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NOVEL LIPID NANOPARTICLE FORMULATIONS FOR DELIVERY OF NUCLEIC ACIDS

TECHNICAL FIELD

The present invention provides novel ionizable lipids and novel lipid nanoparticles comprising messenger RNA
(mRNA) useful for the delivery of nucleic acids, related pharmaceutical compositions or vaccines as defined herein

for use in human or veterinary medicine, in particular for use in the treatment and/or prophylaxis of cancer diseases.

BACKGROUND

Cancer is a major global health problem and is one of the leading causes of death worldwide. Traditional cancer
treatments, such as surgery, chemotherapy, and radiation therapy, have limited efficacy and can cause significant
side effects. Immunotherapy, which involves harnessing the power of the immune system to target cancer cells,
has emerged as a promising new approach for the treatment of cancer. Despite significant advances in the
development of cancer therapies, there remains a need for new and more effective treatments, particularly forthose
cancers that are resistant to existing therapies or have a poor prognosis.

In recent years, mRNA has emerged as a promising therapeutic tool for the treatment of cancer and other diseases,
as it can be used to direct the production of proteins that can inhibit or otherwise reduce the growth or survival of
cancer cells. The advantages of using mRNA include transient expression and a non-transforming character -
mRNA does not need to enter the nucleus in order to be expressed and moreover cannot integrate into the host

genome, thereby eliminating the risk of oncogenesis.

Two problems currently face the use of mRNA in therapeutic contexts. First, free RNAs are susceptible to nuclease
digestion in plasma. Second, free RNAs have limited ability to gain access to the intracellular compartment where
the relevant translation machinery resides. Therefore, to overcome these challenges, various delivery strategies
have been developed, including the use of lipid nanoparticle formulations that can protect the mRNA to block

degradation and facilitate its uptake into target cells.

Notwithstanding all the prior art, there is a requirement for alternative polymer conjugated lipids, alternative ionizable
lipids and consequently alternative lipid nanoparticles comprising said alternative lipids, that offer one or more
properties of improved in vivo efficacy, improved transfection process, improved toxicity, improved cost and
simplicity of design, reduced cell toxicity, better targeting ability, enhanced short-term and/or long-term immunity,
or promotion of endosomal escape of molecules, e.g. nucleic acids. Furthermore, there remains a need for improved
PEG-less lipid nanoparticles for the delivery of mRNA. Preferably, these PEG-less lipid nanoparticles would provide
optimal drug:lipid ratios, protect the nucleic acid from degradation and clearance in serum, be suitable for systemic
or local delivery, and provide intracellular delivery of the nucleic acid. In addition, these PEG-less lipid nanoparticles
comprising RNA or mRNA should be well-tolerated and provide an adequate therapeutic index, such that patient
treatment at an effective dose of the nucleic acid is not associated with unacceptable toxicity and/or risk to the
patient. The present invention provides these and related advantages.

Human type | interferons (IFNs) are a large subgroup of interferon proteins that help regulate the activity of the
immune system. The mammalian types are designated IFN-a (alpha), IFN-b (beta), IFN-k (kappa), IFN-d (delta),
IFN-e (epsilon), IFN-x (tau), IFN-w (omega), and IFN-z (zeta, also known as limitin). Type | interferons have shown
efficacy against the replication of various viruses, included Zika virus, chikungunya virus, flaviviruses, and hepatitis
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C virus. In some aspects and embodiments, the inventors surprisingly found that the lipid nanoparticles of the
invention comprising a phosphatidylserine (preferably DPhyPS) and new polyoxazoline polymer conjugated lipids,
preferably PMOZ-lipids, more preferably LNP formulations with a lowered amount of PMOZ-lipids i.e. preferably
about 1 mol% of these PMOZ-lipids, lead to increased levels of different cytokines, preferably IFNa and/or IFNb
after prime and/or boost vaccination and through this increase a higher immune responses could be triggered, i.e.

e ahigh CD4 T cell response;

e ahigh CD8 T cell response;

e a high humoral response, measured in IgG1 and/or IgG2a/lgG2a[b] titers;

¢ a high percentage of polyfunctional and activated cytotoxic CD8* T cells;

¢ a high percentage of polyfunctional and activated cytotoxic CD8+ Tem cells;

* a high percentage of polyfunctional and activated CD4 T cells; and/or

* a high percentage of polyfunctional and activated CD4 Tem cells
either after prime and/or after 15t and/or 2™ boost vaccination. The use of the lipid nanoparticles of the invention
thus offers a surprising advantage in cancer therapy settings. Further it was found surprisingly that the use of lower
percentages of PMOZ lipid correlated with increased transfection rates.

The inventors thus surprisingly found a method of inducing interferon (IFN) production, the method comprising
administering to a subject in need the lipid nanoparticle, the pharmaceutical composition or the kit or kit of parts of
the invention, whereby IFN production is increased following administration of aforementioned lipid nanoparticle,
the pharmaceutical composition or the kit or kit of parts of the invention. Further, the inventors surprisingly found a
method comprising: administering to a subject in need the lipid nanoparticle, the pharmaceutical composition or the
kit or kit of parts of the invention, in an amount sufficient to induce an immune response in the subject, preferably
wherein the immune response involves the production of cytokines, more preferably wherein the immune response
involves modulation of a type | IFN, type Il IFN, and/or type Il IFN. In more detail, the inventors surprisingly found
a method comprising: administering to a subject in need the lipid nanoparticle, the pharmaceutical composition or
the kit or kit of parts of the invention, in an amount sufficient to induce an immune response in the subject, preferably
wherein the immune response involves the production of type | IFN, more preferably wherein the immune response
involves modulation of IFN is IFNa, IFNb, IFNe, IFNk or IFN, most preferably IFNa and/or IFNb.

In particular it is demonstrated that polyoxazoline (POZ) or poly(2-methyl-2-oxazoline) (PMOZ)-lipid conjugates are
suitable components for assembly of RNA nanoparticles. Poly (2-oxazoline) is a class of polymers formed by
cationic ring-opening that were first identified and synthesized over 50 years ago (Kagiya et al., J Polym Sci B
Polym Lett 1966; 4:441-5). These polymers are nonionic, biostable, soluble in water and in some polar organic
solvents, and can be synthesized from readily available nontoxic, nonexplosive starting materials. The N-carbonyl
side chains on the polymer chain gives the appearance of a “pseudo-polypeptide”. POZ with shorter side chains
are generally more water-soluble than those with longer side chains. PMOZ e.g. is composed of repeated units of
2-methyl-2-oxazoline (CAS RN: 161358-46-9) and is rapidly excreted by the kidney with no significant accumulation
in tissue (Gaertner et al., Journal of Controlled Release 119 (2007) 291-300). POZ/PMOZ-lipid conjugates enable
manufacturing of RNA nanoparticles with different techniques, resulting in defined surface properties and controlled
size ranges. Manufacturing can be done by robust processes, compliant with the requirements for pharmaceutical
manufacturing. The particles can be end-group functionalized with different moieties to modulate charge or to
introduce specific molecular moieties like ligands.

Furthermore, the inventors found surprisingly, that the inventive LNPs comprising phosphatidylserine (preferably

DPhyPS) and new polyoxazoline polymer conjugated lipids, preferably PMOZ-lipids, more preferably LNP
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formulations with a lowered amount of said PMOZ lipids preferably about 1 mol% of these PMOZ-lipids, have
advantageous physiochemical properties after being frozen and thawed or, upon Iyophilization and reconstitution,
measured with PDI and size measurements. The inventors found surprisingly, that said PMOZ-LNPs were superior
with regard to size (smaller size) and PDI after putting lipid nanoparticles of the invention under thermal stress, i.e.
upon freeze/thaw cycles or lyophilization and reconstitution, respectively. Furthermore, a disadvantageous increase
of size and PDI was found for PEG-LNPs for dilutions. |.e. PEG-LNPs had an increasing size and PDI when being
diluted. The increase of size and PDI was not found, or respectively not found that pronounced, for LNPs comprising
PMOZ as conjugated lipid. Even in cases, in which PMOZ-LNPs show an increase of size upon dilution or
freeze/thaw in a similar range as PEG-LNPs, PMOZ-LNPs still were smaller than PEG-LNPs, which would be
favorable as findings in that field indicate that smaller particles are more immunogenic (Li et al., 2014, Journal of
controlled release, 173, 148-157; Ott et al., Vaccine, 1995 13(16), 1557-1562; Shah et al., 2014. Nanomedicine,
9(17), 2671-2681.

Furthermore, providing alternative and novel lipid nanoparticle formulations being suitable for various therapeutic
interventions in patients, e.g. in tumor therapy approaches, based on tumor antigen expression by coding mRNA in
antigen presenting cells (APCs) in order to induce a T-cell response to the tumor, are needed in the art. Target cells
for such intervention are dendritic cells (DCs) which reside, for example, in the lymph nodes (LNs) or in the spleen.
Thus, mRNA encoding polypeptides comprising one or more epitopes can be used to deliver epitopes derived from
tumor-associated antigens encoded by excessively upregulated RNA transcripts to a patient. Dendritic cells (DCs)
residing in the spleen represent antigen-presenting cells of particular interest for mMRNA expression of epitopes.
Here, the inventors found, that LNPs comprising phosphatidylserine, preferably DPhyPS, were highly suitable for
cancer treatment and surprisingly lead to high mRNA expression in immune cells, spleen and/or respectively
dendritic cells after administration of those LNPs and to high immune responses as described herein below.

Summarized, there is a constant need for improved lipid nanoparticle compositions for the treatment and/or
prophylaxis of cancer diseases, infectious diseases or for use in Molecular Therapy approaches providing a
therapeutic protein. With the above discussed situation taken into consideration, it is an object of the present
invention to provide improved lipid nanoparticle compositions for introducing mRNA into cells of primates, including
humans.

Another object of the present invention can be seen as to the provision of (i) novel ionizable lipids, (ii) novel lipid
nanoparticles comprising combinations of said ionizable lipids and phosphatidylserine, (iii) the use of said novel
ionizable lipids and phosphatidylserine making the improved lipid nanoparticles. Further, the object of the present
invention can also be seen as to the provision of (i) novel polymer conjugated lipids and novel ionizable lipids, (ii)
novel lipid nanoparticles comprising combinations of said novel polymer conjugated lipids and ionizable lipids and
phosphatidylserine, (i) the use of said novel polymer conjugated lipids, novel ionizable lipids and
phosphatidylserine making the improved lipid nanoparticles with regards to the generation of anti-PEG antibodies
(i.e. the novel lipid nanoparticles do not generate anti-PEG antibodies) and improved with regards to enhanced
physiochemical properties upon (i) freezing and thawing or (i) lyophilizing and reconstituting said lipid nanoparticles
for e.g. storage or shipping.

Thus, the present invention solves all objects of the invention by providing novel ionizable lipids and lipid
nanoparticles comprising novel compositions of lipids, suitable for delivery of mRNA.
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SUMMARY OF THE INVENTION

In a first aspect, the present invention related to a lipid nanoparticle comprising:
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about 45 mol% to about 65 mol% of an ionizable lipid, preferably an ionizable lipid according to formula (1)
Ra_A-RP formula (I1)
or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein
R? is selected from:

o , ° , or
;
R
%X
I\/x o} R’
\R2’ T \R4
e}
RP is selected from:
;
R
X
N 0. R 3
&n“/ o T N I\/N\ Z’O\H/R\R[;
0 , o , or

Ais —S—;

R' is an ethanediyl or linear or unbranched alkanediyl having 2 to 3 carbon atoms;

R? is an alkanediyl having 2 to 8 carbon atoms;

R3 is optional, and if present, is —-R5-C(0)-0—, —-R*~0-C(0)—, —R*~C(0)-NH-, -R>-0OC(O)-NH-
, or R®=NH-C(0)O-;

R* is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12
to 36 carbon atoms is derived from tocopherol or tocotreinol;

R® is an alkanediyl having 1 to 6 carbon atoms;

X is a carbon atom bonded to a hydrogen atom (CH) or a nitrogen atom, preferably a carbon atom
bonded to a hydrogen atom (CH);
about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% of a phospholipid, preferably
a phospholipid selected from DSPC and DPhyPE, more preferably wherein the phospholipid is DPhyPE;
about 1 mol% to about 6 mol%, preferably about 2.5 mol% to about 5 mol%, more preferably about 2.5
mol% of a phosphatidylserine, preferably DPhyPS;
about 25 mol% to about 45 mol% of a sterol, preferably cholesterol,
less than about 1.5 mol%, preferably about 1 mol% of a polymer conjugated lipid, preferably of a PMOZ-
lipid, more preferably a PMOZ-lipid not comprising a sulphur group (-S-); and
one or more nucleic acid, preferably an mRNA.
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In an embodiment of the first aspect, the present invention relates to a lipid nanoparticle composition comprising
a) at least one nucleic acid encoding at least one antigen or fragment or variant thereof; and
b) a carrier composition, wherein the carrier composition comprises the phospholipid phosphatidylserine,
5 preferably about 2.5 mol% or 5 mol% phosphatidylserine, more preferably about 2.5 mol% or 5 mol% DPhyPS,
a polymer conjugated lipid according to formula (1), and an ionizable lipid according to formula (Il) as described
herein below.

In another embodiment, the lipid nanoparticle preferably comprises the ionizable lipid

10
(“CVL1" or C24).

In another embodiment, the lipid nanoparticle preferably comprises the ionizable lipid

15 (“CVL1-meta” or C28).

In another embodiment, the lipid nanoparticle preferably comprises the ionizable lipid
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0
ONO/\/N
0
o

(“CVL1-inverted” or C29).

In another embodiment, the lipid nanoparticle preferably comprises:

- about 45 mol% to about 65 mol% of the ionizable lipid, preferably about 49 mol% or about 59 mol% of the ionizable
lipid;

- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% of the phospholipid, preferably about
5 mol% or about 7.5 mol% of the phospholipid, more preferably about 7.5 mol% DPhyPE;

- about 2.5 mol% phosphatidylserine, preferably DPhyPS;

- about 0.5 mol% to about 1 mol%, preferably about 1 mol% of the PMOZ-lipid, preferably a PMOZ-lipid not

comprising a sulphur group (-S-), more preferably a PMOZ-lipid comprising a linker group [linker] being

(C(O)CH2CH2C(O)NH), even more  preferably being () "PMOZ4" (“N-methyl-2-(N4', N4

di(tetradecyl)succinamide)-poly[(N-acetyl)ethylamine” or abbreviated “PMOz-DM-amide”) with n = 50 i.e. having 50

A

monomer repeats

\/\/\/\/M

N

50

O
O
(“PMOZ 4" with n = 50 i.e. having 50 monomer repeats); or
(i) “PMOZ 4" with n = 115 i.e. having 115 monomer repeats
\/\/\/\/\/\/\‘ O
O

N

A

115

(“PMOZ 4” with n = 115 i.e. having 115 monomer repeats);
- about 29 mol% to about 41 mol% sterol, preferably cholesterol; and

- one or more nucleic acid, preferably an mRNA.



WO 2024/184500 PCT/EP2024/056128

In another embodiment, the lipid nanoparticle preferably comprises:
- about 49 mol% or about 59 mol% of the ionizable lipid;
- about 5 mol% or about 7.5. mol% of DPhyPE;
5 - about 2.5 mol% or about 5 mol% phosphatidylserine, preferably DPhyPS;

- about 0.5 mol% to about 1 mol%, preferably about 1 mol% of a PMOZ-lipid, preferably a PMOZ-lipid not comprising
a sulphur group (-S-), more preferably a PMOZ-lipid comprising a linker group [linker] being
(C(O)CH2CH2C(O)NH), even more preferably being (i) “PMOZ 4" with n = 50 i.e. having 50 monomer repeats

W
N%\/Jp

10 (“PMOZ 4" with n = 50 i.e. having 50 monomer repeats); or
(i) “PMOZ 4" with n = 115 i.e. having 115 monomer repeats

115

(“PMOZ 4” with n = 115 i.e. having 115 monomer repeats);
- about 29 mol% to about 41 mol% cholesterol; and

15 - one or more nucleic acid, preferably an mRNA.

In another embodiment, the lipid nanoparticle preferably comprises one or more nucleic acid, preferably an mRNA,
and the lipid composition of the lipid nanoparticle is selected from the group consisting of
(i) about 49 mol% C24, about 40 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS,
20 and about 1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats;

(i) about 59 mol% C24, about 30 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS,
and about 1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats;

(iiiy about 49 mol% C24, about 40.5 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol%
DPhyPS, and about 0.5 mol% PMOZ 4 with n = 115 i.e. having 115 monomer repeats; and

25 (iv) about 49 mol% C24, about 40 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS,
and about 1 mol% PMOZ 4 with n = 115 i.e. having 115 monomer repeats.

In another embodiment, the lipid nanoparticle preferably comprises one or more nucleic acid, preferably an mRNA,
and the lipid composition of the lipid nanoparticle is selected from the group consisting of
30 (i) about 59 mol% C28, about 30 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and about
1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats; and
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(ii) about 49 mol% C28, about 40 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and about
1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats.

In another embodiment, the lipid nanoparticle preferably comprises one or more nucleic acid, preferably an mRNA,
and about 49 mol% C29, about 40 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS,

and about 1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats.

In another aspect, the lipid nanoparticle preferably comprises:

- about 45 mol% to about 65 mol% of an ionizable lipid, preferably an ionizable lipid according to formula (II)
as shown herein below and above, more preferably the ionizable lipid C24, the ionizable lipid C28 or the
ionizable lipid C29;

- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% DPhyPE;

- about 2.5 mol% to about 5 mol% of a phosphatidylserine, preferably DPhyPS;

- about 25 mol% to about 45 mol% of a sterol, preferably cholesterol,

- about 1 mol% to about 2 mol% of a PEG-Ilipid, preferably DMG-PEG2000; and

- one or more nucleic acid, preferably an mRNA.

In another embodiment of the first aspect, the antigen is derived from a tumor antigen, a pathogenic antigen, an

allergenic antigen or an autoimmune self-antigen, preferably derived from a tumor antigen.

In another embodiment of the first aspect, the amount of the phosphatidylserine is not more than 9 mol%, preferably

not more than 5 mol%, of the total molar amount of all lipidic excipients in the composition.

In another embodiment of the first aspect, the carrier composition is a lipid nanoparticle composition. In yet another

embodiment, the lipid nanoparticle composition further comprises

(i) an ionizable lipid, preferably according to formula (Il), more preferably C24, C28 or C29, preferably C24;

(i) a steroid;

(i) a further phospholipid in addition to a phosphatidylserine which is preferably DPhyPS, preferably wherein the
further phospholipid is DPhyPE; and

(iv) a polymer conjugated lipid, preferably according to formula (1), more preferably “PMOZ 4”.

In another aspect, the present invention relates to a method of delivering a vaccine composition comprising at least
one nucleic acid encoding at least one antigen or fragment or variant thereof to the spleen or lymph nodes, wherein
the carrier composition comprises the phospholipid phosphatidylserine, as when compared to vaccine compositions
not comprising phosphatidylserine. Generally, in certain embodiments, this disclosure involves directing LNPs
comprising mRNA to the lymphatic system, specifically focusing on secondary lymphoid organs, notably the spleen.
In various embodiments, the targeted cells reside within lymph nodes or spleen cells themselves. Additionally, the
target may be an antigen-presenting cell, such as a professional antigen-presenting cell, or a dendritic cell within
the spleen. Consequently, the RNA compositions or formulations outlined herein could be utilized for conveying
RNA to these specified target cells. The lymphatic system, an integral part of both the circulatory and immune
systems, comprises a network of vessels transporting lymph. It encompasses lymphatic organs, a network of
vessels, and circulating lymph. Primary lymphoid organs, like the thymus and bone marrow, produce lymphocytes
from immature progenitor cells, while secondary lymphoid organs, including lymph nodes and the spleen, sustain

mature naive lymphocytes and trigger adaptive immune responses. Lipid-based RNA delivery systems naturally
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tend to accumulate in the liver due to the hepatic vasculature's discontinuous nature or lipid metabolism. In specific
embodiments, the intended site for RNA expression is the liver and its corresponding tissue. In further specific
preferred embodiments, the intended site for RNA expression is the spleen. In further specific preferred
embodiments, the intended site for RNA expression are the lymph nodes.

In the second aspect, the present invention is concerned with a pharmaceutical composition comprising the vaccine
composition according to the first aspect and a pharmaceutically acceptable carrier, diluent or excipient, preferably
wherein the pharmaceutical composition is a sterile solid composition for reconstitution with a sterile liquid carrier,
and wherein the composition further comprises one or more inactive ingredients selected from pH-modifying agents,
bulking agents, stabilizers, non-ionic surfactants and antioxidants, and wherein the sterile liquid carrier is an

aqueous carrier.

In the third aspect, the present invention relates to the vaccine composition according to the first aspect or the
pharmaceutical composition according to the second aspect for use in the treatment or prophylaxis of infectious
diseases; cancer or tumor diseases, disorders, or conditions; liver diseases selected from the group consisting of
liver fibrosis, liver cirrhosis and liver cancer; allergies; or autoimmune disease, disorder or condition; in a subject.
In a very preferred embodiment of the third aspect of the invention, the present invention relates to a vaccine
composition for use in the treatment or prophylaxis of a cancer or tumor disease.

In the fourth aspect, the present invention is concerned with a kit or kit of parts, comprising the vaccine composition
according to the first aspect or the pharmaceutical composition according to the second aspect, optionally
comprising a liquid vehicle for solubilizing, and, optionally, technical instructions providing information on
administration and dosage of the components.

In the fifth aspect, the present invention relates to a method of treatment or prophylaxis of cancer or tumor diseases,

disorders or conditions; infectious diseases; liver diseases selected from the group consisting of liver fibrosis, liver

cirrhosis and liver cancer; allergies; or autoimmune disease, disorder or condition; in a subject comprising the steps:

a) providing the vaccine composition of the first aspect or the pharmaceutical composition according to the second
aspect or the kit or kit of parts according to the fourth aspect; and

b) applying or administering the vaccine composition or the pharmaceutical composition or the kit or kit of parts to

a tissue or an organism of the subject.

In the sixth aspect, the present invention relates to a method of inducing an immune response in a subject, the
method comprising administering to the subject the vaccine composition of the first aspect or the pharmaceutical
composition of second aspect in an amount effective to produce an antigen-specific immune response in the

subject.

In the seventh aspect, the present invention is concerned with a use of a vaccine composition of the first aspect or
the pharmaceutical composition according to the second aspect or the kit or kit of parts according to the fourth
aspect for (i) inducing an immune response, for (ii) inducing an antigen specific T-cell response or preferably for (iii)

inducing CD8+ T cells responses, in a subject.

In other aspects, the present invention is concerned with a method of inducing interferon (IFN) production, the
method comprising administering to a subject in need the lipid nanoparticle, the pharmaceutical composition or the
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kit or kit of parts of the invention, whereby IFN production is increased following administration of aforementioned
lipid nanoparticle, the pharmaceutical composition or the kit or kit of parts of the invention.

In other aspects, the present invention is concerned with a method comprising: administering to a subject in need
the lipid nanoparticle, the pharmaceutical composition or the kit or kit of parts of the invention, in an amount sufficient
to induce an immune response in the subject, preferably wherein the immune response involves the production of
cytokines, more preferably wherein the immune response involves modulation of a type | IFN, type Il IFN, and/or
type |1l IFN.

In other aspects, the present invention is concerned with a method comprising: administering to a subject in need
the lipid nanoparticle, the pharmaceutical composition or the kit or kit of parts of the invention, in an amount sufficient
to induce an immune response in the subject, preferably wherein the immune response involves the production of
type | IFN, more preferably wherein the immune response involves modulation of IFN is IFNa, IFNb, IFNe, IFNk or
IFN, most preferably IFNa and/or IFNb.

In another aspect, the present invention relates to novel polymer conjugated lipids which are useful for the delivery
of nucleic acids into living cells.

In a specific aspect, the polymer conjugated lipids are compounds according to formula (1):
[PI-[linker]-[L] formula (1)
or a pharmaceutically acceptable salt, prodrug, tautomer or stereoisomer thereof, wherein

[Pl is a homopolymer moiety comprising at least one polyoxazoline (POZ) monomer unit

- L=

b = f]

wherein R is C1-9 alkyl or C2-9 alkenyl, preferably C1 or C2 alkyl, and n has a mean
value ranging from about 45 to about 55, preferably n is about 50 or wherein n is selected
such that the [P] moiety has an average molecular weight of about 4.2 kDa to about 4.4
kDa, or most preferably about 4.3 kDa

[linker] is an optional linker group, and

[L] is a lipid moiety.

