preferably lacking the 5 TOP motif. As described above, the sequence extending from position
5 to the nucleotide immediately 5 to the ATG (which is located at the 3 "-end of the sequences) corresponds to
the 5'-UTR of said sequences.

Preferably, the 5"-UTR element comprises or consists of a nucleic acid sequence, which is derived from a 5"~
UTR of a TOP gene encoding a ribosomal Large protein (RPL) or from a homolog or variant of a 5'-UTR of a
TOP gene encoding a ribosomal Large protein (RPL). For example, the 5'-UTR element comprises or consists of
a nucleic acid sequence, which is derived from a 5°-UTR of a nucleic acid sequence according to any of SEQ ID
NOs: 67, 259, 1284-1318, 1344, 1346, 1348-1354, 1357, 1358, 1421 and 14220f the patent application
W02013/143700, a corresponding RNA sequence, a homolog thereof, or a variant thereof as described herein,
preferably lacking the 5 TOP motif.

In a particularly preferred embodiment, the 5°-UTR element comprises or consists of a nucleic acid sequence
which is derived from the 5"-UTR of a ribosomal protein Large 32 gene, preferably from a vertebrate ribosomal

protein Large 32 (1.32) gene, more preferably from a mammalian ribosomal protein Large 32 (L32) gene, most
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preferably from a human ribosomal protein Large 32 (L32) gene, or from a variant of the 5" -UTR of a ribosomal
protein Large 32 gene, preferably from a vertebrate ribosomal protein Large 32 (L32) gene, more preferably
from a mammalian ribosomal protein Large 32 (L32) gene, most preferably from a human ribosomal protein
Large 32 (L32) gene, wherein preferably the 5 -UTR element does not comprise the 5 TOP of said gene.

Accordingly, in a particularly preferred embodiment, the 5" -UTR element comprises or consists of a nucleic acid
sequence, which has an identity of at least about 40%, preferably of at least about 50%, preferably of at least
about 60%, preferably of at least about 70%, more preferably of at least about 80%, more preferably of at least
about 90%, even more preferably of at least about 95%, even more preferably of at least about 99% to the
nucleic acid sequence according to SEQ ID NO: 1431 (5°-UTR of human ribosomal protein Large 32 lacking the
5 -terminal oligopyrimidine tract: GGCGCTGCCTACGGAGGTGGCAGCCATCTCCTTCTCGGCATC; corresponding to
SEQ ID NO: 1368 of the patent application W02013/143700) or preferably to a corresponding RNA sequence
(SEQ ID NO: 1432), or wherein the at least one 5 -UTR element comprises or consists of a fragment of a nucleic
acid sequence which has an identity of at least about 40%, preferably of at least about 50%, preferably of at
least about 60%, preferably of at least about 70%, more preferably of at least about 80%, more preferably of
at least about 90%, even more preferably of at least about 95%, even more preferably of at least about 99%
to the nucleic acid sequence according to SEQ ID NO: 1431 or more preferably to a corresponding RNA sequence
(SEQ ID NO: 1432), wherein, preferably, the fragment is as described above, i.e. being a continuous stretch of
nucleotides representing at least 20% etc. of the full-length 5°-UTR. Preferably, the fragment exhibits a length
of at least about 20 nucleotides or more, preferably of at least about 30 nucleotides or more, more preferably
of at least about 40 nucleotides or more. Preferably, the fragment is a functional fragment as described herein.

In some embodiments, the RNA according to the invention comprises a 5 -UTR element, which comprises or
consists of a nucleic acid sequence, which is derived from the 5°-UTR of a vertebrate TOP gene, such as a
mammalian, e.g. a human TOP gene, selected from RPSA, RPS2, RPS3, RPS3A, RPS4, RPS5, RPS6, RPS7, RPSS,
RPS9, RPS10, RPS11, RPS12, RPS13, RPS14, RPS15, RPS15A, RPS16, RPS17, RPS18, RPS19, RPS20, RPS21,
RPS23, RPS24, RPS25, RPS26, RPS27, RPS27A, RPS28, RPS29, RPS30, RPL3, RPL4, RPL5, RPL6, RPL7, RPL7A,
RPL8, RPLY, RPL10, RPL10A, RPL11, RPL12, RPL13, RPL13A, RPL14, RPL15, RPL17, RPL18, RPL18A, RPL1S,
RPL21, RPL22, RPL23, RPL23A, RPL24, RPL26, RPL27, RPL27A, RPL28, RPL29, RPL30, RPL31, RPL32, RPL34,
RPL35, RPL35A, RPL36, RPL36A, RPL37, RPL37A, RPL38, RPL39, RPL40, RPL41, RPLPO, RPLP1, RPLP2, RPLP3,
RPLPO, RPLP1, RPLP2, EEF1A1, EEF1B2, EEF1D, EEF1G, EEF2, EIF3E, EIF3F, EIF3H, EIF2S3, EIF3C, EIF3K,
EIF3EIP, EIF4A2, PABPC1, HNRNPA1, TPT1, TUBB1, UBAS52, NPM1, ATP5G2, GNB2L1, NME2, UQCRB, or from a
homolog or variant thereof, wherein preferably the 5 -UTR element does not comprise a TOP-motif or the 5 TOP
of said genes, and wherein optionally the 5'-UTR element starts at its 5 -end with a nucleotide located at
position 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 downstream of the 5 -terminal oligopyrimidine tract (TOP) and wherein
further optionally the 5'-UTR element which is derived from a 5"-UTR of a TOP gene terminates at its 3 "-end
with a nucleotide located at position 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 upstream of the start codon (A(U/T)G) of the
gene it is derived from.

In further particularly preferred embodiments, the 5 -UTR element comprises or consists of a nucleic acid
sequence, which is derived from the 5" -UTR of a ribosomal protein Large 32 gene (RPL32), a ribosomal protein
Large 35 gene (RPL35), a ribosomal protein Large 21 gene (RPL21), an ATP synthase, H+ transporting,
mitochondrial F1 complex, alpha subunit 1, cardiac muscle (ATP5AL) gene, an hydroxysteroid (17-beta)
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dehydrogenase 4 gene (HSD17B4), an androgen-induced 1 gene (AIG1), cytochrome ¢ oxidase subunit VIc gene
(COX6C), or a N-acylsphingosine amidohydrolase (acid ceramidase) 1 gene (ASAH1) or from a variant thereof,
preferably from a vertebrate ribosomal protein Large 32 gene (RPL32), a vertebrate ribosomal protein Large 35
gene (RPL35), a vertebrate ribosomal protein Large 21 gene (RPL21), a vertebrate ATP synthase, H+
transporting, mitochondrial F1 complex, alpha subunit 1, cardiac muscle (ATP5A1) gene, a vertebrate
hydroxysteroid (17-beta) dehydrogenase 4 gene (HSD17B4), a vertebrate androgen-induced 1 gene (AIG1), a
vertebrate cytochrome ¢ oxidase subunit VIc gene (COX6C), or a vertebrate N-acylsphingosine amidohydrolase
(acid ceramidase) 1 gene (ASAH1) or from a variant thereof, more preferably from a mammalian ribosomal
protein Large 32 gene (RPL32), a ribosomal protein Large 35 gene (RPL35), a ribosomal protein Large 21 gene
(RPL21), a mammalian ATP synthase, H+ transporting, mitochondrial F1 complex, alpha subunit 1, cardiac
muscle (ATP5A1) gene, a mammalian hydroxysteroid (17-beta) dehydrogenase 4 gene (HSD17B4), a mammalian
androgen-induced 1 gene (AIG1), a mammalian cyto-chrome ¢ oxidase subunit Vic gene (COX6C), or a
mammalian N-acylsphingosine ami-dohydrolase (acid ceramidase) 1 gene (ASAH1) or from a variant thereof,
most preferably from a human ribosomal protein Large 32 gene (RPL32), a human ribosomal protein Large 35
gene (RPL35), a human ribosomal protein Large 21 gene (RPL21), a human ATP syn-thase, H+ transporting,
mitochondrial F1 complex, alpha subunit 1, cardiac muscle (ATP5A1) gene, a human hydroxysteroid (17-beta)
dehydrogenase 4 gene (HSD17B4), a human androgen-induced 1 gene (AIG1), a human cytochrome ¢ oxidase
subunit VIc gene (COX6C), or a human N-acylsphingosine amidohydrolase (acid ceramidase) 1 gene (ASAH1) or
from a variant thereof, wherein preferably the 5'-UTR element does not comprise the 5 TOP of said gene.

In further particularly preferred embodiments, the 5°-UTR element comprises or consists of a nucleic acid
sequence, which is derived from a vertebrate hydroxysteroid (17-beta) dehydrogenase 4 gene (HSD17B4),
preferably from a mammalian hydroxysteroid (17-beta) dehydrogenase 4 gene (HSD17B4). More preferably, the
5°-UTR element comprises or consists of a nucleic acid sequence, which has an identity of at least about 40%,
preferably of at least about 50%, preferably of at least about 60%, preferably of at least about 70%, more
preferably of at least about 80%, more preferably of at least about 90%, even more preferably of at least about
95%, even more preferably of at least about 99% to the nucleic acid sequence according to SEQ ID NO: 1435
or preferably to a corresponding RNA sequence according to SEQ ID NO: 1436, or wherein the at least one 5'-
UTR element comprises or consists of a fragment of a nucleic acid sequence which has an identity of at least
about 40%, preferably of at least about 50%, preferably of at least about 60%, preferably of at least about
70%, more preferably of at least about 80%, more preferably of at least about 90%, even more preferably of
at least about 95%, even more preferably of at least about 99% to the nucleic acid sequence according to SEQ
ID NO: 1435 or more preferably to a corresponding RNA sequence (SEQ ID NO: 1436), wherein, preferably, the
fragment is as described above, i.e. being a continuous stretch of nucleotides representing at least 20% etc. of
the full-length 5°-UTR. Preferably, the fragment exhibits a length of at least about 20 nucleotides or more,
preferably of at least about 30 nucleotides or more, more preferably of at least about 40 nucleotides or more.
Preferably, the fragment is a functional fragment as described herein.

Accordingly, in a particularly preferred embodiment, the 5°-UTR element comprises or consists of a nucleic acid
sequence, which has an identity of at least about 40%, preferably of at least about 50%, preferably of at least
about 60%, preferably of at least about 70%, more preferably of at least about 80%, more preferably of at least
about 90%, even more preferably of at least about 95%, even more preferably of at least about 99% to the
nucleic acid sequence according to SEQ ID NO: 1368, or SEQ ID NOs: 1412-1420 of the patent application
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W02013/143700, or a corresponding RNA sequence, or wherein the at least one 5'-UTR element comprises or
consists of a fragment of a nucleic acid sequence which has an identity of at least about 40%, preferably of at
least about 50%, preferably of at least about 60%, preferably of at least about 70%, mare preferably of at least
about 80%, more preferably of at least about 90%, even more preferably of at least about 95%, even more
preferably of at least about 99% to the nucleic acid sequence according to SEQ ID NO: 1368, or SEQ ID NOs:
1412-1420 of the patent application W02013/143700, wherein, preferably, the fragment is as described above,
i.e. being a continuous stretch of nucleotides representing at least 20% etc. of the full-length 5 -UTR. Preferably,
the fragment exhibits a length of at least about 20 nucleotides or more, preferably of at least about 30
nucleotides or more, more preferably of at least about 40 nucleotides or more. Preferably, the fragment is a
functional fragment as described herein.

Accordingly, in a particularly preferred embodiment, the 5'-UTR element comprises or consists of a nucleic acid
sequence, which has an identity of at least about 40%, preferably of at least about 50%, preferably of at least
about 60%, preferably of at least about 70%, more preferably of at least about 80%, more preferably of at least
about 90%, even more preferably of at least about 95%, even more preferably of at least about 99% to the
nucleic acid sequence according to SEQ ID NO: 1433 (5°-UTR of ATP5A1 lacking the 5" -terminal oligopyrimidine
tract:
GCGGCTCGGCCATTTTGTCCCAGTCAGTCCGGAGGCTGCGGCTGCAGAAGTACCGCCTGCG-GAGTAACTGCAAAG;
corresponding to SEQ ID NO: 1414 of the patent application W02013/143700) or preferably to a corresponding
RNA sequence (SEQ ID NO: 1434), or wherein the at least one 5 -UTR element comprises or consists of a
fragment of a nucleic acid sequence which has an identity of at least about 40%, preferably of at least about
50%, preferably of at least about 60%, preferably of at least about 70%, more preferably of at least about 80%,
more preferably of at least about 90%, even more preferably of at least about 95%, even more preferably of at
least about 99% to the nucleic acid sequence according to SEQ ID NO: 1433 or more preferably to a
corresponding RNA sequence (SEQ ID NO: 1434), wherein, preferably, the fragment is as described above, i.e.
being a continuous stretch of nucleotides representing at least 20% etc. of the full-length 5°-UTR. Preferably,
the fragment exhibits a length of at least about 20 nucleotides or more, preferably of at least about 30
nucleotides or more, more preferably of at least about 40 nucleotides or more. Preferably, the fragment is a
functional fragment as described herein.

Preferably, the at least one 5'-UTR element and the at least one 3"-UTR element act synergistically to increase
protein production from the at least one mRNA of the inventive composition as described above.

Histone stem-loop

In a particularly preferred embodiment, the RNA according to the invention comprises a histone stem-loop
sequence/structure. Such histone stem-loop sequences are preferably selected from histone stem-loop
sequences as disclosed in W02012/019780, the disclosure of which is incorporated herewith by reference.

A histone stem-loop sequence, suitable to be used within the present invention, is preferably selected from at
least one of the following formulae (1) or (11):
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formula (I) (stem-loop sequence without stem bordering elements):

[No-2GN3-5] [No-4(U/T)No-a] [N3-5CNg.2]
;Y———/;_Y_...,.J\—W——/

stem1 loop

stem2

formula (II) (stem-loop sequence with stem bordering elements):

Ni-6 [No-2GNaz.5] [N0-4(U/T)N0-4])£N3-5CN0—2] Nis
\—,——J\w__/\ g} g

steml steml 1086

bordering element

wherein:

stem1 or stem2 bordering elements Ni.¢

steml [Ng2GN3.5]

loop sequence [No-4(U/T)Ng.4]

v
stem?2 stem2
bordering element

is a consecutive sequence of 1 to 6, preferably of 2 to 6, more
preferably of 2 to 5, even more preferably of 3 to 5, most preferably
of 4 to 5 or 5 N, wherein each N is independently from another
selected from a nucleotide selected from A, U, T, G and C, or a

nucleotide analogue thereof;

is reverse complementary or partially reverse complementary with
element stem2, and is a consecutive sequence between of 5 to 7
nucleotides;

wherein Ny is a consecutive sequence of 0 to 2, preferably of 0 to
1, more preferably of 1 N, wherein each N is independently from
another selected from a nucleotide selected from A, U, T, Gand C or
a nucleotide analogue thereof;

wherein Ni.5 is a consecutive sequence of 3 to 5, preferably of 4 to
5, more preferably of 4 N, wherein each N is independently from
another selected from a nucleotide selected from A, U, T,Gand C or

a nucleotide analogue thereof, and

wherein G is guanosine or an analogue thereof, and may be optionally
replaced by a cytidine or an analogue thereof, provided that its
complementary nucleotide cytidine in stem2 is replaced by

guanosine;

is located between elements stem1 and stem2, and is a consecutive
sequence of 3 to 5 nucleotides, more preferably of 4 nucleotides;

wherein each No4 is independent from another a consecutive
sequence of 0 to 4, preferably of 1 to 3, more preferably of 1 to 2 N,
wherein each N is independently from another selected from a
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nucleotide selected from A, U, T, G and C or a nuclectide analogue
thereof; and

wherein U/T represents uridine, or optionally thymidine;

stem2 [N3-sCNp-z] is reverse complementary or partially reverse complementary with
element steml, and is a consecutive sequence between of 5 to 7
nucleotides;

wherein Ns.s is @ consecutive sequence of 3 to 5, preferably of 4 to
5, more preferably of 4 N, wherein each N is independently from
another selected from a nucleotide selected from A, U, T, G and C or
a nucleotide analogue thereof;

wherein No.; is a consecutive sequence of 0 to 2, preferably of 0 to
1, more preferably of 1 N, wherein each N is independently from
another selected from a nucleotide selected from A, U, T, GorCora
nucleotide analogue thereof; and

wherein C is cytidine or an analogue thereof, and may be optionally
replaced by a guanosine or an analogue thereof provided that its
complementary nucleoside guanosine in steml is replaced by

cytidine;

wherein

stem1 and stem?2 are capable of base pairing with each other forming a reverse complementary sequence,
wherein base pairing may occur between stem1 and stem2, e.g. by Watson-Crick base pairing of nucleotides A
and U/T or G and C or by non-Watson-Crick base pairing e.g. wobble base pairing, reverse Watson-Crick base
pairing, Hoogsteen base pairing, reverse Hoogsteen base pairing or are capable of base pairing with each other
forming a partially reverse complementary sequence, wherein an incomplete base pairing may occur between
stem1 and stem2, on the basis that one ore more bases in one stem do not have a complementary base in the
reverse complementary sequence of the other stem.

According to a further preferred embodiment, the RNA according to the invention may comprise at least one histone
stem-loop sequence according to at least one of the following specific formulae (Ia) or (I1a):

formula (Ia) (stem-loop sequence without stem bordering elements):
[No-1GN3-5] [N1-3(U/T)No-2] [N3-sCNo-1]
stem1 loop stem2
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formula (IIa) (stem-loop sequence with stem bordering elements):

\N_%:S_L[Nﬂ—lgN}S])LNI-B(Uﬂ JNo-2] [N3sCNo-1],No-s

steml steml loop stem2  stem2

bordering element bordering element

wherein:
N, C, G, T and U are as defined above.

According to a further more particularly preferred embodiment, the RNA according to the invention may comprise

at least one histone stem-loop sequence according to at least one of the following specific formulae (Ib) or (IIb):

formula (Ib) (stem-loop sequence without stem bordering elements):

[N:1GN4] [N2(U/T)N1] [NaCNy]

stemi loop stem?2

formula (IIb) (stem-loop sequence with stem bordering elements):

D5, [N GNa] [Na(U/ TIN1J [NACNi] N

steml stemil loop stem2 stem2

bordering element bordering element

wherein:
N, C, G, T and U are as defined above.

A particularly preferred histone stem-loop sequence is the sequence CAAAGGCTCTTTTCAGAGCCACCA (according
to SEQ ID NO: 1451) or more preferably the corresponding RNA sequence CAAAGGCUCUUUUCAGAGCCACCA
(according to SEQ ID NO: 1452).

Signal peptide

According to another particularly preferred embodiment, the RNA according to the invention may additionally or
alternatively encode a secretory signal peptide. Such signal peptides are sequences, which typically exhibit a
length of about 15 to 30 amino acids and are preferably located at the N-terminus of the encoded peptide,
without being limited thereto. Signal peptides as defined herein preferably allow the transport of the peptide or
protein as encoded by the at least one mRNA of the composition into a defined cellular compartiment, preferably
the cell surface, the endoplasmic reticulum (ER) or the endosomal-lysosomal compartiment. Examples of
secretory signal peptide sequences as defined herein include, without being limited thereto, signal sequences of
classical or non-classical MHC-molecules (e.g. signal sequences of MHC I and II molecules, e.g. of the MHC class
I molecule HLA-A*0201), signal sequences of cytokines or immunoglobulines as defined herein, signal sequences
of the invariant chain of immunoglobulines or antibodies as defined herein, signal sequences of Lamp1, Tapasin,
Erp57, Calretikulin, Calnexin, and further membrane associated proteins or of proteins associated with the
endoplasmic reticulum (ER) or the endosomal-lysosomal compartiment. Most preferably, signal sequences of
MHC class I molecule HLA-A*0201 may be used according to the present invention. For example, a signal peptide
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derived from HLA-A is preferably used in order to promote secretion of the encoded peptide or protein as defined
herein or a fragment or variant thereof. More preferably, an HLA-A signal peptide is fused to an encoded peptide
or protein as defined herein or to a fragment or variant thereof:

Any of the above modifications may be applied to the RNA of the present invention, and further to any RNA as
used in the context of the present invention and may be, if suitable or necessary, be combined with each other
in any combination, provided, these combinations of modifications do not interfere with each other in the
respective at least one mRNA. A person skilled in the art will be able to take his choice accordingly.

RNA constructs

The RNA, preferably an mRNA, according to the invention, which comprises at least one coding sequence as
defined herein, may preferably comprise a 5-UTR and/or a 3"-UTR preferably containing at least one histone
stem-loop. Where, in addition to the peptide or protein as defined herein or a fragment or variant thereof, a
further peptide or protein is encoded by the at least one coding sequence of the RNA according to the invention,
the encoded peptide or protein is preferably no histone protein, no reporter protein and/or no marker or selection
protein, as defined herein. The 3"-UTR of the RNA according to the invention preferably comprises alsc a poly(A)
and/or a poly(C) sequence as defined herein. The single elements of the 3" -UTR may occur therein in any order
from 5" to 3" along the sequence of the RNA of the present invention. In addition, further elements as described
herein, may also be contained, such as a stabilizing sequence as defined herein (e.g. derived from the UTR of a
globin gene), IRES sequences, etc. Each of the elements may also be repeated in the RNA according to the
invention at least once (particularly in di- or multicistronic constructs), preferably twice or more. As an example,
the single elements may be present in the RNA according to the invention in the following order (wherein the
RNA may optionally comprise a 5"-UTR element as described herein 5° of the coding region):

" - coding region - histone stem-loop - poly(A)/(C) sequence - 3"; or
" - coding region - poly(A)/(C) sequence - histone stem-loop - 3”; or
" - coding region - histone stem-loop - polyadenylation signal - 37; or
" - coding region - polyadenylation signal - histone stem-loop - 3”; or

" - coding region - histone stem-loop - histone stem-loop - poly(A)/(C) sequence - 3”; or

5
5
5
5
5
5’ - coding region - histone stem-loop - histone stem-loop - polyadenylation signal - 3”; or
5" - coding region - stabilizing sequence - poly(A)/(C) sequence - histone stem-loop - 3”; or

5" - coding region - stabilizing sequence - poly(A)/(C) sequence - poly(A)/(C) sequence - histone stem-loop -
3% or

5

" - coding region - stabilizing sequence - poly(A)/(C) sequence - histone stem-loop - 3" etc.

According to a further embodiment, the RNA, preferably an mRNA, of the present invention preferably comprises
at least one of the following structural elements: a 5'- andfor 3" -untranslated region element (UTR element),
particularly a 5”-UTR element, which preferably comprises or consists of a nucleic acid sequence which is derived
from the 5°-UTR of a TOP gene or from a fragment, homolog or a variant thereof, or a 5'- and/or 3"-UTR
element which may preferably be derivable from a gene that provides a stable mRNA or from a homolog,
fragment or variant thereof; a histone-stem-loop structure, preferably a histone-stem-loop in its 3 untranslated
region; a 5 -cap structure; a poly-A tail; or a poly(C) sequence.
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According to some embodiments, it is particularly preferred that - if, in addition to a peptide or protein as defined
herein or a fragment or variant thereof, a further peptide or protein is encoded by the at least one coding
sequence as defined herein - the encoded peptide or protein is preferably no histone protein, no reporter protein
(e.g. Luciferase, GFP, EGFP, B-Galactosidase, particularly EGFP) and/or no marker or selection protein {e.g.
alpha-Globin, Galactokinase and Xanthine:Guanine phosphoribosyl transferase (GPT)). In a preferred
embodiment, the RNA according to the invention does not comprise a reporter gene or a marker gene. Preferably,
the RNA according to the invention does not encode, for instance, luciferase; green fluorescent protein (GFP)
and its variants (such as eGFP, RFP or BFP); a-globin; hypoxanthine-guanine phosphoribosyltransferase
(HGPRT); p-galactosidase; galactokinase; alkaline phosphatase; secreted embryonic alkaline phosphatase
(SEAP)) or a resistance gene (such as a resistance gene against neomycin, puromycin, hygromycin and zeocin).
In a preferred embodiment, the RNA according to the invention does not encode luciferase. In another
embodiment, the RNA according to the invention does not encode GFP or a variant thereof.

