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Novel artificial nucleic acid molecules

To date, therapeutic nucleic acids in the form of naked DNA, viral or bacterial DNA vectors are exploited for a variety of
purposes. Gene therapy seeks to treat diseases by transferring one or more therapeutic nucleic acids to a patient’s cells
(gene addition therapy) or by correcting a defective gene (gene replacement therapy), for example by gene editing. This
technology transfer holdsfhe promise of providing lasting therapies for diseases that are not —or only temporarily— curable
with conventional treatment options, and even to provide treatments for diseases previously classified as untreatable.
Currently available gene therapy strategies are typically based on either /n vivo gene delivery to postmitotic target cells or
tissues or ex vivo gene delivery into autologous cells followed by adoptive transfer back into the patient (Kumar et al. Mol
Ther Methods Clin Dev. 2016; 3: 16034). For some time, clinical gene therapy was characterized by some encouraging
resuits, but also several setbacks. The preferred method of gene delivery, in terms of defined composition and
manufacturing reproducibility, would involve naked DNA provided in a suitable carrier such as synthetic particles, for
example, using lipids or polymers. However, these methods have not yet achieved efficient uptake and sustained gene
expression in vivo. Thus, gene replacement therapy trials that have demonstrated some clinical benefit, relied on viral
vectors for gene delivery. Among the various viral based vector systems, adeno-associated virus (AAV) DNA vectors are
most commonly used for /n vivo gene delivery. The use of retroviral vectors (y-retroviral or lentivirus derived), which are
capable of integrating into the target cells’ genome, is somewhat hampered by safety and ethical issues. Concerns
regarding retroviral geen therapy are based on the possible generation of replication competent retroviruses during vector
production, mobilisation of the vector by endogenous retroviruses in genome, insertional mutagenesis leading to cancer,
germiine alteration and dissemination of new viruses from gene therapy patients. Although AAV-based vectors generally
do not integrate into the patient’s genome and thus avoid many of these potential risks, remaining concerns emanate from
occasionally observed site-specific integration events, the shedding of vectors from treated patients and potential adverse

effects caused by immune responses to viral structural proteins.

Immunotherapy is the second, important field of application for therapeutic nucleic acids. In particular, DNA vaccines
encoding tumor antigens have been evaluated for cancer immunotherapy. In principle, harnessing the patient’s own
adaptive immunity to fight cancer cells seems appealing. DNA-based vaccines based on non-viral DNA vectors can generally
be easily engineered and produced rapidly in large quantities. These DNA vectors are stable and can be easily stored and
transported. Unlike live attenuated bacterial or viral vaccines, there is no risk of pathogenic infection or the induction of
an anti-viral immune response. Naked DNA does not easily spread from cell to cell in vivo. APCs do not readily take up
expressed antigens and activate satisfactory immune responses (Yang et al. Hum Vaccin Immunother, 2014 Nov; 10(11):
3153-3164). On the other hand, the limited uptake and consequent limited antigen-transcription by transfected cells is
the major drawback of non-viral DNA-based vaccines. Indeed, anti-tumor vaccination with tumor-antigen encoding DNAs
achieved some success in immunization-protection experiments, and several types of anti-cancer vaccines have been
designed, manufactured, and pre-clinically tested. However, effectiveness in inducing a measurable immune response and

in extending patients’ overall survival has been modest in clinical trials.
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Administration through electroporation or viral-mediated delivery solves the issue but opens new problems. In the case of
electroporation, the availability of clinically approved devices and patients’ compliance have limited their use in clinic. In
the case of viral-mediated delivery, the problems are mainly related to potential dangers associated with the administration

of live virus together with the presence of anti-viral neutralizing antibodies in patients (Lollini et al. Vaccines. 2015 Jun;
3(2): 467—489).