In another embodiment, the polymer conjugated lipid comprises as [P] a heteropolymer moiety or homopolymer
moiety comprising multiple monomer units selected from the group consisting of
poly(2-methyl-2-oxazoline) (PMOZ)
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poly(2-propyl-2-oxazoline) (PPOZ)

poly(2-butyl-2-oxazoline) (PBOZ)

. o

poly(2-isopropyl-2-oxazoline) (PIPOZ)

poly(2-methoxymethyl-2-oxazoline) (PMeOMeOx), and

poly(2-dimethylamino-2-oxazoline) (PDMAOX),

preferably wherein [P] is a homopolymer moiety comprising multiple PMOZ or PEOZ monomer units, more
preferably wherein [P] comprises or preferably consists of multiple PMOZ monomer units,

wherein

(i) n has a mean value ranging from about 45 to about 55, preferably n is about 50 or wherein

(ii) n is selected such that the [P] moiety has an average molecular weight of about 4.2 kDa to about 4.4 kDa, or
most preferably about 4.3 kDa.

In very preferred embodiments, the homopolymer moieties [P] are selected from the group consisting of PMeOz50
(polymethyloxazoline or poly(2-methyl-2-oxazoline) with 50 repeats), PEtOz50 (polyethyloxazoline with 50 repeats),
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PMeQz25 (polymethyloxazoline with 25 repeats) and PEtOz25 (polyethyloxazoline with 25 repeats), preferably
PMeQz50 (polymethyloxazoline or poly(2-methyl-2-oxazoline) with 50 repeats).

In another embodiment, the polymer conjugated lipid is selected from the group consisting of a POZ-
monoacylglycerol conjugate, POZ-diacylglycerol conjugate, a POZ-dialkyloxypropyl conjugate, a POZ-steroid or
POZ-sterol conjugate, a POZ-phospholipid conjugate, a POZ-ceramide conjugate, and a mixture thereof. In a further
embodiment, the lipid moiety [L] comprises at least one straight or branched, saturated or unsaturated alkyl chain
containing from 6 to 30 carbon atoms, preferably wherein the lipid moiety [L] comprises at least one straight or
branched saturated alkyl chain, wherein the alkyl chain is optionally interrupted by one or more biodegradable
group(s) and/or optionally comprises one terminal biodegradable group, wherein the biodegradable group is
selected from the group consisting of but not limited to a pH-sensitive moiety, an alkyl or alkenyl moiety (C+.s alkyl
or Cz-¢ alkenyl), a zwitterionic linker, non-ester containing linker moieties and ester-containing linker moieties (—
C(0)O— or —OC(0)—), amido (—C(O)NH—), disulfide (—S—S—), carbonyl (—C(O)—), ether (—O—), thioether
(—S—), oxime (e.g., —C(H)=N—O— or —O— N=C(H)—), carbamate (—NHC(O)O—), urea (—NHC(O)NH—),
succinyl (—(0)CCH2CH2C(0)—), succinamidyl (—NHC(O)CH2CH2C(O)NH—), (—NHC(O)CH2CH2C(O)—), —
C(R5)=N—, —N=C(R%)—, —C(R%)=N—0—, —O—N=C(R%)—, —O—C(0)0—, —C(O)N(R?%), —N(R%)C(0)—, —
C(S)(NR®%)—, (NR®C(S)—, —N(R%)C(O)N(R%)—, —C(0)S—, —SC(0)—, —C(S)0O—, —OC(S)—, —OSi(R%)20—,
—C(0O)(CR3R4C(O)O—, or —OC(O)(CR3R%C(0)—, carbonate (—OC(O)O—), nitrogen (N), succinoyl, succinate,
phosphate esters (—O—(O)POH—O—), cyclic compound, heterocyclic compound, piperidine, pyrazine, pyridine,
piperazine, and sulfonate esters, as well as combinations thereof, wherein R3, R* and R® are, independently H or
alkyl (e.g. C1-C4 alkyl).

In a further embodiment, the lipid moiety [L] comprises two straight unsaturated alkyl chain containing from 6 to 30
carbon atoms, preferably wherein the lipid moiety [L] comprises at least one straight or branched saturated alkyl
chain, wherein the alkyl chain is optionally interrupted by one or more biodegradable group(s) and/or optionally
comprises one terminal biodegradable group, wherein the biodegradable group is selected from the group
consisting of but not limited to a pH-sensitive moiety, an alkyl or alkenyl moiety (C1-¢ alkyl or C2.¢ alkenyl), a
zwitterionic linker, non-ester containing linker moieties and ester-containing linker moieties (—C(O)O— or —
OC(0O)—), amido (—C(O)NH—), disulfide (—S—S—), carbonyl (—C(O)—), ether (—O—), thioether (—S—), oxime
(e.g., —C(H)=N—O— or —O— N=C(H)—), carbamate (—NHC(O)O—), urea (—NHC(O)NH—), succinyl (—
(O)CCH2CH2C(0)—), succinamidyl (—NHC(O)CH2CH2C(O)NH—), (—NHC(O)CH2CH2C(0)—), —C(R5)=N—, —
N=C(R%)—, —C(R%=N—0—, —O—N=C(R%)—, —O—C(0)0O—, —C(O)N(R®), —N(R%)C(0)—, —C(S)(NR®%)—,
(NR®C(S)—, —N(R*>C(O)N(R>)—, —C(0)S—, —SC(0)—, —C(S)0—, —OC(S)—, —OSi(R%:0—, —
C(O)(CR3R%C(0)0O—, or —OC(O)(CR3R*C(O)—, carbonate (—OC(O)O—), nitrogen (N), succinoyl, succinate,
phosphate esters (—O—(O)POH—O—), cyclic compound, heterocyclic compound, piperidine, pyrazine, pyridine,
piperazine, and sulfonate esters, as well as combinations thereof, wherein R3, R* and R® are, independently H or
alkyl (e.g. C1-C4 alkyl).

In a further embodiment, the lipid moiety [L] comprises two straight unsaturated alkyl chain each containing 14
carbon atoms.

In a further most preferred embodiment, the polymer conjugated lipid comprises a lipid moiety [L] comprising
ditetradecylamin and a linker group [linker], preferably wherein the linker group [linker] is (—NHC(O)CH2CH2C(O)—
). In a further preferred embodiment, the lipid moiety [L] comprises ditetradecylamin, wherein the linker moiety
[linker], preferably (—NHC(O)CH2CH2C(O)—), is forming an amide connection by connection to the N-atom of



10

15

20

25

30

35

WO 2024/184500 PCT/EP2024/056128

13

ditetradecylamin. In most preferred embodiments, the polymer conjugated lipid comprises a linker (—
NHC(O)CH2CH2C(0)—), wherein the linker is orientated in such way, that an carboxamide connection is formed

through connection to the N-atom of ditetradecylamin.

In a further most preferred embodiment, the polymer conjugated lipid comprises a lipid moiety [L] comprising

ditetradecylamin and a linker group [linker], preferably wherein the linker group [linker] is (C(O)CH2CH2C(O)NH). In

a further preferred embodiment, the lipid moiety [L] comprises ditetradecylamin, wherein the linker moiety [linker],
preferably (—NHC(O)CH2CH2C(O)—), is forming an amide connection by connection to the N-atom of

ditetradecylamin.

In a very preferred embodiment, the lipid moiety [L] is the lipid moiety as used in “PMOZ 4".

In a very preferred embodiment, the linker moiety [linker] is the linker moiety as used in “PMOZ 4".

In further most preferred embodiment, the invention relates to a polymer conjugated lipid having a lipid moiety [L],

being the lipid moiety as used in “PMOZ 4”. In another most preferred embodiment, the invention relates to a

polymer conjugated lipid having a linker moiety [linker], being the linker as used in “PMOZ 4"

HAC

H3CW 0 °
NNN H{\j;g;a

CH,

In another aspect, the invention provides novel lipid nanoparticles comprising a homopolymer moiety comprising at

least one polyoxazoline (POZ) monomer unit

A

F;’gcr

o w f]

wherein R is C1-9 alkyl or C2-9 alkenyl, preferably C1 or C2 alkyl, and n has a mean value ranging from
about 45 to about 55, preferably n is about 50 or wherein n is selected such that the [P] moiety has an
average molecular weight of about 4.2 kDa to about 4.4 kDa, or most preferably about 4.3 kDa,

preferably, wherein the homopolymer moiety comprising multiple monomer units comprises poly(2-methyl-
2-oxazoline) (PMOZ), poly(2-ethyl-2-oxazoline) (PEOZ), poly(2-propyl-2-oxazoline) (PPOZ), poly(2-butyl-2-
oxazoline) (PBOZ), poly(2-isopropyl-2-oxazoline)  (PIPOZ), poly(2-methoxymethyl-2-oxazoline)
(PMeOMeOx), or poly(2-dimethylamino-2-oxazoline) (PDMAOX).

Most preferably, R is C1 (i.e. CHs or methyl), yielding in polymethyloxazoline or poly(2-methyl-2-oxazoline) i.e.
‘PMOZ".

In further aspects, the invention provides vaccine compositions comprising the lipid nanoparticle of the invention,

or a kit or kit of parts comprising the inventive ionizable and polymer conjugated lipids for use as a medicament,
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and/or for prevention, prophylaxis, treatment and/or amelioration of a disease selected from infectious diseases
including viral, bacterial or protozoological infectious diseases, cancer or tumor diseases.

In a further aspect, the invention provides methods of treatment or prophylaxis of infectious diseases; cancer or
5 tumor diseases, disorders or conditions; liver diseases selected from the group consisting of liver fibrosis,
liver cirrhosis and liver cancer; allergies; or autoimmune disease; disorder or condition comprising the steps:
a) providing a lipid nanoparticle, comprising a homopolymer moiety comprising at least one
polyoxazoline (POZ) monomer, preferably the polymer conjugated lipid of the disclosure, the vaccine

composition, or the kit or kit of parts of the disclosure; and
10 b) applying or administering the mRNA, the lipid nanoparticle, the vaccine composition or the kit or kit

of parts to a tissue or an organism.
In another specific aspect, the present invention relates to lipid nanoparticles comprising novel polymer conjugated
lipids according to formula (I), novel ionizable lipids according to formula (Il), phosphatidylserine and DPhyPE,

15 which are useful for the delivery of nucleic acids into living cells.

In one aspect, the present invention relates to novel cationic lipids which are useful for the delivery of nucleic acids
into living cells. The cationic lipids are compounds according to formula (l1):

20 Ra-A-RP formula (I1)

wherein
R2 is selected from:

[s) 3
AJS\W/ e g I\/x\ 5.0 R 4
R T R
, o}

25 © , ,

—R'=N(H)-C(O)-R*-R*:

RP is selected from:
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© , of —R'=N(H)-C(0)-R*-R*, or
—R'-N(CHa)2;

Ais =S—, =5-S—, —S—C(0)— —_NH-C(O)—, -NH-C(0)O-, —~NH-C(O)~NH—, —S—C(O)-N(H)—, —C(O)O-, or

—O-P(O)(OH)-O-;

R' is an optionally substituted ethanediyl, propanediyl, butanediyl, or linear or unbranched alkanediyl
having 2 to 8 carbon atoms;

R2 s an alkanediyl having 2 to 8 carbon atoms;

R® is optional, and if present, is —R>~C(0)-O—, or —R5-0-C(0)-, —R*~C(O)-NH-, —R>~0OC(0)-NH-, or

RS-NH-C(0)O—;

R#is a lipophilic substituent with 12 to 36 carbon atoms;

RS is an alkanediyl having 1 to 6 carbon atoms;

X is a carbon or nitrogen atom;
wherein all selections are independent of one another,
optionally provided that if R", R? and R® are all ethanediyl, A is —=S—-S—, and R? and R are identical, then R* is not

2,

In this regard, an alkanediyl is a term for a (-CnH2n—) group; f.e. an “alkanediyl having 2 to 8 carbon atoms”
accordingly equals an alkanediyl group having the formula —C2Hs—, —C3Hs—, —C4Hg—, —CsH10—, —CsH12—, —C7H14—,
or respectively —CsH1e—. In other words, an alkanediyl is a series of divalent radicals of the general formula CnHzn

derived from aliphatic hydrocarbons. Unless specified otherwise, such alkanediyls include substituted alkanediyls.

In another embodiment, in case R, R2 and R® are all ethanediyl, A is —=S-S—, and R@ and RP are identical, then R*
is not
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2,

, or respectively in one embodiment, a lipid according to
formula (ll) is not lipid C23 as disclosed in Table 1 herein or respectively lipid SS-EC as described herein below
(for the avoidance of doubt i.e. in some selected embodiments, cationic lipid COATSOME® SS-EC is disclaimed

from embodiments which are related to cationic lipids according to formula (11)).

In another aspect, the invention provides novel compositions incorporating cationic lipids such as the novel cationic
lipids defined above.

The cationic lipids and the compositions have been found to be particularly effective in introducing nucleic acids
into living cells. For example, they enable improved RNA (e.g. mRNA) vaccines i.e. mRNA-based vaccines against

certain infectious diseases or tumors.

In further aspects, the invention provides the use of the compositions incorporating a cationic lipid and a nucleic
acid compound as medicines, and in particular as vaccines, as well as vaccination methods based on these

vaccines.

In another aspect of the present invention, the present invention also provides a kit, in particular a kit of parts,
comprising the mRNA compound comprising mRNA sequence as defined herein and at least one lipid according to

formula (I) or formula (ll) as defined herein.

In another aspect of the present invention, the present invention also provides a pharmaceutical composition
comprising a lipid nanoparticle of the disclosure, a kit or kit of parts of the disclosure, or the vaccine composition of
the disclosure for use in vaccination and/or treatment of a subject comprising an effective dose of mRNA encoding

a cancer antigen or virus antigen, preferably a cancer antigen.

In yet another aspect of the invention, the present invention provides improved lyophilizable lipid nanoparticles,
which have advantageous physiochemical properties after being Ilyophilized and reconstituted.

In yet another aspect of the invention, the present invention provides improved lipid nanoparticles, which have

advantageous physiochemical properties after being frozen and thawed.
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DEFINITIONS

For the sake of clarity and readability, the following scientific background information and definitions are provided.
Any technical features mentioned herein or disclosed thereby can be part of or may be read on each and every
embodiment of the invention. Additional definitions and explanations can be provided in the context of this

disclosure.

Unless defined otherwise, or unless the specific context requires otherwise, all technical terms used herein have
the same meaning as is commonly understood by a person skilled in the relevant technical field.

Unless the context indicates or requires otherwise, the words “comprise”, “comprises” and “comprising” and similar
expressions are to be construed in an open and inclusive sense, as “including, but not limited to” in this description
and in the claims. It also needs to be understood that for the purposes of the present invention, the term “consisting
of” is considered to be a preferred embodiment of the term “comprising”. If hereinafter a group is defined to comprise
at least a certain number of embodiments, this is also meant to encompass a group which preferably consists of

these embodiments only.

The expressions, “one embodiment”, “an embodiment”, “a specific embodiment” and the like mean that a particular
feature, property or characteristic, or a particular group or combination of features, properties or characteristics, as
referred to in combination with the respective expression, is present in at least one of the embodiments of the
invention. The occurrence of these expressions in various places throughout this description do not necessarily
refer to the same embodiment. Moreover, the particular features, properties or characteristics may be combined in
any suitable manner in one or more embodiments.

The singular forms “a”, “an” and “the” should be understood as to include plural references unless the context clearly

dictates otherwise.

Percentages in the context of numbers should be understood as relative to the total number of the respective items.
In other cases, and unless the context dictates otherwise, percentages should be understood as percentages by
weight (wt-%).

As used herein, a “compound” means a chemical substance, which is a material consisting of molecules having
essentially the same chemical structure and properties. For a small molecular compound, the molecules are
typically identical with respect to their atomic composition and structural configuration. For a macromolecular or
polymeric compound, the molecules of a compound are highly similar but not all of them are necessarily identical.
For example, a segment of a polymer that is designated to consist of 50 monomeric units may also contain individual

molecules with e.g. 48 or 53 monomeric units.

The term “molecule” may either be used as a synonym for “compound” or for an individual (i.e. a single) molecule.

Any reference to a compound or moiety having a functional group which is ionizable under physiological conditions
should be understood as including the ionized form of the respective compound or moiety. Vice versa, any reference
to a compound or moiety having an ionized functional group which may also exist in the non-ionized form under
physiological conditions should be understood as including the non-ionized form of the respective compound or
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moiety. For example, the disclosure of a compound having a carboxyl group should be interpreted as referring to
the respective compound with non-ionized carboxyl group or with the ionized carboxylate group.

As used herein, “physiological conditions” refers to an aqueous environment having a pH that is within the pH range
known from human physiology, including both extra- and intracellular conditions. An approximation of this pH range
is from about pH 1 to about pH 9. Depending on the context, physiological conditions may also refer to approximately
neutral conditions, such as from about pH 5 to about pH 8.5, or from about pH 5.5 to about pH 8.

A lipidoid compound, also simply referred to as lipidoid, is a lipid-like compound, i.e. an amphiphilic compound with
lipid-like physical properties. In the context of the present invention, the term lipid is considered to encompass
lipidoids.

In the context of the present invention, the term “selected from the group consisting of” followed by a certain group
of elements (e.g. “A, B and C") is meant within the context of the invention to be not limited to said group. In other
words, such a term does not indicate that the disclosure is closed to unrecited elements, i.e. also alternative
meanings are comprised within the group following this term. Therefore, in the context of the present invention, the
term "selected from the group consisting of” followed by a certain group of elements (i.e. “A, B and C”) should be
understood as “selected from A, B, and C” or alternatively “is A, B, or C’ encompassing also other structurally and
functionally related and unrelated but not mentioned elements.

The term “about” is used when parameters or values do not necessarily need to be identical, i.e. 100% the same.
Accordingly, “about” means, that a parameter or values may or may not diverge by 0.1% to 20%, preferably by 0%
(i.e. preferably being identical with the value given after “about”) and also preferably by 0.1% to 10%; in particular,
by 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%.
The skilled person will know that e.g. certain parameters or values may slightly vary based on the method how the
parameter was determined. For example, if a certain parameter or value is defined herein to have e.g. a length of
“about 1000 nucleotides”, the length may diverge by 0.1% to 20%, preferably by 0.1% to 10%; in particular, by
0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%.
Accordingly, the skilled person will know that in that specific example, the length may diverge by 1 to 200
nucleotides, preferably by 1 to 100 nucleotides; in particular, by 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200 nucleotides. In other words, the term “about” preferably refers to the exact
values or parameters as given after the term “about”, but also preferably to values or parameters diverging as
described above (i.e. about 1 mol% may mean 1% but the value may also diverge as described above).

The term “cationic” means, unless a different meaning is clear from the specific context, that the respective structure
bears a positive charge, either permanently or not permanently but in response to certain conditions such as e.g.
pH. Thus, the term “cationic” covers both “permanently cationic” and “cationisable” or “ionizable” and vice versa.
The term “cationisable” as used herein means that a compound, or group or atom, is positively charged at a lower
pH and uncharged at a higher pH of its environment. Also in non-aqueous environments where no pH value can be
determined, a cationisable compound, group or atom is positively charged at a high hydrogen ion concentration
and uncharged at a low concentration or activity of hydrogen ions. It depends on the individual properties of the
cationisable or polycationisable compound, in particular the pKa of the respective cationisable group or atom, at
which pH or hydrogen ion concentration it is charged or uncharged. In diluted aqueous environments, the fraction
of cationisable compounds, groups or atoms bearing a positive charge may be estimated using the so-called

Henderson-Hasselbalch equation which is well-known to a person skilled in the art. E.g., if a compound or moiety
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is cationisable, it is preferred that it is positively charged at a pH value of about 1 to 9, preferably 4to 9, 510 8 or
even 6 to 8, more preferably of a pH value of or below 9, of or below 8, of or below 7, most preferably at physiological
pH values, e.g. about 7.3 to 7.4, i.e. under physiological conditions, particularly under physiological salt conditions
of the cell in vivo. In preferred embodiments, it is preferred that the cationisable compound or moiety is
predominantly neutral at physiological pH values, e.g. about 7.0-7.4, but becomes positively charged at lower pH
values. In some embodiments, the preferred range of pKa for the cationisable compound or moiety is about 5 to
about 7. In some embodiments, the protonatable lipids have a pKa of the protonatable group in the range of about
4 to about 11, e.g., a pKas of about 5 to about 7.

Unless a different meaning is clear from the specific context, the term “cationic” means that the respective structure
bears a positive charge, either permanently, or not permanently but in response to certain conditions such as pH.
Thus, the term “cationic” covers both "permanently cationic" and “cationisable”. For example, a compound or moiety
with a primary, secondary or tertiary amino group is cationic, and more specifically, cationisable, as it may exist
predominantly in the positively charged state under physiological conditions.

As used herein, “permanently cationic” means that the respective compound, or group or atom, is positively charged
at any pH value or hydrogen ion activity of its environment. Very often, the positive charge results from the presence
of a quaternary nitrogen atom. Where a compound carries a plurality of such positive charges, it may be referred to
as permanently polycationic, which is a subcategory of permanently cationic.

Similarly, the terms “anionic”, “anionizable” and “permanently anionic” are used to have the analog meaning as

“cationic”, “cationisable” and “permanently cationic”, except that the charge of the respective compound, group or
atom is negative rather than positive.

The expression “neutral”, when applied to a compound such as a lipid or a steroid, or to a group or moiety, either
means that it is neither cationic nor anionic, such as a compound having no functional groups that are ionizable
under physiological conditions as, for example, like a hydrocarbon; or it is both cationic and anionic, i.e. zwitterionic,
under typical physiological conditions, such as a typical native phosphatidylcholine.

A “lipid”, as used herein, refers to a group of organic compounds that are derivatives of fatty acids (e.g., esters) and
are generally characterized by being insoluble in water but soluble in many organic solvents. Lipids are usually
divided in at least three classes: (1) “simple lipids” which include fats and oils as well as waxes; (2) “compound
lipids” which include phospholipids and glycolipids; and (3) “derived lipids” such as steroids. Regarding glycolipids,
in certain embodiments, the LNP comprises glycolipids (e.g., monosialoganglioside GM»).

In this context, the prefix “poly-" refers to a plurality of atoms or groups having the respective property in a
compound. If put in parenthesis, the presence of a plurality is optional. For example, (poly)cationic means cationic
and/or polycationic. However, the absence of the prefix should not be interpreted such as to exclude a plurality. For
example, a polycationic compound is also a cationic compound and may be referred to as such.

The term “nucleic acid” means any compound comprising, or consisting of, DNA or RNA. The term may be used
for a polynucleotide and/or oligonucleotide. Wherever herein reference is made to a nucleic acid or nucleic acid
sequence encoding a particular protein and/or peptide, said nucleic acid or nucleic acid sequence, respectively,
preferably also comprises regulatory sequences allowing in a suitable host, e.g. a human being, its expression, i.e.

transcription and/or translation of the nucleic acid sequence encoding the particular protein or peptide.
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In particularly preferred embodiments, the artificial nucleic acid, nucleic acid or RNA is an mRNA, more preferably
an isolated mRNA. mRNA technology is specifically preferred in the context of the invention because mRNA allows
for regulated dosage, transient and controlled expression as when compared to viral systems, complete degradation
of the mRNA after protein synthesis, and does not pose the risk of insertional mutations.

In the context of the present invention, the term “nucleoside modification” refers to nucleic acids such as mRNA
compounds or molecules comprising nucleosides which do not normally occur in native mRNA, preferably non-
natural nucleosides. In particular, the term preferably refers to mRNA nucleosides other than adenine, guanine,

cytosine, uracil and thymine.

The term “nucleoside” generally refers to compounds consisting of a sugar, usually ribose or deoxyribose, and a
purine or pyrimidine base. The term “nucleotide” generally refers to a nucleoside comprising a phosphate group
attached to the sugar.

A “peptide” means an oligomer or polymer of at least two amino acid monomers linked by peptide bonds. The term
does not limit the length of the polymer chain of amino acids. A peptide may, for example, contain less than 50
monomer units. Longer peptides are also called polypeptides, typically having 50 to 600 monomeric units, more
specifically 50 to 300 monomeric units.

A “protein” comprises or consists of one or more polypeptides folded into a 3-dimensional form, facilitating a

biological function.

Immune system: The immune system may protect organisms from infection. If a pathogen breaks through a physical
barrier of an organism and enters this organism, the innate immune system provides an immediate, but non-specific
response. If pathogens evade this innate response, vertebrates possess a second layer of protection, the adaptive
immune system. Here, the immune system adapts its response during an infection to improve its recognition of the
pathogen. This improved response is then retained after the pathogen has been eliminated, in the form of an
immunological memory, and allows the adaptive immune system to mount faster and stronger attacks each time
this pathogen is encountered. According to this, the immune system comprises the innate and the adaptive immune

system. Each of these two parts contains so called humoral and cellular components.