According to a preferred embodiment, the RNA according to the invention comprises, preferably in5” to 3°

direction, the following elements:

a) a5’ -cap structure, preferably m7GpppN,

b) atleast one coding sequence as defined herein,

€) a3 -UTR element comprising a nucleic acid sequence, which is derived from an «-globin gene,
preferably comprising the nucleic acid sequence according to SEQ ID NO: 1444, or a homolog, a
fragment or a variant thereof,

d) a poly(A) tail, preferably consisting of 10 to 200, 10 to 100, 40 to 80 or 50 to 70 adenosine nucleotides,

e) a poly(C) tail, preferably consisting of 10 to 200, 10 to 100, 20 to 70, 20 to 60 or 10 to 40 cytidine
nucleotides, and

f)  a histone stem-loop, preferably comprising the nucleic acid sequence according to SEQ ID NO: 1452.

In a preferred embodiment, the present invention provides an RNA comprising or consisting of a nucleic acid
sequence identical to or at least 80% identical to a nucleic acid sequence selected from the group consisting of
SEQ ID NO: 408 to 750, or a fragment or variant of any one of said nucleic acid sequences.

According to a further embodiment, the RNA according to the invention comprises or consists of a nucleic acid
sequence having a sequence identity of at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, preferably of at least 70%,
more preferably of at least 80%, even more preferably at least 85%, even more preferably of at least 90% and
most preferably of at least 95% or even 97%, with a nucleic acid sequence selected from the group consisting
of SEQ ID NO: 408 to 750, or a fragment or variant of any one of said nucleic acid sequences.

In another embodiment, the RNA according to the present invention comprises, preferably in 5” to 3°

direction, the following elements:

a) a5 -cap structure, preferably m7GpppN,

b) a5 -UTR element, which comprises or consists of a nucleic acid sequence, which is derived from the 5°-
UTR of a TOP gene, preferably comprising a nucleic acid sequence according to SEQ ID NO: 1432, or a
homolog, a fragment or a variant thereof,



10

15

20

25

30

35

40

WO 2018/104538 PCT/EP2017/082103

55

¢) atleast one coding sequence as defined herein,

d) a3’"-UTR element comprising a nucleic acid sequence, which is derived from an a-globin gene,
preferably comprising a nucleic acid sequence according to SEQ ID NO: 1444, or a homolog, a fragment
or a variant thereof; and/or
a 3"-UTR element comprising a nucleic acid sequence, which is derived from an albumin gene, preferably
comprising a nucleic acid sequence according to SEQ ID NO: 1448 or 1450, or a homolog, a fragment or
a variant thereof,

e) apoly(A) tail, preferably consisting of 10 to 200, 10 to 100, 40 to 80 or 50 to 70 adenosine nucleotides,

f)  a poly(C) tail, preferably consisting of 10 to 200, 10 to 100, 20 to 70, 20 to 60 or 10 to 40 cytidine
nucleotides, and

g) a histone stem-loop, preferably comprising a nucleic acid sequence according to SEQ ID NO: 1452.

Preferably, the present invention provides an RNA comprising or consisting of a nucleic acid sequence identical
to or at least 80% identical to a nucleic acid sequence selected from the group consisting of SEQ ID NO: 751 to
1090, or a fragment or variant of any one of said nucleic acid sequences.

In a further embodiment, the RNA according to the invention comprises or consists of a nucleic acid sequence
having a sequence identity of at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, preferably of at least 70%, more
preferably of at least 80%, even more preferably at least 85%, even more preferably of at least 90% and most
preferably of at least 95% or even 97%, with a nucleic acid sequence selected from the group consisting of SEQ
ID NO: 751 to 1090, or a fragment or variant of any one of said nucleic acid sequences.

In a further embodiment, the RNA according to the present invention comprises, preferably in 5" to 3°

direction, the following elements:

a) a5’-cap structure, preferably m7GpppN,

b) a5'-UTR element, which comprises or consists of a nucleic acid sequence, which is derived from the 5'-
UTR of the HSD17B4 gene, preferably comprising a nucleic acid sequence according to SEQ ID NO: 1436,
or a homolog, a fragment or a variant thereof,

¢) atleast one coding sequence as defined herein,

d) a3’-UTR element comprising a nucleic acid sequence, which is derived from an o-globin gene,
preferably comprising a nucleic acid sequence according to SEQ ID NO: 1444, or a homolog, a fragment
or a variant thereof; and/or
a 3'-UTR element comprising a nucleic acid sequence, which is derived from an albumin gene, preferably
comprising a nucleic acid sequence according to SEQ ID NO: 1448 or 1450, or a homolog, a fragment or
a variant thereof,

e) a poly(A) tail, preferably consisting of 10 to 200, 10 to 100, 40 to 80 or 50 to 70 adenosine nucleotides.

Preferably, the present invention provides an RNA comprising or consisting of a nucleic acid sequence identical
to or at least 80% identical to a nucleic acid sequence selected from the group consisting of SEQ ID NO: 1091
to 1430, or a fragment or variant of any one of said nucleic acid sequences.
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In a further embodiment, the RNA according to the invention comprises or consists of a nucleic acid sequence
having a sequence identity of at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 37%, 98%, or 99%, preferably of at least 70%, more
preferably of at least 80%, even more preferably at least 85%, even more preferably of at least 90% and most
preferably of at least 95% or even 97%, with a nucleic acid sequence selected from the group consisting of SEQ
ID NO: 1091 to 1430, or a fragment or variant of any one of said nucleic acid sequences.

In an alternative embodiment, the present invention provides an RNA comprising or consisting of a nucleic acid
sequence identical to or at least 80% identical to a nucleic acid sequence selected from the group consisting of
SEQ ID NO: 408 to 1430, or a fragment or variant of any one of said nucleic acid sequences.

In a preferred embodiment, the RNA according to the invention comprises or consists of a nucleic acid sequence
having a sequence identity of at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, preferably of at least 70%, more
preferably of at least 80%, even more preferably at least 85%, even more preferably of at least 90% and most
preferably of at least 95% or even 97%, with a nucleic acid sequence selected from the group consisting of SEQ
ID NO: 408 to 1430, or a fragment or variant of any one of said nucleic acid sequences.

According to a particularly preferred embodiment, the present invention provides an RNA comprising or
consisting of a nucleic acid sequence identical to or at least 80% identical to a nucleic acid sequence selected
from the group consisting of SEQ ID NO: 36, 37, 75, 77, 78, 91, 92, 93, 94, 95, 97, 98, 99, 807, 808, 809, 810,
811, 813, 814, 815, 1095, 1096, 1131, 1133, 1134, 1187 and 1188, or a fragment or variant of any one of said
nucleic acid sequences.

Preferably, the RNA according to the invention comprises or consists of a nucleic acid sequence having a
sequence identity of at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, preferably of at least 70%, more preferably of
at least 80%, even more preferably at least 85%, even more preferably of at least 90% and most preferably of
at least 95% or even 97%, with a nucleic acid sequence selected from the group consisting of SEQ ID NO: 36,
37,75,77,78,91, 92, 93, 94, 95, 97, 98, 99, 807, 808, 809, 810, 811, 813, 814, 815, 1095, 1096, 1131, 1133,
1134, 1187 and 1188, or a fragment or variant of any one of said nucleic acid sequences.

In another embodiment, the present invention provides an RNA comprising or consisting of a nucleic acid
sequence identical to or at least 80% identical to a nucleic acid sequence selected from the group consisting of
SEQ ID NO: 75, 77, 78, 91, 92, 93, 94, 95, 97, 98, 99, 807, 808, 809, 810, 811, 813, 814, 815, 1131, 1133 and
1134, or a fragment or variant of any one of said nucleic acid sequences.

Preferably, the RNA according to the invention comprises or consists of a nucleic acid sequence having a
sequence identity of at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, preferably of at least 70%, more preferably of
at least 80%, even more preferably at least 85%, even more preferably of at least 90% and most preferably of

at least 95% or even 97%, with a nucleic acid sequence selected from the group consisting of SEQ ID NO: 75,
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77,78, 91, 92, 93, 94, 95, 97, 98, 99, 807, 808, 809, 810, 811, 813, 814, 815, 1131, 1133 and 1134, or a
fragment or variant of any one of said nucleic acid sequences.

The RNA according to the present invention may be prepared using any method known in the art, including
synthetic methods such as e.g. solid phase RNA synthesis, as well as in vitro methods, such as RNA in vitro

transcription reactions.

Preferred constructs are shown herein below in Table A.

10

Table A. Preferred constructs of the present invention.

Organism/Species Target Description SEQ ID NO: #
(encoded antigen, gene e.g. | Sequence
from HGNC) Type
Homo sapiens HsFGF21(L126R,P199G,A208E) | Gen5plusv2 SEQ ID NO: 1953
(Design4) optl
Homo sapiens HsHGF Gen5plusV2 SEQ ID NO: 1954
(Design4) opt1
Mus musculus MmHGF Genbplusv2 SEQ ID NO: 1955
(Design4) optl
Homo sapiens HsGFER Gen5plusv2 SEQ ID NO: 1956
(Design4) opt1
Homo sapiens HsTNFSF10 Gen5plusV2 SEQ ID NO: 2117
(Design4) optl
Homo sapiens HsTNFSF10(95-281) Gen5plusv2 SEQ ID NO: 2118
(Design4) optl
Homo sapiens HsALB(1-18)_HsTNFSF10(95- | Gen5plusv2 SEQ ID NO: 2119
281) (Design4) optl
Homo sapiens HsALB(1- Genbplusv2 SEQ ID NO: 2120
18)_ILZ HsTNFSF10(95-281) (Design4) optl
Rattus norvegicus RnCebpa Gen5plusv2 SEQ ID NO: 2121
(Design4) optl
Rattus norvegicus RnCebpa(15-344) GenbplusV2 SEQ ID NO: 2122
(Design4) opt1
Mus musculus MmCebpa Gen5plusv2 SEQ ID NO: 2123
(Design4) opt1
Mus musculus MmCebpa(15-359) Gen5plusV2 SEQ ID NO: 2124
(Design4) optl
Homo sapiens HsCEBPA Gen5plusv2 SEQ ID NO: 2125
(Design4) optl
Homo sapiens HsCEBPA(15-358) Gen5plusv2 SEQ ID NO: 2126
(Design4) optl
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Homo sapiens HsHNF4A Genb5plusv2 SEQ ID NO: 2127
(Design4) optl

Homo sapiens HsFGF21 Gen5plusV2 SEQ ID NO: 2128
(Design4) optl

Homo sapiens HsOGFRL1 Genbplusv2 SEQ ID NO: 2129
(Design4) optl

Homo sapiens HsRIN1 Gen5plusV2 SEQ ID NO: 2130
(Design4) optl

Homo sapiens HsRLN2 Gen5plusV2 SEQ ID NO: 2131
(Design4) optl

Homo sapiens HsRLN3 Gen5plusv2 SEQ ID NO: 2132
(Design4) optl

Homo sapiens HsMMP1 Gen5plusV2 SEQ ID NO: 2133
(Design4) opt1

Homo sapiens HsMMP1(1-19,100-469) Gen5plusv2 SEQ ID NO: 2134
{Design4) opt1

Clostridium histolyticum | ColG Genbplusv2 SEQ ID NO: 2135
(Design4) optl

Clostridium histolyticum | HsALB(1-18)_ColG(111-1118) | Gen5plusv2 SEQ ID NO: 2136
(Design4) optl

Clostridium histolyticum | HsALB(1-18)_ColG(1-110)_CS- | Gen5plusV2 SEQ ID NO: 2137
F_ColG(111-1118) (Design4) optl

Clostridium histolyticum | ColH Gen5plusv2 SEQ ID NO: 2138
(Design4) optl

Clostridium histolyticum | ColH Genb5plusV2 SEQ ID NO: 2139
(Design4) optl

Clostridium histolyticum | HsALB(1-18)_ColH(41-1021) GenbplusV2 SEQ ID NO: 2140
(Design4) opti

Clostridium histolyticum | HsALB(1-18)_ColH(1-40)_CS- | Gen5plusv2 SEQ ID NO: 2141
F_ColH(41-1021) (Design4) optl

As apparent from numeric identifier <223> in the sequence listing, different construct designs were applied.
The design of the inventive constructs as shown in the present specification and sequence listing is disclosed in
Table B. Each construct as shown in the sequence listing resembles a preferred construct of the invention.

Table B. Description of construct design.

Description Sequence Type RNA generation

Gend

Gen5

Gen5+ HSD17B4(V2)-albumin7-A64-N5

Gen5+ HSD17B4(V2)-PSMB3-A64-N5-C30-hSL-N5

Gen4 (Designl)
Gen5 (Design2)
Gen5plusV1 (Design3)
Gen5plusV2 (Design4)
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Gen5plusV3 (Design5) Gen5+ HSD17B4(V2)-PSMB3-A63
Gen5plusv4 (Designé) Gen5+ HSD17B4(V2)-PSMB3-hSL-A63
Gen5plusV5 (Design7) Gen5+ HSD17B4(V2)-RPS9-A63
Gen5plusVe (Design8) Gen5+ HSD17B4(V2)-RPS9-hSL-A63
Gen5plusV7 (Design9) Gen5+ HSD17B4(V2)-Ndufal-A63
Gen5plusv8 (Design10) Gen5+ HSD17B4(V2)-Ndufal-hSL-A63

In a preferred embodiment, HsFGF21(L126R,P199G,A208E), HsHGF, MmHGF, HsGFER, HsTNFSF1i0,
HsTNFSF10(95-281), HsALB(1-18)_HsTNFSF10(95-281), HsALB(1-18)_ILZ_HsTNFSF10(95-281), RnCebpa,
RnCebpa(15-344), MmCebpa, MmCebpa(15-359), HsCEBPA, HsCEBPA(15-358), HsHNF4A, HsFGF21, HsOGFRL1,
HsRLN1, HsRLN2, HSRLN3 , HsMMP1, HsMMP1(1-19,100-469), ColG, HsALB(1-18),_ColG(111-1118), HsALB(1-
18),_ColG(1-110),_CS-F,_ColG(111-1118), ColH, ColH, HsALB(1-18),_ColH(41-1021), HsALB(1-18), ColH(1-
40),_or CS-F_ColH(41-1021) comprise a construct design selected from the group consisting of Designi,
Design2, Design3, Design4, Design5, Design6, Design7, Design8, Design9, and Design10 as mentioned in Table
B and as apparent from numeric identifier <223> in the sequence listing.

In another embodiment, the preferred constructs for HsMMP1 are shown under SEQ ID NO:2073, 2100, 2101,
2133, 2158, 2183, 2208, 2233, 2258, 2283, 2308, 2333, 2358, 2383, and 2408 as apparent from numeric
identifier <223>.

In another embodiment, the preferred constructs for HsSMMP1(1-19,100-469) are shown under SEQ ID NO:2102,
2134, 2159, 2184, 2209, 2234, 2259, 2284, 2309, 2334, 2359, 2384, and 2409, as apparent from numeric
identifier <223>.

In another embodiment, the preferred constructs for HsHGF are shown under SEQ ID NO: 1947, 1948, 1954,
1958, 1962, 1966, 1970, 1974, 1978, 1982, 1986, 1990, 1994, 1998, and 2075 as apparent from numeric
identifier <223>,

In another embodiment, the preferred constructs for HsCEBPA, HsCEBPA(15-358), RnCebpa, RnCebpa(15-344),
MmCebpa or MmCebpa(15-359) are shown under SEQ ID NO:2065, 2066, 2081, 2082, 2083, 2084, 2085, 2086,
2087, 2088, 2121, 2122, 2123, 2124, 2125, 2126, 2146, 2147, 2148, 2149, 2150, 2151, 2171, 2172, 2175, 2176,
2196, 2197, 2198, 2199, 2200, 2201, 2221, 2222, 2223, 2224, 2225, 2226, 2246, 2247, 2248, 2249, 2250, 2251,
2271, 2272, 2273, 2274, 2275, 2276, 2296, 2297, 2298, 2299, 2300, 2301, 2321, 2322, 2323, 2324, 2325, 2326,
2346, 2347, 2348, 2349, 2350, 2351, 2371, 2372, 2373, 2374, 2375, 2376, 2396, 2397, 2398, 2399, 2400 and
2401 as apparent from numeric identifier <223>.

In another embodiment, the preferred constructs for HsTNFSF10, HsTNFSF10(95-281), HsALB(1-
18)_HsTNFSF10(95-281), or HsALB(1-18)_ILZ HsSTNFSF10(95-281) are shown under SFQ ID NO:2063, 2064,
2077, 2078, 2079, 2080, 2117, 2118, 2119, 2120, 2142, 2143, 2144, 2145, 2167, 2168, 2169, 2170, 2192, 2193,
2194, 2195, 2217, 2218, 2219, 2220, 2242, 2243, 2244, 2245, 2267, 2268, 2269, 2270, 2292, 2293, 2294, 2295,
2317, 2318, 2319, 2320, 2342, 2343, 2344, 2345, 2367, 2368, 2369, 2370, 2392, 2393, 2394, and 2395 as
apparent from numeric identifier <223>.
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In another embodiment, the preferred constructs for ColG, ColH, HsALB(1-18)_ColG(111-1118), HsALB(1-
18)_ColG(1-110)_CS-F_ColG(111-1118), HsALB(1-18)_ColH(41-1021), HsALB(1-18)_ColH(1-40)_CS-F_ColH(41-
1021) are shown under SEQ ID NO:2074, 2103, 2104, 2105, 2106, 2107, 2108, 2109, 2110, 2111, 2112, 2113,
2114, 2115, 2116, 2135, 2136, 2137, 2138, 2139, 2140, 2141, 2160, 2161, 2162, 2163, 2164, 2165, 2166, 2185,
2186, 2187, 2188, 2189, 2190, 2191, 2210, 2211, 2212, 2213, 2214, 2215, 2216, 2235, 2236, 2237, 2238, 2239,
2240, 2241, 2260, 2261, 2262, 2263, 2264, 2265, 2266, 2285, 2286, 2287, 2288, 2289, 2290, 2291, 2310, 2311,
2312, 2313, 2314, 2315, 2316, 2335, 2336, 2337, 2338, 2339, 2340, 2341, 2360, 2361, 2362, 2363, 2364, 2365,
2366, 2385, 2386, 2387, 2388, 2389, 2390, 2391, 2410, 2411, 2412, 2413, 2414, 2415, and 2416 as apparent

from numeric identifier <223>.

In another embodiment, the preferred constructs for HsFGF21(L126R,P199G,A208F) are shown under SEQ ID
NO:1945, 1946, 1953, 1957, 1961, 1965, 1969, 1973, 1977, 1981, 1985, 1989, 1993, and 1997 as apparent

from numeric identifier <223>,

In another embodiment, the preferred constructs for HsFGF21 are shown under SEQ ID NO:2068, 2091, 2092,
2128, 2153, 2178, 2203, 2228, 2253, 2278, 2303, 2328, 2353, 2378, and 2403 as apparent from numeric
identifier <223>.

Pharmaceutical composition

In a further aspect, the present invention concerns a (pharmaceutical) composition comprising the RNA
according to the invention as described herein. The (pharmaceutical) composition according to the invention
thus comprises an RNA comprising at least one coding sequence, wherein the coding sequence encodes at least
one peptide or protein as described herein, preferably a peptide or protein selected from the group consisting
of an extracellular matrix protease, CCAAT/enhancer-binding protein alpha (CEBPA), TNF-related apoptosis-
inducing ligand (TRAIL), hepatocyte nuclear factor 4 alpha (HNF4A), fibroblast growth factor 21 (FGF21), opioid
growth factor receptor-like 1 (OGFRL1), Hepatocyte Growth Factor (HGF), Relaxin 1 (RLN1), Relaxin 2 (RLN2)
and Relaxin 3 (RLN3), or a fragment or a variant of any of these peptides or proteins, as defined herein, and a
pharmaceutically acceptable carrier. The composition according to the invention is preferably provided as a

pharmaceutical composition.

With respect to the RNA comprised in the (pharmaceutical) composition, reference is made to the description of
the RNA according to the invention, which applies to the (pharmaceutical) composition.

The (pharmaceutical) composition according to the invention preferably comprises at least one RNA according
to the invention as described herein. In alternative embodiments, the (pharmaceutical) composition comprises
at least two species of the RNA according to the invention.

In the context of the present invention, the (pharmaceutical) composition may encode one or more of the
peptides or proteins defined herein, or a fragment or variant thereof. According to a preferred embodiment, the
(pharmaceutical) composition encodes a combination of peptides or proteins, or fragments or variants thereof

as described herein. Preferably, the (pharmaceutical) composition encodes at least two, three, four, five, six,
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seven, eight, nine or more peptides or proteins, or fragments or variants thereof as described herein, which are
preferably selected from the group consisting of an extracellular matrix protease, preferably as described herein,
CCAAT/enhancer-binding protein alpha (CEBPA), TNF-related apoptosis-inducing ligand (TRAIL), hepatocyte
nuclear factor 4 alpha (HNF4A), fibroblast growth factor 21 (FGF21), opioid growth factor receptor-like 1
(OGFRL1), Hepatocyte Growth Factor (HGF), Relaxin 1 (RLN1), Relaxin 2 (RLN2) and Relaxin 3 (RLN3), or a
fragment or variant thereof.

In a preferred embodiment, the (pharmaceutical) composition of the present invention may comprise at least
one RNA according to the invention, wherein the at least one RNA encodes at least two, three, four, five, six,
seven, eight, nine or more distinct peptides or proteins as defined herein or a fragment or variant thereof.
Preferably, the (pharmaceutical) composition comprises several species, more preferably at least two, three,
four, five, six, seven, eight, nine or more species, of the RNA according to the invention, wherein each RNA
species encodes one of the peptides or proteins or a fragment or variant thereof as defined herein. In another
embodiment, the RNA comprised in the (pharmaceutical) composition is a bi- or multicistronic RNA as defined
herein, which encodes the at least two, three, four, five, six, seven, eight, nine or more distinct peptides or
proteins. Mixtures between these embodiments are also envisaged, such as compositions comprising more than
one RNA species, wherein at least one RNA species may be monocistronic, while at least one other RNA species
may be bi- or multicistronic.

The (pharmaceutical) composition according to the present invention, preferably the at least one coding
sequence of the RNA comprised therein, may thus comprise any combination of the nucleic acid sequences as
defined herein.

In a preferred embodiment of the composition according to the invention, the RNA as described herein is
complexed with one or more cationic or polycationic compounds, preferably with cationic or polycationic
polymers, cationic or polycationic peptides or proteins, e.g. protamine, cationic or polycationic polysaccharides
and/or cationic or polycationic lipids.

In some embodiments, the RNA may be formulated as saline or lipid formulation. According to a preferred
embodiment, the RNA according to the present invention may be complexed with lipids to form one or more
liposomes, lipoplexes, or lipid nanoparticles. Therefore, in one embodiment, the inventive composition comprises
liposomes, lipoplexes, and/or lipid nanoparticles comprising the RNA according to the invention. In one
embodiment the RNA according to the present invention is complexed with cationic lipids and/or neutral lipids
and thereby forms liposomes, lipid nanoparticles, lipoplexes or neutral lipid-based nanoliposomes,

In a preferred embodiment, the lipid formulation is thus selected from the group consisting of liposomes,
lipoplexes, copolymers such as PLGA and lipid nanoparticles.

In one preferred embodiment, a lipid nanoparticle (LNP) comprises:

a) an RNA comprising at least one coding sequence as defined herein,

b) a cationic lipid,

¢)  an aggregation reducing agent (such as polyethylene glycol (PEG) lipid or PEG-modified lipid),
d) optionally a non-cationic lipid (such as a neutral lipid), and
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e) optionally, a sterol.