Since their initial development, nucleic acid-based vaccine and gene therapy technologies have come a long way.
Unfortunately, when applied to human subjects inadequate uptake and transcription only achieved limited clinical success
due to insufficient gene or antigen expression. Inadequate delivery of therapeutic proteins (in case of gene therapy) or
immunogenicity (in case of immunotherapy) are still the biggest challenge for practical use of therapeutic DNAs. Li and
Petrovsky Expert Rev Vaccines. 2016; 15(3): 313-329. Although RNA-based therapeutics overcome many of the
shortcomings of therapeutic DNAs, there is still room for improvement with regard to the expression efficacies currently
observed for available therapeutic RNAs. Thus, effective strategies that help enhance therapeutic nucleic acid potency are

urgently needed. It is an object of the present invention to comply with the needs set out above.

Aithough the present invention is described in detail below, it is to be understood that this invention is not limited to the
particular methodologies, protocols and reagents described herein as these may vary. It is also to be understood that the
terminology used herein is not intended to limit the scope of the present invention which will be limited only by the

appended claims. Unless defined otherwise, all technical and scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art.

In the following, the elements of the present invention will be described. These elements are listed with specific
embodiments, however, it should be understood that they may be combined in any manner and in any number to create
additional embodiments. The variously described examples and preferred embodiments should not be construed to limit
the present invention to only the explicitly described embodiments. This description should be understood to support and
encompass embodiments which combine the explicitly described embodiments with any number of the disclosed and/or
preferred elements. Furthermore, any permutations and combinations of all described elements in this application should

be considered disclosed by the description of the present application unless the context indicates otherwise.

Throughout this specification and the claims which follow, unless the context requires otherwise, the term "comprise", and
variations such as "comprises" and "comprising”, will be understood to imply the inclusion of a stated member, integer or
step but not the exclusion of any other non-stated member, integer or step. The term "consist of" is a particular
embodiment of the term "comprise”, wherein any other non-stated member, integer or step is excluded. In the context of
the present invention, the term "comprise" encompasses the term "consist of". The term “comprising” thus encompasses

“including” as well as “consisting” e.g., a composition “comprising” X may consist exclusively of X or may include something
additional e.g., X + Y.

The terms "a" and "an" and "the" and similar reference used in the context of describing the invention (especially in the
context of the claims) are to be construed to cover both the singular and the plural, unless otherwise indicated herein or
Clearly contradicted by context. Recitation of ranges of values herein is merely intended to serve as a shorthand method

of referring individually to each separate value falling within the range. Unless otherwise indicated herein, each individual
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value is incorporated into the specification as if it were individually recited herein. No language in the specification should

be construed as indicating any non-claimed element essential to the practice of the invention.

The word “substantially” does not exclude “completely” e.g., a composition which is “substantially free” from Y may be

completely free from Y. Where necessary, the word “substantially” may be omitted from the definition of the invention.

The term “about” in relation to a numerical value x means x = 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9% or 10%.

In the present invention, if not otherwise indicated, different features of alternatives and embodiments may be combined
with each other.

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.

Definitions

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, which 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.qg. 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.

DNA:  DNAis the usual abbreviation for deoxy-ribonucleic 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 polymerize 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.



CA 03073634 2020-02-21

WO 2019/077001 PCT/EP2018/078453

Heferologous sequence: Two sequences are typically understood to be ‘heterologous’ if they are not derivable from the

same gene. lL.e., 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 poly-linker.

Nucleic acid molecule: A nucleic acid molecule is a 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 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

sequence” 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.

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.

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 nucleotide sequence comprising a restriction site at this site. In a double-stranded nucleotide
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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 transiation.

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 nucleotides. 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 ("% identity), the sequences to be compared are typically
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 or amino acids of a sequence which have the same position in two or more
sequences having the same length. Specifically, the "% identity" of two amino acid sequences or two nucleic acid
sequences may be determined by aligning the sequences for optimal comparison purposes (e.g., gaps can be introduced
in either sequences for best alignment with the other sequence) and comparing the amino acids or nucleotides at
corresponding positions. Gaps are usually regarded as non-identical positions, irrespective of their actual position in an
alignment. The "best alignment” is typically an alignment of two sequences that results in the highest percent identity.
The percent identity is determined by the number of identical nucleotides in the sequences being compared (i.e., % identity
= # of identical positions/total # of positions x 100). The determination of percent identity between two sequences can

be accomplished using a mathematical algorithm known to those of skill in the art.

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.
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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 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.q.
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.g. 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.

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.