Immune response: An immune response may typically either be a specific reaction of the adaptive immune system
to a particular antigen (so called specific or adaptive immune response) or an unspecific reaction of the innate
immune system (so called unspecific or innate immune response). The invention relates to the core to specific
reactions (adaptive immune responses) of the adaptive immune system. Particularly, it relates to adaptive immune
responses to infections by viruses like e.g. Influenza viruses. Preferably, it also relates to immune responses after
administration of a cancer vaccine to a cancer patient. The specific response can be supported by an additional
unspecific reaction (innate immune response). Therefore, the invention also relates to a compound for simultaneous
stimulation of the innate and the adaptive immune system to evoke an efficient adaptive immune response.

Adaptive immune system: The adaptive immune system is composed of highly specialized, systemic cells and
processes that eliminate or prevent pathogenic growth. The adaptive immune response provides the vertebrate
immune system with the ability to recognize and remember specific pathogens (to generate immunity), and to mount

stronger attacks each time the pathogen is encountered. The system is highly adaptable because of somatic
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hypermutation (a process of increased frequency of somatic mutations), and V(D)J recombination (an irreversible
genetic recombination of antigen receptor gene segments). This mechanism allows a small number of genes to
generate a vast number of different antigen receptors, which are then uniquely expressed on each individual
lymphocyte. Because the gene rearrangement leads to an irreversible change in the DNA of each cell, all of the
progeny (offspring) of that cell will then inherit genes encoding the same receptor specificity, including the Memory
B cells and Memory T cells that are the keys to long-lived specific immunity. Immune network theory is a theory of
how the adaptive immune system works, that is based on interactions between the variable regions of the receptors
of T cells, B cells and of molecules made by T cells and B cells that have variable regions.

Adaptive immune response: The adaptive immune response is typically understood to be antigen-specific. Antigen
specificity allows for the generation of responses that are tailored to specific antigens, pathogens or pathogen-
infected cells. The ability to mount these tailored responses is maintained in the body by “memory cells”. Should a
pathogen infect the body more than once, these specific memory cells are used to quickly eliminate it. In this context,
the first step of an adaptive immune response is the activation of naive antigen-specific T cells or different immune
cells able to induce an antigen-specific immune response by antigen-presenting cells. This occurs in the lymphoid
tissues and organs through which naive T cells are constantly passing. Cell types that can serve as antigen-
presenting cells are inter alia dendritic cells, macrophages, and B cells. Each of these cells has a distinct function
in eliciting immune responses. Dendritic cells take up antigens by phagocytosis and macropinocytosis and are
stimulated by contact with e.g. a foreign antigen to migrate to the local lymphoid tissue, where they differentiate into
mature dendritic cells. Macrophages ingest particulate antigens such as bacteria and are induced by infectious
agents or other appropriate stimuli to express MHC molecules. The unique ability of B cells to bind and internalize
soluble protein antigens via their receptors may also be important to induce T cells. Presenting the antigen on MHC
molecules leads to activation of T cells which induces their proliferation and differentiation into armed effector T
cells. The most important function of effector T cells is the killing of infected cells by CD8+ cytotoxic T cells and the
activation of macrophages by Th1 cells which together make up cell-mediated immunity, and the activation of B
cells by both Th2 and Th1 cells to produce different classes of antibody, thus driving the humoral immune response.
T cells recognize an antigen by their T cell receptors which do not recognize and bind antigen directly, but instead
recognize short peptide fragments e.g. of pathogen-derived protein antigens, which are bound to MHC molecules
on the surfaces of other cells.

Cellular immunity/cellular immune response: Cellular immunity relates typically to the activation of macrophages,
natural killer cells (NK), antigen-specific cytotoxic T-lymphocytes, and the release of various cytokines in response
to an antigen. In a more general way, cellular immunity is not related to antibodies but to the activation of cells of
the immune system. A cellular immune response is characterized e.g. by activating antigen-specific cytotoxic T-
lymphocytes that are able to induce apoptosis in body cells displaying epitopes of an antigen on their surface, such
as virus-infected cells, cells with intracellular bacteria, and cancer cells displaying tumor antigens; activating
macrophages and natural killer cells, enabling them to destroy pathogens; and stimulating cells to secrete a variety
of cytokines that influence the function of other cells involved in adaptive immune responses and innate immune
responses.

Humoral immunity/humoral immune response: Humoral immunity refers typically to antibody production and the
accessory processes that may accompany it. A humoral immune response may be typically characterized, e.g., by
Th2 activation and cytokine production, germinal center formation and isotype switching, affinity maturation and
memory cell generation. Humoral immunity also typically may refer to the effector functions of antibodies, which
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include pathogen and toxin neutralization, classical complement activation, and opsonin promotion of phagocytosis

and pathogen elimination.

Innate immune system: The innate immune system, also known as non-specific immune system, comprises the
cells and mechanisms that defend the host from infection by other organisms in a non-specific manner. This means
that the cells of the innate system recognize and respond to pathogens in a generic way, but unlike the adaptive
immune system, it does not confer long-lasting or protective immunity to the host. The innate immune system may
be e.g. activated by ligands of pathogen-associated molecular patterns (PAMP) receptors, e.g. Toll-like receptors
(TLRs) or other auxiliary substances such as lipopolysaccharides, TNF-alpha, CD40 ligand, or cytokines,
monokines, lymphokines, interleukins or chemokines, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12,
IL-13, IL-14, IL-15, IL-16, IL-17, IL-18, IL-19, IL-20, IL-21, IL-22, IL-23, IL-24, IL-25, IL-26, IL-27, IL-28, IL-29, IL-30,
IL-31, IL-32, IL-33, IFN-alpha, IFN-beta, IFN-gamma, GM-CSF, G-CSF, M-CSF, LT-beta, TNF-alpha, growth
factors, and hGH, a ligand of human Toll-like receptor TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLRS8, TLR9,
TLR10, a ligand of murine Toll-like receptor TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLR8, TLR9, TLR10,
TLR11, TLR12 or TLR13, a ligand of a NOD-like receptor, a ligand of a RIG-I like receptor, an immunostimulatory
nucleic acid, an immunostimulatory RNA (isRNA), a CpG-DNA, an antibacterial agent, or an anti-viral agent.
Typically a response of the innate immune system includes recruiting immune cells to sites of infection, through the
production of chemical factors, including specialized chemical mediators, called cytokines; activation of the
complement cascade; identification and removal of foreign substances present in organs, tissues, the blood and
lymph, by specialized white blood cells; activation of the adaptive immune system through a process known as
antigen presentation; and/or acting as a physical and chemical barrier to infectious agents.

Adjuvant/adjuvant component: An adjuvant or an adjuvant component in the broadest sense is typically a (e.g.
pharmacological or immunological) agent or composition that may modify, e.g. enhance, the efficacy of other
agents, such as a drug or vaccine. Conventionally the term refers in the context of the invention to a compound or
composition that serves as a carrier or auxiliary substance for immunogens and/or other pharmaceutically active
compounds. It is to be interpreted in a broad sense and refers to a broad spectrum of substances that are able to
increase the immunogenicity of antigens incorporated into or co-administered with an adjuvant in question. In the
context of the present invention an adjuvant will preferably enhance the specific immunogenic effect of the active
agents of the present invention. Typically, “adjuvant” or “adjuvant component” has the same meaning and can be
used mutually. Adjuvants may be divided, e.g., into immunopotentiators, antigenic delivery systems or even

combinations thereof.

The term “adjuvant” is typically understood not to comprise agents which confer immunity by themselves. An
adjuvant assists the immune system unspecifically to enhance the antigen-specific immune response by e.g.
promoting presentation of an antigen to the immune system or induction of an unspecific innate immune response.
Furthermore, an adjuvant may preferably e.g. modulate the antigen-specific immune response by e.g. shifting the
dominating Th2-based antigen specific response to a more Th1-based antigen specific response or vice versa.
Accordingly, an adjuvant may favorably modulate cytokine expression/secretion, antigen presentation, type of

immune response etc.

Immunostimulatory RNA: An immunostimulatory RNA (isRNA) in the context of the invention may typically be an
RNA that is able to induce an innate immune response itself. It usually does not have an open reading frame and
thus does not provide a peptide-antigen or immunogen but elicits an innate immune response e.g. by binding to a
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specific kind of Toll-like-receptor (TLR) or other suitable receptors. However, of course also mRNAs having an open
reading frame and coding for a peptide/protein (e.g. an antigenic function) may induce an innate immune response.

The term “antibody” as used herein, includes both an intact antibody and an antibody fragment. Typically, an intact
“antibody” is an immunoglobulin that specifically binds to a particular antigen. An antibody may be a member of any
immunoglobulin class, including any of the human classes: IgG, IgM, IgE, IgA and IgD. Typically, an intact antibody
is a tetramer. Each tetramer consists of two identical pairs of polypeptide chains, each pair having a “light” chain
and a “heavy” chain. An “antibody fragment” includes a portion of an intact antibody, such as the antigen-binding
or variable region of an antibody. Examples of antibody fragments include Fab, Fab', F(ab") 2 and Fv fragments;
the tribes; Tetra; linear antibodies; single-chain antibody molecules; and multi specific antibodies formed from
antibody fragments. E.g., the antibody fragments comprise isolated fragments, “Fv" fragments consisting of heavy
and light chain variable regions, recombinant single chain polypeptide molecules in which the light and heavy chain
variable regions are linked together by a peptide linker (“ScFv Proteins”) and minimal recognition units consisting
of amino acid residues that mimic the hypervariable region. Examples of antigen-binding fragments of an antibody
include, but are not limited to, Fab fragment, Fab' fragment, F (ab) 2 fragment, scFv fragment, Fv fragment, dsFv
diabody, dAb fragment, fragment Fd', Fd fragment and an isolated complementarity determining region (CDR).
Suitable antibodies that may be encoded by the therapeutic RNA of the invention include monoclonal antibodies,
polyclonal antibodies, antibody mixtures or cocktails, human or humanized antibodies, chimeric antibodies, Fab
fragments, or bispecific antibodies. In the context of the invention, an antibody may be provided by the at least one

therapeutic RNA of the inventive combination/composition.

The term “antigen” in the context of the present invention refers typically to a substance which may be recognized
by the immune system, preferably by the adaptive immune system, and is capable of triggering an antigen-specific
immune response, e.g. by formation of antibodies and/or antigen-specific T cells as part of an adaptive immune
response. Typically, an antigen may be or may comprise a peptide or protein which may be presented by the MHC
to T-cells. In the sense of the present invention an antigen may be the product of translation of a provided nucleic
acid molecule, preferably an mRNA as defined herein. In this context, also fragments, variants and derivatives of
peptides and proteins comprising at least one epitope are understood as antigen. Accordingly, the term “antigen”
as used herein will be recognized and understood by the person of ordinary skill in the art, and is e.g. intended to
refer to a substance which may be recognized by the immune system, preferably by the adaptive immune system,
and is capable of triggering an antigen-specific immune response, e.g. by formation of antibodies and/or antigen-
specific T cells as part of an adaptive immune response. Typically, an antigen may be or may comprise a peptide
or protein which may be presented by the MHC to T-cells. Also fragments, variants and derivatives of peptides or
proteins derived from e.g. cancer antigens comprising at least one epitope may be understood as antigens. In the
context of the present invention, an antigen may be the product of translation of a provided therapeutic RNA (e.g.
coding RNA, replicon RNA, mRNA). The term “antigenic peptide or protein” will be recognized and understood by
the person of ordinary skill in the art, and is e.g. intended to refer to a peptide or protein derived from a (antigenic)
protein which may stimulate the body's adaptive immune system to provide an adaptive immune response.
Therefore an “antigenic peptide or protein” comprises at least one epitope or antigen of the protein it is derived from
(e.g. a tumor antigen, a viral antigen, a bacterial antigen, a protozoan antigen). In the context of the invention, an

antigen may be provided by the at least one therapeutic RNA of the inventive combination/composition.

The term “derived from” as used throughout the present specification in the context of a nucleic acid, i.e. for a
nucleic acid “derived from” (another) nucleic acid, means that the nucleic acid, which is derived from (another)
nucleic acid, shares e.g. at least about 50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
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or about 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 U by 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, the term “derived from” means that the amino acid sequence, which is derived
from (another) amino acid sequence, shares e.g. at least about 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or about 99% sequence identity with the amino acid sequence from which it is derived.

Epitope (also called “antigen determinant”): T cell epitopes or parts of the proteins in the context of the present
invention may comprise fragments preferably having a length of about 6 to about 20 or even more amino acids, e.g.
fragments as processed and presented by MHC class | molecules, preferably having a length of about 8 to about
10 amino acids, e.g. 8, 9, or 10, (or even 11, or 12 amino acids), or fragments as processed and presented by MHC
class Il molecules, preferably having a length of about 13 or more amino acids, e.g. 13, 14, 15, 16, 17, 18, 19, 20
or even more amino acids, wherein these fragments may be selected from any part of the amino acid sequence.
These fragments are typically recognized by T cells in form of a complex consisting of the peptide fragment and an
MHC molecule.

B cell epitopes are typically fragments located on the outer surface of (native) protein or peptide antigens as defined
herein, preferably having 5 to 15 amino acids, more preferably having 5 to 12 amino acids, even more preferably

having 6 to 9 amino acids, which may be recognized by antibodies, i.e. in their native form.

Such epitopes of proteins or peptides may furthermore be selected from any of the herein mentioned variants of
such proteins or peptides. In this context antigenic determinants can be conformational or discontinuous epitopes
which are composed of segments of the proteins or peptides as defined herein that are discontinuous in the amino
acid sequence of the proteins or peptides as defined herein but are brought together in the three-dimensional

structure or continuous or linear epitopes which are composed of a single polypeptide chain.

A “tolerogenic composition” is a composition that promotes immune tolerance in cells or cellular systems to an
antigen, wherein the antigen may be a self-antigen or a non-self antigen. In other words, there is no immune
response or a reduced immune response to the antigen. Contrary thereto, a vaccine composition according to the
present invention induces an immune response to a specific antigen, namely the antigen encoded by the at least
one nucleic acid. The antigen may also be a self-antigen or a non-self antigen, and the overall aim of a vaccine
composition of the present invention is to create a (strong) immune response to this antigen, wherein the overall
aim of a tolerogenic composition is to at least partly, at best completely, suppress an immune response to this

antigen.

A “tolerogenic nucleic acid” is a nucleic acid that promotes immune tolerance in cells or cellular systems to an
antigen, wherein the nucleic acid may be a chemically modified mRNA and/or encode a tolerogenic polypeptide.
Contrary thereto, the at least one nucleic acid according to the present invention encodes at least one antigen or

fragment thereof, against which a (strong) immune response is desired and induced upon administration.
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A “tolerogenic polypeptide” is a polypeptide that promotes immune tolerance in cells or cellular systems, typically
by decreasing the immune response via acting on underlying pathways, in particular by inhibiting underlying
mediators in such pathways. Thus, a tolerogenic polypeptide may be an inhibitor of mTOR, IL-2, IL-10 or an antibody
reactive to CD3 or CD40. Contrary thereto, the at least one antigen or fragment thereof according to the present
invention does not promote immune tolerance in cells or cellular systems but induces a (strong) immune response

against itself.

A tolerogenic composition may in particular comprise a tolerogenic nucleic acid, wherein the tolerogenic nucleic
acid promotes immune tolerance as described above. The tolerogenic composition may in addition comprise a
specific antigen, with the result that there is no immune response to this specific antigen or that the immune
response to this specific antigen is reduced due to the presence of the tolerogenic nucleic acid. Contrary thereto,
the vaccine composition according to the present invention in a preferred embodiment does not comprise an antigen
but of course still comprises the at least one nucleic acid encoding at least one antigen or fragment thereof, since
it is the overall aim of the vaccine composition of the present invention to elucidate a (strong) immune response
towards the encoded at least one antigen or fragment thereof (and not, as is the aim of the tolerogenic composition,
to block or reduce an immune response towards the co-administered antigen). In yet another preferred embodiment,
the vaccine composition according to the present invention comprises the at least one nucleic acid encoding at
least one antigen or fragment thereof as the only payload, and therefore cannot comprise an antigen (as does the

tolerogenic composition discussed in this paragraph in addition to the tolerogenic nucleic acid).

According to the invention, the term "vaccine" relates to a pharmaceutical preparation (pharmaceutical composition)
or product that upon administration induces an immune response, in particular a cellular immune response and/or
a humoral immune response, which is suitable for recognizing and attacking a pathogen or a diseased cell such as
a cancer cell. A vaccine may be used for the prevention or treatment of a disease.The terms “prophylactic vaccine”
or “prophylactic agent”: both terms refer to any agent that, when administered to a subject, has a prophylactic effect
and/or elicits a desired biological and/or pharmacological effect. Related, this definition is true for the term
“prophylactic vaccination”. The terms “therapeutic vaccine” or “therapeutic agent”: both terms refer to any agent
that, when administered to a subject, has a therapeutic, and/or prophylactic effect and/or elicits a desired biological
and/or pharmacological effect. Related, this definition is true for the term “therapeutic vaccination”. In this regard,
the use of the pharmaceutical composition, prophylactic or therapeutic vaccine or agent is a medicament for
therapeutically or prophylactically raising an immune response of a subject in need thereof. Also in this regard, the
term “vaccine” is typically understood to be a prophylactic or therapeutic material providing at least one antigen or
antigenic function. The antigen or antigenic function may stimulate the body’s adaptive immune system to provide

an adaptive immune response.

The term “antigen-providing mRNA” in the context of the invention may typically be an mRNA, having at least one
open reading frame that can be translated by a cell or an organism provided with that mRNA. The product of this
translation is a peptide or protein that may act as an antigen, preferably as an immunogen. The product may also
be a fusion protein composed of more than one immunogen, e.g. a fusion protein that consist of two or more
epitopes, peptides or proteins derived from the same or different virus-proteins, wherein the epitopes, peptides or

proteins may be linked by linker sequences.

The term “artificial MRNA”" (sequence) may typically be understood to be an mRNA molecule, that does not occur

naturally. In other words, an artificial mMRNA molecule may be understood as a non-natural mMRNA molecule. Such
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mRNA 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. Typically, artificial
mRNA 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.

In a very preferred embodiment, the nucleic acid of the invention is an “isolated” mRNA.

“Isolated”: As used herein, the term "isolated", in regard to a nucleic acid molecule, preferably an isolated mRNA,
or a polypeptide, means that the nucleic acid molecule, preferably isolated mRNA, or polypeptide is in a condition
other than its native environment, such as apart from blood and/or animal tissue. In some embodiments, an isolated
nucleic acid molecule, preferably isolated mRNA, or polypeptide is substantially free of other nucleic acid molecules
or other polypeptides, particularly other nucleic acid molecules or polypeptides of animal origin. In some
embodiments, the nucleic acid molecule, preferably isolated mRNA, or polypeptide can be in a highly purified form,
i.e., greater than 95% pure or greater than 99% pure. When used in this context, the term "isolated" does not
exclude the presence ofthe same nucleic acid molecule or polypeptide in alternative physical forms, such as dimers
or alternatively phosphorylated or derivatized forms. Isolated substances may also have varying levels of purity in
reference to the substances from which they have been associated. Isolated substances and/or entities may also
be separated from at least about 10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%,
about 80%, about 90%, or more of the other components with which they were initially associated. In some
embodiments, isolated agents are more than about 80%, about 85%, about 90%, about 91%, about 92%, about
93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or more than about 99% pure. As
used herein, a substance is “pure” if it is substantially free of other components. In the context of the present
invention, description and claims, the term “mRNA” preferably means an “isolated mRNA" and vice versa.

The terms “heterologous” or “heterologous sequence” as used throughout the present specification in the context
of a nucleic acid sequence or an amino acid sequence refers to a sequence (e.g. DNA, RNA, amino acid) will be
recognized and understood by the person of ordinary skill in the art, and is intended to refer to a sequence that is
derived from another gene, from another allele, from another species. Two sequences are typically understood to
be “heterologous” if they are not derivable from the same gene or in the same allele. |.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 e.g. in the same RNA or protein.

Bi-/multicistronic mRNA: mRNA, that typically may have two (bicistronic) or more (multicistronic) open reading
frames (ORF) (coding regions or coding sequences). An open reading frame in this context is a sequence of several
nucleotide triplets (codons) that can be translated into a peptide or protein. Translation of such an mRNA yields two
(bicistronic) or more (multicistronic) distinct translation products (provided the ORFs are not identical). For

expression in eukaryotes such mRNAs may for example comprise an internal ribosomal entry site (IRES) sequence.

Monocistronic mMRNA: A monocistronic mRNA may typically be an mRNA, that comprises only one open reading
frame (coding sequence or coding region). An open reading frame in this context is a sequence of several nucleotide

triplets (codons) that can be translated into a peptide or protein.
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3'-untranslated region (3'-UTR): A 3'-UTR is typically the part of an mRNA which is located between the protein
coding region (i.e. the open reading frame) and the poly(A) sequence of the mRNA. 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 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 3’ to the stop codon
of the protein coding region, preferably immediately 3’ to the stop codon of the protein coding region, and which
extends to the 5'-side of the poly(A) sequence, preferably to the nucleotide immediately 5’ to the poly(A) sequence.
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 an albumin 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 of the 3'-UTR.

5’-untranslated region (5’-UTR): A §'-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 or a 5'-Terminal Oligopyrimidine Tract. The 5’-UTR may be post-transcriptionally
modified, for example by addition of a §'-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 mRNA
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”, such as “a 5'-UTR of a TOP 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.

5'-Terminal Oligopyrimidine Tract (TOP): The 5'-terminal oligopyrimidine tract (TOP) is typically a stretch of
pyrimidine nucleotides located at the 5’-terminal region of a nucleic acid molecule, such as the 5’-terminal region of
certain mMRNA molecules or the §’-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, 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. The pyrimidine
stretch and thus the 5'-TOP ends one nucleotide 5’ to the first purine nucleotide located downstream of the TOP.
Messenger RNA that contains a 5'-terminal oligopyrimidine tract is often referred to as TOP mRNA. Accordingly,
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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 purine 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
inventive mRNA, the 5'-UTR element of the inventive mRNA, 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 5’-UTR or a §’-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 characterized by the presence of a 5'-terminal oligopyrimidine tract.
Furthermore, most TOP genes are characterized by a growth-associated translational regulation. 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 nucleotide located 5’ to the start codon. A5'-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 NO:1-1363, SEQ
ID NO:1395, SEQ ID NO:1421 and SEQ ID NO:1422 of the international patent application W02013143700 or
homologs or variants thereof, 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 term “5'-
UTR of a TOP gene” preferably refers to the §'-UTR of a naturally occurring TOP gene.

Fragment of a nucleic acid sequence, particularly an mRNA: A fragment of a nucleic acid sequence consists of a
continuous stretch of nucleotides corresponding to a continuous stretch of nucleotides in the full-length nucleic acid
sequence which is the basis for the nucleic acid sequence ofthe fragment, 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
nucleic acid sequence. Such a fragment, in the sense of the present invention, is preferably a functional fragment
of the full-length nucleic acid sequence.
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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%,
1%, 72%, 73%, 74%, 75%, 76%, 7%, 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.

Variant of a nucleic acid sequence, particularly an mRNA: A variant of a nucleic acid sequence refers to a variant
of nucleic acid sequences which forms the basis of a nucleic acid sequence. For example, a variant nucleic acid
sequence may exhibit one or more nucleotide deletions, insertions, additions and/or substitutions compared to the
nucleic acid sequence from which the variant is derived. Preferably, a variant of a nucleic acid sequence 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 nucleic acid sequence
the variant is derived from. Preferably, the variant is a functional variant. A “variant” of a nucleic acid sequence may
have at least 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99% nucleotide identity over a stretch of 10, 20, 30, 50, 75
or 100 nucleotide of such nucleic acid sequence.

Stabilized nucleic acid, preferably mRNA: A stabilized nucleic acid, preferably mRNA typically, exhibits a
modification increasing resistance to in vivo degradation (e.g. degradation by an exo- or endo-nuclease) and/or ex
vivo degradation (e.g. by the manufacturing process prior to vaccine administration, e.g. in the course of the
preparation of the vaccine solution to be administered). Stabilization of RNA can, e.g., be achieved by providing a
5'-CAP-Structure, a polyA-Tail, or any other UTR-modification. It can also be achieved by chemical modification or
modification of the G/C content of the nucleic acid. Various other methods are known in the art and conceivable in
the context of the invention.

RNA In vitro transcription: The terms “RNA in vitro transcription” or “in vitro transcription” relate to a process wherein
RNA is synthesized in a cell-free system (in vitro). DNA, particularly plasmid DNA, is used as template for the
generation of RNA transcripts. RNA may be obtained by DNA-dependent in vitro transcription of an appropriate
DNA template, which according to the present invention is preferably a linearized plasmid DNA template. The
promoter for controlling in vitro transcription can be any promoter for any DNA-dependent RNA polymerase.
Particular examples of DNA-dependent RNA polymerases are the T7, T3, and SP6 RNA polymerases. A DNA
template for in vitro RNA transcription may be obtained by cloning of a nucleic acid, in particular cDNA
corresponding to the respective RNA to be in vitro transcribed and introducing it into an appropriate vector for in
vitro transcription, for example into plasmid DNA. In a preferred embodiment of the present invention the DNA
template is linearized with a suitable restriction enzyme before it is transcribed in vitro. The cDNA may be obtained
by reverse transcription of mRNA or chemical synthesis. Moreover, the DNA template for in vitro RNA synthesis
may also be obtained by gene synthesis.