In one embodiment, the lipid nanoparticle formulation consists of (i) at least one cationic lipid; (ii) a neutral lipid;
(iii) a sterol, e.g. , cholesterol; and (iv) a PEG-lipid, in a molar ratio of about 20-60% cationic lipid: 5-25% neutral
lipid: 25-55% sterol; 0.5-15% PEG-lipid.

In one embodiment, the nucleic acids may be formulated in an aminoalcohol lipidoid. Aminoalcohol lipidoids
which may be used in the present invention may be prepared by the methods described in U.S. Patent No.
8,450,298, herein incorporated by reference in its entirety.

Cationic Lipids

The lipid nanoparticle may include any cationic lipid suitable for forming a lipid nanoparticle. Preferably, the
cationic lipid carries a net positive charge at about physiological pH.

The cationic lipid is preferably an amino lipid. As used herein, the term “amino lipid” is meant to include those
lipids having one or two fatty acid or fatty alkyl chains and an amino head group (including an alkylamino or
dialkylamino group) that may be protonated to form a cationic lipid at physiological pH.

The cationic lipid may be, for example, N,N-dioleyl-N,N-dimethylammonium chloride (DODAC), N,N-distearyl-
N,N-dimethylammonium bromide (DDAB), 1,2-dioleoyltrimethyl ammonium propane chloride (DOTAP) (also
known as  N-(2,3-dioleoyloxy)propyl)-N,N,N-trimethylammonium  chloride and  1,2-Dioleyloxy-3-
trimethylaminopropane  chloride  salt), N-(1-(2,3-dioleyloxy)propyl)-N,N,N-trimethylammonium  chloride
(DOTMA), N,N-dimethyl-2,3-dioleyloxy)propylamine (DODMA), 1,2-Dilinoleyloxy-N,N-dimethylaminopropane
(DLinDMA), 1,2-Dilinolenyloxy-N,N-dimethylaminopropane (DLenDMA), 1,2-di-y-linolenyloxy-N,N-
dimethylaminopropane (y-DLenDMA), 1,2-Dilinoleylcarbamoyloxy-3-dimethylaminopropane (DLin-C-DAP), 1,2-
Dilinoleyoxy-3-(dimethylamino)acetoxypropane (DLin-DAC), 1,2-Dilinoleyoxy-3-morpholinopropane (DLin-MA),
1,2-Dilinoleoyl-3-dimethylaminopropane (DLInDAP), 1,2-Dilinoleylthio-3-dimethylaminopropane (DLin-S- DMA),
1-Linoleoyl-2-linoleyloxy-3-dimethylaminopropane (DLin-2-DMAP), 1,2-Dilinoleyloxy-3-trimethylaminopropane
chloride salt (DLin-TMA.CI), 1,2-Dilinoleoyl-3-trimethylaminopropane chloride salt (DLin-TAP.CI), 1,2-
Dilinoleyloxy-3-(N-methylpiperazino)propane (DLin-MPZ), or 3-(N,N-Dilinoleylamino)-1,2-propanediol (DLIinAP),
3-(N,N-Dioleylamino)-1,2-propanedio (DOAP), 1,2-Dilinoleyloxo-3-(2-N,N-dimethylamino)ethoxypropane (DLin-
EG-DM  A), 2,2-Dilinoleyl-4-dimethylaminomethyl-[1,3]-dioxolane (DLin-K-DMA) or analogs thereof,
(3aR,5s,6aS)-N,N-dimethyl-2,2-di((9Z,122)-octadeca-9, 12-dienyl)tetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-5-
amine, (6Z,92,287,317)-heptatriaconta-6,9,28,31-tetraen-19-yl 4-(dimethylamino)butanoate (MC3), 1,1 -(2-(4-
(2-((2-(bis(2-hydroxydodecyl)amino)ethyl)(2-hydroxydodecyl)amino)ethyl)piperazin-1-yl)ethylazanediyi)-
didodecan-2-ol (C12-200), 2,2-dilinoleyl-4-(2-dimethylaminoethyl)-[1,3]- dioxolane (DLin-K-C2-DMA), 2,2-
dilinoleyl-4-dimethylaminomethyl-[1,3]-dioxolane  (DLin-K-DMA), (6Z,9Z,28Z,31Z)-heptatriaconta-6,9,28,31-
tetraen-19-yl 4-(dimethylamino) butanoate (DLin-M-C3-DMA), 3-((6Z,9Z,28Z,31Z)-heptatriaconta-6,9,28,3 1-
tetraen-19-yloxy)-N,N-dimethylpropan-1-amine (MC3 Ether), 4-((6Z,97,28Z,31 Z)-heptatriaconta-6,9,28,31-
tetraen-19-yloxy)-N,N-dimethylbutan-1-amine (MC4 Ether), or any combination of any of the foregoing.
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Other cationic lipids include, but are not limited to, N,N-distearyl-N,N- dimethylammonium bromide (DDAB), 3P-
(N-(N",N"-dimethylaminoethane)-carbamoyl)cholesterol (DC-Choi), N-(1-(2,3-dioleyloxy)propyl)-N-2-
(sperminecarboxamido)ethyl)-N,N-dimethylammonium  trifluoracetate (DOSPA),  dioctadecylamidoglycyl
carboxyspermine (DOGS), 1,2-dileoyl-sn-3-phosphoethanolamine (DOPE), 1,2-dioleoyl-3-dimethylammonium
propane (DODAP), N-(1,2-dimyristyloxyprop-3-yl)-N,N-dimethyl-N-hydroxyethyl ammonium bromide (DMRIE),
and 2,2-Dilinoleyl-4- dimethylaminoethyl-[1,3]-dioxolane (XTC). Additionally, commercial preparations of cationic
lipids can be used, such as, e.g., LIPOFECTIN (including DOTMA and DOPE, available from GIBCO/BRL), and
LIPOFECTAMINE (comprising DOSPA and DOPE, available from GIBCO/BRL).

Other suitable cationic lipids are disclosed in International Publication Nos. W(009/086558, W009/127060,
WO010/048536, W010/054406, WO10/088537, W010/129709, and W02011/153493; U.S. Patent Publication
Nos. 2011/0256175, 2012/0128760, and 2012/0027803; U.S. Patent Nos. 8,158,601; and Love et al, PNAS,
107(5), 1864-69, 2010. [51] Other suitable amino lipids include those having alternative fatty acid groups and
other dialkylamino groups, including those in which the alkyl substituents are different (e.g., N-ethyl-N-
methylamino-, and N-propyl-N-ethylamino-). In general, amino lipids having less saturated acyl chains are more
easily sized, particularly when the complexes must be sized below about 0.3 microns, for purposes of filter
sterilization. Amino lipids containing unsaturated fatty acids with carbon chain lengths in the range of C14 to
C22 may be used. Other scaffolds can also be used to separate the amino group and the fatty acid or fatty alkyl
portion of the amino lipid.

In certain embodiments, aminoc or cationic lipids of the invention have at least one protonatable or
deprotonatable group, such that the lipid is positively charged at a pH at or below physiological pH (e.g. pH 7.4),
and neutral at a second pH, preferably at or above physiological pH. It will, of course, be understood that the
addition or removal of protons as a function of pH is an equilibrium process, and that the reference to a charged
or a neutral lipid refers to the nature of the predominant species and does not require that all of the lipid be
present in the charged or neutral form. Lipids that have more than one protonatable or deprotonatable group,

or which are zwitterionic, are not excluded from use in the invention.

In certain embodiments, the protonatable lipids have a pKa of the protonatable group in the range of about 4
to about 11, e.g., a pKa of about 5 to about 7.

Lipid particles preferably include two or more cationic lipids. The cationic lipids are preferably selected to
contribute different advantageous properties. For example, cationic lipids that differ in properties such as amine
pKa, chemical stability, half-life in circulation, half-life in tissue, net accumulation in tissue, or toxicity can be
used in the lipid nanoparticle. In particular, the cationic lipids can be chosen so that the properties of the mixed-
lipid particle are more desirable than the properties of a single-lipid particle of individual lipids.

The cationic lipid preferably comprises from about 20mol% to about 70mol% or 75mol% or from about 45mol%
to about 65mol% or about 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, or about 70mol% of the total lipid present in
the particle. In another embodiment, the lipid nanoparticles include from about 25% to about 75% on a molar
basis of cationic lipid, e.g., from about 20 to about 70%, from about 35 to about 65%, from about 45 to about
65%, about 60%, about 57.5%, about 57.1%, about 50% or about 40% on a molar basis (based upon 100%
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total moles of lipid in the lipid nanoparticle). In one embodiment, the ratio of cationic lipid to nucleic acid is from
about 3 to about 15, such as from about 5 to about 13 or from about 7 to about 11.

Non-Cationic Lipids

The non-cationic lipid is preferably a neutral lipid, an anionic lipid, or an amphipathic lipid. Neutral lipids, when
present, can be any of a number of lipid species which exist either in an uncharged or neutral zwitterionic form
at physiological pH. Such lipids include, for example, diacylphosphatidylcholine, diacylphosphatidylethanolamine,
ceramide, sphingomyelin, dihydrosphingomyelin, cephalin, and cerebrosides. The selection of neutral lipids for
use in the particles described herein is generally guided by consideration of, e.g. , lipid particle size and stability
of the lipid particle in the bloodstream. Preferably, the neutral lipid is a lipid having two acyl groups (e.g.,
diacylphosphatidylcholine and diacylphosphatidylethanolamine). In one embodiment, the neutral lipids contain
saturated fatty acids with carbon chain lengths in the range of C10 to C20. In another embodiment, neutral
lipids with mono or diunsaturated fatty acids with carbon chain lengths in the range of C10 to C20 are used.

Additionally, neutral lipids having mixtures of saturated and unsaturated fatty acid chains can be used.

Suitable neutral lipids include, but are not limited to, distearoylphosphatidylcholine (DSPC),
dioleoylphosphatidyicholine  (DOPC), dipalmitoylphosphatidyicholine (DPPC), dioleoylphosphatidylglycerol
(DOPG),  dipalmitoylphosphatidylglycerol ~ (DPPG),  dioleoyl-  phosphatidylethanolamine  (DOPE),
palmitoyloleoylphosphatidylcholine  (POPC), palmitoyloleoylphosphatidylethanolamine  (POPE),  dioleoyl-
phosphatidylethanolamine  4-(N-maleimidomethyl)-cyclohexane-1-carboxylate ~ (DOPE-mal),  dipalmitoyl
phosphatidyl ethanolamine (DPPE), dimyristoylphosphoethanolamine (DMPE), dimyristoy! phosphatidylcholine
(DMPC), distearoyl-phosphatidyl-ethanolamine (DSPE), SM, 16-0-monomethyl PE, 16-O-dimethyl PE, 18-1-trans
PE, 1-stearoyl-2-oleoyl-phosphatidyethanolamine (SOPE), cholesterol, or a mixture thereof. Anionic lipids
suitable for use in lipid particles of the invention include, but are not limited to, phosphatidylglycerol, cardiolipin,
diacylphosphatidylserine, diacylphosphatidic acid, N-dodecanoyl phosphatidylethanoloamine, N-succinyl
phosphatidylethanolamine, N-glutaryl phosphatidylethanolamine, lysylphosphatidylglycerol, and other anionic
modifying groups joined to neutral lipids.

The term “amphipathic lipid(s)” refers to any suitable material, wherein the hydrophobic portion of the lipid
material orients into a hydrophobic phase, while the hydrophilic portion orients toward the aqueous phase. Such
compounds include, but are not limited to, phospholipids, aminolipids, and sphingolipids. Representative
phospholipids include sphingomyelin, phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine,
phosphatidylinositol, phosphatidic acid, palmitoyloleoyl phosphatdyicholine, lysophosphatidylicholine,
lysophosphatidylethanolamine, dipalmitoylphosphatidylcholine, dioleoylphosphatidylcholine,
distearoylphosphatidylcholine, or dilinoleoylphosphatidyicholine. Other phosphorus-lacking compounds, such as
sphingolipids, glycosphingolipid families, diacylglycerols, and B-acyloxyacids, can also be used.

The non-cationic lipid is preferably from about 5mol% to about 90mol%, about 5moi% to about 10mol%, about
5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, or about 90mol% of the total lipid present in
the particle. In one embodiment, the lipid nanoparticles include from about 0% to about 15% or 45% on a molar
basis of neutral lipid, e.g., from about 3% to about 12% or from about 5% to about 10%. For instance, the lipid
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nanoparticles may include about 15%, about 10%, about 7.5%, or about 7.1% of neutral lipid on a molar basis
(based upon 100% total moles of lipid in the lipid nanoparticle).

Sterols

A preferred sterol is cholesterol. Further sterols as known in the art are further envisaged for use in the context

of the present invention.

The sterol preferably constitutes about 10mol% to about 60mol% or about 25mol% to about 40mol% of the
lipid particle. In one embodiment, the sterol is about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, or about 60mol% of
the total lipid present in the lipid particle. In another embodiment, the lipid nanoparticles include from about 5%
to about 50% on a molar basis of the sterol, e.g., about 15% to about 45%, about 20% to about 40%, about
48%, about 40%, about 38.5%, about 35%, about 34.4%, about 31.5% or about 31% on a molar basis (based
upon 100% total moles of lipid in the lipid nanoparticle).

Aagregation Reducing Agent

The aggregation reducing agent is preferably a lipid capable of reducing aggregation. Examples of such lipids
include, but are not limited to, polyethylene glycol (PEG)-modified lipids, monosialoganglioside Gml, and
polyamide oligomers (PAQ) such as those described in U.S. Patent No. 6,320,017, which is incorporated by
reference in its entirety. Other compounds with uncharged, hydrophilic, steric-barrier moieties, which prevent
aggregation during formulation, like PEG, Gml or ATTA, can also be coupled to lipids. ATTA-lipids are described,
e.g., in U.S. Patent No. 6,320,017, and PEG-lipid conjugates are described, e.g., in U.S. Patent Nos. 5,820,873,
5,534,499 and 5,885,613, each of which is incorporated by reference in its entirety.

The aggregation reducing agent may be, for example, a polyethyleneglycol (PEG)-lipid including, without
limitation, a PEG-diacylglycerol (DAG), a PEG-dialkylglycerol, a PEG- dialkyloxypropyl (DAA), a PEG-phospholipid,
a PEG-ceramide (Cer), or a mixture thereof (such as PEG-Cerl4 or PEG-Cer20). The PEG-DAA conjugate may be,
for example, a PEG- dilauryloxypropyl (C12), a PEG-dimyristyloxypropyl (C14), a PEG-dipalmityloxypropy! (C16),
or a PEG- distearyloxypropyl (C18). Other pegylated-lipids include, but are not limited to, polyethylene glycol-
didimyristoyl glycerol (C14-PEG or PEG-C14, where PEG has an average molecular weight of 2000 Da) (PEG-
DMG); (R)-2,3-bis{octadecyloxy)propyl-1-(methoxy poly(ethylene glycol)2000)propylcarbamate) (PEG-DSG);
PEG-carbamoyl-1,2- dimyristyloxypropylamine, in which PEG has an average molecular weight of 2000 Da (PEG-
cDMA); N-Acetylgalactosamine-((R)-2,3-bis(octadecyloxy)propyl- 1-(methoxy poly(ethylene
glycol)2000)propylcarbamate)) (GalNAc-PEG-DSG); mPEG (mw2000)-diastearoylphosphatidyl-ethanolamine
(PEG-DSPE); and polyethylene glycol - dipalmitoyiglycerol (PEG-DPG). In one embodiment, the aggregation
reducing agent is PEG- DMG. In another embodiment, the aggregation reducing agent is PEG-c-DMA.

The liposome formulation may be influenced by, but not limited to, the selection of the cationic lipid component,
the degree of cationic lipid saturation, the nature of the PEGylation, ratio of all components and biophysical
parameters such as size. In one example by Semple et al. (Semple et al. Nature Biotech. 2010 28: 172- 176;
herein incorporated by reference in its entirety), the liposome formulation was composed of 57.1% cationic lipid,
7.1% dipaimitoylphosphatidylcholine, 34.3% cholesterol, and 1.4% PEG-c-DMA. As another example, changing
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the composition of the cationic lipid could more effectively deliver siRNA to various antigen presenting cells
(Basha et al. Mol Ther. 2011 19:2186-2200; herein incorporated by reference in its entirety). In some
embodiments, liposome formulations may comprise from about 35 to about 45% cationic lipid, from about 40%
to about 50% cationic lipid, from about 50% to about 60% cationic lipid and/or from about 55% to about 65%
cationic lipid. In some embodiments, the ratio of lipid to mRNA in liposomes may be from about 5: 1 to about
20: 1, from about 10: 1 to about 25: 1, from about 15: 1 to about 30: 1 and/or at least 30: 1.

The average molecular weight of the PEG moiety in the PEG-modified lipids preferably ranges from about 500
to about 8,000 Daltons (e.g., from about 1,000 to about 4,000 Daltons). In one preferred embodiment, the
average molecular weight of the PEG moiety is about 2,000 Daltons.

The concentration of the aggregation reducing agent preferably ranges from about 0.1mol% to about 15mol%,
based upon the 100% total moles of lipid in the lipid particle. In one embodiment, the formulation includes less
than about 3, 2, or 1 mole percent of PEG or PEG-modified lipid, based upon the total moles of lipid in the lipid
particle.

In another embodiment, the lipid nanoparticles include from about 0.1% to about 20% on a molar basis of the
PEG-modified lipid, e.g., about 0.5 to about 10%, about 0.5 to about 5%, about 10%, about 5%, about 3.5%,
about 1.5%, about 0.5%, or about 0.3% on a molar basis (based on 100% total moles of lipids in the lipid
nanoparticle).

Lipid Nanoparticles (LNPs)

Lipid nanopatticles as used herein preferably have the structure of a liposome. A liposome is a structure having
lipid-containing membranes enclosing an aqueous interior. Liposomes preferably have one or more lipid
membranes. Liposomes are preferably single-layered, referred to as unilamellar, or multi-layered, referred to as
muttilamellar. When complexed with nucleic acids, lipid particles may also be lipoplexes, which are composed of
cationic lipid bilayers sandwiched between DNA layers. Liposomes can further be of different sizes such as, but
not limited to, a multilamellar vesicle (MLV) which may be hundreds of nanometers in diameter and may contain
a series of concentric bilayers separated by narrow aqueous compartments, a small unicellular vesicle (SUV)
which may be smaller than 50nm in diameter, and a large unilamellar vesicle (LUV) which may be between 50nm
and 500nm in diameter. Liposome design preferably includes, but is not limited to, opsonins or ligands in order
to improve the attachment of liposomes to unhealthy tissue or to activate events such as, but not limited to,
endocytosis. Liposomes may contain a low or a high pH in order to improve the delivery of the pharmaceutical

formulations.

As a non-limiting example, liposomes such as synthetic membrane vesicles may be prepared by the methods,
apparatus and devices described in US Patent Publication No. US20130177638, US20130177637,
US20130177636, US20130177635, US20130177634, US20130177633, US20130183375, US20130183373 and
US20130183372, the contents of each of which are herein incorporated by reference in its entirety. The nucleic
acid may be encapsulated by the liposome and/or it may be contained in an aqueous core which may then be
encapsulated by the liposome (see International Pub. Nos. W02012/031046, W02012/031043, W02012/030901
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and W02012/006378 and US Patent Publication No. US20130189351, US20130195969 and US20130202684;
the contents of each of which are herein incorporated by reference in their entirety).

In another embodiment, the RNA is preferably formulated in a cationic oil-in-water emulsion where the emulsion
particle comprises an oil core and a cationic lipid which can interact with the polynucleotide anchoring the
molecule to the emulsion particle (see International Pub. No. WO2012/006380; herein incorporated by reference
in its entirety). In one embodiment, the RNA may be formulated in a water-in-oil emulsion comprising a
continuous hydrophobic phase in which the hydrophilic phase is dispersed.

In one embodiment, the RNA (pharmaceutical) compositions is formulated in liposomes such as, but not limited
to, DiLa2 liposomes (Marina Biotech, Bothell, WA), SMARTICLES® (Marina Biotech, Bothell, WA), neutral DOPC
(1,2-dioleoyl-sn-glycero-3-phosphocholine) based liposomes (e.g., siRNA delivery for ovarian cancer (Landen et
al. Cancer Biology & Therapy 2006 5(12)1708-1713); herein incorporated by reference in its entirety) and
hyaluronan-coated liposomes (Quiet Therapeutics, Israel).

In another embodiment, the lipid nanoparticles have a median diameter size of from about 50nm to about
300nm, such as from about 50nm to about 250nm, for example, from about 50nm to about 200nm.

In some embodiments, the RNA is delivered using smaller LNPs. Such particles may comprise a diameter from
below 0.1um up to 100nm such as, but not limited to, less than 0.1um, less than 1.0pm, less than Sum, less
than 10pm, less than 15um, less than 20pm, less than 25um, less than 30um, less than 35um, less than 40pm,
less than 50pm, less than 55um, less than 60um, less than 65um, less than 70um, less than 75um, less than
80pm, less than 85um, less than 90um, less than 95um, less than 100pm, less than 125um, less than 150pm,
less than 175um, less than 200um, less than 225pm, less than 250um, less than 275um, less than 300um, less
than 325um, less than 350um, less than 375pm, less than 400pm, less than 425um, less than 450pm, less than
475pm, less than 500um, less than 525pm, less than 550um, less than 575um, less than 600um, less than
625um, less than 650um, less than 675um, less than 700um, less than 725um, less than 750um, less than
775um, less than 800pm, less than 825um, less than 850um, less than 875um, less than 900um, less than
925pm, less than 950pm, less than 975um, In another embodiment, RNA is delivered using smaller LNPs which
may comprise a diameter from about 1nm to about 100nm, from about 1nm to about 10nm, about inm to about
20nm, from about 1nm to about 30nm, from about 1nm to about 40nm, from about 1nm to about 50nm, from
about 1nm to about 60nm, from about 1nm to about 70nm, from about 1nm to about 80nm, from about 1nm
to about 90nm, from about 5nm to about from 100nm, from about 5nm to about 10nm, about 5nm to about
20nm, from about 5nm to about 30nm, from about 5nm to about 40nm, from about 5nm to about 50nm, from
about 5nm to about 60nm, from about 5nm to about 70nm, from about 5nm to about 80nm, from about 5nm
to about 90nm, about 10nm to about 50nm, from about 20nm to about 50nm, from about 30nm to about 50nm,
from about 40nm to about 50nm, from about 20nm to about 60nm, from about 30nm to about 60nm, from
about 40nm to about 60nm, from about 20nm to about 70nm, from about 30nm to about 70nm, from about
40nm to about 70nm, from about 50nm to about 70nm, from about 60nm to about 70nm, from about 20nm to
about 80nm, from about 30nm to about 80nm, from about 40nm to about 80nm, from about 50nm to about
80nm, from about 60nm to about 80nm, from about 20nm to about 90nm, from about 30nm to about 90nm,
from about 40nm to about 90nm, from about 50nm to about 90nm, from about 60nm to about 90nm and/or
from about 70nm to about 90nm.
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In one embodiment, the lipid nanoparticle has a diameter greater than 100nm, greater than 150nm, greater
than 200nm, greater than 250nm, greater than 300nm, greater than 350nm, greater than 400nm, greater than
450nm, greater than 500nm, greater than 550nm, greater than 600nm, greater than 650nm, greater than
700nm, greater than 750nm, greater than 800nm, greater than 850nm, greater than 900nm, greater than 950nm
or greater than 1000nm.

In yet another embodiment, the lipid nanoparticles in the formulation of the present invention have a single
mode particle size distribution (i.e., they are not bi- or poly-modal).

The lipid nanoparticles preferably further comprise one or more lipids and/or other components in addition to
those mentioned above. Other lipids may be included in the liposome compositions for a variety of purposes,
such as to prevent lipid oxidation or to attach ligands onto the liposome surface. Any of a number of lipids may
be present in lipid particles, including amphipathic, neutral, cationic, and anionic lipids. Such lipids can be used

alone or in combination.