In nature, precise control of gene expression is vital to rapidly adjust to environmental stimuli that alter the physiological
status of the cell, like cellular stress or infection. Gene expression programs undergo constant regulation and are tightly
regulated by multi-layered regulatory elements acting in both cisand trans. For such precise control the cellular machinery
has evolved regulators at several stages from transcription to translation fine-tuning gene expression. These include
structural and chemical modifications of chromosomal DNA, transcriptional regulation, post-transcriptional control of
messenger RNA (mRNA), varying translational efficiency and protein turnover. These mechanisms in concert determine

the spatio-temporal control of genes. Messenger RNA is composed of a protein-coding region, and 5° and 3 untranslated
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regions (UTRs). The 3’ UTR is variable in sequence and size; it spans between the stop codon and the poly(A) tail.
Importantly, the 3’ UTR sequence harbours several regulatory motifs that determine mRNA turnover, stability and
localization, and thus governs many aspects of post-transcriptional gene regulation (Schwerk and Savan. J Immunol. 2015
Oct 1; 195(7): 2963-2971). In gene therapy and immunotherapy applications, the tight regulation of transgene expression
is of paramount importance to therapeutic safety and efficacy. Transgenes need to be expressed in optimal thresholds at
the right places. However, the ability to control the level of transgene expression in order to provide a balance between
therapeutic efficacy and nonspecific toxicity still remains a major challenge of present gene therapy and immunotherapy
applications. The present inventors surprisingly discovered that certain combinations of 5’ and 3"-untranslated regions
(UTRs) act in concert to synergistically enhance the expression of operably linked nucleic acid sequences. Artificial nucleic
acid molecules harbouring the inventive UTR combinations advantageously enable the rapid and transient expression of
high amounts of (poly-)peptides or proteins delivered for gene therapy or immunotherapy purposes. Furthermore, the
novel nucleic acid-based therapeutics disclosed herein preferably offer additional advantages over currently available
treatment options, including the reduced risk of insertional mutagenesis, and a greater efficacy of non-viral delivery and
uptake. Accordingly, the artificial nucleic acids provided herein are particularly useful for various therapeutic applications

in vivo, including, for instance gene therapy, cancer immunotherapy or the vaccination against infective agents.

Accordingly, in a first aspect, the present invention thus relates to an artificial nucleic acid molecule comprising at least
one 5" untranslated region (5" UTR) element derived from a 5' UTR of a gene selected from the group consisting of
HSD17B4, ASAH1, ATPS5A1, MP68, NDUFA4, NOSIP, RPL31, SLC7A3, TUBB4B and UBQLN2: at least one 3’ untranslated
region (3" UTR) element derived from a 3' UTR of a gene selected from the group consisting of PSMB3, CASP1, COX6B1,
GNAS, NDUFAL and RPS9; and optionally at least one coding region operably linked to said 3' UTR and said 5" UTR.

The term “"UTR" refers to an “untranslated region” located upstream (5”) and/or downstream (3") a coding region of a
nucleic acid molecule as described herein, thereby typically flanking said coding region. Accordingly, the term “UTR”
generally encompasses 3‘untranslated regions ("3-UTRs"”) and 5-untranslated regions (“5-UTRs”). UTRs may typically
comprise or consist of nucleic acid sequences that are not translated into protein. Typically, UTRs comprise “regulatory
elements”. The term “regulatory element” refers to a nucleic acid sequences having gene regulatory activity, the ability to
affect the expression, in particular transcription or translation, of an operably (in ¢is or trans) linked transcribable nucleic
acid sequence. The term includes promoters, enhancers, internal ribosomal entry sites (IRES), introns, leaders,
transcription termination signals, such as polyadenylation signals and poly-U sequences and other expression control
elements. Regulatory elements may act constitutively or in a time- and/or cell specific manner. Optionally, requlatory
elements may exert their function via interacting with (e.g. recruiting and binding) of regulatory proteins capable of
modulating (inducing, enhancing, reducing, abrogating, or preventing) the expression, in particular transcription of a gene.
UTRs are preferably “operably linked”, i.e. placed in a functional relationship, to a coding region, preferably in a manner
that allows them to control (i.e. modulate or regulate, preferably enhance) the expression of said coding sequence. A
"UTR” preferably comprises or consists of a nucleic acid sequence, which is derived from the (naturally occurring, wild-
type) UTR of a gene, preferably a gene as exemplified herein. The term “UTR element” as used herein typically refers to
nucleic acid sequence corresponding to the shorter sub-sequence of the UTR of the parent gene (“parent” UTR). In this
context, the term “corresponding to” means that the UTR element may comprise or consist of the RNA sequence
transcribed from gene from which the “parent” UTR is derived (i.e. equal to the RNA sequence used for defining said
“parent” UTR), or the respective DNA sequence (including sense and antisense strand, mature and immature) equivalent