Methods for in vitro transcription are known in the art (see, e.g., Geall et al. (2013) Semin. Immunol. 25(2): 152-

159; Brunelle et al. (2013) Methods Enzymol. 530:101-14). Reagents used in said method typically include:

1) alinearized DNA template with a promoter sequence that has a high binding affinity for its respective RNA
polymerase such as bacteriophage-encoded RNA polymerases;

2) ribonucleoside triphosphates (NTPs) for the four bases (adenine, cytosine, guanine and uracil);
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3) optionally, a CAP analogue as defined above (e.g. m7G(5')ppp(5')G (m7G));

4) a DNA-dependent RNA polymerase capable of binding to the promoter sequence within the linearized DNA
template (e.g. T7, T3 or SP6 RNA polymerase);

5) optionally, a ribonuclease (RNase) inhibitor to inactivate any contaminating RNase;

6) optionally, a pyrophosphatase to degrade pyrophosphate, which may inhibit transcription;

7)  MgCl2, which supplies Mg?* ions as a co-factor for the polymerase;

8) a buffer to maintain a suitable pH value, which can also contain antioxidants (e.g. DTT), and/or polyamines
such as spermidine at optimal concentrations.

Full-length protein: The term “full-length protein” as used herein typically refers to a protein that substantially
comprises the entire amino acid sequence of the naturally occurring protein. Nevertheless, substitutions of amino

acids e.g. due to mutation in the protein are also encompassed in the term full-length protein.

Fragments of proteins: “Fragments” of proteins or peptides in the context of the present invention may, typically,
comprise a sequence of a protein or peptide as defined herein, which is, with regard to its amino acid sequence (or
its encoded nucleic acid molecule), N-terminally and/or C-terminally truncated compared to the amino acid
sequence of the original (native) protein (or its encoded nucleic acid molecule). Such truncation may thus occur
either on the amino acid level or correspondingly on the nucleic acid level. A sequence identity with respect to such
a fragment as defined herein may therefore preferably refer to the entire protein or peptide as defined herein or to

the entire (coding) nucleic acid molecule of such a protein or peptide.

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 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 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,
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e.g. side chains which have a hydroxyl function. This means that e.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 spectra). 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.

Also, 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.

Also, in this context a fragment of a protein 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 an amino acid sequence of the respective naturally occurring full-length protein.

The term “identity” as used throughout the present specification in the context of a nucleic acid sequence or an
amino acid sequence will be recognized and understood by the person of ordinary skill in the art, and is e.g. intended
to refer to the percentage to which two sequences are identical. To determine the percentage to which two
sequences are identical, e.g. nucleic acid sequences or amino acid (aa) sequences as defined herein, preferably
the aa sequences encoded by the nucleic acid sequence as defined herein or the aa sequences themselves, the
sequences can be aligned in order to be subsequently compared to one another. Therefore, e.g. a position of a first
sequence may be compared with the corresponding position of the second sequence. If a position in the first
sequence is occupied by the same residue as is the case at a position in the second sequence, the two sequences
are identical at this position. If this is not the case, the sequences differ at this position. If insertions occur in the
second sequence in comparison to the first sequence, gaps can be inserted into the first sequence to allow a further

alignment. If deletions occur in the second sequence in comparison to the first sequence, gaps can be inserted into
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the second sequence to allow a further alignment. The percentage to which two sequences are identical is then a
function of the number of identical positions divided by the total number of positions including those positions which
are only occupied in one sequence. The percentage to which two sequences are identical can be determined using
an algorithm, e.g. an algorithm integrated in the BLAST program.

Fragments of proteins or peptides in the context of the present invention may furthermore comprise a sequence of
a protein or peptide as defined herein, which has a length of for example at least 5 amino acids, preferably a length
of at least 6 amino acids, preferably at least 7 amino acids, more preferably at least 8 amino acids, even more
preferably at least 9 amino acids; even more preferably at least 10 amino acids; even more preferably at least 11
amino acids; even more preferably at least 12 amino acids; even more preferably at least 13 amino acids; even
more preferably at least 14 amino acids; even more preferably at least 15 amino acids; even more preferably at
least 16 amino acids; even more preferably at least 17 amino acids; even more preferably at least 18 amino acids;
even more preferably at least 19 amino acids; even more preferably at least 20 amino acids; even more preferably
at least 25 amino acids; even more preferably at least 30 amino acids; even more preferably at least 35 amino
acids; even more preferably at least 50 amino acids; or most preferably at least 100 amino acids. For example such
fragment may have a length of about 6 to about 20 or even more amino acids, e.g. fragments as processed and
presented by MHC class | molecules, preferably having a length of about 8 to about 10 amino acids, e.g. 8, 9, or
10, (or even 6, 7, 11, or 12 amino acids), or fragments as processed and presented by MHC class Il molecules,
preferably having a length of about 13 or more amino acids, e.g. 13, 14, 15, 16, 17, 18, 19, 20 or even more amino
acids, wherein these fragments may be selected from any part of the amino acid sequence. These fragments are
typically recognized by T-cells in form of a complex consisting of the peptide fragment and an MHC molecule, i.e.
the fragments are typically not recognized in their native form. Fragments of proteins or peptides may comprise at
least one epitope ofthose proteins or peptides. Furthermore also domains of a protein, like the extracellular domain,
the intracellular domain or the transmembrane domain and shortened or truncated versions of a protein may be

understood to comprise a fragment of a protein.

Variants of proteins: “Variants” of proteins or peptides as defined in the context of the present invention may be
generated, 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 in the context of the present invention 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 e.g. an
amino acid having a polar side chain is replaced by another amino acid having a likewise polar side chain, or, for
example, 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 spectra) (Urry, 1985, Absorption, Circular Dichroism and ORD of Polypeptides, in: Modern Physical

Methods in Biochemistry, Neuberger et al. (ed.), Elsevier, Amsterdam).
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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 10, 20, 30, 50, 75 or 100 amino acids of such protein or peptide.

Furthermore, variants of proteins or peptides as defined herein, which may be encoded by a nucleic acid molecule,
may also comprise those sequences, wherein nucleotides of the encoding nucleic acid sequence are exchanged
according to the degeneration of the genetic code, without leading to an alteration of the respective amino acid
sequence of the protein or peptide, i.e. the amino acid sequence or at least part thereof may not differ from the
original sequence in one or more mutation(s) within the above meaning.

Identity of a sequence: In order to determine the percentage to which two sequences are identical, e.g. nucleic acid
sequences or amino acid sequences as defined herein, preferably the amino acid sequences encoded by a nucleic
acid sequence of the polymeric carrier as defined herein or the amino acid sequences themselves, the sequences
can be aligned in order to be subsequently compared to one another. Therefore, e.g. a position of a first sequence
may be compared with the corresponding position of the second sequence. If a position in the first sequence is
occupied by the same component (residue) as is the case at a position in the second sequence, the two sequences
are identical at this position. If this is not the case, the sequences differ at this position. If insertions occur in the
second sequence in comparison to the first sequence, gaps can be inserted into the first sequence to allow a further
alignment. If deletions occur in the second sequence in comparison to the first sequence, gaps can be inserted into
the second sequence to allow a further alignment. The percentage to which two sequences are identical is then a
function of the number of identical positions divided by the total number of positions including those positions which
are only occupied in one sequence. 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 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.

Derivative of a protein or peptide: A derivative of a peptide or protein is typically understood to be a molecule that
is derived from another molecule, such as said peptide or protein. A “derivative” of a peptide or protein also
encompasses fusions comprising a peptide or protein used in the present invention. For example, the fusion
comprises a label, such as, forexample, an epitope, e.g., a FLAG epitope or a V5 epitope. For example, the epitope

is a FLAG epitope. Such a tag is useful for, for example, purifying the fusion protein.

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 an immune response.

Carrier: A carrier in the context of the invention may typically be a compound that facilitates transport and/or
complexation of another compound. Said carrier may form a complex with said other compound. A polymeric carrier
is a carrier that is formed of a polymer.

Vehicle: An agent, e.g. a carrier that may typically be used within a pharmaceutical composition or vaccine for

facilitating administering of the components of the pharmaceutical composition or vaccine to an individual.
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BRIEF DESCRIPTION OF THE DRAWINGS

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

Figure 1 (tumor antigen Trp2 i.m. injection; full details can be seen in Example 8) - shows that vaccination using
LNP1 comprising Trp2 mRNA showed good immune responses - Figure 1A IFNy+ TNFa+ CD107a+ of CD8+ T
cells (polyfunctional CD107a+ CD8+ T cells) — Figure 1B IFNy+ TNFa+ CD4+ T cells (polyfunctional CD4+ T cells)
(LNP1 = black circles, buffer = black squares)).

Figure 2 (tumor antigen Trp2 i.m. injection; full details can be seen in Example 9) - shows that vaccination using
LNP1 to LNP7 comprising Trp2 mRNA showed very good immune responses - A IFNy+ TNFa+ CD107a+ of CD8+
T cells (polyfunctional and activated CD107a+ CD8+ T cells) — Figure 2B IFNy+ TNFa+ CD4+ T cells (polyfunctional
and activated CD4+ T cells) (LNP1 = filled circles, LNP2 = filles squares, LNP3 = filled triangles pointing down,
LNP4 = filled triangles pointing up, LNP5 = open circles, LNP6 = open squares, LNP7 = crosses, buffer on x-axis

level)).

Figure 3 (tumor antigen Trp2 i.m. injection; full details can be found in Example 10) — Figure 3A shows that after
vaccination and peptide restimulation with a Trp2 immunodominant epitope, LNPs comprising DPhyPS (filled
squares) showed a higher CD8T cell response as when compared to LNPs not comprising DPhyPS (open circles);
buffer control = filled triangles. Further, Figure 3B shows that LNPs comprising DPhyPS (filled squares) had higher
IlgG2a endpoint titers as when compared to LNPs not comprising DPhyPS (open circles); buffer control = filled
triangles.

Figure 4 (tumor antigen Trp2 i.m. injection; full details can be seen in Example 12) - shows via measurement of
IFNy+ TNFa+ CD8+ T cells (polyfunctional and activated CD107a+ CD8+ T cells) that vaccination using different
LNPs comprising mRNA encoding Trp2 induced very good immune responses (LNP1 = filled circles, LNP2 = open
circles, LNP3 = open squares, LNP4 = open rhombus, buffer = filled squares on x-axis level)).

Figure 5 (tumor antigen Trp2 i.m. injection; full details can be seen in Example 12) - shows via measurement of
IFNy+ TNFa+ CD107a+ CD8+ T cells (polyfunctional and activated CD107a+ CD8+ T cells) that vaccination using
different LNPs comprising mRNA encoding Trp2 induced very good immune responses (LNP1 = filled circles, LNP2
= open circles, LNP3 = open squares, LNP4 = open rhombus, buffer = filled squares on x-axis level)).

Figure 6 (tumor antigen Trp2 i.m. injection; full details can be seen in Example 12) - shows via measurement of
polyfunctional CD8+ Tem cells (IFNy+ TNFa+ CD107a+ CD8+ Tem cells) that vaccination using different LNPs
comprising mRNA encoding Trp2 induced very good immune responses (LNP1 =filled circles, LNP2 = open circles,
LNP3 = open squares, LNP4 = open rhombus, buffer = filled squares on x-axis level)).

Figure 7 (tumor antigen Trp2 i.m. injection; full details can be seen in Example 12) - shows via measurement of
IFNy+ TNFa+ CD4+ T cells (polyfunctional and activated CD4+ T cells) that vaccination using different LNPs
comprising mRNA encoding Trp2 induced very good immune responses (LNP1 =filled circles, LNP2 = open circles,
LNP3 = open squares, LNP4 = open rhombus, buffer = filled squares on x-axis level)).
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DETAILED DESCRIPTION

Although the present disclosure is described in detail below, it is to be understood that this disclosure 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 for the purpose of describing particular embodiments only and is not
intended to limit the scope of the present disclosure 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.

Polymer conjugated lipids

Under storage conditions or during formulation, the lipid-based carriers may undergo charge-induced aggregation,
a condition which can be undesirable for the stability of the lipid-based carriers. Therefore, it can be desirable to
include a lipid compound which can reduce aggregation, for example by sterically stabilizing the lipid-based carriers.
Such a steric stabilization may occur when a compound having a sterically bulky but uncharged moiety that shields
or screens the charged portions of a lipid-based carriers from close approach to other lipid-based carriers in the
composition. In the context of the invention, stabilization of the lipid-based carriers is achieved by including lipids
which may comprise a lipid bearing a sterically bulky group which, after formation of the lipid-based carrier, is
preferably located on the exterior of the lipid-based carrier.

The terms “aggregation reducing lipid” or “polymer conjugated lipid” refer to a molecule comprising both a lipid
portion and a moiety suitable of reducing or preventing aggregation of the lipid-based carriers comprising the cargo,
preferably the mRNA. Thus, "aggregation reducing lipids”, also referred herein to as “polymer conjugated lipid”, are
lipids comprising a polymer as aggregation reducing group. A polymer, as apparent from the context of the
invention, has to be understood as a substance or material consisting of very large molecules, or macromolecules,
composed of many repeating subunits. A suitable polymer in the context of the invention may be a hydrophilic
polymer. In preferred embodiments, the lipid-based carriers of the pharmaceutical composition therefore comprise
a polymer conjugated lipid.

In preferred aspects of the invention, the LNPs comprise a lipid-conjugate, preferably a polymer conjugated lipid as
described herein above and below, preferably “PMOZ 4", an ionizable lipid as described herein above and below,
preferably an ionizable lipid according to formula (Il), more preferably C24, C28 or C29, most preferably C24, a
steroid and a neutral lipid, and preferably an additional phosphatidylserine as fifth excipient, preferably DPhyPS.

In an eight aspect, the invention provides a polymer conjugated lipid that is defined as a compound according to
formula (I):

[PI-[linker]-[L] formula (1)

wherein

| is a heteropolymer moiety or homopolymer moiety, preferably a homopolymer moiety, comprising

at least one polyoxazoline (POZ) monomer unit
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e =l

wherein R is C1-9 alkyl or C2-9 alkenyl, preferably C1 or C2 alkyl, and n has a mean value ranging
from about 45 to about 55, preferably n is about 50 or wherein n is selected such that the [P] moiety
has an average molecular weight of about 4.2 kDa to about 4.4 kDa, or most preferably about 4.3
kDa

[linker] is an optional linker group, and
[L] is a lipid moiety.
R in [P] of formula (I) preferably is C1 (methyl), leading to a PMOZ unit.

The present invention is based on the inventors’ surprising finding that the use of phosphatidylserine (preferably
DPhyPS) and novel polymer conjugated lipids comprising polyoxazoline (POZ) according to formula (l), [P]
preferably comprising

poly(2-methyl-2-oxazoline) (PMOZ),

poly(2-ethyl-2-oxazoline) (PEQZ),

poly(2-propyl-2-oxazoline) (PPOZ),

poly(2-butyl-2-oxazoline) (PBOZ),

poly(2-isopropyl-2-oxazoline) (PIPOZ),

poly(2-methoxymethyl-2-oxazoline) (PMeOMeOx), or

poly(2-dimethylamino-2-oxazoline) (PDMAOX)

and/or lipid nanoparticles (LNPs) comprising phosphatidylserine (preferably DPhyPS) and these new polymer
conjugated lipids are highly effective in delivering nucleic acids such as mRNA to a living organism such as a human
individual. This has enabled the inventors to create, for example, improved vaccines that deliver mRNA compounds
encoding antigenic peptides or proteins and very efficiently induce antigen-specific immune responses at very low
doses and to avoid the disadvantages accompanied by use of PEG. The present disclosure addresses these and
other needs. Further advantages achieved by the present invention are that quite surprisingly, the inventors have
discovered, according to aspects and embodiments of the invention a class of formulations for delivering mRNA
vaccines in vivo that results in significantly enhanced, and in many respects synergistic, immune responses
including enhanced antigen generation and functional antibody production with neutralization capability. These
results can be achieved even when significantly lower doses of the mRNA are administered in comparison with
MRNA doses used in other classes of lipid-based formulations. The formulations ofthe invention have demonstrated
significant unexpected in vivo immune responses sufficient to establish the efficacy of functional mRNA vaccines
as prophylactic and therapeutic agents. Summarized, it could surprisingly be shown by the inventors of the present
invention, that several different polymer conjugated lipids according to formula (l), e.9. PMOZ-lipids in combination
with a phosphatidylserine (preferably DPhyPS), could be used for substituting standard PEG-lipids, yielding in LNPs
with comparable or even enhanced performance. This unexpected finding could be validated by using several
different LNP compositions, i.e. the inventors surprisingly found, that polymer conjugated lipid according to formula
(I) in combination with a phosphatidylserine (preferably DPhyPS) were able to clearly enhance state of the art LNP-
compositions. Further surprisingly, it has been found that reducing the PMOZ density in formulations to about

1 mol% was shown to enhanced antigen-specific T-cell responses and/or neutralizing titres in vivo.
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Thusly, the invention is directed to a composition comprising a polymer conjugated lipid according to formula (),
preferably a POZ-lipid according to formula (I), more preferably a PMOZ-lipid, as described herein above and below
and an ionizable lipid according to formula (Il), preferably C24, C28 or C29, more preferably C24, as described
herein above and below in combination with a phosphatidylserine (preferably DPhyPS) which is described herein
below. All options and preferences that are disclosed for polymer conjugated lipid according to formula (I), preferably
a POZ-lipid, more preferably a PMOZ-lipid, as such are also applicable to the composition to this aspect of the
invention. In other words, the specifically disclosed embodiments of polymer conjugated lipids, preferably POZ-
lipids, more preferably PMOZ-lipids, and in particular the preferred PMOZ-lipid DMG-PMOZ, should be understood
as also defining specific preferred embodiments of the composition according to the invention, i.e. compositions
that are characterized in that they comprise a PMOZ-lipid according to one of the specific selections described
herein. In other words, the term “polymer conjugated lipid” refers to a molecule comprising both a lipid portion and
a polymer portion. Preferably, the polymer conjugated lipid according to formula (l) is a POZ-lipid, more preferably
a PMOZ-lipid. The terms “POZ-lipid” or “PMOZ-lipid” thusly refer to a molecule comprising both a lipid portion and
a POZ or respectively a PMOZ portion. Thusly, a “PMOZ-lipid” is to be understood as a lipid comprising at least
one homopolymer moiety comprising at least one polyoxazoline (POZ) unit, i.e. preferably a PMOZ-unit.

The composition may comprise further active and/or inactive excipients which are described further below. In one
specific embodiment, in addition to the polymer conjugated lipid according to formula (l), preferably a PMOZ-lipid,
the composition comprises one or more lipids selected from the group consisting of: (a) a steroid; (b) a neutral lipid;
(c) an ionizable lipid, preferably according to formula (Il), more preferably C24, C28 or C29, most preferably C24;
and (d) a phosphatidylserine, preferably DPhyPS.

In another embodiment, [P] is a heteropolymer moiety or homopolymer moiety comprising multiple monomer units
selected from the group consisting of

poly(2-methyl-2-oxazoline) (PMOZ)

poly(2-ethyl-2-oxazoline) (PEOZ)

poly(2-propyl-2-oxazoline) (PPOZ)
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poly(2-butyl-2-oxazoline) (PBOZ)

poly(2-isopropyl-2-oxazoline) (PIPOZ)

> g
5 - ,
poly(2-methoxymethyl-2-oxazoline) (PMeOMeOx), and

poly(2-dimethylamino-2-oxazoline) (PDMAOQX),

preferably wherein [P] is a homopolymer moiety comprising multiple PMOZ or PEOZ monomer units, more

preferably wherein [P] comprises or preferably consists of multiple PMOZ monomer units,
10 wherein
(i) n has a mean value ranging from about 45 to about 55, preferably n is about 50 or wherein

(ii) n is selected such that the [P] moiety has an average molecular weight of about 4.2 kDa to about 4.4

kDa, or most preferably about 4.3 kDa.

15 In another embodiment, [P] is a heteropolymer moiety or homopolymer moiety comprising multiple monomer units
selected from the group consisting of
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PMeOx PEtOx

dNO

PBUtEnOx PPynOx PDecEnOx PiPrEnOx PIPOx

In yet another embodiment, the [P] from the polymer conjugated lipid according to formula (1) is selected from the

group consisting of poly(2-methoxymethyl-2-oxazoline) (PMeOMeOx) and poly(2-dimethylamino-2-oxazoline)

5 (PDMAOX).

In yet a further embodiment, the polymer conjugated lipid according to formula (I) is selected from the group

consisting of a POZ-monoacylglycerol conjugate, POZ-diacylglycerol conjugate, a POZ-dialkyloxypropyl conjugate,

a POZ-steroid or POZ-sterol conjugate, a POZ-phospholipid conjugate, a POZ-ceramide conjugate, and a mixture

10 thereof.

In a preferred embodiment, the polymer conjugated lipid comprises a moiety based on 1,2-Dimyristoyl-rac-glycerol

(DMG)

CHg

)
HyC GHHJ/E\’ﬁ/\/

15
Further most preferred embodiments for PMOZ [P] moieties (polymethyloxazoline):
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For PMOZ, the preferred average molecular mass of the [P] moiety is about 3.8 kDa to about 4.8 kDa, about
3.9 kDa to about 4.7 kDa, about 4 kDa to about 4.6 kDa, about 4.1 kDa to about 4.5 kDa, about 4.2 kDa to
about 4.4 kDa, or most preferably about 4.3 kDa. Other preferred average molecular masses of the [P]
moiety are (i) about 3.9 kDa to about 4.4 kDa, about 3.9 kDa to about 4.1 kDa, or about 4.2 kDa to about
4.4 kDa.

In further preferred embodiments, the average molecular mass of the [P] moiety is above 4.3 kDa. In other
preferred embodiments, the preferred average molecular mass of the [P] moiety is about 4.25 kDa to about
4.675 kDa, about 4.675 kDa to about 5.1 kDa, about 5.1 kDa to about 5.525 kDa, about 5.525 kDa to about
5.95 kDa, about 5.95 kDa to about 6.375 kDa, about 6.375 kDa to about 6.8 kDa, or above 6.8 kDa.

In other preferred embodiments, for PMOZ according to

n has a mean value ranging from about 40 to about 80, preferably from about 45 to about 70, more preferably
from about 50 to about 60, or most preferably n having a mean value of about 50.

In further preferred embodiments for PMOZ, n has a mean value of more than 50. In other preferred

embodiments, n has a mean value of about 55, about 60, about 65, about 70, about 75 or about 80.

Thus the PMOZ moiety preferably is a PMOZ moiety having a molecular mass of about 4.3 kDa, although

also shorter and longer moieties can also be used.

In other preferred embodiments, “n” from the [P] moiety for the novel polymer conjugated lipids is 1, 2, 3, 4, 5,6, 7,
8,9,10,11,12,13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 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, or 100 preferably 25, further preferably 50. In further preferred
embodiments, “n” from the monomeric compound of [P] is selected such that the [P] moiety has an average
molecular weight of 2, 2.25, 2.5, 2.75, 3, 3.25, 3.5, 3.75, 4, 4.25,45,4.75,5,5.25,5.5,5.75,6,6.25,6.5,6.75, 7,

7.25,7.5,7.75, or 8 kDa, preferably 2.5 kDa, further preferably 5 kDa.

In further certain preferred embodiments, n is selected for the novel polymer conjugated lipids such that the [P]
moiety has an average molecular weight of about 2 kDa; 2.1 kDa; 2.2 kDa; 2.3kDa; 2.4 kDa; 2.5 kDa; 2.6 kDa; 2.7
kDa; 2.8 kDa; 2.9 kDa; 3 kDa; 3.1 kDa; 3.2 kDa; 3.3 kDa; 3.4 kDa; 3.5 kDa; 3.6 kDa; 3.7 kDa; 3.8 kDa; 3.9 kDa; 4
kDa; 4.1 kDa; 4.2 kDa; 4.3 kDa; 4.4 kDa; 4.5 kDa; 4.6 kDa; 4.7 kDa; 4.8 kDa; 4.9 kDa; 5 kDa; 5.1 kDa; 5.2 kDa; 5.3
kDa; 5.4 kDa; 5.5 kDa; 5.6 kDa; 5.7 kDa; 5.8 kDa; 5.9 kDa; 6 kDa; 6.1 kDa; 6.2 kDa; 6.3 kDa, 6.4 kDa; 6.5 kDa; 6.6
kDa; 6.7 kDa; 6.8 kDa; 6.9 kDa; 7 kDa; 7.1 kDa; 7.2 kDa; 7.3 kDa; 7.4 kDa; 7.5 kDa; 7.6 kDa; 7.7 kDa; 7.8 kDa; 7.9
kDa; 8 kDa; 8.1 kDa; 8.2 kDa; 8.3 kDa; 8.4 kDa; 8.5 kDa; 8.6 kDa; 8.7 kDa; 8.8 kDa; 8.9 kDa; 9 kDa; 9.1 kDa; 9.2
kDa; 9.3 kDa; 9.4 kDa; 9.5 kDa; 9.6 kDa; 9.7 kDa; 9.8 kDa; 9.9 kDa; 10 kDa; 10.1 kDa; 10.2 kDa; 10.3 kDa; 10.4
kDa; 10.5 kDa; 10.6 kDa; 10.7 kDa; 10.8 kDa; 10.9 kDa; 11 kDa; 11.1 kDa; 11.2 kDa; 11.3 kDa; 11.4 kDa; 11.5
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kDa; 11.6 kDa; 11.7 kDa; 11.8 kDa; 11.9 kDa; 12 kDa or above 12 kDa (all aforementioned values in ths paragraph
are deemed to be “about” values).