Additional components that may be present in a lipid particle include bilayer stabilizing components such as
polyamide oligomers (see, e.g., U.S. Patent No. 6,320,017, which is incorporated by reference in its entirety),
peptides, proteins, and detergents.

Different lipid nanoparticles having varying molar ratios of cationic lipid, non-cationic (or neutral) lipid, sterol
(e.g., cholesterol), and aggregation reducing agent (such as a PEG- modified lipid) on a molar basis (based upon
the total moles of lipid in the lipid nanoparticles) are provided in Table 2 below.
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Table 2: Exemplary lipid nanoparticle compositions

PCT/EP2017/082103

Melar Ratio of Lipids
Formulation (Based upon 100% total moles of lipid in the lipid nanoparticle)
No. Non-Cationic (or i 3]
e -C {01 \ Aggregation Reducing
“ationic Llipid RS Sterol ce e . .=
Cati P Neutral) Lipid Stero Agent (e.g.. PEG-lipid)
1 from about 35 to | from about 3 to | from about 15 | from about Q.1 to about
about 65% about 12 or 15% | to about 45% 10% (preferably from
about (.5 to about 2 or
39)
2 from about 20 to | from about 3 to | from about 20 | tfrom about (.1 to about
about 70% about 45% to about 55% 10% (preferably from
about 0.5 to about 2 or
3%)
3 from about 45 to | tfrom about § to | from about 25 | from about 0.1 to about
about 65% about 10% to about 40% 3%
4 from about 20 to | from about 5 to | from about 25 | from about 0.1 to about
about 60% about 25% to about 55% 3% (preferably from
about 0.1 to about 3%)
5 about 40% about 10% about 40% about 10%
6 about 35% about 15% about 40% about 10%
7 about 52% about 13% about 30% about 5%
8 about 50% about 10% about 38.5% about 1.5%

In one embodiment, the weight ratio of lipid to RNA is at least about 0.5:1, at least about 1:1, at least about
2:1, at least about 3:1, at least about 4:1, at least about 5:1, at least about 6:1, at least about 7:1, at least
about 11:1, at least about 20:1, at least about 25:1, at least about 27:1, at least about 30:1, or at least about
33:1. In one embodiment, the weight ratio of lipid to RNA is from about 1:1 to about 35:1, about 3:1 to about
15:1, about 4:1 to about 15:1, or about 5:1 to about 13:1 or about 25:1 to about 33:1. In one embodiment, the
weight ratio of lipid to RNA is from about 0.5:1 to about 12:1.

In one embodiment, the RNA of the present invention may be encapsulated in a therapeutic nanoparticle,
referred to herein as “therapeutic nanoparticle nucleic acids. ” Therapeutic nanoparticles may be formulated by
methods described herein and known in the art such as, but not limited to, International Pub Nos.
WQ02010/005740, WO02010/030763, W02010/005721, WO02010/005723, W02012/054923, US Pub. Nos.
US20110262491, US20100104645, US20100087337, US20100068285, US20110274759, US20100068286,
US20120288541, US20130123351 and US20130230567 and US Pat No. 8,206,747, 8,293,276, 8,318,208 and
8,318,211, the contents of each of which are herein incorporated by reference in their entirety. In another
embodiment, therapeutic polymer nanoparticles may be identified by the methods described in US Pub No.
US20120140790, the contents of which is herein incorporated by reference in its entirety.

In one embodiment, the RNA according to the invention may be encapsulated in, linked to and/or associated
with synthetic nanocarriers. Synthetic nanocarriers include, but are not limited to, those described in
Pub. WO02010/005740, WO02010/030763, WO02012/135010, WO02012/149252,

International Nos.
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W02012/149255, W02012/149259, W02012/149265, WO2012/149268, W02012/149282, W02012/149301,
WQ02012/149393, W02012/149405, W02012/149411, W02012/149454 and W02013/019669, and US Pub. Nos.
US20110262491, US20100104645, US20100087337 and US2012244222, each of which is herein incorporated
by reference in their entirety. The synthetic nanocarriers may be formulated using methods known in the art
and/or described herein. As a non-limiting example, the synthetic nanocarriers may be formulated by the
methods described in International Pub Nos. W02010/005740, and W02010/030763 and W02012/135010 and
US Pub. Nos. US20110262491, US20100104645, US20100087337 and US2012244222, each of which is herein
incorporated by reference in their entirety. In another embodiment, the synthetic nanocarrier formulations may
be lyophilized by methods described in International Pub. No. W02011/072218 and US Pat No. 8,211,473; the
content of each of which is herein incorporated by reference in their entirety. In yet another embodiment,
formulations of the present invention, including, but not limited to, synthetic nanocarriers, may be lyophilized or
reconstituted by the methods described in US Patent Publication No. US20130230568, the contents of which are
herein incorporated by reference in its entirety.

In one embodiment, the RNA of the invention is formulated for delivery using the drug encapsulating
microspheres described in International Patent Publication No. W02013/063468 or U.S. Patent No. 8,440,614,
each of which is herein incorporated by reference in its entirety.

According to preferred embodiments, the RNA according to the invention may be formulated in order to target
a specific tissue or organ. In particular, the RNA according to the invention or a pharmaceutical carrier formulated
together with the RNA preferably forms a conjugate with a targeting group. Said targeting group preferably
targets the conjugate, preferably the conjugate comprising the RNA, to a specific tissue or organ. In other words,
by conjugating the RNA according to the invention with a target group (either directly by forming an RNA-target
group conjugate or indirectly by forming a conjugate of a target group of a pharmaceutical carrier that is present
in a complex with the RNA according to the invention), the RNA is delivered to a specific tissue or organ due to
the targeting of said target group to that specific tissue or organ. Most preferably, the targeting group provides
for delivery fo liver tissue, preferably to liver macrophages, hepatocytes and or liver sinusoidal endothelial cells
(LSEC). In this context, a targeting group is preferably selected from the group consisting of folate, GalNAc,
galactose, mannose, mannose-6P, aptamers, integrin receptor ligands, chemokine receptor ligands, transferrin,
biotin, serotonin receptor ligands, PSMA, endothelin, GCPII, somatostatin, LDL ligands and HDL ligands. Suitable
approaches for targeted delivery to the liver, which may be applied to the RNA of the invention, are also described
in Bartneck et al. (Bartneck et al.: Therapeutic targeting of liver inflammation and fibrosis by nanomedicine.
Hepatobiliary Surgery and Nutrition 2014;3(6):364-376), the disclosure of which is incorporated herein in its
entirety.

In another embodiment, liposomes or LNPs may be formulated for targeted delivery. Preferably, the liposome
or LNP is formulated for targeted delivery of the RNA according to the invention to the liver, preferably to liver
macrophages, hepatocytes and/or liver sinusoidal endothelial cells (LSEC). The liposome or LNP used for targeted
delivery may include, but is not limited to, the liposomes or LNPs described herein.

The RNA of the invention preferably forms conjugates, such as RNA covalently linked to a carrier or targeting
group, preferably as described herein, in order to provide for targeted delivery. Alternatively, the RNA according
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to the invention may encode a fusion protein, e.g. bearing a targeting group fused to the peptide or protein as
described herein, which is then targeted to a specific tissue or organ, preferably to the liver.

The conjugates preferably include targeting groups, e.g., a cell or tissue targeting agent, e.g., a lectin,
glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified cell type such as a fiver cell. A targeting
group can be a thyrotropin, melanotropin, lectin, glycoprotein, surfactant protein A, Mucin carbohydrate,
multivalent lactose, multivalent galactose, N-acetyl-galactosamine, N-acetyl-gulucosamine multivalent mannose,
multivalent fucose, glycosylated polyaminoacids, multivalent galactose, transferrin, bisphosphonate,
polygiutamate, polyaspartate, a lipid, cholesterol, a steroid, bile acid, folate, vitamin B12, biotin, an RGD peptide,
an RGD peptide mimetic or an aptamer.

Targeting groups may further be proteins, e.g., glycoproteins, or peptides, e.g., molecules having a specific
affinity for a co-ligand, or antibodies e.g., an antibody, that binds to a specified cell type such as a liver cell.
Targeting groups may also include hormones and hormone receptors. They can also include non-peptidic species,
such as lipids, lectins, carbohydrates, vitamins, cofactors, multivalent lactose, multivalent galactose, N-acetyl-
galactosamine, N-acetyl-gulucosamine multivalent mannose, multivalent fucose, or aptamers. The ligand can

be, for example, a lipopolysaccharide, or an activator of p38 MAP kinase.

The targeting group is preferably a ligand that is capable of targeting a specific receptor. Examples include,
without limitation, folate, GalNAc, galactose, mannose, mannose-6P, apatamers, integrin receptor ligands,
chemokine receptor ligands, transferrin, biotin, serotonin receptor ligands, PSMA, endothelin, GCPII,
somatostatin, LDL, and HDL figands. In particular embodiments, the targeting group is an aptamer. Preferably,
the aptamer is unmodified or has any combination of modifications disclosed herein.

In a preferred embodiment, the composition according to the invention comprises the RNA according to the
invention that is formulated together with a cationic or polycationic compound and/or with a polymeric carrier.
Accordingly, in a further embodiment of the invention, it is preferred that the RNA as defined herein or any other
nucleic acid comprised in the inventive {pharmaceutical) composition is associated with or complexed with a
cationic or polycationic compound or a polymeric carrier, optionally in a weight ratio 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) of mRNA or nucleic acid to cationic or polycationic compound
and/or with a polymeric carrier; or optionally in a nitrogen/phosphate (N/P) ratio of mRNA or nucleic acid to
cationic or polycationic compound and/or polymeric carrier in the range of about 0.1-10, preferably in a range
of about 0.3-4 or 0.3-1, and most preferably in a range of about 0.5-1 or 0.7-1, and even most preferably in a
range of about 0.3-0.9 or 0.5-0.9. More preferably, the N/P ratio of the RNA to the one or more polycations is
in the range of about 0.1 to 10, including a range of about 0.3 to 4, of about 0.5 to 2, of about 0.7 to 2 and of
about 0.7 to 1.5.

Therein, the RNA as defined herein or any other nucleic acid comprised in the (pharmaceutical) composition
according to the invention can also be associated with a vehicle, transfection or complexation agent for increasing
the transfection efficiency and/or the expression of the RNA according to the invention or of optionally comprised
further included nucleic acids.
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Cationic or polycationic compounds, being particularly preferred agents in this context include protamine,
nucleoline, spermine or spermidine, or other cationic peptides or proteins, such as poly-L-lysine (PLL), poly-
arginine, basic polypeptides, cell penetrating peptides (CPPs), including HIV-binding peptides, HIV-1 Tat (HIV),
Tat-derived peptides, Penetratin, VP22 derived or analog peptides, HSV VP22 (Herpes simplex), MAP, KALA or
protein transduction domains (PTDs), PpT620, prolin-rich peptides, arginine-rich peptides, lysine-rich peptides,
MPG-peptide(s), Pep-1, L-oligomers, Calcitonin peptide(s), Antennapedia-derived peptides (particularly from
Drosophila antennapedia), pAntp, plsl, FGF, Lactoferrin, Transportan, Buforin-2, Bac715-24, SynB, SynB(1),
pVEC, hCT-derived peptides, SAP, or histones. More preferably, the RNA according to the invention is complexed
with one or more polycations, preferably with protamine or oligofectamine, most preferably with protamine. In
this context protamine is particularly preferred.

Additionally, preferred cationic or polycationic proteins or peptides may be selected from the following proteins
or peptides having the following total formula (III):
(Arg)i;(LyS)m; (His); (Orn)o;(Xaa)y, (formula (III))

wherein [ + m + n +o0 + x = 8-15, and |, m, n or o independently of each other may be any number selected
from0,1,2,3,4,5/6,7,8,9, 10, 11, 12, 13, 14 or 15, provided that the overall content of Arg, Lys, His and
Orn represents at least 50% of all amino acids of the oligopeptide; and Xaa may be any amino acid selected
from native (= naturally occurring) or non-native amino acids except of Arg, Lys, His or Orn; and x may be any
number selected from 0, 1, 2, 3 or 4, provided, that the overall content of Xaa does not exceed 50% of all amino
acids of the oligopeptide. Particularly preferred cationic peptides in this context are e.g. Argy, Args, Arge, H3Rs,
RoH3, H3RgHs, YSSReSSY, (RKH)s, Y(RKH).R, etc. In this context the disclosure of WO 2009/030481 is
incorporated herewith by reference.

Further preferred cationic or polycationic compounds, which can be used as transfection or complexation agent
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-
Cl4-amidine, DOTIM, SAINT, DC-Chol, BGTC, CTAP, DOPC, DODAP, DOPE: Dioley! phosphatidylethanol-amine,
DOSPA, DODAB, DOIC, DMEPC, DOGS: Dioctadecylamidoglicylspermin, DIMRI: Dimyristo-oxypropyl dimethyl
hydroxyethyl ammonium bromide, DOTAP: dioleoyloxy-3-(trimethylammonio)propane, DC-6-14: 0,0-
ditetradecanoyl-N-{a-trimethylammonioacetyl)diethanolamine chloride, CLIPL: rac-[(2,3-
dioctadecyloxypropyl)(2-hydroxyethyl)]-dimethylammonium chloride, CLIP6: rac-[2(2,3-dihexadecyloxypropyl-
oxymethyloxy)ethyljtrimethylammonium, CLIP9: rac-{2(2,3-dihexadecyloxypropyl-oxysuccinyloxy Yethyl]-
trimethylammonium, oligofectamine, or cationic or polycationic polymers, e.g. modified polyaminoacids, such as
B-aminoacid-polymers or reversed polyamides, etc., modified polyethylenes, such as PVP (poly(N-ethyl-4-
vinylpyridinium  bromide)), etc.,, modified acrylates, such as 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
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more cationic blocks (e.g. selected from a cationic polymer as mentioned above) and of one or more hydrophilic
or hydrophobic blocks (e.g. polyethyleneglycole); etc.

According to a preferred embodiment, the composition of the present invention comprises the RNA as defined
herein and a polymeric carrier. A polymeric carrier used according to the invention might be a polymeric carrier
formed by disulfide-crosslinked cationic components. The disulfide-crosslinked cationic components may be the
same or different from each other. The polymeric carrier can also contain further components. It is also
particularly preferred that the polymeric carrier used according to the present invention comprises mixtures of
cationic peptides, proteins or polymers and optionally further components as defined herein, which are
crosslinked by disulfide bonds as described herein. In this context, the disclosure of W02012/013326 is
incorporated herewith by reference.

In this context, the cationic components, which form the basis for the polymeric carrier by disulfide-crosslinkage,
are typically selected from any suitable cationic or polycationic peptide, protein or polymer suitable for this
purpose, particular any cationic or polycationic peptide, protein or polymer capable of complexing the RNA as
defined herein or a further nucleic acid comprised in the composition, and thereby preferably condensing the
RNA or the nucleic acid. The cationic or polycationic peptide, protein or polymer, is preferably a linear molecule,
however, branched cationic or polycationic peptides, proteins or polymers may also be used.

Every disulfide-crosslinking cationic or polycationic protein, peptide or polymer of the polymeric carrier, which
may be used to complex the RNA according to the invention or any further nucleic acid comprised in the
(pharmaceutical) composition of the present invention contains at least one -SH moiety, most preferably at least
one cysteine residue or any further chemical group exhibiting an -SH moiety, capable of forming a disulfide
linkage upon condensation with at least one further cationic or polycationic protein, peptide or polymer as
cationic component of the polymeric carrier as mentioned herein.

As defined above, the polymeric carrier, which may be used to complex the RNA of the present invention or any
further nucleic acid comprised in the (pharmaceutical) composition according to the invention may be formed
by disulfide-crosslinked cationic (or polycationic) components. Preferably, such cationic or polycationic peptides
or proteins or polymers of the polymeric carrier, which comprise or are additionally modified to comprise at least
one -SH moiety, are selected from, proteins, peptides and polymers as defined herein for complexation agent.

In a further particular embodiment, the polymeric carrier which may be used to complex the RNA as defined
herein or any further nucleic acid comprised in the (pharmaceutical) composition according to the invention may
be selected from a polymeric carrier molecule according to generic formula (IV):

L-PL-S-[S-P%-G},-S-P3-L.  formula (1V)

wherein,

Ptand P*  are different or identical to each other and represent a linear or branched hydrophilic polymer chain,
each P! and P? exhibiting at least one -SH-moiety, capable to form a disulfide linkage upon
condensation with component P?, or alternatively with (AA), (AA)x, or [(AAX]; if such components
are used as a linker between P! and P? or P3 and P2) and/or with further components (e.g. (AA),

(AA)x, [(AA)]; or L), the linear or branched hydrophilic polymer chain selected independent from
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each other from polyethylene glycol (PEG), poly-A-(2-hydroxypropylymethacrylamide, poly-2-
{methacryloyloxy)ethy! phosphorylcholines, poly(hydroxyalkyl L-asparagine), poly(2-
(methacryloyloxy)ethyl phosphoryicholine), hydroxyethylstarch or poly(hydroxyalkyl L-glutamine),
wherein the hydrophilic polymer chain exhibits a molecular weight of about 1kDa to about 100kDa,
preferably of about 2kDa to about 25kDa; or more preferably of about 2kDa to about 10kDa, e.g.
about 5kDa to about 25kDa or 5kDa to about 10kDa;

is a cationic or polycationic peptide or protein, e.g. as defined above for the polymeric carrier formed
by disulfide-crosslinked cationic components, and preferably having a length of about 3 to about
100 amino acids, more preferably having a length of about 3 to about 50 amino acids, even more
preferably having a length of about 3 to about 25 amino acids, e.g. a length of about 3to 10, S to
15, 10 to 20 or 15 to 25 amino acids, more preferably a length of about 5 to about 20 and even
more preferably a length of about 10 to about 20; or

is a cationic or polycationic polymer, e.g. as defined above for the polymeric carrier formed by
disulfide-crosslinked cationic components, typically having a molecular weight of about 0.5kDa to
about 30kDa, including a molecular weight of about 1kDa to about 20kDa, even more preferably of
about 1.5kDa to about 10kDa, or having a molecular weight of about 0.5kDa to about 100kDa,
including a molecular weight of about 10kDa to about 50kDa, even more preferably of about 10kDa
to about 30kDa;

each P? exhibiting at least two -SH-moieties, capable to form a disulfide linkage upon condensation
with further components P? or component(s) P! and/or P? or alternatively with further components
(e.g. (AA), (AA)y, or [(AA)L);

is a (reversible) disulfide bond (the brackets are omitted for better readability), wherein S preferably
represents sulphur or a -SH carrying moiety, which has formed a (reversible) disulfide bond. The
(reversible) disulfide bond is preferably formed by condensation of -SH-moieties of either
components P! and P?, P2 and P2, or P2 and P3, or optionally of further components as defined herein
(e.g. L, (AA), (AA)y, [(AA)],, etc); The -SH-moiety may be part of the structure of these components
or added by a modification as defined below;

is an optional ligand, which may be present or not, and may be selected independent from the other
from RGD, Transferrin, Folate, a signal peptide or signal sequence, a localization signal or sequence,
a nuclear localization signal or sequence (NLS), an antibody, a cell penetrating peptide, (e.g. TAT
or KALA), a ligand of a receptor (e.g. cytokines, hormones, growth factors etc), small molecules
(e.g. carbohydrates like mannose or galactose or synthetic ligands), small molecule agonists,
inhibitors or antagonists of receptors (e.g. RGD peptidomimetic analogues), or any further protein
as defined herein, etc.;

is an integer, typically selected from a range of about 1 to 50, preferably from a range of about 1,
2 or 3 to 30, more preferably from a range of about 1, 2, 3, 4, or 5 to 25, or a range of about 1, 2,
3,4, 0r5t0 20, or arange of about 1, 2, 3, 4, or 5 to 15, or a range of about 1, 2, 3, 4, or 5 to 10,
including e.g. a range of about 4 to 9, 4 to 10, 3 to 20, 4 to 20, 5 to 20, or 10 to 20, or a range of
about 3 to 15, 4 to 15, 5 to 15, or 10 to 15, or a range of about 6 to 11 or 7 to 10. Most preferably,
nisinarange of about 1, 2, 3, 4, or 5 to 10, more preferably in a range of about 1, 2,3, 0r 4to 9,
inarange of about 1, 2, 3, or 4 to 8, or in a range of about 1, 2, or 3 to 7.
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In this context, the disclosure of W02011/026641 is incorporated herewith by reference. Each of hydrophilic
polymers P! and P3 typically exhibits at least one -SH-moiety, wherein the at least one -SH-moiety is capable to
form a disulfide linkage upon reaction with component P2 or with component (AA) or (AA)y, if used as linker
between P! and P? or P3 and P? as defined below and optionally with a further component, e.g. L and/or (AA) or
(AA),, e.g. if two or more -SH-moieties are contained. The following subformulae “P1-S-S-P2” and “P2-S-5-P3”
within generic formula (IV) above (the brackets are omitted for better readability), wherein any of S, P! and P3
are as defined herein, typically represent a situation, wherein one -SH-moiety of hydrophilic polymers P! and P3
was condensed with one -SH-moiety of component P? of generic formula (IV) above, wherein both sulphurs of
these -SH-moieties form a disulfide bond -S-S- as defined herein in formula (IV). These -SH-moieties are typically
provided by each of the hydrophilic polymers P! and P3, e.g. via an internal cysteine or any further (modified)
amino acid or compound which carries a ~SH moiety. Accordingly, the subformulae “P1-S-S-P2” and “P2-5-5-P3”
may also be written as “P!-Cys-Cys-P?" and “P?-Cys-Cys-P3”, if the -SH-moiety is provided by a cysteine, wherein
the term Cys-Cys represents two cysteines coupled via a disulfide bond, not via a peptide bond. In this case, the
term "-S-S-” in these formulae may also be written as "-5-Cys”, as “-Cys-S” or as “-Cys-Cys-". In this context,
the term “-Cys-Cys-" does not represent a peptide bond but a linkage of two cysteines via their -SH-moieties to
form a disulfide bond. Accordingly, the term "-Cys-Cys-" also may be understood generally as “-(Cys-S)-(5-Cys)-
“, wherein in this specific case S indicates the sulphur of the -SH-moiety of cysteine. Likewise, the terms “-S-
Cys” and “-Cys-S” indicate a disulfide bond between a -SH containing moiety and a cysteine, which may also be
written as *-S-(S-Cys)” and “-(Cys-S)-S". Alternatively, the hydrophilic polymers P! and P3 may be modified with
a -SH-moiety, preferably via a chemical reaction with a compound carrying a -SH-moiety, such that each of the
hydrophilic polymers P! and P? carries at least one such -SH-moiety. Such a compound carrying a -SH-moiety
may be e.g. an (additional) cysteine or any further (modified) amino acid, which carries a -SH-moiety. Such a
compound may also be any non-amino compound or moiety, which contains or allows to introduce a -SH-moiety
into hydrophilic polymers P! and P? as defined herein. Such non-amino compounds may be attached to the
hydrophilic polymers P* and P? of formula (IV) of the polymeric carrier according to the present invention via
chemical reactions or binding of compounds, e.g. by binding of a 3-thio propionic acid or thioimolane, by amide
formation (e.g. carboxylic acids, sulphonic acids, amines, etc), by Michael addition (e.g maleinimide moieties,
o,B-unsatured carbonyls, etc), by click chemistry (e.g. azides or alkines), by alkene/alkine methatesis (e.g.
alkenes or alkines), imine or hydrozone formation (aldehydes or ketons, hydrazins, hydroxylamins, amines),
complexation reactions (avidin, biotin, protein G) or components which allow Sy-type substitution reactions (e.g
halogenalkans, thiols, alcohols, amines, hydrazines, hydrazides, sulphonic acid esters, oxyphosphonium saits) or
other chemical moieties which can be utilized in the attachment of further components. A particularly preferred
PEG derivate in this context is alpha-Methoxy-omega-mercapto poly(ethylene glycol). In each case, the -SH-
moiety, e.g. of a cysteine or of any further (modified) amino acid or compound, may be present at the terminal
ends or internally at any position of hydrophilic polymers P! and P3. As defined herein, each of hydrophilic
polymers P! and P3 typically exhibits at least one -SH-moiety preferably at one terminal end, but may also contain
two or even more -SH-moieties, which may be used to additionally attach further components as defined herein,
preferably further functional peptides or proteins e.g. a ligand, an amino acid component (AA) or (AA),
antibodies, cell penetrating peptides or enhancer peptides (e.g. TAT, KALA), etc.