to said RNA sequence, or a mixture thereof.
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When referring to an UTR element “derived from” the UTR of a certain gene, the UTR element may be derived from any
naturally occurring homolog, variant or fragment of said gene. I.e., when referring to a UTR element “derived from” a
H5D17B4 gene, the respective UTR element may consist of a nucleic acid sequence corresponding to a shorter sub-
sequence of the UTR of the “parent” HSD17B4 gene, or any HSD17B4 homolog, variant or fragment (in particular including
H5SD17B4 homologs, variants or fragments including variations in the UTR region as compared to the “parent” HSD17B4
gene).

The term “derived from” as used throughout the present specification in the context of an artificial nucleic acid, i.e. for an
artificial nucleic acid “derived from” (another) artificial nucleic acid, also means that the (artificial) nucleic acid, which is
derived from (another) artificial nucleic acid, shares e.g. at least 60%, 70%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity with the nucleic acid
from which it is derived. The skilled person is aware that sequence identity is typically calculated for the same types of
nucleic acids, i.e. for DNA sequences or for RNA sequences. Thus, it is understood, if a DNA is “derived from” an RNA or
If an RNA is “derived from” a DNA, in a first step the RNA sequence is converted into the corresponding DNA sequence (in
particular by replacing the uracils (U) by thymidines (T) throughout the sequence) or, vice versa, the DNA sequence is
converted into the corresponding RNA sequence (in particular by replacing the T by U throughout the sequence).
Thereafter, the sequence identity of the DNA sequences or the sequence identity of the RNA sequences is determined.
Preferably, a nucleic acid “derived from” a nucleic acid also refers to nucleic acid, which is modified in comparison to the
nucleic acid from which it is derived, e.g. in order to increase RNA stability even further and/or to prolong and/or increase
protein production. In the context of amino acid sequences (e.g. antigenic peptides or proteins) the term “derived from”
means that the amino acid sequence, which is derived from (another) amino acid sequence, shares e.g. at least 60%,
/0%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

98%, or 99% sequence identity with the amino acid sequence from which it is derived.

The term “homolog” in the context of genes (or nucleic acid sequences derived therefrom or comprised by said gene, like
a UTR) refers to a gene (or a nucleic acid sequences derived therefrom or comprised by said gene) related to a second
gene (or such nucleic acid sequence) by descent from a common ancestral DNA sequence. The term, “homolog” includes

genes separated by the event of speciation (“ortholog”) and genes separated by the event of genetic duplication
(“paralog”).

The term “variant” in the context of nucleic acid sequences of genes refers to nucleic acid sequence variants, i.e. nucleic
acid sequences or genes comprising a nucleic acid sequence that differs in at least one nucleic acid from a reference (or
“parent”) nucleic acid sequence of a reference (or “parent”) nucleic acid or gene. Variant nucleic acids or genes may thus
preferably comprise, in their nucleic acid sequence, at least one mutation, substitution, insertion or deletion as compared
to their respective reference sequence. Preferably, the term “variant” as used herein includes naturally occurring variants,
and engineered variants of nucleic acid sequences or genes. Therefore, a “variant” as defined herein can be derived from,
Isolated from, related to, based on or homologous to the reference nucleic acid sequence. ,Variants” may preferably have
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 /0%, 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



CA 03073634 2020-02-21

WO 2019/077001 PCT/EP2018/078453

97%, to a nucleic acid sequence of the respective naturally occurring (wild-type) nucleic acid sequence or gene, or a
homolog, fragment or derivative thereof.