In even further preferred embodiments, the polymer conjugated lipid comprises as [P] a poly(2-methyl-2-oxazoline)
(PMOZ) moiety, in which n is selected such that the [P] moiety has an average molecular weight of about 2 kDa;
2.1 kDa; 2.2 kDa; 2.3kDa; 2.4 kDa; 2.5 kDa; 2.6 kDa; 2.7 kDa; 2.8 kDa; 2.9 kDa; 3 kDa; 3.1 kDa; 3.2 kDa; 3.3 kDa;
3.4 kDa; 3.5 kDa; 3.6 kDa; 3.7 kDa; 3.8 kDa; 3.9 kDa; 4 kDa; 4.1 kDa; 4.2 kDa; 4.3 kDa; 4.4 kDa; 4.5 kDa;, 4.6 kDa;
4.7 kDa; 4.8 kDa; 4.9 kDa; 5 kDa; 5.1 kDa; 5.2 kDa; 5.3 kDa; 5.4 kDa; 5.5 kDa; 5.6 kDa; 5.7 kDa; 5.8 kDa; 5.9 kDa;
6 kDa; 6.1 kDa; 6.2 kDa; 6.3 kDa; 6.4 kDa; 6.5 kDa; 6.6 kDa; 6.7 kDa; 6.8 kDa; 6.9 kDa; 7 kDa; 7.1 kDa; 7.2 kDa;
7.3 kDa; 7.4 kDa; 7.5 kDa; 7.6 kDa; 7.7 kDa; 7.8 kDa; 7.9 kDa; 8 kDa; 8.1 kDa; 8.2 kDa; 8.3 kDa; 8.4 kDa; 8.5 kDa;
8.6 kDa; 8.7 kDa; 8.8 kDa; 8.9 kDa; 9 kDa; 9.1 kDa; 9.2 kDa; 9.3 kDa; 9.4 kDa; 9.5 kDa; 9.6 kDa; 9.7 kDa; 9.8 kDa;
9.9 kDa; 10 kDa; 10.1 kDa; 10.2 kDa; 10.3 kDa; 10.4 kDa; 10.5 kDa; 10.6 kDa; 10.7 kDa; 10.8 kDa; 10.9 kDa; 11
kDa; 11.1 kDa; 11.2 kDa; 11.3 kDa; 11.4 kDa; 11.5 kDa; 11.6 kDa; 11.7 kDa; 11.8 kDa; 11.9 kDa; 12 kDa or above
12 kDa (all aforementioned values in ths paragraph are deemed to be “about” values).

In further preferred embodiments, the polymer conjugated lipid comprises as [P] a polyethyloxazoline (PEOZ)
moiety, in which n is selected in increasing order of preference from the group consisting of

¢ n having a mean value ranging from about 40 to about 60;

¢ n having a mean value ranging from about 45 to about 55;

¢ n having a mean value ranging from about 46 to about 54;

¢ n having a mean value ranging from about 47 to about 53;

¢ n having a mean value ranging from about 48 to about 52;

¢ n having a mean value ranging from about 49 to about 51;

¢ n having is about 50; and

e n=>50.

In even further most preferred embodiments, the polymer conjugated lipid comprises as [P] a poly(2-methyl-2-
oxazoline) (PMOZ) moiety, in which n is selected in increasing order of preference from the group consisting of

¢ n having a mean value ranging from about 40 to about 60;

¢ n having a mean value ranging from about 45 to about 55;

¢ n having a mean value ranging from about 46 to about 54;

¢ n having a mean value ranging from about 47 to about 53;

¢ n having a mean value ranging from about 48 to about 52;

¢ n having a mean value ranging from about 49 to about 51;

¢ n having is about 50; and

e n=>50.

For “PMOZ 1" to "PMOZ 5, preferably for “PMOZ 4", n preferably has a mean value ranging from 2 to 200, preferably
from 20 to 100, more preferably from 24 to 26, even more preferably about 100, or further even more preferably
from 45 to 50, most preferably 50 or wherein n is selected such that the [P] moiety has an average molecular weight
of about 4.2 kDa to about 4.4 kDa, or most preferably about 4.3 kDa.
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For “PMOZ 4*, n further preferably has a mean value ranging of about 100 or wherein n is selected such that the
[P] moiety has an average molecular weight of about 7 kDa to about 11 kDa, about 8 kDa to about 10 kDa, about

8 kDa to about 9 kDa, or about 8 kDa.

Further very preferred embodiments for PEOZ [P] moieties (polyethyloxazoline):

For PEOZ, the preferred average molecular mass of the [P] moiety is about 4.5 kDa to about 5.5 kDa, about
4.6 kDa to about 5.4 kDa, about 4.7 kDa to about 5.3 kDa, about 4.8 kDa to about 5.2 kDa, about 4.9 kDa
to about 5.1 kDa, or most preferably about 5 kDa.

In further preferred embodiments, the average molecular mass of the [P] moiety is above 5 kDa. In other
preferred embodiments, the preferred average molecular mass of the [P] moiety is about 4.95 kDa to about
5.445 kDa, about 5.445 kDa to about 5.94 kDa, about 5.94 kDa to about 6.435 kDa, about 6.435 kDa to
about 6.93 kDa, about 6.93 kDa to about 7.425 kDa, about 7.425 kDa to about 7.92 kDa, or above 7.92 kDa.

In other preferred embodiments, for PEOZ according to

n has a mean value ranging from about 40 to about 80, preferably from about 45 to about 70, more preferably
from about 50 to about 60, or most preferably n having a mean value of about 50.

In further preferred embodiments for PEOZ, n has a mean value of more than 50. In other preferred
embodiments, n has a mean value of about 55, about 60, about 65, about 70, about 75 or about 80.

Thus the PEOZ moiety preferably is a PEOZ moiety having a molecular mass of about 5 kDa, although also

shorter and longer moieties can also be used.

Further very preferred embodiments for PPOZ [P] moieties (polypropyloxazoline) or PIPOZ [P] moieties (poly-2-

isopropyl-2-oxazoline)):
For PPOZ or equally PIPOZ, the preferred average molecular mass of the [P] moiety is about 5.2 kDa to
about 6.2 kDa, about 5.3 kDa to about 6.1 kDa, about 5.4 kDa to about 6 kDa, about 5.5 kDa to about 5.9
kDa, about 5.6 kDa to about 5.8 kDa, or most preferably about 5.7 kDa.

In further preferred embodiments, the average molecular mass of the [P] moiety is above 5.7 kDa. In other
preferred embodiments, the preferred average molecular mass of the [P] moiety is about 5.65 kDa to about
6.215 kDa, about 6.215 kDa to about 6.78 kDa, about 6.78 kDa to about 7.345 kDa, about 7.345 kDa to
about 7.91 kDa, about 7.91 kDa to about 8.475 kDa, about 8.475 kDa to about 9.04 kDa, or above 9.04 kDa.

In other preferred embodiments, for PPOZ according to
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or equally PIPOZ (poly(2-isopropyl-2-oxazoline)), n has a mean value ranging from about 40 to about 80,
preferably from about 45 to about 70, more preferably from about 50 to about 60, or most preferably n having

a mean value of about 50.

In further preferred embodiments for PPOZ or equally PIPOZ, n has a mean value of more than 50. In other
preferred embodiments, n has a mean value of about 55, about 60, about 65, about 70, about 75 or about
80.

Thus the PPOZ or equally PIPOZ moiety preferably is a PPOZ or equally PIPOZ moiety having a molecular
mass of about 5.7 kDa, although also shorter and longer moieties can also be used.

In one embodiment, the lipid moiety [L] as shown in formula (I) ([P]-[linker]-[L]) comprises at least one straight or
branched, saturated or unsaturated alkyl chain containing from 6 to 30 carbon atoms, preferably wherein the lipid
moiety [L] comprises at least one straight or branched saturated alkyl chain, wherein the alkyl chain is optionally
interrupted by one or more biodegradable group(s) and/or optionally comprises one terminal biodegradable group,
wherein the biodegradable group is selected from the group consisting of but not limited to a pH-sensitive moiety,
an alkyl or alkenyl moiety (C1-s alkyl or C2.¢ alkenyl), a zwitterionic linker, non-ester containing linker moieties and
ester-containing linker moieties (—C(0)O— or —OC(0O)—), amido (—C(O)NH—), disulfide (—S—S—), carbonyl
(—C(0)—), ether (—O—), thioether (—S—), oxime (e.g., —C(H)=N—O— or —O— N=C(H)—), carbamate (—
NHC(O)O—), urea  (—NHC(O)NH—),  succinyl  (—(O)CCH2CH2C(O)—),  succinamidyl  (—
NHC(O)CH2CH2C(O)NH—), (—NHC(O)CH2CH2C(0)—), —C(R5)=N—, —N=C(R®)—, —C(R%)=N—O0—, —O—
N=C(R%—, —O—C(0)0O—, —C(O)N(R%), —N(R%)C(0)—, —C(S)(NR%)—, (NR®)C(S)—, —N(R®%)C(O)N(R%)—, —
C(0)S—, —SC(0)—, —C(8)0—, —0OC(S)—, —OSi(R%)20—, —C(0)(CR3R*)C(0)O—, or —OC(O)(CR3R*)C(0)—
, carbonate (—OC(O)O—), nitrogen (N), succinoyl, succinate, phosphate esters (—O—(O)POH—O—), cyclic
compound, heterocyclic compound, piperidine, pyrazine, pyridine, piperazine, and sulfonate esters, as well as
combinations thereof, wherein R%, R* and R® are, independently H or alkyl (e.g. C1-Ca alkyl).

In another embodiment, the lipid moiety [L] comprises at least one straight or branched, saturated or unsaturated
alkyl chain comprising 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30
carbon atoms, preferably in the range of 10 to 20 carbon atoms, more preferably in the range of 12 to 18 carbon
atoms, even more preferably 14, 16 or 18 carbon atoms, even more preferably 16 or 18 carbon atoms, most
preferably 14 carbon atoms, wherein all selections are independent of one another.

In another embodiment, the linker group [linker] comprises an amide linker moiety, preferably an ester linker moiety,
or wherein the linker group [linker] has the structure
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In a further embodiment, the polymer conjugated lipid has the structure of
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wherein the linker group [linker] is selected from any one of the linker groups as disclosed herein, preferably the
linker group [linker] comprising an ester moiety;
whereby n has a mean value ranging from 2 to 200, preferably from 20 to 100, more preferably from 24 to 26,
even more preferably about 100, or further even more preferably from 45 to 50, most preferably 50 or wherein n
5 is selected such that the [P] moiety has an average molecular weight of about 4.2 kDa to about 4.4 kDa, or most
preferably about 4.3 kDa;

most preferably wherein the polymer conjugated lipid is DMG-PMOZ with n having a mean value from 45 to 50,
most preferably 50.

10 In another preferred embodiment, the polymer conjugated lipid has the structure of

(o]
/\/\/\/\/\/\)L o] CH
HaC o Y 3

HiC o NH N
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o o]
[‘PMOZ 17], more preferably with n = 50 i.e. having 50 monomer repeats.

In another preferred embodiment, the polymer conjugated lipid has the structure of
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[‘PMOZ 3"], more preferably with n = 50 i.e. having 50 monomer repeats.

In another preferred embodiment, the polymer conjugated lipid has the structure of

i
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20 [“PMOZ 5], more preferably with n = 50 i.e. having 50 monomer repeats.

In another preferred embodiment, the polymer conjugated lipid has the structure of
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[*PMOZ 2], more preferably with n = 50 i.e. having 50 monomer repeats.
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In a most preferred embodiment, the polymer conjugated lipid has the structure of

HaC RN N N N N N\\/“/‘\j 0 ° CHs
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["PMOZ 4”], more preferably with n = 50 i.e. having 50 monomer repeats, i.e.
H.C O
M
’ NH
O

CH,

HAC N

CH
50 °

["PMOZ 4" with n = 50 i.e. having 50 monomer repeats].

The inventors surprisingly found, that advantageously, the above and below mentioned polymer conjugated lipids,
preferably “PMOZ 1", “PMOZ 2", “PMOZ 3", “PMOZ 4" or “PMOZ 5", most preferably “PMOZ 4", or respectively
polymer conjugated lipids comprising the linker groups [linker]

o , succinate, a peptide bond (-CO-NH-), an
amine, or a secondary amine, more preferably wherein the linker group [linker] comprises succinamidyl
(—NHC(O)CH2CH2C(0)—) or (—NHC(O)CH2CH2C(0)—)

have specific advantages when it comes to producibility or general synthesis, preferably GMP producibility. In other
words, the production of these polymer conjugated lipids is easier to implement, more practicable, simpler and/or
can be conducted in a more cost-effective way. In other words, the general synthesis of these compounds
comprising the above mentioned preferred linkers is easier and more practicable. Lastly, polymer conjugated lipids
with the aforementioned [linker] group(s) are more stable with regard to chemical stability. In other words, the
polymer conjugated lipids and [linkers] as disclosed above have a highly advantageous and unexpected behaviour
with regard to synthesis and production.

In another very preferred embodiment, the linker group [linker] comprises preferably an amide linker moiety.

In a further very preferred embodiment, the linker group [linker] comprises preferably an ester linker moiety.

In a further very preferred embodiment, the linker group [linker] comprises preferably a succinate linker moiety.

In another very preferred embodiment, the linker group [linker] comprises both an ester linker and an amid linker
moiety. In another preferred embodiment, the linker group [linker] comprises both an ester linker, an amine linker

and an amid linker moiety.

In another very preferred embodiment, the linker group [linker] preferably has the structure of
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or
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or the linker group [linker] preferably is an amine, preferably a secondary amine linker moiety.

In a further embodiment, the lipid nanoparticle comprises the polymer conjugated lipid of the disclosure.

In a further preferred embodiment, the polymer conjugated lipid of the invention does not comprise a polyethylene
glycol-(PEG)-moiety or residue; and/or does not comprise a sulphur group (—-S-); and/or a terminating nucleophile.

In a further preferred embodiment, the polymer conjugated lipid of the invention does not comprise a polyethylene
glycol-(PEG)-moiety or residue.

In a further preferred embodiment, the polymer conjugated lipid of the invention does not comprise a sulphur group
=S-).

In a further preferred embodiment, the polymer conjugated lipid of the invention does not comprise a terminating
nucleophile.

In a further preferred embodiment, the polymer conjugated lipid of the invention does not comprise a sulphur group
(~S-); and a terminating nucleophile.

In a further preferred embodiment, the polymer conjugated lipid, preferably POZ-lipid or PMOZ-lipid, is not
covalently coupled to a biologically active ingredient being a nucleic acid compound selected from the group
consisting of RNA, an artificial mRNA, chemically modified or unmodified messenger RNA (mRNA) comprising at
least one coding sequence, self-replicating RNA, circular RNA, viral RNA, and replicon RNA.

In yet a further embodiment, the lipid nanoparticle does not comprise a polyethylene glycol-(PEG)-lipid conjugate
or a conjugate of PEG and a lipid-like material, and preferably do not comprise PEG and/or (ii) the polymer
conjugated lipid of the invention does not comprise a sulphur group (—S-), a terminating nucleophile, and/or is not
covalently coupled to a biologically active ingredient being a nucleic acid compound selected from the group
consisting of RNA, an artificial mRNA, chemically modified or unmodified messenger RNA (mRNA) comprising at
least one coding sequence, self-replicating RNA, circular RNA, viral RNA, and replicon RNA; or any combination
thereof.

In another very preferred embodiment, the polymer conjugated lipid of the invention does not comprise sulphur (S)
or a sulphur group (=S-).
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In a further embodiment, the lipid nanoparticle of the invention further comprises a sterol or steroid, preferably
selected from the group consisting of cholesterol, cholesteryl hemisuccinate (CHEMS) and a derivate thereof,
preferably wherein the lipid nanoparticle further comprises cholesterol.

In yet another embodiment, the lipid nanoparticle of the invention comprises
(i) an amount of about 1 mol%, about 2 mol%, about 3 mol%, about 4 mol%, about 5 mol%, about 6 mol%,
about 7 mol%, about 8 mol%, about 9 mol%, or about 10 mol% of the inventive polymer conjugated lipid
as disclosed herein; or
(i) more preferably an amount of about 0.1 mol%, about 0.2 mol%, about 0.3 mol%, about 0.4 mol%, about
0.5 mol%, about 0.6 mol%, about 0.7 mol%, about 0.8 mol%, about 0.9 mol%, or about 1 mol% of the
polymer conjugated lipid as described herein;

based upon a mol-percentage of the composition of 100% of all lipid components or excipients.

In a further embodiment, the biologically active ingredient comprised within the lipid nanoparticle, preferably is a
nucleic acid compound selected from the group consisting of RNA, an artificial mRNA, chemically modified or
unmodified messenger RNA (mMRNA) comprising at least one coding sequence, self-replicating RNA, circular RNA,
viral RNA, and replicon RNA; or any combination thereof, preferably wherein the biologically active ingredient is
chemically modified mRNA or chemically unmodified mRNA, more preferably wherein the biologically active
ingredient is chemically unmodified mRNA.

In a very preferred embodiment, the nucleic acid compound is an artificial or isolated mRNA.

In other preferred embodiments, new polymer conjugated lipids may be derived from the polymer conjugated lipids
disclosed in WO2018078053 (i.e. a lipid as derived from a N,N-ditetradecylacetamide-based compound or claim 5
of W02018078053), the disclosure of WO2018078053 hereby incorporated by reference in its entirety.

It is noted herein, that all chemical compounds mentioned throughout the whole specification may be produced via
processes known to a skilled worker; starting materials and/or reagents used in the processes are obtainable
through routine knowledge of a skilled worker on the basis of common general knowledge (e.g. from text books or
from e.g. patent applications WO2022173667, WO2009043027, WO2013067199, WO2010006282,
WO02009089542, WO2016019340, WO2008106186, WO2020264505, and WO02020023947, the complete
disclosure of said patent applications is incorporated by reference herein).

In other aspects and embodiments of the invention, the commercially available DMG-PEG2000 (DMG-PEG2K or
PEG2000-DMG; or “1,2-dimyristoyl-rac-glycero-3-methoxypolyethylene glycol-2000") is a preferred polymer
conjugated lipid of the LNPs of the invention:

SCCOSS60 St

O

(DMG-PEG2000)



10

15

20

25

30

35

40

WO 2024/184500 PCT/EP2024/056128
49

With respect to the amounts of the respective excipients, it is preferred that the ionizable lipid is incorporated in the
lipid nanoparticles, or in the composition according to the invention, at a relatively high molar amount compared to
the molar amount at which the polymer conjugated lipid according to formula (1) is present. Moreover, the molar
amount of the ionizable lipid is also preferably higher than the molar of amount of the neutral lipid in the composition
or in the nanoparticles, respectively. Furthermore, the molar amount of the steroid is optionally higher than the

molar amount of the polymer conjugated lipid according to formula (l).

In certain embodiments, the LNP comprises one or more additional lipids which stabilize the formation of particles
during their formation. Suitable stabilizing lipids include neutral lipids and anionic lipids. In various embodiments,
the molar ratio of the ionizable lipid (e.g., lipid of formula (1)) to the neutral lipid ranges from about 2:1 to about 8:1,

from about 3:1 to about 7:1, or from about 4.1 to about 6:1.

In certain embodiments, the polymer conjugated lipid according to formula (l) is present in the LNP in an amount
from about 1 mol% to about 10 mol%, relative to the total lipid content of the nanoparticle. In one embodiment, the
polymer conjugated lipid according to formula (I) is present in the LNP in an amount from about 1 mol% to about
5 mol%. In one embodiment, the polymer conjugated lipid according to formula (l) is present in the LNP in about
1 mol% or about 1.5 mol%. In a preferred embodiment, the polymer conjugated lipid according to formula (I) is
present in the LNP in an amount from about 1 mol%, about 2 mol%, about 3 mol%, about 4 mol%, about 5 mol%,
about 6 mol%, about 7 mol%, about 8 mol%, about 9 mol%, or about 10 mol%; preferably in an amount of about 5
mol%, more preferably in an amount of about 2.5 mol% or also preferably in an amount of about 1.7 mol%, based

upon a mol-percentage of the composition of 100% of all lipid components or excipients.

In certain very preferred embodiments, the polymer conjugated lipid according to formula (l) is present in the LNP
in an amount from about 0.1 mol% to about 1 mol%, relative to the total lipid content of the nanoparticle. In one
embodiment, the polymer conjugated lipid according to formula (l) is present in the LNP in an amount from about
0.5 mol% to about 1 mol%. In one embodiment, the polymer conjugated lipid according to formula (I) is present in
the LNP in about 0.7 mol% to about 1.3 mol%. In a preferred embodiment, the polymer conjugated lipid according
to formula (l) is present in the LNP in an amount from about 0.1 mol%, about 0.2 mol%, about 0.3 mol%, about 0.4
mol%, about 0.5 mol%, about 0.6 mol%, about 0.7 mol%, about 0.8 mol%, about 0.9 mol%, or most preferably
about 1 mol%; preferably in an amount of 0.5 mol%, more preferably in an amount of 0.7 mol% or also preferably
in an amount of 0.8 or 0.9 mol%, most preferably about 1 mol%, based upon a mol-percentage of the composition
of 100% of all lipid components or excipients.

In some embodiments, lipid-based carriers include less than about 3 mol%, 2 mol%, or 1 mol% of polymer
conjugated lipid, based on the total moles of lipid in the lipid-based carrier. In further embodiments, lipid-based
carriers comprise from about 0.1% to about 10% of the polymer conjugated lipid on a molar basis, e.g. about 0.5%
to about 10%, about 0.5% to about 5%, about 10%, about 5%, about 4%, about 3%, about 2%, about 1.5%, about
1%, about 0.5%, or about 0.3% on a molar basis (based on 100% total moles of lipids in the lipid-based carrier). In
other preferred embodiments, lipid-based carriers comprise from about 1.0% to about 2.0% of the polymer
conjugated lipid on a molar basis, e.g. about 1.2% to about 1.9%, about 1.2% to about 1.8%, about 1.3% to about
1.8%, about 1.4% to about 1.8%, about 1.5% to about 1.8%, about 1.6% to about 1.8%, in particular about 1.4%,
about 1.5%, about 1.6%, about 1.7%, about 1.8%, about 1.9%, most preferably 1.7% (based on 100% total moles
of lipids in the lipid-based carrier). In other preferred embodiments, lipid-based carriers comprise about 2.5%, 3%,
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3.5%, 4%, 4.5% or 5%, preferably 2.5% of the polymer conjugated lipid on a molar basis (based on 100% total
moles of lipids in the lipid-based carrier).

In very preferred embodiments, lipid-based carriers comprise about 2.5% of the polymer conjugated lipid on a molar
basis (based on 100% total moles of lipids in the lipid-based carrier). In this regard, the polymer conjugated lipid
may be a polymer conjugated lipid comprising P(M)OZ, preferably “PMOZ 4”.

In some embodiments, the lipid nanoparticle comprises a molar ratio of about 0.5 mol%, about 1 mol%, about 2
mol%, about 3 mol%, about 4 mol%, about 5 mol%, about 6 mol%, about 7 mol%, about 8 mol%, about 9 mol%,
about 10 mol%, about 11 mol%, about 12 mol%, about 13 mol%, about 14 mol%, or about 15 mol% polymer

conjugated lipid of the disclosure (based on 100% total moles of lipids in the lipid-based carrier).