Preferably, the inventive composition comprises at least one RNA as defined herein, which is complexed with
one or more polycations, and at least one free RNA, wherein the at least one complexed RNA is preferably
identical to the at least one free RNA. In this context, it is particularly preferred that the composition of the
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present invention comprises the RNA according to the invention that is complexed at least partiaily with a cationic
or polycationic compound and/or a polymeric carrier, preferably cationic proteins or peptides. In this context,
the disclosure of W02010/037539 and W02012/113513 is incorporated herewith by reference. Partially means
that only a part of the RNA as defined herein is complexed in the composition according to the invention with a
cationic compound and that the rest of the RNA as defined herein is (comprised in the inventive (pharmaceutical)
composition) in uncomplexed form (“free”). Preferably, the molar ratio of the complexed RNA to the free RNA is
selected from a molar ratio of about 0.001:1 to about 1:0.001, including a ratio of about 1:1. More preferably
the ratio of complexed RNA to free RNA (in the (pharmaceutical) composition of the present invention) is selected
from a range of about 5:1 (w/w) to about 1:10 (w/w), more preferably from a range of about 4:1 (w/w) to
about 1:8 (w/w), even more preferably from a range of about 3:1 {w/w) to about 1:5 (w/w) or 1:3 (w/w), and
most preferably the ratio of complexed mRNA to free mRNA in the inventive pharmaceutical composition is
selected from a ratio of about 1:1 (w/w).

The complexed RNA in the (pharmaceutical) composition according to the present invention, is preferably
prepared according to a first step by complexing the RNA according to the invention with a cationic or polycationic
compound and/or with a polymeric carrier, preferably as defined herein, in a specific ratio to form a stable
complex. In this context, it is highly preferable, that no free cationic or polycationic compound or polymeric
carrier or only a negligibly small amount thereof remains in the component of the complexed RNA after
complexing the RNA. Accordingly, the ratio of the RNA and the cationic or polycationic compound and/or the
polymeric carrier in the component of the complexed RNA is typically selected in a range so that the RNA is
entirely complexed and no free cationic or polycationic compound or polymeric carrier or only a negligibly small

amount thereof remains in the composition.

Preferably the ratio of the RNA as defined herein to the cationic or polycationic compound and/or the polymeric
carrier, preferably as defined herein, 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). Alternatively, the ratio of the RNA as defined herein to the cationic or polycationic compound and/or the
polymeric carrier, preferably as defined herein, in the component of the complexed mRNA, may also be calculated
on the basis of the nitrogen/phosphate ratio (N/P-ratio) of the entire complex. In the context of the present
invention, an N/P-ratio is preferably in the range of about 0.1 to 10, preferably in a range of about 0.3 to 4 and
most preferably in a range of about 0.5 to 2 or 0.7 to 2 regarding the ratio of RNA : cationic or polycationic
compound and/or polymeric carrier, preferably as defined herein, in the complex, and most preferably in a range
of about 0.7 to 1.5, 0.5to 1 or 0.7 to 1, and even most preferably in a range of about 0.3 to 0.9 or 0.5 to 0.9,
preferably provided that the cationic or polycationic compound in the complex is a cationic or polycationic cationic
or polycationic protein or peptide and/or the polymeric carrier as defined above.

In other embodiments, the composition according to the invention comprising the RNA as defined herein may
be administered naked without being associated with any further vehicle, transfection or complexation agent.

It has to be understood and recognized, that according to the present invention, the inventive composition may
comprise at least one naked RNA as defined herein, preferably an mRNA, and/or at least one
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formulated/complexed RNA as defined herein, preferably an mRNA, wherein every formulation and/or
complexation as disclosed above may be used.

In embodiments, wherein the (pharmaceutical) composition comprises more than one RNA species, these RNA
species may be provided such that, for example, two, three, four, five, six, seven, eight, nine or more separate
compositions, which may contain at least one RNA species each (e.g. three distinct mRNA species), each
encoding a distinct peptide or protein as defined herein or a fragment or variant thereof, are provided, which
may or may not be combined. Also, the (pharmaceutical) composition may be a combination of at least two
distinct compositions, each composition comprising at least one mRNA encoding at least one of the peptides or
proteins defined herein. Alternatively, the (pharmaceutical) composition may be provided as a combination of at
least one mRNA, preferably at least two, three, four, five, six, seven, eight, nine or more mRNAs, each encoding
one of the peptides or proteins defined herein. The (pharmaceutical) composition may be combined to provide
one single composition prior to its use or it may be used such that more than one administration is required to
administer the distinct mRNA species encoding a certain combination of the proteins as defined herein. If the
(pharmaceutical) composition contains at least one mRNA molecule, typically at least two mRNA molecules,
encoding of a combination of peptides or proteins as defined herein, it may e.g. be administered by one single
administration (combining all mRNA species), by at least two separate administrations. Accordingly; any
combination of mono-, bi- or multicistronic mRNAs encoding a peptide or protein or any combination of peptides
or proteins as defined herein (and optionally further proteins), provided as separate entities (containing one
mRNA species) or as combined entity (containing more than one mRNA species), is understood as a
(pharmaceutical) composition according to the present invention. According to a particularly preferred
embodiment of the (pharmaceutical) composition, the at least one peptide or protein, preferably a combination
of at least two, three, four, five, six, seven, eight, nine or more peptides or proteins encoded by the
(pharmaceutical) composition as a whole, is provided as an individual (monocistronic) mRNA, which is
administered separately.

The (pharmaceutical) composition according to the present invention may be provided in liquid and or in dry
(e.g. lyophilized) form.

The (pharmaceutical) composition typically comprises a safe and effective amount of the RNA according to the
invention as defined herein, encoding a peptide or protein as defined herein or a fragment or variant thereof or
a combination of peptides or proteins, preferably as defined herein. As used herein, “safe and effective amount”
means an amount of the RNA that is sufficient to significantly induce a positive modification of a disease or
disorder as defined herein. At the same time, however, a “safe and effective amount” is small enough to avoid
serious side-effects, that is to say to permit a sensible relationship between advantage and risk. The
determination of these limits typically lies within the scope of sensible medical judgment. In relation to the
(pharmaceutical) composition of the present invention, the expression “safe and effective amount” preferably
means an amount of the RNA (and thus of the encoded peptide or protein) that is suitable for obtaining an
appropriate expression level of the encoded protein(s). Such a “safe and effective amount” of the RNA of the
(pharmaceutical) composition as defined herein may furthermore be selected in dependence of the type of RNA,
e.g. monocistronic, bi- or even multicistronic RNA, since a bi- or even multicistronic RNA may lead to a
significantly higher expression of the encoded protein(s) than the use of an equal amount of a monocistronic
RNA. A “safe and effective amount” of the RNA of the {pharmaceutical) composition as defined above may
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furthermore vary in connection with the particular condition to be treated and also with the age and physical
condition of the patient to be treated, the severity of the condition, the duration of the treatment, the nature of
the accompanying therapy, of the particular pharmaceutically acceptable carrier used, and similar factors, within
the knowledge and experience of the accompanying doctor. The (pharmaceutical) composition according to the
invention can be used according to the invention for human and also for veterinary medical purposes.

In a preferred embodiment, the RNA of the (pharmaceutical) composition or kit of parts according to the
invention is provided in lyophilized form. Preferably, the lyophilized RNA is reconstituted in a suitable buffer,
advantageously based on an aqueous carrier, prior to administration, e.g. Ringer-Lactate solution, which is
preferred, Ringer solution, a phosphate buffer solution. In a preferred embodiment, the (pharmaceutical)
composition or the kit of parts according to the invention contains at least two, three, four, five, six, seven,
eight, nine or more RNAs, preferably mRNAs, which are provided separately in lyophilized form (optionally
together with at least one further additive) and which are preferably reconstituted separately in a suitable buffer
(such as Ringer-Lactate solution) prior to their use so as to allow individua! administration of each of the
(monocistronic) RNAs.

The (pharmaceutical) composition according to the invention may typically contain a pharmaceutically acceptable
carrier. The expression "pharmaceutically acceptable carrier” as used herein preferably includes the liquid or
non-liquid basis of the composition. If the composition is provided in liquid form, the carrier will be water,
typically pyrogen-free water; isotonic saline or buffered (aqueous) solutions, e.g phosphate, citrate etc. buffered
solutions. Particularly for injection of the (pharmaceutical) composition, water or preferably a buffer, more
preferably an aqueous buffer, may be used, containing a sodium salt, preferably at least 50mM of a sodium salt,
a calcium salt, preferably at least 0,01mM of a calcium salt, and optionally a potassium salt, preferably at least
3mM of a potassium salt. According to a preferred embodiment, the sodium, calcium and, optionally, potassium
salts may occur in the form of their halogenides, e.g. chlorides, iodides, or bromides, in the form of their
hydroxides, carbonates, hydrogen carbonates, or sulfates, etc. Without being fimited thereto, examples of
sodium salts include e.g. NaCl, Nal, NaBr, Na,COs, NaHCO3, Na;S04, examples of the optional potassium salts
include e.g. KCl, KI, KBr, K:COs, KHCOs, K>S0s, and examples of calcium salts include e.g. CaCly, Cal,, CaBry,
CaC0s, CaS04, Ca(OH).. Furthermore, organic anions of the aforementioned cations may be contained in the
buffer. According to a more preferred embodiment, the buffer suitable for injection purposes as defined above,
may contain salts selected from sodium chloride (NaCl), calcium chloride (CaCl;) and optionally potassium
chloride (KCl), wherein further anions may be present additional to the chlorides. CaCl, can also be replaced by
another salt like KCI. Typically, the salts in the injection buffer are present in a concentration of at least 50 mM
sodium chloride (NaCl), at least 3 mM potassium chloride (KCI) and at least 0,01 mM calcium chloride (CaCly).
The injection buffer may be hypertonic, isotonic or hypotonic with reference to the specific reference medium,
i.e. the buffer may have a higher, identical or lower salt content with reference to the specific reference medium,
wherein preferably such concentrations of the afore mentioned salts may be used, which do not lead to damage
of cells due to osmosis or other concentration effects. Reference media are e.g. in “in vivo” methods occurring
liquids such as blood, lymph, cytosolic liquids, or other body liquids, or e.g. liquids, which may be used as
reference media in “in vitro” methods, such as common buffers or liquids. Such common buffers or liquids are
known to a skilled person. Ringer-Lactate solution is particularly preferred as a liquid basis.
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However, one or more compatible solid or liquid fillers or diluents or encapsulating compounds may be used as
well, which are suitable for administration to a person. The term “compatible” as used herein means that the
constituents of the composition according to the invention are capable of being mixed with the RNA according
to the invention as defined herein, in such a manner that no interaction occurs, which would substantially reduce
the pharmaceutical effectiveness of the (pharmaceutical) composition according to the invention under typical
use conditions. Pharmaceutically acceptable carriers, fillers and diluents must, of course, have sufficiently high
purity and sufficiently low toxicity to make them suitable for administration to a person to be treated. Some
examples of compounds which can be used as pharmaceutically acceptable carriers, fillers or constituents thereof
are sugars, such as, for example, lactose, glucose, trehalose and sucrose; starches, such as, for example, corn
starch or potato starch; dextrose; cellulose and its derivatives, such as, for example, sodium
carboxymethylcellulose, ethylcellulose, cellulose acetate; powdered tragacanth; malt; gelatin; tallow; solid
glidants, such as, for example, stearic acid, magnesium stearate; calcium sulfate; vegetable oils, such as, for
example, groundnut oil, cottonseed oil, sesame oil, olive oil, corn oil and oil from thecbroma; polyols, such as,
for example, polypropylene glycol, glycerol, sorbitol, mannitol and polyethylene glycol; alginic acid.

The choice of a pharmaceutically acceptable carrier is determined, in principle, by the manner, in which the
pharmaceutical composition according to the invention is administered. The (pharmaceutical) composition can
be administered, for example, systemically or locally. Routes for systemic administration in general include, for
example, transdermal, oral, parenteral routes, including subcutaneous, intravenous, intramuscular, intraarterial,
intradermal and intraperitoneal injections and/or intranasal administration routes. Routes for local administration
in general include, for example, topical administration routes but also intradermal, transdermal, subcutaneous,
or intramuscular injections or intralesional, intracranial, intrapulmonal, intracardial, and sublingual injections.
More preferably, the (pharmaceutical) composition according to the present invention may be administered by
an intradermal, subcutaneous, or intramuscular route, preferably by injection, which may be needle-free and/or
needle injection. The (pharmaceutical) composition is therefore preferably formulated in liquid or solid form. The
suitable amount of the (pharmaceutical) composition according to the invention to be administered can be
determined by routine experiments, e.g. by using animal models. Such models include, without implying any
limitation, rabbit, sheep, mouse, rat, dog and non-human primate models. Preferred unit dose forms for injection
include sterile solutions of water, physiological saline or mixtures thereof. The pH of such solutions should be
adjusted to about 7.4. Suitable carriers for injection include hydrogels, devices for controlled or delayed release,
polylactic acid and collagen matrices. Suitable pharmaceutically acceptable carriers for topical application include
those which are suitable for use in lotions, creams, gels and the like. If the (pharmaceutical) composition is to
be administered perorally, tablets, capsules and the like are the preferred unit dose form. The pharmaceutically
acceptable carriers for the preparation of unit dose forms which can be used for oral administration are well
known in the prior art. The choice thereof will depend on secondary considerations such as taste, costs and
storability, which are not critical for the purposes of the present invention, and can be made without difficulty
by a person skilled in the art.

Further additives which may be included in the (pharmaceutical) composition are emulsifiers, such as, for
example, Tween; wetting agents, such as, for example, sodium laury! sulfate; colouring agents; taste-imparting
agents, pharmaceutical carriers; tablet-forming agents; stabilizers; antioxidants; preservatives.
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In preferred embodiments, the (pharmaceutical) composition according to the invention comprises a further
pharmaceutically active ingredient in addition to the RNA according to the invention. Preferably, the further
pharmaceutically active ingredient is selected from compounds suitable for use in the treatment or prophylaxis
of a liver disease or disorder as defined herein.

The (pharmaceutical) composition as defined herein may also be administered orally in any orally acceptable
dosage form including, but not limited to, capsules, tablets, aqueous suspensions or solutions.

The (pharmaceutical) composition may also be administered topically. Suitable topical formulations are readily
prepared for each of these areas or organs. For topical applications, the (pharmaceutical) composition may be
formulated in a suitable ointment, containing the RNA according to the invention suspended or dissolved in one
or more carriers.

According to a preferred embodiment of this aspect of the invention, the (pharmaceutical) composition according
to the invention is administered via a parenteral route, preferably by injection. Preferably, the inventive
composition is administered by intradermal, subcutaneous, or intramuscular injection. Any suitable injection
technique known in the art may be employed, for example conventional needle injection or needle-less injection
techniques, such as jet-injection.

In one embodiment, the (pharmaceutical) composition comprises at least two, three, four, five, six, seven, eight,
nine or more RNAs as defined herein, each of which is preferably injected separately, preferably by needle-less
injection. Alternatively, the (pharmaceutical) composition comprises at least two, three, four, five, six, seven,
eight, nine or more RNAs, wherein the at least two, three, four, five, six, seven, eight, nine or more RNAs are
administered, preferably by injection as defined herein, as a mixture.

Administration of the RNA as defined herein or the (pharmaceutical) composition according to the invention may
be carried out in a time staggered treatment. A time staggered treatment may be e.g. administration of the RNA
or the composition prior, concurrent and/or subsequent to a conventional therapy of a disease or disorder,
preferably as described herein, e.g. by administration of the RNA or the composition prior, concurrent and/or
subsequent to a therapy or an administration of a therapeutic agent suitable for the treatment or prophylaxis of
a disease or disorder as described herein. Such time staggered treatment may be carried out using e.g. a kit,
preferably a kit of parts as defined herein.

Time staggered treatment may additionally or alternatively also comprise an administration of the RNA as defined
herein or the (pharmaceutical) composition according to the invention in a form, wherein the RNA encoding a
peptide or protein as defined herein or a fragment or variant thereof, preferably forming part of the composition,
is administered parallel, prior or subsequent to another RNA encoding a peptide or protein as defined above,
preferably forming part of the same inventive composition. Preferably, the administration (of all RNAs) occurs
within an hour, more preferably within 30 minutes, even more preferably within 15, 10, 5, 4, 3, or 2 minutes or
even within 1 minute. Such time staggered treatment may be carried out using e.g. a kit, preferably a kit of
parts as defined herein.
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According to a further aspect, the present invention also provides kits, particularly kits of parts. Such kits,
particularly kits of parts, typically comprise as components alone or in combination with further components as
defined herein at least one inventive RNA species as defined herein, or the inventive (pharmaceutical)
composition comprising the RNA according to the invention. The at least one RNA as defined herein, is optionally
in combination with further components as defined herein, whereby the at least one RNA is provided separately
(first part of the kit) from at least one other part of the kit comprising one or more other components. The
(pharmaceutical) composition may occur in one or different parts of the kit. As an example, e.g. at least one
part of the kit may comprise at least one RNA as defined herein, and at least one further part of the kit at least
one other component as defined herein, e.g. at least one other part of the kit may comprise at least one
(pharmaceutical) composition or a part thereof, e.g. at least one part of the kit may comprise the RNA as defined
herein, at least one further part of the kit at least one other component as defined herein, at least one further
part of the kit at least one component of the (pharmaceutical) composition or the (pharmaceutical) composition
as a whole, and at least one further part of the kit e.g. at least one pharmaceutical carrier or vehicle, etc. In
case the kit or kit of parts comprises a plurality of RNAs as described herein, one component of the kit can
comprise only one, several or all RNAs comprised in the kit. In an alternative embodiment every/each RNA
species may be comprised in a different/separate component of the kit such that each component forms a part
of the kit. Also, more than one RNA as defined herein may be comprised in a first component as part of the kit,
whereas one or more other (second, third etc.) components (providing one or more other parts of the kit) may
either contain one or more than one RNA as defined herein, which may be identical or partially identical or
different from the first component. The kit or kit of parts may furthermore contain technical instructions with
information on the administration and dosage of the RNA according to the invention, the (pharmaceutical)
composition of the invention or of any of its components or parts, e.g. if the kit is prepared as a kit of parts.

In a further aspect, the present invention furthermore provides several applications and uses of the RNA, of the
{pharmaceutical) composition or the kit of parts according to the invention. In particular, the present invention
provides medical uses of the RNA according to the invention. Moreover, the use of the RNA according to the
invention, of the (pharmaceutical) composition or the kit of parts according to the invention is envisaged in gene
therapy.

According to one specific aspect, the present invention is directed to the first medical use of the RNA according
to the invention, of the (pharmaceutical) composition or of the kit or kit of parts comprising the RNA according
to the invention or a plurality of inventive RNAs as defined herein as a medicament, particularly in gene therapy,
preferably for the treatment or prophylaxis of a liver disease or disorder as defined herein.

According to another aspect, the present invention is directed to the second medical use of the RNA according
to the invention, of the (pharmaceutical) composition, or of the kit or kit of parts comprising the RNA according
to the invention or a plurality of inventive RNAs as defined herein, for the treatment or prophylaxis of a liver
disease or disorder as defined herein, preferably to the use of the RNA as defined herein, of the (pharmaceutical)
composition, or the kit or kit of parts comprising the RNA according to the invention as defined herein, for the
preparation of a medicament for the prophylaxis, treatment and/or amelioration of a liver disease or disorder as
defined herein. Preferably, the pharmaceutical composition is used on or to be administered to a patient in need
thereof for this purpose.
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According to a further aspect, the RNA according to the invention or the (pharmaceutical) composition comprising
the RNA according to the invention is used in the manufacture of a medicament, wherein the medicament is
preferably for treatment or prophylaxis of a liver disease or disorder as defined herein.

In a preferred embodiment of the present invention, the RNA, the (pharmaceutical) composition or the kit or kit
of parts as described herein is provided for use in the treatment or prophylaxis of a liver disease. Accordingly,
the present invention concerns an RNA comprising at least one coding sequence, wherein the coding sequence
encodes at least one peptide or protein as described herein, preferably comprising or consisting of a peptide or
protein selected from the group consisting of an extracellular matrix protease, CCAAT/enhancer-binding protein
alpha (CEBPA), TNF-related apoptosis-inducing ligand (TRAIL), hepatocyte nuclear factor 4 alpha (HNF4A),
fibroblast growth factor 21 (FGF21), opioid growth factor receptor-fike 1 (OGFRL1), Hepatocyte Growth Factor
(HGF), Relaxin 1 (RLN1), Relaxin 2 (RLN2) and Relaxin 3 (RLN3), or a fragment or a variant of any of these
peptides or proteins, or a (pharmaceutical) composition or kit or kit of parts comprising the RNA according to
the invention, for use in the treatment or prophylaxis of a liver disease.

As used herein, the term “liver disease” or “liver disorder” typically relates to any condition, which is associated
with, or which leads to structural alteration or damage of liver tissue, in particular which leads to fibrosis of the
liver. In particular, a “liver disease” as used herein, such as liver fibrosis or liver cirrhosis, is a chronic disease
characterized by an excess production of hepatic connective tissue, in particular by the accumulation of
extracellular matrix (ECM) proteins, which is preferably caused by activated hepatic stellate cells (HSC). The
process of excess production of hepatic connective tissue and/or the accumulation of extracellular matrix (ECM)
proteins may also be referred to as “fibrosis”. The liver diseases addressed herein may also be termed “fibrotic

liver diseases”.

In the context of the present invention, the term ™iver disease” preferably also refers to a disease or disorder,
which is capable of causing fibrosis of the liver tissue and which potentially leads to liver fibrosis, such as
infectious diseases (e.g. Hepatitis B, Hepatitis C or Hepatitis D), autoimmune diseases (e.g. primary biliary
cirrhosis or autoimmune hepatitis), genetic/inherited diseases (hereditary haematochromatosis, Wilson’s
disease, cystic fibrosis, diabetes), metabolic and/or diet-related diseases (obesity, diabetes, alcohol abuse,
alcoholic liver disease, non-alcoholic fatty liver disease (NAFLD) or non-alcoholic steatohepatitis (NASH)), cancer
or tumor diseases (e.g. hepatocellular carcinoma (HCC)) or other diseases such as gallstones, Budd-Chiari
syndrome or primary sclerosing cholangitis.

In a preferred embodiment, the RNA according to the invention is provided for use in the treatment or prophylaxis
of a liver disease, which is preferably selected from the group consisting of liver fibrosis, liver cirrhosis and liver
cancer. In a preferred embodiment, the RNA according to the invention is provided for use in the treatment or
prophylaxis of hepatocellular carcinoma (HCC). Most preferably, the RNA according to the invention is provided

for use in the treatment or prophylaxis of liver fibrosis or liver cirrhosis.

In a preferred embodiment, the RNA as described herein or the (pharmaceutical) composition is provided for
treatment or prophylaxis of a liver disease, which comprises targeted delivery of the RNA. Preferably, the RNA
is targeted to the liver upon administration to a mammalian subject. Targeted delivery of the RNA according to

the invention is preferably achieved by formulating the RNA in a suitable manner (e.g. as a liposome or lipid
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nanoparticle as described herein) and/or by administering the RNA or the (pharmaceutical) composition,
respectively, according to the invention via a suitable route.