Also, the term “variant” as used throughout the present specification in the context of proteins or peptides will be recognized
and understood by the person of ordinary skill in the art, and is e.g. intended to refer to a proteins or peptide variant having
an amino acid sequence which differs from the original sequence in one or more mutation(s), such as one or more
substituted, inserted and/or deleted amino acid(s). Preferably, these fragments and/or variants have the same biological
function or specific activity compared to the full-length native protein, e.g. its specific antigenic property. “Variants” of
proteins or peptides as defined herein may comprise conservative amino acid substitution(s) compared to their native, i.e.
non-mutated physiological, sequence. Those amino acid sequences as well as their encoding nucleotide sequences in
particular fall under the term variants as defined herein. Substitutions in which 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 enter into hydrogen bridges, e.g. side chains which have a hydroxyl function. This means that
€.g. an amino acid having a polar side chain is replaced by another amino acid having a likewise polar side chain, or, e.g.,
an amino acid characterized by a hydrophobic side chain is substituted by another amino acid having a likewise
hydrophobic side chain (e.g. serine (threonine) by threonine (serine) or leucine (isoleucine) by isoleucine (leucine)).
Insertions and substitutions are possible, in particular, at those sequence positions which cause no modification to the
three-dimensional structure or do not affect the binding region. Modifications to a three-dimensional structure by insertion(s)
or deletion(s) can easily be determined e.g. using CD spectra (circular dichroism specira). A "variant” of a protein or peptide
may have at least 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99% amino acid identity over a stretch of at least 10, 20, 30,
50, 75 or 100 amino acids of such protein or peptide. Preferably, a variant of a protein comprises a functional variant of
the protein, which means that the variant exerts the same effect or functionality or at least 40%, 50%, 60%, 70%, 80%.

90%, or 95% of the effect or functionality as the protein it is derived from.

The term “fragment” in the context of nucleic acid sequences or genes refers to a continuous subsequence of the full-
length reference (or “parent”) nucleic acid sequence or gene. In other words, a “fragment” may typically be a shorter
portion of a full-length nucleic acid sequence or gene. Accordingly, a fragment, typically, consists of a sequence that is
identical to the corresponding stretch within the full-length nucleic acid sequence or gene. The term includes naturally
occurring fragments as well as engineered fragments. A preferred fragment of a sequence in the context of the present
Invention, consists of a continuous stretch of nucleic acids corresponding to a continuous stretch of entities in the nucleic
acid or gene 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) nucleic acid sequence or gene from which the fragment is
derived. A sequence identity indicated with respect to such a fragment preferably refers to the entire nucleic acid sequence
or gene. Preferably, a “fragment” may comprise 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%, to a reference nucleic acid sequence or gene
that it is derived from.

UTR elements are preferably “functional”, i.e. capable of eliciting the same desired biological effect as the parent UTRs

that they are derived from, i.e. in particular of modulating, controlling or regulating (inducing, enhancing, reducing,
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abrogating, or preventing, preferably inducing or enhancing) the expression of an operably linked coding sequence. The
term “expression” as used herein generally includes all step of protein biosynthesis, inter alia transcription, mRNA
processing and translation. UTR elements, in particular 3-UTR elements and 5'UTR elements in the combinations specified
herein, may for instance (typically via the action of regulatory regions comprised by said UTR elements) regulate

polyadenylation, translation initiation, translation efficiency, localization, and/or stability of the nucleic acid comprising said
UTR elements.

Artificial nucleic acid molecules of the invention advantageously comprise at least one 5’ UTR element and at least one 3’
UTR element, each derived from a gene selected from the groups disclosed herein. Suitable 5’ UTR elements are preferably
selected from 5-UTR elements derived from a 5' UTR of a gene selected from the group consisting of H5D17B4, ASAH1,
ATPSAL, MP68, NDUFA4, NOSIP, RPL31, SLC7A3, TUBB4B and UBQLN2, preferably as defined herein. Suitable 3’ UTR
elements are preferably selected from 3’ UTR elements derived from a 3' UTR of a gene selected from the group consisting
of PSMB3, CASP1, COX6B1, GNAS, NDUFA1 and RPS9, preferably as defined herein. Further, the artificial nucleic acid
molecules of the invention may optionally comprise at least one coding region operably linked to said 3'UTR element and
said 5" UTR element. Preferably, the inventive artificial nucleic acid molecules may therefore comprise, in a 53" direction,

a 5-UTR element as defined herein, operably linked to a coding region (cds) encoding a (poly-)peptide or protein of
interest, and a 3" UTR element, operably linked to said coding region:

5-UTR —cds - 3" UTR..