In other preferred embodiments, lipid-based carriers comprise an amount of about 1 mol%, about 1.1 mol%, about
1.2 mol%, about 1.3 mol%, about 1.4 mol%, or about 1.5 mol% of the polymer conjugated lipid of the invention, or
less than about 1.5 mol% of the polymer conjugated lipid of the invention (based on 100% total moles of lipids in
the lipid-based carrier). In other preferred embodiments, lipid-based carriers comprise an amount of about 1 mol%,
about 1.1 mol%, about 1.2 mol%, about 1.3 mol%, about 1.4 mol%, or about 1.5 mol% of a PMOZ-lipid of the
invention, preferably “PMOZ 4", or less than about 1.5 mol% of a PMOZ-lipid of the invention, preferably “PMOZ 4"
(based on 100% total moles of lipids in the lipid-based carrier). In other embodiments, lipid-based carriers comprise
an amount of about 1 mol%, about 1.1 mol%, about 1.2 mol%, about 1.3 mol%, about 1.4 mol%, or about 1.5 mol%
of a PEG-lipid, preferably DMG-PEG2000, or less than about 1.5 mol% of a PEG-lipid, preferably DMG-PEG2000
(based on 100% total moles of lipids in the lipid-based carrier).

In preferred embodiments, the content of the polymer conjugated lipid according to formula (1) of the invention is
about 1 to 5 mol% of the overall lipid content of the formulation, preferably 1.7 mol% or 2.5 mol% (based on 100%
total moles of lipids in the lipid-based carrier). In other very preferred embodiments, lipid-based carriers comprise
about 1% or less than about 1% of the polymer conjugated lipid on a molar basis (based on 100% total moles of
lipids in the lipid-based carrier). In other very preferred embodiments, lipid-based carriers comprise less than about
1% of the polymer conjugated lipid on a molar basis (based on 100% total moles of lipids in the lipid-based carrier),
i.e. preferably selected from the group consisting of about 0.5 mol%, about 0.6 mol%, about 0.7 mol%, about 0.8
mol% and about 0.9 mol% (based on 100% total moles of lipids in the lipid-based carrier). In other preferred
embodiments, lipid-based carriers comprise an amount of about 1 mol%, about 2 mol%, about 3 mol%, about 4
mol%, about 5 mol%, about 6 mol%, about 7 mol%, about 8 mol%, about 9 mol%, or about 10 mol% of the polymer
conjugated lipid of the invention, or more preferably an amount of about 0.1 mol%, about 0.2 mol%, about 0.3 mol%,
about 0.4 mol%, about 0.5 mol%, about 0.6 mol%, about 0.7 mol%, about 0.8 mol%, about 0.9 mol%, or about 1
mol% of the polymer conjugated lipid of the invention (based on 100% total moles of lipids in the lipid-based carrier),
preferably “PMOZ 4".

In various embodiments, the molar ratio of the ionizable lipid (e.g., lipid of formula (ll)) to the polymer conjugated
lipid according to formula (Il) ranges from about 100:1 to about 25:1, from about 50:1 to about 25:1, or from about

40:1 to about 25:1.

In various embodiments, the molar ratio of the ionizable lipid to the polymer conjugated lipid ranges from about
100:1 to about 25:1.

Cationic, ionizable or cationisable lipids
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The ionizable lipid of an LNP becomes protonated as the pH is lowered below the pK of the ionizable group of the
lipid, but is progressively more neutral at higher pH values. At pH values below the pK, the lipid is then able to
associate with negatively charged nucleic acids. In certain embodiments, the ionizable lipid comprises a zwitterionic
lipid that assumes a positive charge on pH decrease.

In the novel ionizable lipids as shown below in formula (ll), the degradable / biodegradable moiety A connects the
two structures R? and R® which may be the same or different. Each of R? and RP® includes at least one basic, i.e.
cationic, moiety that includes a tertiary nitrogen atom. At least one of R2 and RP has a substantially lipophilic tail
structure and at least one ester group. The degradable / biodegradable moiety A may be selected from the following
functional groups: —S—, —S—S—, =NH-C(O)—, —=NH-C(0)O-, —=NH-C(O)-NH—, —S—C(O)-N(H)~, —C(O)O—, or —O—
P(O)(OH)-O-. In one of the preferred embodiments, A is a moiety or group containing one or more sulfur atoms,
such as —S—, —S-S—, or —S-C(O)-N(H)-. In a very preferred embodiment, in particular of aspect A shown herein,
A is =S—, in which the ionizable lipid may be represented as R>-S-RP®, wherein R? and R® may be selected as
defined above.

In a very preferred embodiments, the ionizable lipid as comprised in the lipid nanoparticles of the invention is a lipid
according to formula (I1):
Ra-A-RP formula (I1)
or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein
R? is selected from:

1
R
N
O\ ey
N 0. R 3
;KR]/ o \ﬂ/ ~r¢ I\/N\RQ,O\"/R\R4
o

, or
;
R
'7_( \x/\l
bx\ 200 R,
R \”/
le]
RP is selected from:
R
~
X
,YK /N O R tl( /\l 3
- rz”” gt N 20 R 4
R \Ir R
[s] , (e} . or

Ais =S—;

R' is an ethanediyl or linear or unbranched alkanediyl having 2 to 3 carbon atoms;

R? is an alkanediyl having 2 to 8 carbon atoms;

R3 is optional, and if present, is =R>~C(O)—-0—, —R5-0-C(0)—, —R>~C(O)-NH-, —=R>~0OC(0)-NH-
, or R°=NH-C(0)O~;
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R* is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12
to 36 carbon atoms is derived from tocopherol or tocotreinol;
RS is an alkanediyl having 1 to 6 carbon atoms;
X is a carbon atom bonded to a hydrogen atom (CH) or a nitrogen atom, preferably a carbon atom
5 bonded to a hydrogen atom (CH);

wherein all selections are independent of one another.

In another very preferred embodiment, the ionizable lipid as comprised in the lipid nanoparticles of the invention is

a lipid according to formula (l1):

10 Ra-A-RP formula (I1)
or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein
R#is

X\ ZIOTRJ\RA‘
O il
RPis
1
R
R
3
I\/N\ 2/OTR\R4
15 ° '
Ais =S,

R' is an ethanediyl or linear or unbranched alkanediyl having 2 carbon atoms;

R? is an alkanediyl having 2 carbon atoms;

R3 is —R5-C(0)-O-:

20 R* is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12

to 36 carbon atoms is derived from tocopherol or tocotreinol;

RS is an alkanediyl having 1 to 3 carbon atoms;

X is a carbon atom bonded to a hydrogen atom (CH) or a nitrogen atom, preferably a carbon atom
bonded to a hydrogen atom (CH);

25 wherein all selections are independent of one another.

In another very preferred embodiment, the ionizable lipid as comprised in the lipid nanoparticles of the invention is
a lipid according to formula (l1):

Ra_A-RP formula (I1)
30 or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein
R#is

;\R‘f

o} "3
a2 \N/ gt
e]
)

RP is
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3
&/N o R

)1 R T g

o )
Ais =S—;
R' is an ethanediyl or linear or unbranched alkanediyl having 2 to 3 carbon atoms;
R? is an alkanediyl having 2 carbon atoms;
5 R? is -R*>~C(0)-0-, -R>-0-C(0)-;
R# is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12
to 36 carbon atoms is derived from tocopherol or tocotreinol;
RS is an alkanediyl having 1 to 6 carbon atoms;
wherein all selections are independent of one another.

10
In another very preferred embodiment, the ionizable lipid as comprised in the lipid nanoparticles of the invention is
a lipid according to formula (l1):
Ra-A-RP formula (I1)
or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein
15 R? is selected from:
1
R
'7{ \X/\l
o R 3
&RK A o T - I\/N\ 2.0 R 4
R T R
o] ’ 0 . or
’
R
Y
3
2SN Z’OYR\R4
o)
RP is selected from:
1
R
Y
o R3 3
;KRV/N Rz/ \ﬂ,/ \R4 I\/N\ 2-0 Ra_4
R \"/ R
, o , or
1
R
X
I\/x o_ R
\RZ/ T \R4
20 © ,
Ais —=S—;
R' is an ethanediyl or linear or unbranched alkanediyl having 2 to 3 carbon atoms;
R2 is an alkanediyl having 2 carbon atoms;
R3 is =R5-C(0)-0-;
25

R# is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12
to 36 carbon atoms is derived from tocopherol or tocotreinol;

R% is an alkanediyl having 1 to 3 carbon atoms;
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X is a carbon atom bonded to a hydrogen atom (CH) or a nitrogen atom, preferably a carbon atom
bonded to a hydrogen atom (CH);
wherein all selections are independent of one another.

5 In further very preferred embodiments, the ionizable lipid as comprised in the lipid nanoparticles of the invention is
a lipid according to formula (ll):

R-A-RP formula (I1)

10 or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein

R? is selected from:

(&N/\l

N o} R? 3

;-‘-KR"I/ Rz/ \’.r \R4 I\/X\RQ,O R\ 4
[e]

15 © ,or
—RI-N(H)-C(O)-R*-R*:

RP is selected from:

N 0 R3
a”” 2 T gt
o



WO 2024/184500 PCT/EP2024/056128
55

o ] O il
1
R
XY
3
AN Z’OYR\RA
© , =R1=N(H)-C(0)-R3-R*, or
—R'-N(CHas)z;

A is =8—, =S-8-, -NH-C(0)-, —NH-C(0)O—, —NH-C(0)-NH-, —S-C(O)-N(H)-, —C(O)O-, or —O—
5 P(O)(OH)-0O—;

R'is an ethanediyl, propanediyl, butanediyl, or linear or unbranched alkanediyl having 2 to 8 carbon atoms,
wherein each substitutable carbon atom is unsubstituted or substituted with one or more C1-C4 alkyl, C4-Cs
alkenylene, C3-Cs cycloalkylene, or C3-Cs cycloalkenylene;

R2is an alkanediyl having 2 to 8 carbon atoms;

10 R3 is optional, and if present, is —R°-C(0)-0-, —R*-0-C(0)—, —-R>~C(Q)-NH-, —R*~0C(0)-NH-, or R~
NH-C(0)O-;

R* is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12 to 36

carbon atoms is either (i) a linear or branched alkyl or alkenyl having 12 to 25 carbon atoms or (ii) derived from

tocopherol or tocotreinol;
15 RS is an alkanediyl having 1 to 6 carbon atoms;
X is a carbon atom bonded to a hydrogen atom (CH) or a nitrogen atom;

wherein all selections are independent of one another.

In further very preferred embodiments, the ionizable lipid as comprised in the lipid nanoparticles of the invention is

20 a lipid according to formula (I1):
Ra-A-RP formula (I1)
or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein

R? is selected from:

N o] N /\I
KR"’/ o \f g k/N\RZfOWR\M

25 o ,or
—RI-N(H)-C(O)-R*~R*:

Rt is selected from:
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§ o R /\l 3
&RV)N e \’( - K/N\ ,.0 R 4
R \[( R
o

R1

S
K/X\ 200 R4
R T R
© , or
—R'-N(H)-C(0)-R3-R*, or
—R1-N(CHz3)z;
5 A is =S—, =S-S—, -NH-C(0)-, —NH-C(Q)0-, —NH-C(Q)-NH-, —S—C(0)-N(H)-, —=C(0)O—, or —O—
P(O)(OH)-O—, preferably A is -S-;
R'is an ethanediyl or linear or unbranched alkanediyl having 2 to 3 carbon atoms;
R?is an alkanediyl having 2 to 8 carbon atoms;
R3 is optional, and if present, is —R*~C(0)-0-, -R*~0-C(0O)—, —-R*-C(0)-NH-, —R5-0OC(0)-NH-, or R~
10  NH-C(0)O—;
R* is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12 to 36
carbon atoms is derived from tocopherol or tocotreinol;
R% is an alkanediyl having 1 to 6 carbon atoms;
X is a carbon atom bonded to a hydrogen atom (CH) or a nitrogen atom, preferably a carbon atom bonded
15 to a hydrogen atom (CH);

wherein all selections are independent of one another.

In further very preferred embodiments, the ionizable lipid as comprised in the lipid nanoparticles of the invention is
a lipid according to formula (l1):

20 R2-A-RP formula (I1)
wherein is

R? is selected from:

T -
25

, or
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—R1=N(H)-C(0)-R*-R*;
RP is selected from:

—R1-N(H)—~C(O)-R3-R*, or
—R'-N(CHsa)z;
A is —S—, —S-S—, —NH-C(0)-, —NH-C(0)0O-, —NH-C(O)-NH-, —S—-C(O)-N(H)-, —C(0)O—, or —O-
P(O)(OH)-0O—;, preferably A is -S-
10 R'is an optionally substituted ethanediyl, propanediyl, butanediyl, or linear or unbranched alkanediyl having
2 to 8 carbon atoms, preferably R is ethanediyl;
R2 is an alkanediyl having 2 to 8 carbon atoms;
R3 is optional, and if present, is —R>-C(0)-0-, —-R*~0-C(0O)-, —-R*~C(0)-NH-, -R*~-OC(Q)-NH-, or R°-
NH-C(0)O-;
15 R*is a lipophilic substituent with 12 to 36 carbon atoms;
R% is an alkanediyl having 1 to 6 carbon atoms;
X is a carbon or nitrogen atom;
wherein all selections are independent of one another,
optionally provided that if R', R2 and R® are all linear unsubstituted ethanediyl, A is —=S-S—, and R? and R® are
20 identical, then R* is not

2,

In another aspect, the present invention relates to novel ionizable lipids which are useful for the delivery of nucleic
acids into living cells. The ionizable lipids are compounds according to formula (ll):

25 R?—A-RP formula (1)
wherein

R? is selected from:
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1 1
R\ R\
‘1{ @ '7( X/\‘
3 3
X 2.0 R K/N o) R
\RZ T \R4 \RZ Y \R4

o} e}

O R
IJ\RT e \’_r \R4
v ,or

—R'=N(H)-C(0)-R*-R*;

RP is selected from:

X X
I\/X 8] R3 I\/N o] R3
\R2' T \RA \RZ/ Y \Rct
5 : © , o ,
1 1
~ R

H OIS § W
TR \RWR

QRZ T \Ra

—RI'-N(H)—-C(O)-R3-R*, or
—R'=N(CHz3)z;
10 Ais =S—, =S-S—, —=S—C(0)— -NH-C(0)—, -NH-C(0)O—, ~NH-C(O)-NH—, —S—C(O)-N(H)—, —C(O)O—, or
—0O-P(O)(OH)—O—, preferably A is -S-;
R' is an optionally substituted ethanediyl, propanediyl, butanediyl, or linear or unbranched alkanediyl
having 2 to 8 carbon atoms;
R2 is an alkanediyl having 2 to 8 carbon atoms;
15 R3 is optional, and if present, is =R>~C(0)-O—, or —R5-0-C(0)-, —R°~C(O)-NH-, —-R>~OC(0)-NH-, or
R5-NH-C(0)O—;
R4 is a lipophilic substituent with 12 to 36 carbon atoms;
R® is an alkanediyl having 1 to 6 carbon atoms;
X is a carbon or nitrogen atom;
20 wherein all selections are independent of one another,
optionally provided that if R', R? and R® are all ethanediyl, A is =S—-S—, and R? and R® are identical, then R* is not

2,
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In yet another aspect, aspect A, the invention provides a novel ionizable lipid that is defined as a compound
according to formula (I1):

R2-A-RP formula (I1)

or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein

R2 is selected from:

a i
K/X o} RS k/X o} R3 k/N Q RS
\R2/ \"/ \R4 \RZ/ \"/ \R4 \Rz/ \ﬂ/ \RA

N(H)-C(0)-R*-R*;

RP is selected from:

e} (o] e} , —R'-
N(H)—-C(O)-R3-R*, or —-R'=N(CHa)z;
A is —=S—, —=S-S—, -NH-C(0)-, -NH-C(0)O—, —~NH-C(O)-NH-, —S—C(0)-N(H)—, —C(Q)O-, or —O—-P(O)(OH)-0—;
R is an ethanediyl, propanediyl, butanediyl, or linear or unbranched alkanediyl having 2 to 8 carbon atoms, wherein

each substitutable carbon atom is unsubstituted or substituted with one or more C1-Ca alkyl, C1-C4 alkenylene, Cs-

Cs cycloalkylene, or C3-Cs cycloalkenylene;

R? is an alkanediyl having 2 to 8 carbon atoms;

R? is optional, and if present, is —R*~C(0)-0-, —R5>-0O-C(0)—, —R®*~-C(0)-NH-, —R*-OC(O)-NH-, or R5°-NH-
C(0)O-;

R* is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12 to 36 carbon
atoms is either a linear or branched alkyl or alkenyl having 12 to 25 carbon atoms or derived from alpha-tocopherol;
R% is an alkanediyl having 1 to 6 carbon atoms;

X is a carbon atom bonded to a hydrogen atom (CH) or a nitrogen atom;

wherein all selections are independent of one another;

optionally provided that that if (i) R® is present as —R>-C(0)-0-, (ii) R" and R? are linear unsubstituted ethanediyl,
(i) R® is either linear unsubstituted ethanediyl, linear unsubstituted propanediyl or linear unsubstituted butanediyl,
(iv) A is —S—S—, and (v) R? and RP are identical, then R* is not
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|

o]

and further provided that if (i) R3 is absent, (i) R" and R2 are linear unsubstituted ethanediyl, (iii) A is —-S-S—, and
(iv) R? and RP are identical, then R* is not

N N I N 55
, and not

R — — 55
or, as an alternative to the above proviso, optionally provided that the ionizable lipid is not a lipid selected from the
group consisting of

A

Oy

""\vws
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In other embodiments, R* of formula (I1) is

o]
5
In one preferred embodiment, A is —S—, and R? and R® are identical, and R* is
o]
In another preferred embodiment, A is =S— and R* is
o
10

In preferred embodiments, R? is selected from:

Q\ &N/\l

N o) R3 3

‘!\Rv" wd \”/ gt I\/X\R%O Ra_4
[&]

R A
%N X
O I\jl\'\szo\lfRisz

o O
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o , or —R1=N(H)-C(0)-R3-R*; and

&N/\I
;K N o RS I\/X (e} R3
R1/’ Rg/ \ﬂ/ \R“ \RQ’ T \R4
o ' 0 ,
]
R
‘7{ \N/\ é‘(s\x/\l
k/x o _R I\/N o _R:
\RZ/ \"/ \R4 \RQ/ \ﬂ/ \R4
o] , o} ,
}
R
‘L’z/ \X/\I Af\x/\
K/N o R I\/x o R’
\R2/ Y \R4 \RZ/ T ‘\R4
0 , o ,
]
R
Y
k/x o) R
\R2f T \R4
o , or =R'=N(H)-C(0)-R3-R*.

Since R? and RP may optionally be different from one another, they may be independently selected. As mentioned,

R? may be selected from

o , preferably with X being CH,
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or —R'-N(H)-C(O)-R3-R*; and R® may be selected from

0 , preferably with X being CH,
—R1-N(H)-C(O)-R3-R*, or —R'=N(CHz)2.

Further, as mentioned, R? may be selected from

A

X
N 0 R3 3
&w e o - K/x\ 20 _RI_4
R \Ir R
8]

e}

N

1
R
LL( \x/ﬁ ;{X/\|
I\/ 2 k/ :
O R
2- 4
~R \”/ ~g
(o] (o]
R
Y
3
N\RQ/OTR\R‘;
o , preferably with X being CH,
and RP may be selected from

&X/\l

N o R3 3

&R"/ w2 \n/ gt I\/X\RZ/O R 4
O

preferably with X being CH.

In one of the preferred embodiments, at least one of R? and RP comprises a piperidine- or piperazine-derived six-
membered ring structure between R? and A or R', respectively. This means that at least one tertiary nitrogen atom
which is present and located in vicinity to moiety A and separated from the lipophilic tail structure R* by at least one
spacer (R?) any an ester group. A potential advantage of the ester group (or groups, if R® is present) relates to the
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further enhanced degradability of the lipid in a physiological environment, for example, in an intracellular
environment, which is provided by the hydrolytically labile ester bond(s).

In a further embodiment, both R? and RP comprises a piperidine- or piperazine-derived six-membered ring structure.
Also preferred is an ionizable lipid in which both R2 and R are

R‘Y

™
‘\v/"xﬂza":‘\[ rﬂi\ﬁa

Q , preferably with X being CH,
either independently selected or, alternatively, with R2 and RP being identical.

In a further embodiment, where R? is

A’Kx/ﬁ
N 0 R3 3
,&R/ o g I\/x\ 2.0 R4
R \[r R
) o)

o 0 or

1
R
Lt{ \x/\l
I\/N o R’
2- 4
R \”/ ~R
)

, preferably with X being CH,
and/or where RP is

1
%{/R\X/ﬁ
. 3
.fé\w/”‘ RZ/O\N/R\R“ I\/X\RZ*O\[(R\RA
o ,or o , preferably with X being CH,
R2? serves as a linker or spacer between the respective basic piperidine- or piperazine-derived ring structure and an
estergroup. As mentioned, R? is defined as an alkanediyl having 2 to 8 carbon atoms. RZmay be linear or branched,
and otherwise (i.e. except for any branchings) it is preferably unsubstituted. In one embodiment, R2 is a linear
unsubstituted alkanediyl having 2, 3, 4, 5, 6, 7 or 8 carbon atoms. In another embodiment, R2 is a linear
unsubstituted alkanediyl having 2 to 6 carbon atoms. In a further preferred embodiment, R2 is a linear unsubstituted
ethanediyl or propanediyl. For example, both R? and RP may be

1
R

~
X
& 1/N 2/0 RS\ Llal/ Q o R3
R R \l‘r i R \”/ ~gt
© or o , preferably with X being N or CH,
with an R? selected from linear unsubstituted alkanediyls having 2 to 6 carbon atoms, such as ethanediyl or

propanediyl.
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R* from formula (Il) is defined as a lipophilic substituent with 12 to 36 carbon atoms. This “tail" end of R? and
optionally also of RP (unless R° is —R'-N(CHa)2) is believed to provide the degree of lipophilicity which is typically
required for molecules to be able to cross biological membranes. Therefore, R* may in principle be of any structure
that is substantially lipophilic. For example, a hydrocarbon structure is lipophilic. In one embodiment, R*, in at least
one of its occurrences, may consist of only carbon and hydrogen atoms. In one preferred embodiment, R*
represents a linear or branched alkyl or alkenyl, preferably having 12 to 25 carbon atoms. The branched alkyl or
alkenyl may optionally have a plurality of side chains, such as 2, 3, 4 or more methyl side chains. In another
embodiment, R* may be an alkyl or alkenyl comprising a single alkyl or alkenyl side chain with e.g. 2 to 10 carbon
atoms. For example, R* may be 1-n—hexyl-n-nonyl (or 7-n-pentadecyl), or 2-n—hexyl-n-decyl. In other
embodiments, the lipophilic substituent may optionally include one or more heteroatoms such as O, S, or N. In other
embodiments, the lipophilic substituent may optionally include one or more saturated, unsaturated, or aromatic ring

structures that may optionally include one or more heteroatoms such as O, S, or N.

R#* may also include a small number of hetero atoms such as oxygen atoms, as long as the predominantly lipophilic
character is maintained. In one embodiment, R* comprises one or more oxygen atoms and no other hetero atoms.
R* may also comprise a cyclic structure, such as an aromatic or aliphatic ring structure optionally including one or
more oxygen atoms. If present, it is preferred that the hetero atoms and/or the cyclic structure are located towards
the optional R3 structure rather than towards the end of the “tail”. In one embodiment, R* is a lipophilic group derived
from tocopherol or tocotreinol. In one embodiment, R* is a lipophilic group derived from alpha-tocopherol, in

particular

2

o]

in particular if not all of R', R2 and R® are linear unsubstituted ethanediyl, A is -S—S—, and R? and R® are identical.

A “lipophilic group derived from tocopherol or tocotreinol” as referred to herein includes derivatives of tocopherol
and tocotreinol, in particular the derivatives with the structures shown in Scheme 1 below, i.e. the derivatives
derived from alpha-tocopherol, beta-tocopherol, gamma-tocopherol, delta-tocopherol, alpha-tocotreinol, beta-
tocotreinol, gamma-tocotreinol and delta-tocotreinol.
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Rﬁ O M

-Tocopherol  Satgrated Phityt chiin

= o o

-Tocotreinol o
- Poly-risatirated Phytyl thain

Isoform R4 Rz
Alpha (g} CH3 CH3
Beta (p) CH3 H
Gamma {y) H CH3
Delta (5) H H

Scheme 1: Derivatives of tocopherol have a saturated phytyl chain, whereas derivatives of tocotreinol have a poly-
unsaturated phytyl chain. For both, derivatives of tocopherol and tocotreinol, the isoforms are defined by R1 and Ry,
which are selected from CH3 and H. Thus, as shown, if e.g. R1 is CHs and Rz is CHs, the resulting derivative is the
alpha isoform of tocopherol and tocotreinol, respectively (referred to as derivative of alpha-tocopherol and alpha-
tocotreinol, respectively). The OH-group is of course not present in the derivatives since this is the point of

attachment, as shown in the two structures on the left.

In a preferred embodiment, in particular of aspect A above, R* is either a linear or branched alky! or alkenyl having
12 to 25 carbon atoms or is a lipophilic group selected from the group consisting of the derivatives of alpha-
tocopherol, beta-tocopherol, gamma-tocopherol, delta-tocopherol, alpha-tocotreinol, beta-tocotreinol, gamma-
tocotreinol and delta-tocotreinol as shown herein in Scheme 1.