Preferably, the treatment or prophylaxis of a liver disease as described herein comprises administration of the
RNA or the (pharmaceutical) composition according to the invention in any suitable manner, preferably as
described herein with respect to the (pharmaceutical) composition. The description of the (pharmaceutical)
composition, where appropriate, also applies to the medical use of the RNA according to the invention.

In preferred embodiments, the treatment or prophylaxis comprises administration of a further pharmaceutically
active ingredient in combination with the RNA according to the invention or the (pharmaceutical) composition
according to the invention. Preferably, the further pharmaceutically active ingredient is selected from compounds
suitable for use in the treatment or prophylaxis of a liver disease or disorder as defined herein.

Also comprised by the present invention are methods of treating or preventing a disease or disorder, preferably
a liver disease or disorder as defined herein, by administering to a subject in need thereof a pharmaceutically
effective amount of the RNA or the pharmaceutical composition according to the invention. Such a method
typically comprises an optional first step of preparing the RNA or the composition of the present invention, and
a second step, comprising administering (a pharmaceutically effective amount of) said composition to a
patient/subject in need thereof. A subject in need thereof will typically be a mammal. In the context of the
present invention, the mammal is preferably 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,
particularly, human, wherein the mammal typically suffers from a disease or disorder, preferably from a liver
disease or disorder as defined herein.

According to a further aspect, the present invention also provides a method for increasing the expression of a
peptide or protein as described herein comprising the steps, e.g. a) providing the RNA as defined herein or the
{pharmaceutical) composition as defined herein, b) applying or administering the RNA or the composition to an
expression system, e.g. to a cell-free expression system, a cell (e.g. an expression host cell or a somatic cell), a
tissue or an organism. The method may be applied for laboratory, for research, for diagnostic, for commercial
production of peptides or proteins and/or for therapeutic purposes. In this context, typically after preparing the
RNA or the composition, it is typically applied or administered to a cell-free expression system, a cell (e.g. an
expression host cell or a somatic cell), a tissue or an organism, e.g. in naked or complexed form or as a
(pharmaceutical) composition as described herein, preferably via transfection or by using any of the
administration modes as described herein. The method may be carried out in vitro, in vivo or ex vivo. The method
may furthermore be carried out in the context of the treatment of a specific disease, preferably as defined herein.

In this context in vitro is defined herein as transfection or transduction of the RNA or the composition according
to the invention info cells in culture outside of an organism; in vivo is defined herein as transfection or
transduction of the RNA or the composition according to the invention into cells by application of the RNA or the
composition to the whole organism or individual and ex vivo is defined herein as transfection or transduction of
the RNA or the composition according to the invention into cells outside of an organism or individual and
subsequent application of the transfected cells to the organism or individual.
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Likewise, according to another aspect, the present invention also provides the use of the RNA or the composition
according to the invention, preferably for diagnostic or therapeutic purposes, for increasing the expression of a
peptide or protein as described herein, particularly in gene therapy e.g. by applying or administering the RNA or
the composition, e.g. to a cell-free expression system, a cell (e.g. an expression host cell or a somatic cell), a
tissue or an organism. The use may be applied for laboratory, for research, for diagnostic for commercial
production of peptides or proteins and/or for therapeutic purposes, preferably for gene therapy. In this context,
typically after preparing the RNA or the composition according to the invention, it is typically applied or
administered to a cell-free expression system, a cell (e.g. an expression host cell or a somatic cell), a tissue or
an organism, preferably in naked form or complexed form, or as a (pharmaceutical) composition as described
herein, preferably via transfection or by using any of the administration modes as described herein. The use
may be carried out in vitro, in vivo or ex vivo. The use may furthermore be carried out in the context of the
treatment of a specific disease, preferably a liver disease or disorder as defined herein.

In yet another aspect the present invention also relates to an inventive expression system comprising the RNA
according to the invention or an expression vector or plasmid comprising a corresponding nucleic acid sequence
according to the first aspect of the present invention. In this context the expression system may be a cell-free
expression system (e.g. an in vitro transcription/translation system), a cellular expression system (e.g.
mammalian cells like CHO cells, insect cells, yeast cells, bacterial cells like E. coli) or organisms used for
expression of peptides or proteins (e.g. plants or animals like cows).

Items

The present invention may further be characterized by the following items:

1. RNA comprising at least one coding sequence,
wherein the coding sequence encodes at least one peptide or protein selected from the group consisting
of
an extracellular matrix protease, CCAAT/enhancer-binding protein aipha (CEBPA), TNF-related apoptosis-
inducing ligand (TRAIL), hepatocyte nuclear factor 4 alpha (HNF4A), fibroblast growth factor 21 (FGF21),
opioid growth factor receptor-like 1 (OGFRL1), Relaxin 1 (RLN1), Relaxin 2 (RLN2) and Relaxin 3 (RLN3),
or a fragment or a variant of any of these peptides or proteins,
for use in the treatment or prophylaxis of a liver disease.

2. The RNA for use according to item 1, wherein the RNA is an mRNA, a viral RNA or a replicon RNA.
3. The RNA for use according to item 1 or 2, wherein the RNA, preferably the coding sequence, does not
comprise a chemically modified sugar, a chemically modified backbone or a chemically modified

nucleobase.

4. The RNA for use according to item 3, wherein the RNA does not comprise a chemically modified nucleoside

or nuclectide.

5. The RNA for use according to item 3 or 4, wherein the RNA is not chemically modified.
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The RNA for use according to any one of the preceding items, wherein the liver disease is selected from
the group consisting of liver fibrosis, liver cirrhosis and liver cancer.

The RNA for use according to any one of the preceding items, wherein the peptide or protein comprises

an extracellular matrix protease or a fragment or variant thereof.

The RNA for use according to item 7, wherein the extracellular matrix protease is selected from the group
consisting of bacterial collagenases and mammalian matrix metalloproteinases.

The RNA for use according to item 7 or 8, wherein the extracellular matrix protease is selected from
matrix metalloproteinase-1, preferably human matrix metalloproteinase-1, clostridial collagenase ColG
and clostridial collagenase ColH.

The RNA for use according to any one of items 7 to 9, wherein the peptide or protein comprises an amino
acid sequence selected from the group consisting of SEQ ID NO: 20 to 28, or a fragment or variant of

any one of said amino acid sequences.

The RNA for use according to any one of items 1 to 6, wherein the peptide or protein comprises
CCAAT/enhancer-binding protein alpha (CEBPA), preferably human CEBPA, or a fragment or variant
thereof.

The RNA for use according to item 11, wherein the peptide or protein comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 8 to 13, or a fragment or variant of any one of said

amino acid sequences.

The RNA for use according to any one of items 1 to 6, wherein the peptide or protein comprises TNF-
related apoptosis-inducing ligand (TRAIL), or a fragment or variant thereof.

The RNA for use according to item 13, wherein the peptide or protein comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 4 to 7, or a fragment or variant of any one of said

amino acid sequences.

The RNA for use according to any one of items 1 to 6, wherein the peptide or protein is selected from
the group consisting of hepatocyte nuclear factor 4 alpha (HNF4A), fibroblast growth factor 21 (FGF21),
opioid growth factor receptor-like 1 (OGFRL1), Relaxin 1 (RLN1), Relaxin 2 (RLN2) and Relaxin 3 (RLN3),
and wherein the peptide or protein preferably comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 14 to 19, or a fragment or variant of any one of said amino acid sequences.

The RNA for use according to any one of items 1 to 15, wherein the at least one coding sequence of the
RNA comprises a nucleic acid sequence selected from the group consisting of SEQ ID NO: 32to 71, or a

fragment or variant of any one of said nucleic acid sequences.
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The RNA for use according to any one of items 1 to 16, wherein the RNA is mono-, bi-, or multicistronic.

The RNA for use according to any one of items 1 to 17, wherein the RNA is an mRNA.

The RNA for use according to any one of items 1 to 18, wherein the RNA is a modified RNA, preferably a
stabilized RNA.

The RNA for use according to any one of items 1 to 19, wherein the

the G/C content of the at least one coding sequence of the RNA is increased compared to the G/C content
of the corresponding coding sequence of the corresponding wild-type RNA,

the C content of the at least one coding sequence of the RNA is increased compared to the C content of
the corresponding coding sequence of the corresponding wild-type RNA, and/or wherein

at least one codon in the at least one coding sequence of the RNA is adapted to human codon usage,
wherein the codon adaptation index (CAI} is preferably increased or maximised in the at least one coding
sequence of the RNA,

wherein the amino acid sequence encoded by the RNA is preferably not modified compared to the amino
acid sequence encoded by the corresponding wild-type RNA.

The RNA for use according to item 20, wherein the at least one coding sequence comprises a nucleic acid
sequence selected from the group consisting of SEQ ID NO: 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 131, 132, 133, 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178,
179, 180, 181, 182, 183, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201,
202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224,
225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 243, 244, 245, 246, 247,
248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267,
271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290,
291, 292, 293, 294, 295, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313,
314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336,
337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 355, 356, 357, 358, 359,
360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379,
383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402,
403, 404, 405, 406 and 407, or a fragment or variant of any one of said nucleic acid sequences.

The RNA for use according to any one of items 1 to 21, wherein the RNA comprises a 5-CAP structure.
The RNA for use according to any one of items 1 to 22, wherein the RNA comprises a poly(A) sequence,

preferably comprising 10 to 200, 10 to 100, 40 to 80 or 50 to 70 adenosine nucleotides, and/or a poly(C)
sequence, preferably comprising 10 to 200, 10 to 100, 20 to 70, 20 to 60 or 10 to 40 cytidine nuclectides.
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The RNA for use according to any one of items 1 to 23, wherein the RNA comprises at least one histone
stem-loop.

The RNA for use according to item 24, wherein the at least one histone stem-loop comprises a nucleic
acid sequence according to the following formulae (I) or (II):

formula (I) (stem-loop sequence without stem bordering elements):

[No-2GN3-5] [No-4(U/T)No-4] [N3-5CNo-2]
stem1 loop stem2

formula (II) (stem-loop sequence with stem bordering elements):

Ni-6 [No-2GN3-5] [No-4(U/T)No- 4] [N3 5CNo-2] Nis
LY—}\—Y~°_J\ ~

stem1 stem1l loop stem2 stem2
bordering element bordering element
wherein:
steml or stem2 bordering elements Nj.g is a consecutive sequence of 1 to 6, preferably of 2 to 6,

more preferably of 2 to 5, even more preferably of 3 to 5, most preferably of 4 to 5 or 5 N, wherein each
N is independently from another selected from a nucleotide selected from A, U, T, G and C, or a nucleotide
analogue thereof;

steml [No2GNzs] is reverse complementary or partially reverse complementary with element stem2,
and is a consecutive sequence between of 5 to 7 nucleotides;

wherein Np-2 is a consecutive sequence of 0 to 2, preferably of 0 to 1, more preferably of 1 N, wherein
each N is independently from another selected from a nucleotide selected from A, U, T, Gand C or a
nucleotide analogue thereof;

wherein N5 is a consecutive sequence of 3 to 5, preferably of 4 to 5, more preferably of 4 N, wherein
each N is independently from another selected from a nucleotide selected from A, U, T, Gand Cor a
nucleotide analogue thereof, and

wherein G is guanosine or an analogue thereof, and may be optionally replaced by a cytidine or an
analogue thereof, provided that its complementary nucleotide cytidine in stem2 is replaced by guanosine;
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loop sequence [No-4(U/T)No-4] is located between elements stem1 and stem?2, and is a consecutive
sequence of 3 to 5 nucleotides, more preferably of 4 nucleotides;

wherein each No.4 is independent from another a consecutive sequence of 0 to 4, preferably of 1 to 3,
more preferably of 1 to 2 N, wherein each N is independently from another selected from a nucleotide
selected from A, U, T, G and C or a nucleotide analogue thereof; and

wherein U/T represents uridine, or optionally thymidine;

stem2 [N3sCNo-2] is reverse complementary or partially reverse complementary with element stem1, and
is a consecutive sequence between of 5 to 7 nucleotides;

wherein Ni5 is a consecutive sequence of 3 to 5, preferably of 4 to 5, more preferably of 4 N, wherein
each N is independently from another selected from a nuclectide selected from A, U, T, Gand Cor a
nucleotide analogue thereof;

wherein Ng-z is a consecutive sequence of 0 to 2, preferably of 0 to 1, more preferably of 1 N, wherein
each N is independently from another selected from a nucleotide selected from A, U, T, Gand Cor a
nucleotide analogue thereof; and

wherein C is cytidine or an analogue thereof, and may be optionally replaced by a guanosine or an
analogue thereof provided that its complementary nucleotide guanosine in stem1 is replaced by cytidine;

wherein

stem1 and stem?2 are capable of base pairing with each other

forming a reverse complementary sequence, wherein base pairing may occur between stem1 and stem2,
or

forming a partially reverse complementary sequence, wherein an incomplete base pairing may occur
between stem1 and stem2.

The RNA for use according to item 24 or 25, wherein the at least one histone stem-loop comprises a
nucleic acid sequence according to the following formulae (Ia) or (I1a):

formula (Ia) (stem-loop sequence without stem bordering elements):

[No-1GN3-s] [N1-3(U/T)No- 2] [N3-5CNo-1]

— —— \_ ~ R/_/

steml loop stem2
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formula (IIa) (stem-loop sequence with stem bordering elements);

N2-5 [No-1GN3-5] [N1-3(U/T)No-2] [N3-5CNo-1] Na-s

Y Y ~ Y % A g
stem1 stem1l loop stem2 stem?2
bordering element bordering element

The RNA for use according to any one of items 24 to 26, wherein the at least one histone stem loop
comprises a nucleic acid sequence according to SEQ ID NO: 1451 and most preferably a RNA sequence
according to SEQ ID NO: 1452.

The RNA for use according to any one of items 1 to 27, wherein the RNA comprises at least one 3™-
untranslated region element (3-UTR element).

The RNA for use according to item 28, wherein the 3~UTR element comprises a nucleic acid sequence
derived from a 3'-UTR of a gene, which preferably encodes a stable mRNA, or from a homolog, a fragment
or a variant of said gene.

The RNA for use according to item 29, wherein the 3'-UTR element comprises a nucleic acid sequence
derived from a 3'-UTR of a gene selected from the group consisting of an albumin gene, an a-globin
gene, a B-globin gene, a tyrosine hydroxylase gene, a lipoxygenase gene, and a collagen alpha gene, or
from a homolog, a fragment or a variant thereof.

The RNA for use according to item 29 or 30, wherein the 3'-UTR element comprises a nucleic acid
sequence derived from a 3'UTR of an a-globin gene, preferably comprising the nucleic acid sequence
according to SEQ ID NO: 1444, a homolog, a fragment, or a variant thereof.

The RNA for use according to any of items 1 to 31, wherein the RNA comprises, preferably in 5’ to 3’
direction, the following elements:

a) a 5'-CAP structure, preferably m7GpppN,
b) at least one coding sequence as defined in item 21,
c) a 3'-UTR element comprising a nucleic acid sequence, which is derived from an a-globin gene,

preferably comprising the nucleic acid sequence according to SEQ ID NO: 1444, or a homolog, a fragment
or a variant thereof,

d) a poly(A) tail, preferably consisting of 10 to 200, 10 to 100, 40 to 80 or 50 to 70 adenosine
nucleotides,
e) a poly(C) tail, preferably consisting of 10 to 200, 10 to 100, 20 to 70, 20 to 60 or 10 to 40

cytidine nuclectides, and
f) a histone stem-loop, preferably comprising the nucleic acid sequence according to SEQ ID NO:
1452.
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The RNA for use according to any one of items 1 to 32, wherein the RNA comprises a nucleic acid
sequence selected from the group consisting of SEQ ID NO: 408 to 750, or a fragment or variant of any
one of said nucleic acid sequences.

The RNA for use according to any one of item 29 or 30, wherein the at least one 3'-UTR element comprises
a nucleic acid sequence, which is derived from the 3'-UTR of a vertebrate albumin gene or from a variant
thereof, preferably from the 3'-UTR of a mammalian albumin gene or from a variant thereof, more
preferably from the 3'-UTR of a human albumin gene or from a variant thereof, even more preferably
from the 3'-UTR of the human albumin gene according to GenBank Accession number NM_000477.5, or
from a fragment or variant thereof,

The RNA for use according to item 34, wherein the 3-'UTR element comprises a nucleic acid sequence
according to SEQ ID NO: 1448 or 1450, or a homolog, a fragment or a variant thereof.

The RNA for use according to any one of items 1 to 35, wherein the RNA comprises a 5'-UTR element.

The RNA for use according to item 36, wherein the 5-UTR element comprises a nucleic acid sequence,
which is derived from the 5'-UTR of a TOP gene, preferably from a corresponding RNA sequence, or a
homolog, a fragment, or a variant thereof, preferably lacking the 5 TOP motif.

The RNA for use according to item 37, wherein the 5-UTR element comprises a nucleic acid sequence,
which is derived from a 5-UTR of a TOP gene encoding a ribosomal protein, preferably from a
corresponding RNA sequence, or from a homolog, a fragment or a variant thereof, preferably lacking the
5'TOP motif.

The RNA for use according to item 37 or 38, wherein the 5-UTR element comprises a nucleic acid
sequence, which is derived from a 5-UTR of a TOP gene encoding a ribosomal Large protein (RPL), or
from a homolog, a fragment or variant thereof, preferably lacking the 5 TOP motif.

The RNA for use according to any one of items 37 to 39, wherein the 5-UTR element comprises a nucleic
acid sequence according to SEQ ID NO: 1432, or a homolog, a fragment or a variant thereof.

The RNA for use according to any one of items 1 to 40, which comprises, preferably in 5’ to 3 direction,
the following elements:

a) a 5"-CAP structure, preferably m7GpppN,

b) a 5'-UTR element, which comprises or consists of a nucleic acid sequence, which is derived
from the 5'-UTR of a TOP gene, preferably comprising a nucleic acid sequence according to SEQ ID NO:
1432, or a homolog, a fragment or a variant thereof,

c) at least one coding sequence as defined in item 21,

d) a 3'-UTR element comprising a nucleic acid sequence, which is derived from an a-globin gene,
preferably comprising a nucleic acid sequence according to SEQ ID NO: 1444, or a homolog, a fragment
or a variant thereof; and/or
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a 3'-UTR element comprising a nucleic acid sequence, which is derived from an albumin gene, preferably
comprising a nucleic acid sequence according to SEQ ID NO: 1448 or 1450, or a homolog, a fragment or
a variant thereof,

e) a poly(A) tail, preferably consisting of 10 to 200, 10 to 100, 40 to 80 or 50 to 70 adenosine
nucleotides,

) a poly(C) tail, preferably consisting of 10 to 200, 10 to 100, 20 to 70, 20 to 60 or 10 to 40
cytosine nucleotides, and

g) a histone stem-loop, preferably comprising a nucleic acid sequence according to SEQ ID NO:
1452.

The RNA for use according to any one of items 1 to 40, wherein the RNA comprises a nucleic acid
sequence selected from the group consisting of SEQ ID NO: 751 to 1090, or a fragment or variant of any

one of said nucleic acid sequences.

The RNA for use according to item 36, wherein the 5-UTR element comprises a nucleic acid sequence,
which is derived from the HSD17B4 gene, preferably from a corresponding RNA sequence, or a homolog,
a fragment, or a variant thereof.

The RNA for use according to item 43, wherein the 5-UTR element comprises a nucleic acid sequence
according to SEQ ID NO: 1436, or a homolog, a fragment or a variant thereof.

The RNA for use according to any one of items 1 to 44, which comprises, preferably in 5" to 3’ direction,
the following elements:
a) a 5-CAP structure, preferably m7GpppN,
b) a 5'-UTR element, which comprises or consists of a nucleic acid sequence, which is derived
from the 5'-UTR of the HSD17B4 gene, preferably comprising a nucleic acid sequence according to SEQ
1D NO: 1436, or a homolog, a fragment or a variant thereof,
c) at least one coding sequence as defined in item 21,
d) a 3'-UTR element comprising a nucleic acid sequence, which is derived from an a-globin gene,
preferably comprising a nucleic acid sequence according to SEQ ID NO: 1444, or a homolog, a fragment
or a variant thereof; and/or

a 3'-UTR element comprising a nucleic acid sequence, which is derived from an albumin gene,
preferably comprising a nucleic acid sequence according to SEQ ID NO: 1448 or 1450, or a homolog, a
fragment or a variant thereof,
e) a poly(A) tail, preferably consisting of 10 to 200, 10 to 100, 40 to 80 or 50 to 70 adenosine
nucleotides.

RNA for use according to any one of items 1 to 45, wherein the RNA comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NO: 1091 to 1430, or a fragment or variant of any one of

said nucleic acid sequences.



WO 2018/104538 PCT/EP2017/082103

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

92

The RNA for use according to any one of items 1 to 46, wherein the RNA comprises a nucleic acid
sequence selected from the group consisting of SEQ ID NO: 408 to 1430, or a fragment or variant of any
one of said nucleic acid sequences.

The RNA for use according to any one of items 1 to 47, wherein the RNA is formulated together with at
least one pharmaceutically acceptable carrier.

The RNA for use according to item 48, wherein the RNA is complexed with one or more cationic or
polycationic compounds, preferably with cationic or polycationic polymers, cationic or polycationic
peptides or proteins, e.g. protamine, cationic or polycationic polysaccharides and/or cationic or
polycationic fipids.

The RNA for use according to item 49, wherein the N/P ratio of the RNA to the one or more cationic or
polycationic peptides or proteins is in the range of about 0.1 to 10, including a range of about 0.3 to 4,
of about 0.5 to 2, of about 0.7 to 2 and of about 0.7 to 1.5.

The RNA for use according to any one of items 49 or 50, wherein at least one RNA is complexed with one
or more cationic or polycationic compounds and at least one RNA is in a free state.

The RNA for use according to item 51, wherein the at least one complexed RNA is identical to the at least
one free RNA.

The RNA for use according to item 51 or 52, wherein the molar ratio of the complexed RNA to the free
RNA is selected from a molar ratio of about 0.001:1 to about 1:0.001, including a ratio of about 1:1.

The RNA for use according to any one of items 48 to 53, wherein the RNA is complexed with one or more
lipids, thereby forming liposomes, lipid nanoparticles and/or lipoplexes.

The RNA for use according to any one of items 1 to 54, wherein the RNA or a pharmaceutical carrier
formulated together with the RNA forms a conjugate with a targeting group.

The RNA for use according to item 55, wherein the targeting group provides for delivery of the conjugate
to the liver, preferably to liver macrophages, hepatic stellate cells, hepatocytes and/or liver sinusoidal
endothelial cells (LSEC).

The RNA for use according to item 55 or 56, wherein the targeting group is selected from the group
consisting of folate, GalNAc, galactose, mannose, mannose-6P, aptamers, integrin receptor ligands,
chemokine receptor ligands, transferrin, biotin, serotonin receptor ligands, PSMA, endothelin, GCPII,
somatostatin, LDL ligands and HDL ligands.

The RNA for use according to any one of items 1 to 57, wherein the RNA is administered to a subject in
need thereof by parenteral administration, preferably by injection.
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59.  The RNA for use according to any one of jitems 1 to 58, wherein the treatment or prophylaxis comprises
administration of a further pharmaceutically active ingredient.

60.  Composition comprising at least one RNA as defined according to any one of items 1 to 59 and, optionally,
an additional pharmaceutically acceptable carrier.

61.  Kit, preferably kit of parts, comprising at least one RNA as defined according to any one one of items 1
to 59 or the composition according to item 60, optionally a liquid vehicle for solubilising and optionally
technical instructions with information on the administration and dosage of the RNA or the composition.

62.  The kit according to item 61, wherein the kit contains as a part Ringer-Lactate solution.

63.  The RNA as defined according to any one of items 1 to 59, the composition according to item 60, or the
kit according to item 61 or 62, for use in gene therapy.

64.  The RNA as defined according to any one of items 1 to 59, the composition according to item 60, or the
kit according to item 61 or 62, for use in gene therapy of a liver disease.