Typically, the 5'- and/or 3"-UTR elements of the inventive artificial nucleic acid molecules may be “heterologous” to the at
least one coding sequence. The term “heterologous” is used herein to refer to a nucleic acid sequence that is typically
derived from a different species than a reference nucleic acid sequence. A “heterologous sequence” may thus be derived
from a gene that is of a different origin as compared to a reference sequence, and may typically differ, in its sequence of
nucleic acids, from the reference sequence and/or may encode a different gene product.

UIRs

5" UTR

The artificial nucleic acid described herein comprises at least one 5-UTR element derived from a 5’ UTR of 3 gene as

indicated herein, or a homolog, variant, fragment or derivative thereof.

The term "5-UTR" refers to a part of a nucleic acid molecule, which is located 5’ (i.e. “upstream”) of an open reading
frame and which is not translated into protein. In the context of the present invention, a 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 regulating 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. Thus, 5-UTRs may preferably correspond to the sequence of a nucleic acid, in particular a mature MRNA, which is
located between the 5-Cap and the start codon, and more specifically to a sequence, which extends from a nucleotide

located 3’ to the 5'-Cap, preferably from the nuclectide located immediately 3’ to the 5-Cap, to a nucleotide located 5’ to
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the start codon of the protein coding sequence (transcriptional start site), preferably to the nucleotide located immediately
5" to the start codon of the protein coding sequence (transcriptional start site). The nucleotide located immediately 3’ to
the 5-Cap of a mature mRNA typically corresponds to the transcriptional start site. 5' UTRs typically have a length of less
than 500, 400, 300, 250 or less than 200 nucleotides. In some embodiments its length may be in the range of at least 10,
20, 30 or 40, preferably up to 100 or 150, nucleotides.

Preferably, the at least one 5'UTR element comprises or consists of a nucleic acid sequence derived from the 5' 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.

Some of the 5'UTR elements specified herein may be derived from the 5'UTR of a TOP gene or from a homolog, variant
or fragment thereof. “TOP genes” are typically characterized by the presence of a 5" terminal oligo pyrimidine tract (TOP),
and further, typically by a growth-associated translational regulation. However, TOP genes with a tissue specific
translational regulation are also known. mRNA that contains a 5TOP is often 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. The 5terminal oligo pyrimidine tract ("5 TOP” or
“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 5UTR 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 nucleotide located 5’ to the
start codon. The TOP sequence typically 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. The pyrimidine stretch and thus the 5’ TOP

ends one nucleotide 5’ to the first purine nucleotide located downstream of the TOP.

A 5UTR 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 nuclectides, more
preferably less than about 100 nucleotides. For example, a TOP may comprise 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or even more nucleotides. As used herein, the term “TOP motif”
refers to a nucleic acid sequence which corresponds to a 5'TOP as defined above. Thus, a “TOP motif” is preferably a
stretch of pyrimidine nucleotides having a length of 3-30 nucleotides. Preferably, the TOP-motif consists of at least 3,
preferably at least 4, more preferably at least 6, more preferably at least 7, and 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 purine residue in said gene or mRNA. A “TOP motif” 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” 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
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pyrimidine nucleotides, which is not located at the 5~end of a 5’'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”.

In one embodiment, the 5-end of an mRNA is “gggaga”.

The 5'UTR elements derived from 5'UTRs of TOP genes exemplified herein may preferably lack a TOP-motif or a 57T OP,
as defined above. Thus, the nucleic acid sequence of the 5'UTR element, which is derived from a 5UTR of a TOP gene,
may terminate 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 sequence. Thus, preferably, the only amino acid coding part of the artificial nucleic acid is provided by the coding

sequence.