In yet another preferred embodiment, in particular of aspect A above, R* is either a linear or branched alkyl or
alkenyl having 12 to 25 carbon atoms or

e

Preferably, all chiral centers of the above Vitamin E or tocopherol moiety have the (R)-configuration. It is to be
understood herein, that also other embodiments are comprised within the scope of the invention, in which the chiral

centers of tocopherol may vary, i.e. they may be different from all (R)-configuration.

In very preferred embodiments, ionizable lipids are defined as a compound according to formula (I1):
Ra-A-RP formula (I1)
wherein is
R? is:
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RP is selected from:
1
R
t;{ \N/\
I\/x o} R
2- 4
T

O

Ais -S—;

X is a carbon atom;

R'is an optionally substituted ethanediyl, propanediyl, butanediyl, or linear or unbranched alkanediyl having
2 to 8 carbon atoms, preferably R is ethanediyl,

R2is an alkanediyl having 2 to 8 carbon atoms;

R3 is optional, and if present, is —R>-C(0)-0-, -R*~0-C(O)-, —R>~C(0)-NH-, -R*~OC(Q)-NH-, or R°-
NH-C(0)O—;

R4 is a lipophilic substituent with 12 to 36 carbon atoms, preferably

e

; and
R> is an alkanediyl having 1 to 6 carbon atoms;
wherein all selections are independent of one another.

In other preferred embodiments, the at least one nucleic acid (e.g. DNA or RNA), preferably the at least one RNA
of the composition is complexed with one or more lipids thereby forming LNPs, wherein the ionizable lipid of the
LNP is selected from structures C1 to C23, or respectively C1 to C27 of Table 1 or a lipid derived from formula (I)
of PCT patent application PCT/EP2019/086825 or the subsequent patent application thereof claiming the priority of
PCT/EP2019/086825 i.e. W0O2021123332. In other embodiments, the at least one nucleic acid (e.g. DNA or RNA),
preferably the at least one RNA of the composition is complexed with one or more lipids thereby forming LNPs,
wherein the ionizable lipid of the LNP is derived from structures C1 to C23, or respectively C1 to C27 of Table 1 of
PCT patent application PCT/EP2019/086825 or the subsequent patent application thereof claiming the priority of
PCT/EP2019/086825 i.e. W02021123332, wherein the element “A” from formula (I) of PCT/EP2019/086825 is —
S—. Accordingly, formulas C1 to C23, or respectively C1 to C27, of PCT patent application PCT/EP2019/086825 or
the subsequent patent application thereof claiming the priority of PCT/EP2019/086825 i.e. W02021123332, and
the specific disclosure relating thereto, are herewith incorporated by reference.

In very preferred embodiments, the ionizable lipid of the invention is selected from the group consisting of C24, C28
and C29.

In a further very preferred embodiments, the ionizable lipid of the invention is C24.

In a further very preferred embodiments, the ionizable lipid of the invention is C28.
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In a further very preferred embodiments, the ionizable lipid of the invention is C29.

In yet a further embodiment, the ionizable lipid, preferably is selected from the ionizable lipids as listed herein in

Table 1.

Table 1: Preferred ionizable lipids according to formula (I) - when it is referred to specific lipids from this table, e.g.
lipid C1, reference is made e.g. to “Lipid C1", “Lipid Compound 1", “HEXA-C4DE-PipSS"” or “C1"

lonizabl
e lipid
Compou Structure Name
nd No.
THIOETHER or
“VitE-C4DE-
o4 Piperidine-
Thioether” or
“VitE-C4DE-Pip-
S" or “CVL1"
s “C3S88” or “VitE-
c25 S CADE-Piperidine-
f C3s8’
N
O
ONO
o ]
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C26

HEXA-C5DE-
inverted-PipSS

c27

HEXA-C5DE-Pip-
C3 thioether or
HEXA-C5DE-
piperidine-C3
thioether

C28

“VitE-C4DE-
meta-Pip-S” or
“CVL1-meta”
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“VitE-C4DE-
inverted Pip-S” or
“CVL1-inverted”

0 or “CVL1-para”
OWL o~
o O

Accordingly, the invention is directed to a composition comprising one of the ionizable lipids as described herein

C29 S

above and below, preferably selected from the group consisting of compound C24, C28 and C29 of Table 1. More
preferably, the invention is directed to a composition comprising one of the ionizable lipids as described herein
above and below, preferably selected from the group consisting of compound C24, C28 and C29 of Table 1 in
combination with a polymer conjugated lipid according to formula (l) as described herein, preferably “PMOZ 4”.
Even more preferably, the invention is directed to a composition comprising one of the ionizable lipids as described
herein above and below, preferably selected from the group consisting of compound C24, C28 and C29 of Table 1
in combination with a polymer conjugated lipid according to formula () as described herein, preferably “PMOZ 4",
further in combination with the lipids DPhyPE and DPhyPS.

In very preferred embodiments, the at least one nucleic acid (e.g. DNA or RNA), preferably the at least one RNA of
the composition is complexed with one or more lipids thereby forming LNPs, wherein the ionizable lipid of the LNP
has the structure “C24", which in turn is the most preferred structure for an ionizable lipid comprised in a lipid
nanoparticle composition of the invention:

(C24).

In another very preferred embodiment, the at least one nucleic acid (e.g. DNA or RNA), preferably the at least one
RNA of the composition is complexed with one or more lipids thereby forming LNPs, wherein the ionizable lipid of
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the LNP has the structure “C28", which in turn is another most preferred structure for an ionizable lipid comprised

in a lipid nanoparticle composition of the invention:

o)

o]
0]
O%\W —\_O
O N
/_/ ’
o) N
: S~
Mo
0
O
(C28).
5
In another very preferred embodiment, the at least one nucleic acid (e.g. DNA or RNA), preferably the at least one
RNA of the composition is complexed with one or more lipids thereby forming LNPs, wherein the ionizable lipid of
the LNP has the structure “C29", which in turn is another most preferred structure for an ionizable lipid comprised
in a lipid nanoparticle composition of the invention:
o
O
(@]
O/[W \//\N
(@]
S
O
ONO/\/N
o]
0]
10

(C29).

In other aspects of the invention, a method of synthesizing the ionizable lipids of the invention are provided,
preferably a method of synthesizing the ionizable lipid C28 or the ionizable lipid C29, in accordance with the
15 synthesis routes as described in the working examples of the invention, i.e.
¢ “Synthesis of lipid C28 (bis((R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-yl) O,0'-
(((thiobis(ethane-2,1-diyl))bis(piperidine-1,3-diyl))bis(ethane-2,1-diyl)) disuccinate (VitE-C4DE-meta-Pip-
S))”; or respectively
¢ "“Synthesis of lipid C29 (bis((R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-yl) O,0'-
20 (((thiobis(ethane-2,1-diyl))bis(piperidine-4,1-diyl))bis(ethane-2,1-diyl)) disuccinate (VitE-C4DE-inverted
Pip-S))".
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Cationic, ionizable or cationisable lipids also include, but are not limited to, DSDMA, 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), ckk-E12, ckk, 1,2-DiLinoleyloxy-N,N-dimethylaminopropane (DLinDMA), 1,2-Dilinolenyloxy-N,N-
dimethylaminopropane (DLenDMA), 1,2-di-y-linolenyloxy-N,N-dimethylaminopropane (y-DLenDMA), 98N12-5, 1,2-
Dilinoleylcarbamoyloxy-3-dimethylaminopropane  (DLin-C-DAP),  1,2-Dilinoleyoxy-3-(dimethylamino)acetoxy-
propane (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-dimethylamino-
propane (DLin-2-DMAP), 1,2-Dilinoleyloxy-3-trimethylaminopropane chloride salt (DLin-TMA.CI), ICE (Imidazol-
based), HGT5000, HGT5001, DMDMA, CLinDMA, CpLinDMA, DMOBA, DOcarbDAP, DLincarbDAP, DLinCDAP,
KLin-K-DMA, DLin-K-XTC2-DMA, XTC (2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]-dioxolane) HGT4003, 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 (DLinAP), 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,12Z)-octadeca-9,12-
dienyl)tetrahydro-3aH-cyclopenta[d][1,3]dioxol-5-amine, (6Z,9Z,28Z,31Z)-heptatriaconta-6,9,28,31-tetraen-19-yl-
4-(dimethylamino)butanoate (MC3), ALNY-100 ((3aR,5s,6aS)-N,N-dimethyl-2,2-di((9Z,12Z)-octadeca-9,12-
dienyl)tetrahydro-3aH-cyclopenta[d] [1,3]dioxol-5-amine)), 1,1'-(2-(4-(2-((2-(bis(2-hydroxydodecyl)amino)ethyl)(2-
hydroxydodecyl)amino)ethyl)piperazin-1-yl)ethylazanediyl)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), NC98-5 (4,7, 13-tris(3-ox0-3-(undecylamino)propyl)-N1,N16-diundecyl-4,7,10,13-tetraazahexadecane-
1,16-diamide), (6Z,9Z,28Z,31Z)-heptatriaconta-6,9,28,31-tetraen-19-yl 4-(dimethylamino) butanoate (DLin-M-C3-
DMA), 3-((6Z,9Z,28Z,312Z)-heptatriaconta-6,9,28,31-tetraen-19-yloxy)-N,N-dimethylpropan-1-amine (MC3 Ether),
4-((62,92,282,312Z)-heptatriaconta-6,9,28,31-tetraen-19-yloxy)-N,N-dimethylbutan-1-amine (MC4 Ether),
LIPOFECTIN® (commercially available cationic liposomes comprising DOTMA and 1,2-dioleoyl-sn-3phospho-
ethanolamine (DOPE), from GIBCO/BRL, Grand Island, N.Y.); LIPOFECTAMINE® (commercially available cationic
liposomes comprising  N-(1-(2,3dioleyloxy)propyl)-N-(2-(sperminecarboxamido)ethyl)-N,N-dimethylammonium
trifluoroacetate (DOSPA) and (DOPE), from GIBCO/BRL); and TRANSFECTAM® (commercially available ionizable
lipids comprising dioctadecylamidoglycyl carboxyspermine (DOGS) in ethanol from Promega Corp., Madison, Wis.)
or any combination of any of the foregoing. Further suitable ionizable lipids for use in the compositions and methods
of the invention include those described in international patent publications W0O2010053572 (and particularly, CI 2-
200 described at paragraph [00225]) and WO2012170930, both of which are incorporated herein by reference,
HGT4003, HGT5000, HGTS001, HGT5001, HGT5002 (see US20150140070).

In some embodiments, the ionizable lipid may be an amino lipid.

Representative amino lipids include, but are not limited to, 1,2-dilinoleyoxy-3-(dimethylamino)acetoxypropane
(DLin-DAC), 1,2-dilinoleyoxy-3morpholinopropane (DLin-MA), 1,2-dilinoleoyl-3-dimethylaminopropane (DLinDAP),
1,2-dilinoleylthio-3-dimethylaminopropane (DLin-S-DMA), 1-linoleoyl-2-linoleyloxy-3dimethylaminopropane (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),
3-(N,Ndilinoleylamino)-1,2-propanediol (DLinAP), 3-(N,N-dioleylamino)-1,2-propanediol (DOAP), 1,2-dilinoleyloxo-
3-(2-N,N-dimethylamino)ethoxypropane (DLin-EG-DMA), and 2,2-dilinoleyl-4-dimethylaminomethyl-[1,3]-dioxolane
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(DLin-K-DMA),  2,2-dilinoleyl-4-(2-dimethylaminoethyl)-[1,3]-dioxolane  (DLin-KC2-DMA);  dilinoleyl-methyl-4-
dimethylaminobutyrate (DLin-MC3-DMA); MC3 (US20100324120).

In preferred embodiments, the ionizable lipid may 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. Suitable (ionizable) lipids can also be
the compounds as disclosed in Tables 1, 2 and 3 and as defined in claims 1-24 of WO2017075531, hereby
incorporated by reference.

In another embodiment, suitable lipids can also be the compounds as disclosed in W0O2015074085 (i.e. ATX-001
to ATX-032 or the compounds as specified in claims 1-26), U.S. Appl. Nos. 61/905,724 and 15/614,499 or U.S.
Patent Nos. 9,593,077 and 9,567,296 hereby incorporated by reference in their entirety.

In other embodiments, suitable ionizable lipids can also be the compounds as disclosed in WO2017117530 (i.e.
lipids 13, 14, 15, 16, 17, 18, 19, 20, or the compounds as specified in the claims), hereby incorporated by reference

in its entirety.

In preferred embodiments, ionizable or ionizable lipids may also be selected from the lipids disclosed in
WO02018078053 (i.e. lipids derived from formula I, Il, and Il of WO2018078053, or lipids as specified in Claims 1
to 12 of WO2018078053), the disclosure of WO2018078053 hereby incorporated by reference in its entirety. In that
context, lipids disclosed in Table 7 of W0O2018078053 (e.g. lipids derived from formula I-1 to |-41) and lipids
disclosed in Table 8 of W02018078053 (e.g. lipids derived from formula I1-1 to 11-36) may be suitably used in the
context of the invention. Accordingly, formula |-1 to formula 1-41 and formula 11-1 to formula 11-36 of WO2018078053,
and the specific disclosure relating thereto, are herewith incorporated by reference.

In preferred embodiments, ionizable lipids may be derived from formula Ill of published PCT patent application
WO02018078053. Accordingly, formula Il of WO2018078053, and the specific disclosure relating thereto, are
herewith incorporated by reference.

In further embodiments, the at least one nucleic acid (e.g. DNA or RNA), preferably the at least one RNA of the
composition is complexed with one or more lipids thereby forming LNPs, wherein the ionizable lipid of the LNP is
selected from structures Il1-1 to 111-36 of Table 9 of published PCT patent application WO2018078053. Accordingly,
formula [11-1 to 111-36 of WO2018078053, and the specific disclosure relating thereto, are herewith incorporated by
reference. In certain embodiments, the ionizable lipid as defined herein, more preferably ionizable lipid compound
111-3 ((4-hydroxybutyl) azanediyl)bis(hexane-6,1-diyl)bis(2-hexyldecanoate)), is present in the LNP in an amount
from about 30 mol% to about 80 mol%, preferably about 30 mol% to about 60 mol%, more preferably about 40
mol% to about 55 mol%, more preferably about 47.4 mol%, relative to the total lipid content of the LNP. If more than
one ionizable lipid is incorporated within the LNP, such percentages apply to the combined ionizable lipids.

In preferred embodiments, the ionizable lipid is present in the LNP in an amount from about 30 mol% to about 70
mol%. In one embodiment, the ionizable lipid is present in the LNP in an amount from about 40 mol% to about 60
mol%, such as about 40 mol%, about 41 mol%, about 42 mol%, about 43 mol%, about 44 mol%, about 45 mol%,
about 46 mol%, about 47 mol%, about 48 mol%, about 49 mol%, about 50 mol%, about 51 mol%, about 52 mol%,
about 53 mol%, about 54 mol%, about 55 mol%, about 56 mol%, about 57 mol%, about 58 mol%, about 59 mol%,
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about 60 mol%, about 61 mol%, about 62 mol%, about 63 mol%, about 64 mol%, or about 65 mol%, respectively.
In preferred embodiments, the ionizable lipid is present in the LNP in an amount from about 47 mol% to about 48
mol%, such as about 47.0 mol%, about 47.1 mol%, about 47.2 mol%, about 47.3 mol%, about 47.4 mol%, about
47.5 mol%, about 47.6 mol%, about 47.7 mol%, about 47.8 mol%, about 47.9 mol%, about 50.0 mol%, respectively,
wherein about 47.4 mol% are particularly preferred.

In other embodiments, the cationic or ionizable lipid is

HQWNM\/\N;O\‘&»WW
| o
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In preferred embodiments, amino or ionizable lipids as defined herein 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 lipids have to be present in the
charged or neutral form. Lipids having more than one protonatable or deprotonatable group, or which are
zwitterionic, are not excluded and may likewise be suitable in the context of the present invention. In some
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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.

LNPs can comprise two or more (different) ionizable lipids as defined herein. lonizable lipids may be selected to
contribute to different advantageous properties. For example, ionizable 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 LNP. In particular, the ionizable lipids can be chosen so that the properties of the mixed-LNP are more
desirable than the properties of a single-LNP of individual lipids.

In other aspects, the ionizable lipids of the present disclosure may be one or more of compounds of Formula (Cat-

Iny:
Ry Ry
\Hx‘"’

or their N-oxides, or salts or isomers thereof, wherein:

R1 is selected from the group consisting of C5-30 alkyl, C5-20 alkenyl, -R*YR", -YR", and -R"M'R’;

R2 and Rs are independently selected from the group consisting of H, C1.14 alkyl, C2.14 alkenyl, -R*YR", -YR", and -
R*OR’", or Rz and Rs, together with the atom to which they are attached, form a heterocycle or carbocycle;

R4 is selected from the group consisting of hydrogen, a Cs.s carbocycle, -(CH2)nQ, -(CH2)aCHQR,

-CHQR, -CQ(R)2, and unsubstituted C1.6 alkyl, where Q is selected from a carbocycle, heterocycle, -OR, -
O(CH2)aN(R)2, -C(O)OR, -OC(O)R, -CXs, -CXzH, -CXHz, -CN, -N(R)z, -C(O)N(R)2, -N(R)C(O)R, -N(R)S(O)2R, -
N(R)C(O)N(R)z, -N(R)C(S)N(R)2, -N(R)Rs, -N(R)S(0)2RS, -O(CH2)nOR, -N(R)C(=NRg)N(R)2, -N(R)C(=CHRg)N(R)2,
-OC(O)N(R)2, -N(R)C(O)OR, -N(OR)C(O)R, -N(OR)S(O)2R, -N(OR)C(O)OR, -N(OR)C(O)N(R)2, -N(OR)C(S)N(R)2,
-N(OR)C(=NRg)N(R)2, -N(OR)C(=CHR¢)N(R)2, -C(=NRg¢)N(R)2, -C(=NRg)R, -C(O)N(R)OR, and -
C(R)N(R)2C(O)OR, and each n is independently selected from 1, 2, 3, 4, and 5;

each Rs is independently selected from the group consisting of C1.3 alkyl, C2.3 alkenyl, and H;

each Rs is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H;

M and M’ are independently selected from -C(O)O-, -OC(0)-, -OC(0)-M"-C(O)O-, -C(O)N(R')-, -N(R')C(O)-, -C(O)-
, -C(8)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, -S(O)2-, -S -S-, an aryl group, and a heteroaryl group, in which
M is a bond, C1-13 alkyl or C2.13 alkenyl;

Rz is selected from the group consisting of C4.3 alkyl, C2-3 alkenyl, and H;

Rs is selected from the group consisting of Ca.s carbocycle and heterocycle;

Rg is selected from the group consisting of H, CN, NOz, C1.s alkyl, -OR, -S(O)2R, -S(0)2N(R)2, C26 alkenyl, Ca6
carbocycle and heterocycle;

each R is independently selected from the group consisting of C1.3 alkyl, C2.3 alkenyl, and H;

each R’ is independently selected from the group consisting of C1.1s alkyl, C2.1s alkenyl, -R*YR", -YR”, and H;

each R” is independently selected from the group consisting of Cs-15 alkyl and Cs-15 alkenyl;

each R* is independently selected from the group consisting of C1.12 alkyl and C2-12 alkenyl;

each Y is independently a Css carbocycle;

each X is independently selected from the group consisting of F, Cl, Br, and |; and m is selected from 5, 6, 7, 8, 9,
10, 11, 12, and 13; and wherein when R4 is -(CH2)nQ, -(CH2)nCHQR, -CHQR, or -CQ(R)2, then (i) Q is not -
N(R)2whennis 1, 2,3, 4 or 5, or (i) Q is not 5, 6, or 7-membered heterocycloalkyl when nis 1 or 2.
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As used herein, the term “ionizable lipid” has its ordinary meaning in the art and may refer to a lipid comprising one
or more charged moieties. In some embodiments, an ionizable lipid may be positively charged or negatively
charged. An ionizable lipid may be positively charged, in which case it can be referred to as “ionizable lipid”.
Accordingly, the terms “cationic lipid” and “ionizable lipid” may be used herein throughout the whole specification
interchangeably. In certain embodiments, an ionizable lipid molecule may comprise an amine group, and can be
referred to as an ionizable amino lipid. As used herein, a “charged moiety” is a chemical moiety that carries a formal
electronic charge, e.g., monovalent (+1, or -1), divalent (+2, or -2), trivalent (+3, or -3), etc. The charged moiety
may be anionic (i.e., negatively charged) or cationic (i.e., positively charged). Examples of positively-charged
moieties include amine groups (e.g., primary, secondary, and/or tertiary amines), ammonium groups, pyridinium
group, guanidine groups, and imidazolium groups. In a particular embodiment, the charged moieties comprise
amine groups. Examples of negatively- charged groups or precursors thereof, include carboxylate groups, sulfonate
groups, sulfate groups, phosphonate groups, phosphate groups, hydroxyl groups, and the like. The charge of the
charged moiety may vary, in some cases, with the environmental conditions, for example, changes in pH may alter
the charge of the moiety, and/or cause the moiety to become charged or uncharged. In general, the charge density
of the molecule may be selected as desired. It should be understood that the terms “charged” or “charged moiety”
does not refer to a “partial negative charge" or “partial positive charge" on a molecule. The terms “partial negative
charge" and “partial positive charge" are given its ordinary meaning in the art. A “partial negative charge" may result
when a functional group comprises a bond that becomes polarized such that electron density is pulled toward one
atom of the bond, creating a partial negative charge on the atom. Those of ordinary skill in the art will, in general,
recognize bonds that can become polarized in this way. In some embodiments, the ionizable lipid is an ionizable
amino lipid, sometimes referred to in the art as an “ionizable cationic lipid” or “cationic ionizable lipid”. In one
embodiment, the ionizable amino lipid may have a positively charged hydrophilic head and a hydrophobic tail that
are connected via a linker structure.

Furthermore, for a preferred composition, the

(i) ionizable lipid may be selected from the compounds of Table 1; and/or the

(i) neutral lipid or neutral phospholipid is a zwitterionic compound selected from the group consisting of 1,2-
diphytanoyl-sn-glycero-3-phosphoethanolamine  (DPhyPE; also referred to as 1,2-di-(3,7,11,15-
tetramethylhexadecanoyl)-sn-glycero-3-phosphoethanolamine), 1,2-diphytanoyl-sn-glycero-3-phosphocholine
(DPhyPC), 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC; also referred to as dioleoylphosphatidylcholine), 1,2-
Dipalmitoyl-sn-glycero-3-phosphocholine (DPPC, also referred to as dipalmitoylphosphatidylcholine), 1,2-dioleoyl-
sn-glycero-3-phosphoethanolamine (DOPE), phosphatidylethanolamines, distearoylphosphatidylcholines, dioleoyl-
phosphatidylethanolamine (DOPEA), 1,2-distearoyl-sn-glycero-3-phosphoethanolamine (DSPE),
palmitoyloleoylphosphatidylcholine (POPC), palmitoyloleoyl-phosphatidylethanolamine (POPE), 1,2-Dipalmitoyl-
sn-glycero-3-phosphoethanolamine (DPPE), dioleoyl-phosphatidylethanolamine 4-(N-maleimidomethyl)-
cyclohexane-1-carboxylate (DOPE-mal), 1,2-Dimyristoyl-sn-glycero-3-phosphoethanolamine (DMPE), dipalmitoyl
phosphatidyl ethanolamine (DPPE), dimyristoylphosphoethanolamine (DMPE), 1,2-Dilinoleoyl-sn-glycero-3-
phosphoethanolamine (DLOPE), distearoyl-phosphatidylethanolamine (DSPE), 1-Palmitoyl-2-oleoyl-sn-glycero-3-
phosphoethanolamine (POPE), 1,2-Dilauroyl-sn-glycero-3-phosphoethanolamine (DLPE), 16-O-monomethyl-
phosphoethanolamine, 16-O-dimethyl phosphatidylethanolamine, 1,2-Dierucoyl-sn-glycero-3-phosphoethanol-
amine (DEPE), 18-1-trans phosphatidylethanolamine, 1-stearoyl-2-oleoylphosphatidylethanolamine (SOPE), 1,2-
Disqualeoyl-sn-glycero-3-phosphoethanolamine  (DSQPE), 1,2-dielaidoyl-sn-glycero-3-phosphoethanolamine
(transDOPE), 1-Stearoyl-2-linoleoyl-sn-glycero-3-phosphoethanolamine (SLPE), 1-tridecanoyl-sn-glycero-3-
phospho-L-serine (sodium salt), 1-oleoyl-2-hydroxy-sn-glycero-3-phospho-L-serine (sodium salt), 1-palmitoyl-2-

oleoyl-sn-glycero-3-phospho-L-serine (sodium salt) (POPS), 1-1-stearoyl-2-oleoyl-sn-glycero-3-phospho-L-serine
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(sodium salt), 1,2-dioleoyl-sn-glycero-3-phospho-L-serine (sodium salt) (DOPS), 1,2-distearoyl-sn-glycero-3-
phospho-L-serine (sodium salt), 1,2-diphytanoyl-sn-glycero-3-phospho-L-serine (sodium salt), 1-O-hexadecanyl-2-
0O-(9Z-octadecenyl)-sn-glycero-3-phosphoethanolamine, 1,2-distearoyl-sn-glycero-3-phosphatidylcholine or 1,2-
distearoyl-sn-glycero-3-phosphocholine  (DSPC), 1,2-di-O-phytanyl-sn-glycero-3-phosphoethanolamine, 1-
palmitoyl-2-cholesterylhemisuccinoyl-sn-glycero-3-phosphocholine (PChemsPC), 1,2-dicholesterylhemisuccinoyl-
sn-glycero-3-phosphocholine  (DChemsPC), 2-((2,3-bis(oleoyloxy)propyl)dimethylammonio)ethyl  hydrogen
phosphate (DOCP), 2-((2,3-bis(oleoyloxy)propyl)dimtheylammonio)ethyl ethyl phosphate (DOCPe), and 1-O-
octadecyl-2-O-methyl-sn-glycero-3-phosphocholine (Edelfosine); and/or
(iii) the polymer conjugated lipid is a polymer conjugated lipid according to formula (l):

[P]-[linker]-[L] formula (1),

wherein

[P] is a homopolymer moiety comprising at least one polyoxazoline (POZ) monomer unit

wherein R is C1-9 alkyl or C2-9 alkenyl, preferably C1 or C2 alkyl, and n has a mean value ranging
from about 45 to about 55, preferably n is about 50 or wherein n is selected such that the [P]
moiety has an average molecular weight of about 4.2 kDa to about 4.4 kDa, or most preferably
about 4.3 kDa

[linker] is an optional linker group, and

[L] is a lipid moiety.