65.  Method of treating or preventing a disorder, wherein the method comprises administering to a subject in
need thereof an effective amount of the RNA as defined according to any one of items 1 to 59, the
composition according to item 60, or the kit according to item 61 or 62.

66.  The method according to item 65, wherein the disorder is a liver disease, preferably selected from the
group consisting of liver fibrosis, liver cirrhosis and liver cancer.

Figures

Figure 1: Macroscopic classification of liver fibrosis in the CCl; mouse model: Representative

macroscopic pictures of livers from control and CCl, treated mice. The grade of the fibrosis in the liver were

classified into grade 0 (no fibrosis) to grade 3 (advanced fibrosis). Grade 0: the external surface of the liver

was smooth and glistening. Grade 1: a part of the external surface of the liver (<50%) did show a structural

changes such as cell dysplasia and increasing collaged deposition (scaring) of the liver. Grade 2: the majority

of the external surface of the liver (>50%) did show a structural changes such as cell dysplasia and increasing

collaged depasition (scaring) of the liver. Grade 3: strong macroscopic changes of the external liver surface

indicated by the dysplastic nodules and strong extracellular matrix (ECM) and collagen deposition (scaring) of

the liver.

Figure 2: Evaluation of the fibrosis stage: The liver of all animals were classified into the different grades

of fibrosis according to the macroscopic classification criteria in Figure 1 by macroscopic evaluation of the liver

condition. Classification of the fibrosis: no fibrosis (Grade 0); beginning to advanced fibrosis (Grade 1 to Grade

3). mRNA treated groups (group 3 to 6) did show a reduced appearance of the Grade 3 fibrosis and a
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increasing appearance of the Grade 2 and 1 fibrosis compared to the mRNA untreated controf group 2. The

dotted line separates control groups 1-2 from treated animals groups 3-6.

Figure 3(A) and 3(B): Reduction of the liver weight and the liver body weight ratio in mRNA
treated animals:

Figure 3(A) Liver weight was determined at 29 days after start of the CCls administration (14 days after start
of the mRNA treatment). mRNA treated groups (group 3 to 6) did show a lower liver weight compared to the
mRNA untreated control group 2. Data (mean + SEM).

Figure 3(B) Liver weight to body weight ratio was determined at 29 days after start of the CCls administration
(14 days after start of the mRNA treatment). The liver weight was divided by body weight and multiplied with
100 to determine the indicated ratio. mRNA treated groups (group 3 to 6) did show a lower liver weight
compared to the mRNA untreated control group 2. Data (mean £ SEM).

Figure 4: Reduction of the chronic liver injury marker aminotransferase (ALT) in mRNA treated
animals: Serum ALT was assessed in serum 29 days after start of the CCls administration (14 days after start
of the mRNA treatment). ALT levels were automatically determined by enzymatic analysis. mRNA treated
groups (group 3 to 6) did show lower ALT levels compared to the mRNA untreated control group 2.

Data (mean + SEM)

Examples

The Examples shown in the following are merely illustrative and shall describe the present invention in a further
way. The Examples shall not be construed to limit the present invention thereto.

Example 1: Evaluation of the therapeutic efficacy of treatment with mRNA on carbon tetrachloride induced liver

fibrosis model in male BALB/c mice

BALB/c mice were divided into 6 groups as apparent from the study design shown in Table 3. Induction of liver
failure was achieved by CCls administration and subsequent treatment with test compounds shows therapeutic
efficacy. The administration of CCls:mineral oil was via intraperitoneal (i.p.) route twice a week for a month. As
control, saline:mineral oil was administered to 5 animals (i.p.).

Bleeds via sub-mandibular route or via tail nick were schedufed on days minus 1, day 15, day 22, and a final
bleed upon harvest day 29. Approximately 100 p! of whole blood was collected in serum separator tubes and

serum was prepared and stored at -20°C.

For evaluation of liver function, alanine aminotransferase (ALT) was measured.
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Table 3: Study design.

Group | CCls # of | Treatment (i.v.®) | Formul | RNA design SEQ 1D
treatmen | mice days 14, 17, 19, | ation NO
tA (i.p.) 21,24 and 26 (RNA)
2x/week Harvest Day 29

1 0.9% 5 saline - -
saline:mi
neral oil

2 CCla:mine | 12 saline - -
ral oil

> rcaclzlqo'irme 2 ES;EZZnase MMP1 WP | capt; polya; Hsdi7Be 2

construct 5 (y2)...PSBM3...A64—N5—C30—
(MMP1-del 20-99) histoneSL-N5(EcoR1)

4 CClyimine | 12 MmHGF-isol LNP Capl; PolyA; Hsd17B4 1955
ral oil (V2)...PSBM3...A64-N5-C30-

histoneSL-N5(EcoR1)

5 CClg:mine | 12 MmCEBPA_Isofor | LNP Cap1; PolyA; Hsd17B4 2173
ral oil mim (V2)...PSBM3...A64-N5-C30-

histoneSL-N5(EcoR1)

6 CCly:mine | 12 STRAIL construct 2 | LNP 2120
ral oil (HsALB(1- Capl; PolyA; Hsd17B4

18)(GC)_ILZ(GC)_ (V2)...PSBM3...A64-N5-C30-
HsTNFSF10(95- histoneSL-N5(EcoR1)
281) (GC)

7 CCls:mine | 12 clostridial type II | LNP Capl; PolyA; Hsd17B4 2136 +

ral oil collagenase (V2)...PSBM3...A64-N5-C30- 2140
(ColG+H  mixture histoneSL-N5(EcoR1)
5)

8 CClaimine | 12 FGF21 LNP Capl; PolyA; Hsd17B4 1946
ral oil (V2)...PSBM3...A64-N5-C30-

histoneSL-N5(EcoR1)

ACCL4 or saline:mineral oil (control) was administered (i.p.) twice a week for 4 weeks;
BCureVac compounds or saline were administered by i.v. every 2 or 3 days beginning from day 14 post CCls
administration, see schedule.

The efficacy of mRNA treatment was assessed by its ability to limit the progression of disease or liver failure.
For evaluation of therapeutic efficacy, 100u! (40pg) of LNP-formulated RNA (RNA-LNP) were injected into the
animals (n=12) via intravenous route (i.v.) on days 14, 17, 19, 21, 24 and 26 post CCls administration initiation:

Animals in group 1 (n=5) did serve as sham control (i.e. administration of (2) saline (i.p.) and (b) tmi/kg 1:1
ratio of saline:mineral oil (i.p.));

Animals in group 2 (n=12): administration of (a) saline (i.p.) (b) 1mi/kg 1:1 ratio of CCls:mineral oil (i.p.);

Animals in groups 3-6 (each time: n=12): administration of (a) respective mRNA and formulation as indicated
(IV) (b) 1mi/kg 1:1 ratio of CCls:mineral cil (i.p.).

Final harvest was performed on day 29, i.e. 96 hours following the last CCly administration, i.e. all surviving
animals were weighed, the activity level was observed, blood was extracted by cardiac bleed for serum
preparation, and the animals were euthanized followed by gross necropsy. Subsequently, the liver of each animal
was harvested and weighed. Median lobe of the liver was fixed in 10% neutral buffered formalin for histology
and remaining lobes were distributed into two tubes and snap frozen.
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Representative macroscopic pictures of livers from control and CCls treated mice were taken and classified into
the different grades of fibrosis according to the macroscopic classification criteria in figure 1 (macroscopic
evaluation of the liver condition). The grade of the fibrosis in the liver were classified into grade 0 (no fibrosis)
to grade 3 (advanced fibrosis). Grade 0: the external surface of the liver was smooth and glistening. Grade 1:
a part of the external surface of the liver (<50%) did show a structural changes such as cell dysplasia and
increasing collaged deposition (scaring) of the liver. Grade 2: the majority of the external surface of the liver
(>50%) did show a structural changes such as cell dysplasia and increasing collaged deposition (scaring) of
the liver. Grade 3: strong macroscopic changes of the external liver surface indicated by the dysplastic nodules
and strong extracellular matrix (ECM) and collagen deposition (scaring) of the liver.

Further, liver weight as indicator for liver fibrosis progression was determined at 29 days after start of the CCla
administration (14 days after start of the mRNA treatment; figure 3(A)) and liver weight to body weight ratio
was determined (figure 3(B)). Further, according to figure 4, serum ALT was assessed.

Results:

All mRNA treated animals (Gr3 to Gr6) showed a lower liver weight and a lower liver/body weight ratio as
compared to the control group (Gr2), figure 3A and 3B, i.e. indicated an improvement or a reduced progression
of the fibrosis. In addition, a lower amount of liver with a high grade of fibrosis could be observed in the mRNA
treated animals (Gr3 to Gr6) as apparent from figure 1 and figure 2. Further, as apparent from figure 4, the
fibrosis marker Alanine aminotransferase (ALT) was reduced in all mRNA treated groups compared to the control

group, i.e. indicated an improvement or a reduced progression of liver fibrosis in the animals.

For further evaluation of liver function, a further enzyme panel is measured, i.e. aspartate transaminase (AST),
alkaline phosphatase (ALP) and also total bilirubin (TBIL). Measurement of total bilirubin includes both
unconjugated and conjugated bilirubin, as unconjugated bilirubin is a breakdown product of heme and problems
with the liver are reflected as deficiencies in bilirubin metabolism (e.g., reduced hepatocyte uptake, impaired
conjugation of bilirubin, and reduced hepatocyte secretion of bilirubin; examples would be cirrhosis and viral
hepatitis).

Example 2: histopathological analysis [prophetic]

A histopathological analysis for animals of Example 1 is performed, i.e. Sectioning and Picrosirius (PSR) staining
(i.e. histological visualization of collagen I and III fibers). Furthermore, digital images of the liver of each animal
are taken and additionally, scoring from standard hematoxylin-eosin (H&E) and PSR stained slides is performed.
The histopathological analysis shows reduced progression of liver fibrosis.
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Example 3: Evaluation of the therapeutic efficacy of treatment with mRNA on carbon tetrachloride induced liver

fibrosis model in male BALB/c mice [prophetic]

BALB/c mice are divided into 17 groups as apparent from the study design shown in Table 4. Induction of liver
failure is achieved by CCls administration and subsequent treatment with test compounds shows therapeutic
efficacy. The administration of CCls:mineral oil is via intraperitoneal (i.p.) route twice a week for a month. As

control, saline:mineral oil is administered to 5 animals (i.p.).

Bleeds via sub-mandibular route or via tail nick are scheduled on days minus 1, day 14, day 25, and a final bleed
upon harvest day 32. Approximately 100ul of whole blood are collected in serum separator tubes and serum
prepared and stored at -20°C.

For evaluation of liver function, an enzyme panel is measured, i.e. alanine aminotransferase (ALT), aspartate
transaminase (AST), alkaline phosphatase (ALP) and also total bilirubin (TBIL). Further, alkaline phosphatase
(ALP), gamma-glutamyl transfertase (GGT), total bilirubin (TBIL), ammonia, globulin and albumin/globulin ratio
is measured. Measurement of total bilirubin includes both unconjugated and conjugated bilirubin, as
unconjugated bilirubin is a breakdown product of heme and problems with the liver are reflected as deficiencies
in bilirubin metabolism (e.g., reduced hepatocyte uptake, impaired conjugation of bilirubin, and reduced
hepatocyte secretion of bilirubin; examples would be cirrhosis and viral hepatitis). Also, albumin levels are
measured, as albumin levels are decreased in chronic liver disease, such as cirrhosis. Further, total protein (the

remaining from globulins) is measured.

Table 4: Study design
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Group | CCl4 # of | Treatment (i.v.) days 17, 20, 24, 27 | Formulation | SEQ
treatment? mice | and 30, ID NO
(i.p.) Harvest Day 32 (RNA)
2xfweek
1 0.9% saline: 5 saline - -
mineral oil
2 CClq: mineral oil | 12 saline - -
CCls: mineral oil | 12 TRAIL (HsTNFSF10) LNP 1131
CCls: mineral ol | 12 STRAIL construct 1 (HsALB(1- LNP 1133
18)_HsTNFSF10(95-281) (GC))
5 CCls: mineral oil | 12 STRAIL construct 2 (HsALB(1- LNP 1134
18)(GC)_ILZ(GC)_HsTNFSF10(95-281)
(GC))
6 CCl4: mineral oil | 12 human collagenase MMP1 construct 1 LNP 807
7 CCls: mineral oil | 12 human collagenase MMP1 construct 2 LNP 808
8 CCly: mineral oil | 12 clostridial type II collagenase (ColG) LNP 809
construct 1
9 CCls: mineral oil | 12 clostridial type II collagenase (ColG) LNP 810
construct 2
10 CCls: mineral oil | 12 clostridial type II collagenase (ColG) LNP 811
construct 3
11 CCls: mineral oil | 12 clostridial type 1I collagenase (ColH) LNP 813
construct 1
12 CCls: mineral oil | 12 clostridial type II collagenase (ColH) LNP 814
construct 2
13 CCls: mineral oil | 12 clostridial type II collagenase (ColH) LNP 815
construct 3
14 CCly: mineral oil | 12 clostridial type II collagenase (ColG+H LNP 809 +
mixture 1) 813
15 CCls: mineral oil | 12 clostridial type II collagenase (ColG+H LNP 810 +
mixture 2) 813
16 CCls4: mineral oil | 12 clostridial type II collagenase (ColG+H LNP 811 +
mixture 3) 813
17 CCla: mineral oil | 12 clostridial type II collagenase (ColG+H LNP 809 +
mixture 4) 814
18 CCly: mineral oil | 12 clostridial type II collagenase (ColG+H LNP 810 +
mixture 5) 814
19 CCl4: mineral oil | 12 clostridial type 1I collagenase (ColG+H LNP 811 +
mixture 6) 814
20 CCls: mineral oil | 12 clostridial type II collagenase (ColG+H LNP 809 +
mixture 7) 815
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21 CClq: mineral oil | 12 clostridial type II collagenase (ColG+H LNP 810 +
mixture 8) 815
22 CCls: mineral il | 12 clostridial type II collagenase (ColG+H LNP 811 +
mixture 9) 815
23 CCl4: mineral oil | 12 C/EBPa construct 1 LNP 36
24 CClg: mineral oil | 12 C/EBPa construct 2 LNP 37
25 CCly: mineral oil | 12 HNF4a LNP 1104
26 CCls: mineral oil | 12 FGF21 LNP 1106
27 CCly: mineral oil | 12 opioid growth factor receptor-like 1 LNP 1108
(OGFRL1)
28 CCl4: mineral oil | 12 Relaxin 1 (RLN1) LNP 1110
29 CCly: mineral oil | 12 Relaxin 2 (RLN2) LNP 1111
30 CClq: mineral oil | 12 Relaxin 3 (RLN3) LNP 1113
31 CCls: mineral oil | 12 Hepatocyte Growth Factor (HGF) LNP 1955
32 CCly: mineral oil | 12 Control LNP LNP -

ACCL4 or saline:mineral oil (control) is administered (i.p.) twice a week for 4 weeks;

Bcompounds or saline are administered (i.v.) every 3 or 4 days beginning from day17 post CCls administration

The efficacy of mRNA treatment is assessed by its ability to limit the progression of disease or liver failure. For
evaluation of therapeutic efficacy, 100ul of LNP-formulated RNA (RNA-LNP) are injected into the animals (n=12)
via intravenous route (i.v.) on days 17, 20, 24, 27 and 30 post CCl4 administration initiation:

Animals in group 1 (n=5) serve as sham control (i.e. administration of (a) saline (i.p.) and (b) 1mli/kg 1:1 ratio
of saline:mineral oi (i.p.));

Animals in group 2 (n=12): administration of (a) saline (i.p.) (b) 1mi/kg 1:1 ratio of CCla:mineral oil (i.p.);

Animals in groups 3-31 (each time: n=12): administration of (a) respective mRNA and formulation as indicated
(IV) (b) 1mi/kg 1:1 ratio of CCls:mineral oil (i.p.);

Animals in group 32 (n=12): administration of (a) Control LNP (IV) (b) 1mi/kg 1:1 ratio of CCls:mineral oil (i.p.).

In a separate experiment, the study design of Table 4 is assessed with CVCM-formulated mRNA instead of LNP-
formulated mRNA.

Final harvest is on day 32, i.e. 96 hours following the last CCls administration, i.e. all surviving animals are
weighed, the activity level is observed, blood is extracted by cardiac bleed for serum preparation, and the animals
are euthanized followed by gross necropsy. Subsequently, the liver is harvested and weighed. Median lobe of
the liver is fixed in 10% neutral buffered formalin for histology and remaining lobes are distributed into two
tubes and snap frozen.
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Collagen deposition is evaluated by hydroxyproline measurement. Also, a histopathological analysis is performed,
i.e. Sectioning and Picrosirius (PSR) staining (i.e. histological visualization of collagen I and III fibers) including
an aSMA staining (marker for activated hepatic stellate cells). Furthermore, digital images of the liver of each
animal are taken and additionally, scoring from standard hematoxylin-eosin (H&E) and PSR stained slides is
performed.

Results:

Reduction of collagen in the liver is observed in several groups. Also, a hydroxyproline reduction is observed in
several groups. Further, decreased extracellular matrix depaosition, including coilagen and hydroxyproline content
is observed for some groups. Some groups show a specific increase of apoptosis in HSCs without affecting
hepatocytes. Some groups show increased survival when the animal model reached a state of liver cirrhosis.

Example 4: Evaluation of the effect of treatment with mRNA in a rat model of carbon tetrachloride induced liver

fibrosis [prophetic]

CCl4:Olive oil (1:1 ratio) is administered (i.p.) to male rats (species Rattus norvegicus, strain: Sprague Dawley)
once in 3 days at a dose of 2 ml/kg for a period of 2 weeks (5 injections), followed by 1 mi/kg (i.p.), oncein 3
days for 6 weeks. Rats are divided into 17 groups as apparent from the study design shown in Table 5. The
study is terminated in week 10 (i.e., 8 weeks of CClL4 treatment plus 2 weeks of treatment with mRNA).

Blood is collected on d2, d7, d10, d14 post treatment (post 8 weeks). On study termination, blood samples are
collected and plasma samples are submitted for liver function tests and measurement of prothrombin time.

The efficacy of mRNA treatment is assessed by its ability to limit the progression of disease or liver failure.

Table 5: Study design
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No | Group | Fibrosis # of | Treatment Dosing | Treatmen | Bleeding SEQ
Induction | rats (iv)/ | t Liver ID NO
Formu | schedule Function (RNA)
lation Test
(LFT)
Total of 8 weeks Start - week 8 End - week 8+2 (10)
1 Sham Olive oil 5 no no no d2, d7, -
Control | 2+6weeks di0, di4
2 Path CClyin 8 no no no d2, d7, -
Control | Olive oil d10, d14
2+6weeks

3 Test1 | CClyin 8 TRAIL (HSTNFSF10) | 40ug di; d4; d7; | d2, d7, 1131
Olive oil (40pl) / | d10; d13 - | d10, d14
2+6weeks LNP End point

di4

4 Test 2 CClyin 8 STRAIL construct 1 40ug di; d4; d7; | d2, d7, 1133
Olive oil (HsALB(1- (4oul) / | d10; d13 - | d10, d14
2+6weeks 18)_HsTNFSF10(95- | LNP End point

281) (GC)) di4

5 Test 3 CCly in 8 STRAIL construct 2 | 40pg di; d4; d7; | d2, d7, 1134
Olive oil (HsALB(1- (40ul) / | d10; d13 - | d10, d14
2+6weeks 18)(GC)_ILZ(GC)_H | LNP End point

STNFSF10(95-281) di14
(GC)

6 Test 4 CClhin 8 human collagenase | 40ug di; d4; d7; | d2, d7, 807
Olive oil MMP1 construct 1 (40ul) / | d10; d13 - | d10, d14
2+6weeks LNP End point

di4

7 Test 5 CCly in 8 human collagenase | 40ug di; d4; d7; | d2, d7, 808
Olive ol MMP1 construct 2 (40ul) / | d10; d13- | d10, d14
2+6weeks LNP End point

di4

8 Test 6 CClyin 8 clostridial type II 40ug dl; d4; d7; | d2,d7, 809
Olive oil collagenase (ColG) (40ul) / | di10; d13- | d10,d14
24+-6weeks construct 1 LNP End point

di4

9 Test 7 CCly in 8 clostridial type 11 40ug d1; d4; d7; | d2, d7, 810
Olive oil collagenase (ColG) (40ul) / | d10; d13- | d10, d14
2+6weeks construct 2 LNP End point

di4
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10 | Test8 CClyin clostridial type II 40ug di; d4; d7; | d2, d7, 811
Olive oil collagenase (ColG) (40ul) / | d10; d13 - | d10, d14
2+6weeks construct 3 LNP End point
di4
11 Test 9 CCly in clostridial type II 40ug di; d4; d7; | d2, d7, 813
Olive oil collagenase (ColH) (40ul) / | d10; d13 - | d10, d14
2+6weeks construct 1 LNP End point
di4
12 | Test 10 | CClyin clostridial type II 40ug dl; d4; d7; | dz, d7, 814
Olive ail collagenase (ColH) (40uby / | d10; d13 - | d10, d14
2+6weeks construct 2 LNP End point
di4
13 | Test 11 | CClyin clostridial type 11 40ug di; d4; d7; | d2, d7, 815
Olive oil collagenase (ColH) (40pl) / | d10; d13 - | d10, d14
2+6weeks construct 3 LNP End point
di4
14 | Test12 | CClin clostridial type 11 40ug di; d4; d7; | d2,d7, 809 +
Olive oil collagenase (40ul) / | d10; d13- | d10, d14 813
2+6weeks (ColG+H mixture 1) | LNP End point
di4
15 | Test 13 | CClyin clostridial type II 40ug di; d4; d7; | d2,d7, 810 +
Olive oil collagenase (40ul) / | d10; d13 - | d10, d14 813
2+-6weeks (ColG+H mixture 2) | LNP End point
di4
16 | Test14 | CClhin clostridial type II 40ug di; d4; d7; | d2, d7, 811 +
Olive il collagenase (40uly / | d10; d13- | d10, d14 813
2+6weeks (ColG+H mixture 3) | LNP End point
di4
17 | Test 15 | CClsin clostridial type I1 40ug di; d4; d7; | dz2, d7, 809 +
Olive oil collagenase (40ul) / | d10; d13 - | d10, d14 814
2+6weeks (ColG+H mixture 4) | LNP End point
di4
18 | Test 16 | CClsin clostridial type I1 40ug di; d4; d7; | d2, d7, 810 +
Olive oil collagenase (40ul) / | d10; d13- | d10, d14 814
2+-6weeks (ColG+H mixture 5) | LNP End point
di4
19 | Test17 | CChin clostridial type II 40ug di; d4; d7; | dz2, d7, 811 +
Olive oil collagenase (40ub) / | d10; d13 - | di0, di4 814
2+6weeks (ColG+H mixture 6) | LNP End point
di4
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20 | Test 18 | CClhin clostridial type I 40ug d1; d4; d7; | d2, d7, 809 +
Olive oil collagenase (40ub) / | d10; d13 - | d10, d14 815
2+-6weeks (ColG+H mixture 7) | LNP End point
di4
21 Test 19 | CClyin clostridial type II 40ug di; d4; d7; | d2, d7, 810 +
Olive ol collagenase (40ph / | d10; d13 - | d10, d14 815
2+6weeks (ColG+H mixture 8) | LNP End point
d14
22 | Test20 | CClyin clostridial type 1I 40ug di; d4; d7; { d2, d7, 811 +
Olive oil collagenase (40ul) / | d10; d13 - | d10, d14 815
2+6weeks (ColG+H mixture 9) | LNP End point
di4
23 | Test21i | CClsin C/EBPa construct 1 | 40ug di; d4; d7; | d2,d7, 36
QOlive oil (40pl) / | d10; d13- | d10, d14
2+6weeks LNP End point
di4
24 | Test22 | CClhin C/EBPa construct 2 | 40pug di; d4; d7; | d2, d7, 37
Olive oil (4ouly / | d10; d13 - | d10, di4
2+-6weeks LNP End point
di4
25 | Test23 | CClyin HNF4a 40ug di; d4; d7; | d2, d7, 1104
Olive oil (40uly / | d10; d13 - | d10, d14
2+-6weeks LNP End point
di4
26 | Test24 | CClyin FGF21 40ug di; d4; d7; | d2,d7, 1106
Olive oil (40ul) / | d10; d13- | d10, di14
2+6weeks LNP End point
di4
27 | Test25 | CClhin opioid growth factor | 40ug di; d4; d7; | d2, d7, 1108
Olive oil receptor-like 1 (40ul) / | d10; di3 - | d10, d14
2+6weeks (OGFRL1) LNP End point
di4
28 | Test26 | CClyin Relaxin 1 (RLN1) 40ug di; d4; d7; | d2,d7, 1110
Olive oil (40ul) / | d10; d13 - | d10, d14
2+6weeks LNP End point
di4
29 | Test27 | CClyin Relaxin 2 (RLN2) 40ug di; d4; d7; | d2, d7, 1111
Olive oil (40pl) / | d10; d13- | d10, d14
2+6weeks LNP End point
di4
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30 | Test28 | CClin 8 Relaxin 3 (RLN3) 40ug di; d4; d7; | d2, d7, 1113
Olive oil (40ul) / | d10; d13 - | d10, d14
2+6weeks LNP End point
di4
31 Test 29 | CClyin 8 Hepatocyte Growth | 40ug di; d4; d7; | d2, d7, 1955
Otlive oil Factor (HGF) (40ut) / | d10; d13 - | d10, d14
2+6weeks LNP End point
di4
32 | Test30 | CCkin 8 LNP Control 40ug di; d4; d7; | d2, d7, -
Qlive oil (4oul) / | d10; d13- | d10, d14
2+6bweeks LNP End point
di4

In a separate experiment, the study design of Table 5 is assessed with CVCM-formulated mRNA instead of LNP-
formulated mRNA.