Particular 5-UTR elements envisaged in accordance with the present invention are described in detail below.
HSD17B4-derived 5" UTR elements

Artificial nucleic acids according to the invention may comprise a 5’'UTR element derived from a 5'UTR of a gene encoding

a 1/-beta-hydroxysteroid dehydrogenase 4, or a homolog, variant, fragment or derivative thereof, preferably lacking the
5'TOP motif.

Such 5'UTR elements preferably comprise or consist of a nucleic acid sequence which is derived from the 5UTR of a 17-
beta-hydroxysteroid dehydrogenase 4 (also referred to as peroxisomal multifunctional enzyme type 2) gene, preferably
from a vertebrate, more preferably mammalian, most preferably human 17-beta-hydroxysteroid dehydrogenase 4
(HSD17B4) gene, or a homolog, variant, fragment or derivative thereof, wherein preferably the 5'UTR element does not
comprise the 5'TOP of said gene. Said gene may preferably encode a 17-beta-hydroxysteroid dehydrogenase 4 protein
corresponding to human 17-beta-hydroxysteroid dehydrogenase 4 (UniProt Ref. No. Q9BPX1, entry version #139 of August
30, 2017), or a homolog, variant, fragment or derivative thereof.

Accordingly, artificial nucleic acids according to the invention may comprise a 5UTR element derived from a HSD17B4
gene, in particular derived from the 5" UTR of said HSD17B4 gene, preferably wherein said 5°'UTR element comprises or
consists of a DNA sequence according to SEQ ID NO: 1 or a homolog, variant, fragment or derivative thereof, in particular
a DNA sequence having, in increasing order of preference, 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%, sequence identity to a nucleic acid sequence according to SEQ ID NO: 1, or
wherein said 5UTR element comprises or consists of an RNA sequence according to SEQ ID NO: 2, or a or a homolog,
variant, fragment or derivative thereof, in particular an RNA sequence having, in increasing order of preference, at least
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%, sequence identity to
a nucleic acid sequence according to SEQ ID NO: 2.
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ASAHI-derived 5’ UTR elements

Artificial nucleic acids according to the invention may comprise a 5'UTR element derived from a 5'UTR of a gene encoding

acid ceramidase (ASAH1), or a homolog, variant, fragment or derivative thereof.

Such 5UTR elements preferably comprise or consist of a nucleic acid sequence which is derived from the 5'UTR of an acid
ceramidase (ASAH1) gene, preferably a vertebrate, more preferably mammalian, most preferably human acid ceramidase
(ASAH1) gene, or a homolog, variant, fragment or derivative thereof. Said gene preferably encodes an acid ceramidase
protein corresponding to human acid ceramidase (UniProt Ref. No. Q13510, entry version #177 of June 7, 2017), or a

homolog, variant, fragment or derivative thereof.

Accordingly, artificial nucleic acids according to the invention may comprise a 5'UTR element derived from an ASAH1 gene,
in particular derived from the 5" UTR of said ASAH1 gene, preferably wherein said 5'UTR element comprises or consists of
a DNA sequence according to SEQ ID NO: 3 or a homolog, variant, fragment or derivative thereof, in particular a DNA
sequence having, in increasing order of preference, 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%, sequence identity to a nucleic acid sequence according to SEQ ID NO: 3, or wherein said
>'UTR element comprises or consists of an RNA sequence according to SEQ ID NO: 4, or a or a homolog, variant, fragment
or derivative thereof, in particular an RNA sequence having, in increasing order of preference, at least 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%, sequence identity to a nucleic acid sequence
according to SEQ ID NO: 4.

ATP5A1-derived 5-UTR elements

Artificial nucleic acids according to the invention may comprise a 5'UTR element which is derived from a 5'UTR of a gene
encoding mitochondrial ATP synthase subunit alpha (ATPS5AL1), or a homolog, variant, fragment or derivative thereof,
wherein said 5" UTR element preferably lacks the 5 TOP motif.

Such 5'UTR elements preferably comprise or consist of a nucleic acid sequence which is derived from the 5UTR of a
mitochondrial ATP synthase sub<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>