Aliver function test is performed, i.e. alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), gamma-glutamyl transfertase (GGT), total bilirubin (TBIL), total protein (TP), ammonia,
albumin, globulin and albumin/globulin ratio are measured.

A portion of ~100mg live tissue is flash frozen in liquid nitrogen and stored at -80C for hydroxyproline estimation
for evaluation of collagen deposition. For the hydroxyproline assay in liver tissue, standard commercially available
kits are applied, expressing the results as pg per whole liver or per g of liver.

Remaining liver tissue is fixed in 10% Neutral Buffered Formalin and sections are prepared after routine
histopathological processing. The paraffin sections are stained with Masson s Trichrome staining and assessed
by a pathologist for severity of liver fibrosis. Also, the Liver Function Tests as described in Example 1 are
performed.

Results:

Analogous to Example 1, a collagen reduction in liver is observed in several groups. Also, a hydroxyproline
reduction is observed in several groups. Further, decreased extracellular matrix deposition, including collagen
and hydroxyproline content is observed for some groups.

Some groups show a specific increase of apoptosis in aHSCs without affecting hepatocytes. Some groups show
increased survival when the animal model reached a state of fiver cirrhosis.
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Claims

10.

11.

RNA comprising at least one coding sequence,

wherein the coding sequence encodes at least one peptide or protein selected from the group consisting
of

a human collagenase MMP1, Hepatocyte Growth Factor (HGF), CCAAT/enhancer-binding protein alpha
(CEBPA), TNF-related apoptosis-inducing ligand (TRAIL), extracellular matrix protease, hepatocyte
nuclear factor 4 alpha (HNF4A), fibroblast growth factor 21 (FGF21), opioid growth factor receptor-like 1
(OGFRL1), Relaxin 1 (RLN1), Relaxin 2 (RLN2) and Relaxin 3 (RLN3),

or a fragment or a variant of any of these peptides or proteins,

for use in the treatment or prophylaxis of a liver disease.

The RNA for use according to claim 1, wherein the RNA is an mRNA, a viral RNA or a replicon RNA.

The RNA for use according to claim 1 or 2, wherein the RNA, preferably the coding sequence, does not
comprise a chemically modified sugar, a chemically modified backbone or a chemically modified

nucleobase.

The RNA for use according to claim 3, wherein the RNA does not comprise a chemically modified

nucleoside or nucleotide.

The RNA for use according to claim 3 or 4, wherein the RNA is not chemically modified.

The RNA for use according to any one of the preceding claims, wherein the liver disease is selected from

the group consisting of liver fibrosis, liver cirrhosis and liver cancer.

The RNA for use according to any one of the preceding claims, wherein the peptide or protein comprises

an extracellular matrix protease or a fragment or variant thereof,

The RNA for use according to claim 7, wherein the extracellular matrix protease is selected from the

group consisting of bacterial collagenases and mammalian matrix metalloproteinases.

The RNA for use according to claim 7 or 8, wherein the extracellular matrix protease is selected from
matrix metalloproteinase-1, preferably human matrix metalloproteinase-1, clostridial collagenase ColG

and clostridial collagenase ColH.

The RNA for use according to any one of claims 7 to 9, wherein the peptide or protein comprises an
amino acid sequence selected from the group consisting of SEQ ID NO: 20 to 28, or a fragment or variant

of any one of said amino acid sequences.

The RNA for use according to any one of claims 1 to 6, wherein the peptide or protein comprises
CCAAT/enhancer-binding protein alpha (CEBPA), preferably human CEBPA, or a fragment or variant
thereof.
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The RNA for use according to claim 11, wherein the peptide or protein comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 8 to 13, or a fragment or variant of any one of said

amino acid sequences.

The RNA for use according to any one of claims 1 to 6, wherein the peptide or protein comprises TNF-
related apoptosis-inducing ligand (TRAIL), or a fragment or variant thereof.

The RNA for use according to claim 13, wherein the peptide or protein comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 4 to 7, or a fragment or variant of any one of said

amino acid sequences.

The RNA for use according to any one of claims 1 to 6, wherein the peptide or protein is selected from
the group consisting of hepatocyte nuclear factor 4 alpha (HNF4A), Hepatocyte Growth Factor
(HGF),fibroblast growth factor 21 (FGF21), opioid growth factor receptor-like 1 (OGFRL1), Relaxin 1
(RLN1), Relaxin 2 (RLN2) and Relaxin 3 (RLN3), and wherein the peptide or protein preferably comprises
an amino acid sequence selected from the group consisting of SEQ ID NO: 14 to 19, or a fragment or

variant of any one of said amino acid sequences.

The RNA for use according to any one of claims 1 to 15, wherein the at least one coding sequence of the
RNA comprises a nucleic acid sequence selected from the group consisting of SEQ ID NO: 32to 71, or a

fragment or variant of any one of said nucleic acid sequences.

The RNA for use according to any one of claims 1 to 16, wherein the RNA is mono-, bi-, or multicistronic.

The RNA for use according to any one of claims 1 to 17, wherein the RNA is an mRNA.

The RNA for use according to any one of claims 1 to 18, wherein the RNA is a modified RNA, preferably
a stabilized RNA.

The RNA for use according to any one of claims 1 to 19, wherein the

the G/C content of the at least one coding sequence of the RNA is increased compared to the G/C content
of the corresponding coding sequence of the corresponding wild type RNA,

the C content of the at least one coding sequence of the RNA is increased compared to the C content of
the corresponding coding sequence of the corresponding wild type RNA, and/or wherein

at least one codon in the at least one coding sequence of the RNA is adapted to human codon usage,
wherein the codon adaptation index (CAI) is preferably increased or maximised in the at least one coding
sequence of the RNA,

wherein the amino acid sequence encoded by the RNA is preferably not modified compared to the amino
acid sequence encoded by the corresponding wild type RNA.

The RNA for use according to claim 20, wherein the at least one coding sequence comprises a nucleic
acid sequence selected from the group consisting of SEQ ID NO: 75, 76, 77, 78, 79, 80, 81, 82, 83, 84,
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85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 131, 132, 133, 134,
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154,
155, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177,
178, 179, 180, 181, 182, 183, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200,
201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 215, 216, 217, 218, 219, 220, 221, 222, 223,
224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 243, 244, 245, 246,
247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266,
267, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289,
290, 291, 292, 293, 294, 295, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312,
313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 327, 328, 329, 330, 331, 332, 333, 334, 335,
336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 355, 356, 357, 358,
359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378,
379, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401,
402, 403, 404, 405, 406 and 407, or a fragment or variant of any one of said nucleic acid sequences.

22.  The RNA for use according to any one of claims 1 to 21, wherein the RNA comprises a 5’ -cap structure.

23.  The RNA for use according to any one of claims 1 to 22, wherein the RNA comprises a poly(A) sequence,
preferably comprising 10 to 200, 10 to 100, 40 to 80 or 50 to 70 adenosine nucleotides, and/or a poly(C)
sequence, preferably comprising 10 to 200, 10 to 100, 20 to 70, 20 to 60 or 10 to 40 cytidine nucleotides.

24.  The RNA for use according to any one of claims 1 to 23, wherein the RNA comprises at least one histone

stem-loop.

25.  The RNA for use according to claim 24, wherein the at least one histone stem-loop comprises a nucleic

acid sequence according to the following formulae (I) or (II):

formula (I) (stem-loop sequence without stem bordering elements):
\[NO-ZEN}S:L [Noa(U/T )No-4]A[N3-5$No~2])

v
stem1l loop stem2

formula (II) (stem-loop sequence with stem bordering elements):

N1i-6 [No-ng}s] j[No-at(U\/(T)No—4]iN3-5$No-z] Ni-6

S S
steml steml loop stem2  stem2
bordering element bordering element

wherein:

stem1 or stem2 bordering elements Ny.¢ is a consecutive sequence of 1 o 6, preferably of 2 to 6, more
preferably of 2 to 5, even more preferably of 3 to 5, most
preferably of 4 to 5 or 5 N, wherein each N is independently from
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another selected from a nucleotide selected from A, U, T, G and

C, or a nucleotide analogue thereof;

stem1 [Ng-2GN3.5] is reverse complementary or partially reverse complementary
with element stem2, and is a consecutive sequence between

of 5 to 7 nucleotides;

wherein Ng.; is @ consecutive sequence of 0 to 2, preferably
of 0 to 1, more preferably of 1 N, wherein each N is
independently from another selected from a nucleotide
selected from A, U, T, G and C or a nuclectide analogue
thereof;

wherein Ns.s is a consecutive sequence of 3 to 5, preferably
of 4 to 5, more preferably of 4 N, wherein each N is
independently from another selected from a nuclectide
selected from A, U, T, G and C or a nuclectide analogue

thereof, and

wherein G is guanosine or an analogue thereof, and may be
optionally replaced by a cytidine or an analogue thereof,
provided that its complementary nucleotide cytidine in stem2

is replaced by guanosine;

loop sequence [NO-4(U/T)NO-4] is located between elements steml and stem2, and is a
consecutive sequence of 3 to 5 nucleotides, more preferably

of 4 nucleotides;

wherein each N0-4 is independent from another a consecutive
sequence of 0 to 4, preferably of 1 to 3, more preferably of 1
to 2 N, wherein each N is independently from another selected
from a nucleotide selected from A, U, T, G and C or a
nucleotide analogue thereof; and

wherein U/T represents uridine, or optionally thymidine;

stem2 [N3.sCNg-2] is reverse complementary or partially reverse complementary
with element stem1, and is a consecutive sequence between

of 5 to 7 nucleotides;

wherein Nz.s is @ consecutive sequence of 3 to 5, preferably
of 4 to 5, more preferably of 4 N, wherein each N is
independently from another selected from a nucleotide
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selected from A, U, T, G and C or a nuclectide analogue

thereof;

wherein Np.; is a consecutive sequence of 0 to 2, preferably
of 0 to 1, more preferably of 1 N, wherein each N is
independently from another selected from a nuclectide
selected from A, U, T, G and C or a nuclectide analogue

thereof; and

wherein C is cytidine or an analogue thereof, and may be
optionally replaced by a guanosine or an analogue thereof
provided that its complementary nucleotide guanosine in
stem1 is replaced by cytidine;

wherein

stem1l and stem?2 are capable of base pairing with each other

forming a reverse complementary sequence, wherein base pairing may occur between stemi and stem2,
or

forming a partially reverse complementary sequence, wherein an incomplete base pairing may occur

between stem1 and stem2.

The RNA for use according to claim 24 or 25, wherein the at least one histone stem-loop comprises a

nucleic acid sequence according to the following formulae (Ia) or (IIa):

formula (Ia) (stem-loop sequence without stem bordering elements):
No-1GN3.5] [N1-3(U/T)No-2] [N3-5CNo.
[ 01G 35] [N1:3(U/T)No-2] [N3-sCNo-1]

-
stem1 loop stem2

formula (I1a) (stem-loop sequence with stem bordering elements):
Na2-s [No-1gN3-5]A[N1—3(U/T)N0-2] [N35CNo-1] Nos

-~
steml  steml loop stem2 stem?2

bordering element bordering element

The RNA for use according to any one of claims 24 to 26, wherein the at least one histone stem loop
comprises a nucleic acid sequence according to SEQ ID NO: 1451 and most preferably a RNA sequence
according to SEQ ID NO: 1452.

The RNA for use according to any one of claims 1 to 27, wherein the RNA comprises at least one 3'-
untranslated region element (3 -UTR element).
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The RNA for use according to claim 28, wherein the 3 -UTR element comprises a nucleic acid sequence
derived from a 3'-UTR of a gene, which preferably encodes a stable mRNA, or from a homolog, a
fragment or a variant of said gene.

The RNA for use according to claim 29, wherein the 3 -UTR element comprises a nucleic acid sequence
derived from a 3'-UTR of a gene selected from the group consisting of an albumin gene, an «-globin
gene, a -globin gene, a tyrosine hydroxylase gene, a lipoxygenase gene, and a collagen alpha gene, or
from a homolog, a fragment or a variant thereof.

The RNA for use according to claim 29 or 30, wherein the 3'-UTR element comprises a nucleic acid
sequence derived from a 3"-UTR of an a-globin gene, preferably comprising the nucleic acid sequence

according to SEQ ID NO: 1444, a homolog, a fragment, or a variant thereof.

The RNA for use according to any of claims 1 to 31, wherein the RNA comprises, preferably in 5 to 37

direction, the following elements:

a) a5’ -cap structure, preferably m7GpppN,

b) at least one coding sequence as defined in claim 21,

c) a 3'-UTR element comprising a nucleic acid sequence, which is derived from an a-globin gene,
preferably comprising the nucleic acid sequence according to SEQ ID NO: 1444, or a homolog, a
fragment or a variant thereof,

d) a poly(A) tail, preferably consisting of 10 to 200, 10 to 100, 40 to 80 or 50 to 70 adenosine
nucleotides,

e) a poly(C) tail, preferably consisting of 10 to 200, 10 to 100, 20 to 70, 20 to 60 or 10 to 40 cytidine
nucleotides, and

f)  a histone stem-loop, preferably comprising the nucleic acid sequence according to SEQ ID NO: 1452.

The RNA for use according to any one of claims 1 to 32, wherein the RNA comprises a nucleic acid
sequence selected from the group consisting of SEQ ID NO: 408 to 750, or a fragment or variant of any

one of said nucleic acid sequences.

The RNA for use according to any one of claim 29 or 30, wherein the at least one 3'-UTR element
comprises a nucleic acid sequence, which is derived from the 3'-UTR of a vertebrate albumin gene or
from a variant thereof, preferably from the 3 -UTR of a mammalian albumin gene or from a variant
thereof, more preferably from the 3"-UTR of a human albumin gene or from a variant thereof, even more
preferably from the 3'-UTR of the human albumin gene according to GenBank Accession number
NM_000477.5, or from a fragment or variant thereof.

The RNA for use according to claim 34, wherein the 3 -UTR element comprises a nucleic acid sequence

according to SEQ ID NO: 1448 or 1450, or a homolog, a fragment or a variant thereof.

The RNA for use according to any one of claims 1 to 35, wherein the RNA comprises a 5'-UTR element.
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The RNA for use according to claim 36, wherein the 5"-UTR element comprises a nucleic acid sequence,
which is derived from the 5”-UTR of a TOP gene, preferably from a corresponding RNA sequence, or a
homolog, a fragment, or a variant thereof, preferably lacking the 5 TOP motif.

The RNA for use according to claim 37, wherein the 5"-UTR element comprises a nucleic acid sequence,
which is derived from a 5'-UTR of a TOP gene encoding a ribosomal protein, preferably from a
corresponding RNA sequence, or from a homolog, a fragment or a variant thereof, preferably lacking the
5 TOP motif.

The RNA for use according to claim 37 or 38, wherein the 5'-UTR element comprises a nucleic acid
sequence, which is derived from a 5"-UTR of a TOP gene encoding a ribosomal Large protein (RPL), or
from a homolog, a fragment or variant thereof, preferably lacking the 5" TOP motif.

The RNA for use according to any one of claims 37 to 39, wherein the 5"-UTR element comprises a
nucleic acid sequence according to SEQ ID NO: 1432, or a homolog, a fragment or a variant thereof.

The RNA for use according to any one of claims 1 to 40, which comprises, preferably in 5" to 3 direction,

the following elements:

a) a5 -cap structure, preferably m7GpppN,

b) a5 -UTR element, which comprises or consists of a nucleic acid sequence, which is derived from
the 5”-UTR of a TOP gene, preferably comprising a nucleic acid sequence according to SEQ ID NO:
1432, or a homolog, a fragment or a variant thereof,

¢) atleast one coding sequence as defined in claim 21,

d) a 3’-UTR element comprising a nucleic acid sequence, which is derived from an a-globin gene,
preferably comprising a nucleic acid sequence according to SEQ ID NO: 1444, or a homolog, a
fragment or a variant thereof; and/or

a 3’-UTR element comprising a nucleic acid sequence, which is derived from an albumin gene, preferably
comprising a nucleic acid sequence according to SEQ ID NO: 1448 or 1450, or a homolog, a fragment
or a variant thereof,

e) a poly(A) tail, preferably consisting of 10 to 200, 10 to 100, 40 to 80 or 50 to 70 adenosine
nucleotides,

f)  a poly(C) tail, preferably consisting of 10 to 200, 10 to 100, 20 to 70, 20 to 60 or 10 to 40 cytosine
nucleotides, and

g) a histone stem-loop, preferably comprising a nucleic acid sequence according to SEQ ID NO: 1452.

The RNA for use according to any one of claims 1 to 40, wherein the RNA comprises a nucleic acid
sequence selected from the group consisting of SEQ ID NO: 751 to 1090 or SEQ ID NO: 2134, or a

fragment or variant of any one of said nucleic acid sequences.

The RNA for use according to claim 36, wherein the 5 -UTR element comprises a nucleic acid sequence,
which is derived from the HSD17B4 gene, preferably from a corresponding RNA sequence, or a homolog,

a fragment, or a variant thereof.
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The RNA for use according to claim 43, wherein the 5 -UTR element comprises a nucleic acid sequence
according to SEQ ID NO: 1436, or a homolog, a fragment or a variant thereof.

The RNA for use according to any one of claims 1 to 44, which comprises, preferably in 57 to 3 direction,

the following elements:

a) a5’-cap structure, preferably m7GpppN,

b) a5 -UTR element, which comprises or consists of a nucleic acid sequence, which is derived from
the 5'-UTR of the HSD17B4 gene, preferably comprising a nucleic acid sequence according to SEQ
ID NO: 1436, or a homolog, a fragment or a variant thereof,

¢) atleast one coding sequence as defined in claim 21,

d) a 3’-UTR element comprising a nucleic acid sequence, which is derived from an a-globin gene,
preferably comprising a nucleic acid sequence according to SEQ ID NO: 1444, or a homolog, a
fragment or a variant thereof; and/or

a 3"-UTR element comprising a nucleic acid sequence, which is derived from an albumin gene, preferably
comprising a nucleic acid sequence according to SEQ ID NO: 1448 or 1450, or a homolog, a fragment
or a variant thereof,

e) a poly(A) tail, preferably consisting of 10 to 200, 10 to 100, 40 to 80 or 50 to 70 adenosine
nucleotides.

RNA for use according to any one of claims 1 to 45, wherein the RNA comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NO: 1091 to 1430, or a fragment or variant of any one of
said nucleic acid sequences.

The RNA for use according to any one of claims 1 to 46, wherein the RNA comprises a nucleic acid
sequence selected from the group consisting of SEQ ID NO: 408 to 1430, or a fragment or variant of any

one of said nucleic acid sequences.

The RNA for use according to any one of claims 1 to 47, wherein the RNA is formulated together with at

least one pharmaceutically acceptable carrier.

The RNA for use according to claim 48, wherein the RNA is complexed with one or more cationic or
polycationic compounds, preferably with cationic or polycationic polymers, cationic or polycationic
peptides or proteins, e.g. protamine, cationic or polycationic polysaccharides and/or cationic or
polycationic lipids.

The RNA for use according to claim 49, wherein the N/P ratio of the RNA to the one or more cationic or
polycationic peptides or proteins is in the range of about 0.1 to 10, including a range of about 0.3 to 4,
of about 0.5 to 2, of about 0.7 to 2 and of about 0.7 to 1.5.

The RNA for use according to any one of claims 49 or 50, wherein at least one RNA is complexed with

one or more cationic or polycationic compounds and at least one RNA is in a free state.
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The RNA for use according to claim 51, wherein the at least one complexed RNA is identical to the at
least one free RNA.

The RNA for use according to claim 51 or 52, wherein the molar ratio of the complexed RNA to the free
RNA is selected from a molar ratio of about 0.001:1 to about 1:0.001, including a ratio of about 1:1.

The RNA for use according to any one of claims 48 to 53, wherein the RNA is complexed with one or
more lipids, thereby forming liposomes, lipid nanoparticles and/or lipoplexes.

The RNA for use according to any one of claims 1 to 54, wherein the RNA or a pharmaceutical carrier
formulated together with the RNA forms a conjugate with a targeting group.

The RNA for use according to claim 55, wherein the targeting group provides for delivery of the conjugate
to the liver, preferably to liver macrophages, hepatic stellate cells, hepatocytes and/or liver sinusoidal
endothelial cells (LSEC).

The RNA for use according to claim 55 or 56, wherein the targeting group is selected from the group
consisting of folate, GalNAc, galactose, mannose, mannose-6P, aptamers, integrin receptor ligands,
chemokine receptor ligands, transferrin, biotin, serotonin receptor ligands, PSMA, endothelin, GCPII,
somatostatin, LDL ligands and HDL ligands.

The RNA for use according to any one of claims 1 to 57, wherein the RNA is administered to a subject in
need thereof by parenteral administration, preferably by injection.

The RNA for use according to any one of claims 1 to 58, wherein the treatment or prophylaxis comprises

administration of a further pharmaceutically active ingredient.

Composition comprising at least one RNA as defined according to any one of claims 1 to 59 and,
optionally, an additional pharmaceutically acceptable carrier.

Kit, preferably kit of parts, comprising at least one RNA as defined according to any one one of claims 1
to 59 or the composition according to claim 60, optionally a liquid vehicle for solubilising and optionally
technical instructions with information on the administration and dosage of the RNA or the composition.

The kit according to claim 61, wherein the kit contains as a part Ringer-Lactate solution.

The RNA as defined according to any one of claims 1 to 59, the composition according to claim 60, or
the kit according to claim 61 or 62, for use in gene therapy.

The RNA as defined according to any one of claims 1 to 59, the composition according to claim 60, or
the kit according to claim 61 or 62, for use in gene therapy of a liver disease.
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Method of treating or preventing a disorder, wherein the method comprises administering to a subject in
need thereof an effective amount of the RNA as defined according to any one of claims 1 to 59, the

composition according to claim 60, or the kit according to claim 61 or 62.

The method according to claim 65, wherein the disorder is a liver disease, preferably selected from the

group consisting of liver fibrosis, liver cirrhosis and liver cancer.
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