In other preferred embodiments, the lipid-based carriers comprise a cationic or ionizable lipid.

The cationic or ionizable lipid of the lipid-based carriers may be cationisable or ionizable, i.e. it becomes protonated
as the pH is lowered below the pK of the ionizable group of the lipid, but is progressively more neutral at higher pH
values. At pH values below the pK, the lipid is then able to associate with negatively charged nucleic acids. In
certain embodiments, the ionizable lipid comprises a zwitterionic lipid that assumes a positive charge on pH

decrease.

In preferred embodiments, the lipid-based carriers comprise a cationic or ionizable lipid that preferably carries a net
positive charge at physiological pH, more preferably the cationic or ionizable lipid comprises a tertiary nitrogen
group or quaternary nitrogen group. Accordingly, in preferred embodiments, the lipid-based carriers comprise a

cationic or ionizable lipid selected from an amino lipid.

In further embodiments, the lipid formulation comprises cationic or ionizable lipids as defined in Formula | of
paragraph [00251] of WO2021222801 or a lipid selected from the disclosure of paragraphs [00260] or [00261] of
W02021222801. In other embodiments, the lipid formulation comprises cationic or ionizable lipids selected from
the group consisting of ATX-001 to ATX-132 as disclosed in claim 90 of W0O2021183563, preferably ATX-0126.
The disclosure of W02021222801 and W02021183563, especially aforementioned lipids, are incorporated
herewith by reference.
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Further suitable ionizable lipids may be selected or derived from ionizable lipids according to each of PCT claims 1
to 14 of published patent application WO2021123332, or table 1 of WO2021123332, the disclosure relating to each
of claims 1 to 14 or table 1 of WO2021123332 herewith incorporated by reference. Accordingly, suitable ionizable
lipids may be selected or derived from ionizable lipids according to Compound 1 to Compound 27 (C1-C27) of Table
1 of WO2021123332.

In other embodiments, the lipid-based carriers (e.g. LNPs) of the pharmaceutical composition comprise an ionizable
lipid selected or derived from (COATSOME® SS-EC) SS-33/4PE-15 (see C23 in Table 1 of WO2021123332).

In other embodiments, the lipid-based carriers (e.g. LNPs) of the pharmaceutical composition comprise an ionizable
lipid selected or derived from 9-Heptadecanyl 8-{(2-hydroxyethyl)[6-0x0-6-(undecyloxy)hexyllamino}octanoate, also
referred to as SM-102 (ref. Jackson LA, Anderson EJ, Rouphael NG, Roberts PC, Makhene M, Coler RN, et al. An
mRNA Vaccine against SARS-CoV-2 - Preliminary Report. N Engl J Med. 2020 Nov 12;383(20):1920-31 or lipid H
in Hassett KJ, Higgins J, Woods A, Levy B, Xia Y, Hsiao CJ, et al. Impact of lipid nanopatrticle size on mRNA vaccine
immunogenicity. J Control Release. 2021 Jul 10;335:237-46). Other preferred lipid-based carriers (e.g. LNPs) of
the pharmaceutical composition comprise a squaramide ionizable amino lipid, more preferably an ionizable lipid
selected from the group consisting of formulas (M1) and (M2):

O 0

N/

Ryg ﬁ

(M2);
wherein the substituents (e.g. R1, Rz, R3, Rs, Rs, R7, R1o, M, M1, m, n, o, ) are defined in claims 1 to 13 of
US10392341B2; US10392341B2 being incorporated herein in its entirety.

Accordingly, in preferred embodiments, the lipid-based carriers (e.g. LNPs) of the pharmaceutical composition
comprise an ionizable lipid selected or derived from above mentioned ALC-0315, SM-102, SS-33/4PE-15, HEXA-
C5DE-PipSS, or compound C24, C28 or C29.
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In particularly preferred embodiments, the lipid-based carriers, preferably the LNPs of the pharmaceutical
composition comprise an ionizable lipid selected or derived from ALC-0315 or SM-102.

In some embodiments, the lipid-based carriers of the invention comprise two or more (different) ionizable lipids as
defined herein.

In general, the amount of the ionizable lipid in the composition (and thus in the lipid nanoparticles) is typically at
least about 20 mol%, relative to the total molar amount of all lipidic excipients in the composition (or nanoparticles).
In another embodiment, the amount of the ionizable lipid is at least about 25 mol%, or at least 30 mol%, respectively.
In other preferred embodiments, the amount of the ionizable lipid in the composition is from about 30 mol% to about
70 mol%, or from about 40 mol% to about 70 mol%, or from about 45 mol% to about 65 mol%, respectively; such
as about 30 mol%, about 31 mol%, about 32 mol%, about 33 mol%, about 34 mol%, about 35 mol%, about 36
mol%, about 37 mol%, about 38 mol%, about 39 mol%, about 40 mol%, about 41 mol%, about 42 mol%, about 43
mol%, about 44 mol%, about 45 mol%, about 46 mol%, about 47 mol%, about 48 mol%, about 49 mol%, about 50
mol%, about 51 mol%, about 52 mol%, about 53 mol%, about 54 mol%, about 55 mol%, about 56 mol%, about 57
mol%, about 58 mol%, about 59 mol%, about 60 mol%, about 61 mol%, about 62 mol%, about 63 mol%, about 64
mol%, about 65 mol%, or 70 mol%, or from about 40 mol% to about 60 mol%, respectively; such as about 40 mol%,
about 41 mol%, about 42 mol%, about 43 mol%, about 44 mol%, about 45 mol%, about 46 mol%, about 47 mol%,
about 48 mol%, about 49 mol%, about 50 mol%, about 51 mol%, about 52 mol%, about 53 mol%, about 54 mol%,

about 55 mol%, about 56 mol%, about 57 mol%, about 58 mol%, about 59 mol%, or about 60 mol%, respectively.

In preferred embodiments, the ionizable lipid is present in the lipid-based carriers in an amount from about 30 mol%
to about 70 mol%. In one embodiment, the ionizable lipid is present in the lipid-based carriers in an amount from
about 40 mol% to about 60 mol%, such as about 40 mol%, about 41 mol%, about 42 mol%, about 43 mol%, about
44 mol%, about 45 mol%, about 46 mol%, about 47 mol%, about 48 mol%, about 49 mol%, about 50 mol%, about
51 mol%, about 52 mol%, about 53 mol%, about 54 mol%, about 55 mol%, about 56 mol%, about 57 mol%, about
58 mol%, about 59 mol%, or about 60 mol%, respectively. In preferred embodiments, the ionizable lipid is present
in the lipid-based carriers in an amount from about 47 mol% to about 48 mol%, such as about 47.0, 47.1, 47.2,
47.3,47.4,47.5,47 .6, 47.7, 47 .8, 47.9, 50.0 mol%, respectively, wherein 47.4 mol% are particularly preferred. In
other preferred embodiments, the ionizable lipid is present in the lipid-based carriers in an amount from about 55
mol% to about 65 mol%, such as about 55 mol%, about 56 mol%, about 57 mol%, about 58 mol%, about 59 mol%,
about 60 mol%, about 61 mol%, about 62 mol%, about 63 mol%, about 64 mol% or about 65 mol%, respectively,
wherein 59 mol% are particularly preferred.

In some embodiments, the ionizable lipid is present in a ratio of from about 20 mol% to about 70 mol% or 75 mol%,
or from about 45 mol% to about 65 mol%, or from about 35 mol% to about 45 mol%, or about 20 mol%, about 25
mol%, about 30 mol%, about 35 mol%, about 40 mol%, about 45 mol%, about 50 mol%, about 55 mol%, about 60
mol%, about 65 mol%, or about 70 mol% of the total lipid present in the LNP. In further embodiments, the LNPs
comprise from about 25% to about 75% on a molar basis of ionizable 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% total moles of lipid in the lipid nanoparticle). In some embodiments, the
ratio of ionizable lipid to nucleic acid (e.g. coding RNA or DNA) is from about 3 to about 15, such as from about 5
to about 13 or from about 7 to about 11.
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In some embodiments, the ratio of ionizable lipid to RNA is from about 3 to about 15, such as from about 5 to about

13 or from about 7 to about 11.

References to other suitable cationic or ionizable, neutral, steroid/sterol or polymer conjugated lipids:

Other suitable cationic or ionizable, neutral, steroid/sterol or polymer

WO02010053572,
WO02013149140,
WO02013151667,
WO02013151736,
WO02014152211,
WO02015061467,
WO02015184256,
WO02016081029,
WO02017023817,
WO02017070616,
WO02017070626,
WO02017117528,
WO02017201352,
WO02018089540,
WO02018119163,
WO02018170336,
WO02018231709,
WO02019036028,
WO02019152557,
WO02019226925,
WO02020061295,
WO02020097384,
WO02020227085,
W02021016430,
WO02021055833,
WO02021231697,
WO02010054406,
WO02011043913,
WO02012044638,

W02011068810,
WQ02013149141,
WO02013151668,
W02013185069,
WO02014152774,
W02015061500,
WQ02015199952,
WO02016118724,
W02017031232,
WQ02017070618,
W02017075038,
WQO2017117530,
WO02017218704,
W02018089790,
W02018157009,
W02018183901,
W02018231990,
W02019036030,
W02019152802,
W02019232095,
W02020061332,
W02020102172,
W02020232276,
W02021022173,
W02021055835,
W02021231901,
WO2010080724,
W02011090965,
W02012054365,

US7893302B2, US7404969B2, US8158601B2, US8283333B2, US8466122B2, US8569256B2

US20110256175, US20120202871,

W02012170889,
WO2013151663,
WO02013151669,
W02014081507,
W02014152940,
W02015074085,
WO2015200465,
WO2016118725,
WO2017049074,
W02017070620,
WO2017075531,
WO2017180917,
WO02017223135,
W02018089801,
W02018165257,
W02018187590,
W02018232120,
WO02019040590,
W02019191780,
W02019232097,
W02020061367,
W02020106903,
W02020243540,
WO02021026358,
W02021055849,
W02008103276,
WO02010088537,
WO02011149733,
W02012061259,

WO02012170930,
WO02013151664,
WO02013151670,
WO02014089486,
WO02014159813,
WO02015105926,
WO02016004318,
WO02016176330,
WO02017049245,
WO02017070622,
WO02017099823,
WO02017201325,
WO02018013525,
WO02018089851,
WO02018170245,
WO02018191657,
WO02018232357,
WO02019089818,
W02019222277,
WO02019232103,
WO02020081938,
WO02020146805,
WO02020257611,
W02021030701,
WO02021127394,
WO02009086558,
WO02010129709,
WO02011153120,
WO02013063468,

conjugated lipids

WO02013052523,
WO02013151665,
WO2013151671,
WO02014093924,
WO02014164253,
WO02015148247,
WO02016022914,
WO2017004143,
WO02017070601,
WO02017070623,
WO02017106799,
WO02017201340,
WO02018081480,
WO02018107026,
WO02018170306,
W02018191719,
WO02019036000,
WO02019089828,
W02019222424,
WO02019232208,
WO02020097376,
W02020214946,
WO02020257716,
WO02021046260,
WO02021127641,
WO02009127060,

WO0201021865,
WO2011153493,
WO02013086354,

US20120027803, US20120128760, US20130064894,
US20130150625, US20130178541, US20130225836, and US20140039032; the disclosures specifically relating to
cationic or ionizable, neutral, sterol or polymer conjugated lipids suitable for lipid-based carriers of the foregoing

publications are incorporated herewith by reference.

Steroid

are disclosed in
W02013090648,
WO020131516686,
WO02013151672,
WO02014144196,
WO02015061461,
WO02015164674,
W02016036902,
W02017019935,
WO02017070613,
WO02017070624,
WO2017112865,
WO02017201350,
W02018081638,
W02018118102,
WO02018170322,
W02018200943,
W02019036008,
W02019140102,
W02019226650,
W02020061284,
W02020097379,
W02020219427,
W02021007278,
W02021050986,
W02021202694,
W02010048536,
W0O2011022460,
W0O2012040184,
W02013086373,
US20100036115,
US20130129785,

A “steroid” is an organic compound with four rings arranged in a specific molecular configuration. It comprises the

following carbon skeleton:
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Steroids and neutral steroids include both naturally occurring steroids and analogues thereof (e.g. being
amphipathic lipid cholesteryl hemisuccinate (CHEMS) which consists of succinic acid esterified to the beta-hydroxyl
group of cholesterol as cholesterol derivate). Using the definition for “neutral” as provided herein, the neutral steroid
may be a steroid either having no atoms or groups that are ionizable under physiological conditions, or it may be a
zwitterionic steroid. In one of the preferred embodiments, the neutral steroid is free of atoms or groups that are
ionizable under physiological conditions. In some preferred embodiments, the steroid or steroid analogue is
cholesterol. The term “steroid” and “neutral steroid” is used herein interchangeably. In other embodiments, the sterol
may be selected from the group consisting of a phytosterol, e.g. B-sitosterol, campesterol, stigmasterol, fucosterol,
stigmastanol, dihydrocholesterol, ent-cholesterol, epi-cholesterol, desmosterol, cholestanol, cholestanone,
cholestenone, cholesteryl-2'-hydroxyethyl ether, cholesteryl-4'-hydroxybutyl ether, 3B-[N-(N'N’-
dimethylaminoethyl)carbamoyl cholesterol (DC-Chol), 24(S)-hydroxycholesterol, 25-hydroxy cholesterol, 25(R)-27-
hydroxycholesterol, 22-oxacholesterol, 23-oxacholesterol, 24-oxacholesterol, cycloartenol, 22-ketosterol, 20-
hydroxysterol, 7-hydroxycholesterol, 19-hydroxycholesterol, 22-hydroxycholesterol, 25-hydroxy cholesterol, 7-
dehydrocholesterol, 5a-cholest-7-en-3p-ol, 3,6,9-trioxaoctan-1-ol-cholesteryl-3e-ol, dehydroergosterol,
dehydroepiandrosterone, lanosterol, dihydrolanosterol, lanostenol, lumisterol, sitocalciferol, calcipotriol,
coprostanol, cholecalciferol, lupeol, ergocalciferol, 22-dihydroegocalciferol, ergosterol, brassicasterol, tomatidine,
tomatine, ursolic acid, cholic acid, chenodeoxycholic acid, zymosterol, diosgenin, fucosterol, fecosterol, or
fecosterol, or a salt or ester thereof, cholesterol, cholesterol succinic acid, cholesterol sulfate, cholesterol
hemisuccinate, cholesterol phthalate, cholesterol phosphate, cholesterol valerate, cholesterol acetate, cholesteryl
oleate, cholesteryl linoleate, cholesteryl myristate, cholesteryl palmitate, cholesteryl arachidate, cholesteryl
phosphorylcholine, and sodium cholate.

In a further embodiment, the steroid is an imidazole cholesterol ester or “ICE” as disclosed in paragraphs [0320]
and [0339]-[0340] of WO2019226925; which is herein incorporated by reference in its entirety.

In other preferred embodiments, the lipid-based carriers of the pharmaceutical composition comprise a steroid,
steroid analogue or sterol.

Suitably, the steroid, steroid analogue or sterol may be derived or selected from cholesterol, cholesteryl
hemisuccinate (CHEMS) and a derivate thereof. In other embodiments, the lipid-based carriers of the
pharmaceutical composition comprise a steroid, steroid analogue or sterol derived from a phytosterol (e.g., a
sitosterol, such as beta-sitosterol), preferably from a compound having the structure of Formula | as disclosed in
claim 1 of W0O2020061332; the disclosure of W0O2020061332, especially the disclosure of Formula | and
phytosterols being incorporated by reference herewith. In a further embodiment, the steroid is an imidazole
cholesterol ester or “I|CE" as disclosed in paragraphs [0320] and [0339]-[0340] of W02019226925; W02019226925
being incorporated herein by reference in its entirety.
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In particularly preferred embodiments, the lipid-based carriers of the pharmaceutical composition comprise
cholesterol.

The molar ratio of the ionizable lipid to cholesterol in the lipid-based carriers may be in the range from about 2:1 to
about 1:1.

In some embodiments, the lipid-based carrier comprises about 10 mol% to about 60 mol% or about 25 mol% to
about 40 mol% sterol (based on 100% total moles of lipids in the lipid-based carrier). In one embodiment, the sterol
is about 10 mol%, about 15 mol%, about 20 mol%, about 25 mol%, about 30 mol%, about 35 mol%, about 40 mol%,
about 45 mol%, about 50 mol%, about 55 mol%, or about 60 mol% of the total lipid present in the lipid-based carrier.
In another embodiment, the lipid-based carriers include from about 5% to about 50% on a molar basis of the sterol,
e.g., about 15 mol% to about 45 mol%, about 20 mol% to about 40 mol%, about 48 mol%, about 40 mol%, about
38.5 mol%, about 35 mol%, about 34.4 mol%, about 31.5 mol% or about 30 mol% on a molar basis (based upon
100% total moles of lipid in the lipid-based carrier). In preferred embodiments, the lipid-based carrier comprises
about 28 mol%, about 29 mol% or about 30 mol% sterol (based on 100% total moles of lipids in the lipid-based
carrier). In most preferred embodiments, the lipid-based carrier comprises about 40.9 mol% sterol (based on 100%

total moles of lipids in the lipid-based carrier).

The amount of the steroid in the composition may optionally at least about 10 mol%, or it may be in the range from
about 10 mol% to about 60 mol%, or from about 20 mol% to about 50 mol%, or from about 25 mol% to about 45
mol%, respectively; such as about 10 mol%, about 15 mol%, about 20 mol%, about 25 mol%, about 30 mol%, about
35 mol%, about 40 mol%, about 45 mol%, about 50 mol%, about 55 mol%, or about 60 mol%, respectively. Again,
for the avoidance of doubt, the molar percentages are relative the total molar amount of all lipidic excipients in the

composition.

Neutral lipid, neutral phospholipid

A “neutral lipid”, also termed “helper lipid” according to the invention preferably is a phospholipid or neutral
phospholipid. As used herein, a “neutral phospholipid” is an amphiphilic compound consisting of molecules that
typically have two hydrophobic fatty acid “tails” and a hydrophilic “head” comprising a phosphate group. The
phosphate group can be modified with simple organic molecules such as choline, ethanolamine or serine.
Phospholipids occur abundantly in nature. For example, they represent a significant fraction of the excipients of
biological membranes. As used herein, the expression “phospholipid” or “neutral phospholipid” covers both natural
and synthetic phospholipids.

The terms “neutral lipid”, “neutral phospholipid” or “zwitterionic compound”, as used herein interchangeably, refer
to any one of a number of lipid species that exist in either an uncharged or neutral zwitterionic form at physiological
pH. Representative neutral lipids include diacylphosphatidylcholines, diacylphosphatidylethanolamines, ceramides,
sphingomyelins, dihydro sphingomyelins, cephalins, and cerebrosides as further described herein below.

According to one of the preferred embodiments, the composition comprises a neutral lipid that is zwitterionic, such
as a phosphatidylcholine or a phosphatidylethanolamine. Examples of suitable phosphatidylcholines include native
or purified mixtures, sometimes referred to as “lecithin” or “phosphatidylcholine”, often derived from egg yolk or soy
beans; or highly purified or semisynthetic compounds such as phosphatidylcholines having two fatty acyl moieties
selected from myristoyl, palmitoyl, stearoyl, oleoyl and the like.
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In another preferred embodiment, the neutral lipid or neutral phospholipid is a zwitterionic compound selected from,
but not limited to the group of 1,2-diphytanoyl-sn-glycero-3-phosphoethanolamine (DPhyPE; also referred to as 1,2-
di-(3,7,11,15-tetramethylhexadecanoyl)-sn-glycero-3-phosphoethanolamine), 1,2-diphytanoyl-sn-glycero-3-
phosphocholine  (DPhyPC), 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC; also referred to as
dioleoylphosphatidylcholine), 1,2-Dipalmitoyl-sn-glycero-3-phosphocholine (DPPC, also referred to as
dipalmitoylphosphatidylcholine), 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE),
phosphatidylethanolamines, distearoylphosphatidylcholines, dioleoyl-phosphatidylethanolamine (DOPEA), 1,2-
distearoyl-sn-glycero-3-phosphoethanolamine (DSPE), palmitoyloleoylphosphatidylcholine (POPC), palmitoyl-
oleoyl-phosphatidylethanolamine (POPE), 1,2-Dipalmitoyl-sn-glycero-3-phosphoethanolamine (DPPE), dioleoyl-
phosphatidylethanolamine 4-(N-maleimidomethyl)-cyclohexane-1-carboxylate (DOPE-mal), 1,2-Dimyristoyl-sn-
glycero-3-phosphoethanolamine (DMPE), 1,2-Dilinoleoyl-sn-glycero-3-phosphoethanolamine (DLoPE), distearoyl-
phosphatidylethanolamine (DSPE), 1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine (POPE), 1,2-Di-
lauroyl-sn-glycero-3-phosphoethanolamine  (DLPE), 16-O-monomethylphosphoethanolamine, 16-O-dimethyl
phosphatidylethanolamine, 1,2-Dierucoyl-sn-glycero-3-phosphoethanolamine (DEPE), 18-1-trans phosphatidyl-
ethanolamine, 1-stearoyl-2-oleoylphosphatidyethanolamine (SOPE), 1,2-Disqualeoyl-sn-glycero-3-phospho-
ethanolamine (DSQPE), 1,2-dielaidoyl-sn-glycero-3-phosphoethanolamine (transDOPE), 1-Stearoyl-2-linoleoyl-sn-
glycero-3-phosphoethanolamine (SLPE), 1-tridecanoyl-sn-glycero-3-phospho-L-serine (sodium salt), 1-oleoyl-2-
hydroxy-sn-glycero-3-phospho-L-serine (sodium salt), 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-L-serine (sodium
salt) (POPS), 1-1-stearoyl-2-oleoyl-sn-glycero-3-phospho-L-serine (sodium salt), 1,2-dioleoyl-sn-glycero-3-
phospho-L-serine (sodium salt) (DOPS), 1,2-distearoyl-sn-glycero-3-phospho-L-serine (sodium salt), 1,2-
diphytanoyl-sn-glycero-3-phospho-L-serine (sodium salt), 1-O-hexadecanyl-2-O-(9Z-octadecenyl)-sn-glycero-3-
phosphoethanolamine, 1,2-distearoyl-sn-glycero-3-phosphatidylcholine or 1,2-distearoyl-sn-glycero-3-
phosphocholine (DSPC), 1,2-di-O-phytanyl-sn-glycero-3-phosphoethanolamine, 1-palmitoyl-2-
cholesterylhemisuccinoyl-sn-glycero-3-phosphocholine (PChemsPC), 1,2-dicholesterylhemisuccinoyl-sn-glycero-
3-phosphocholine  (DChemsPC), 2-((2,3-bis(oleoyloxy)propyl)dimethylammonio)ethyl hydrogen phosphate
(DOCP), 2-((2,3-bis(oleoyloxy)propyl)dimtheylammonio)ethyl ethyl phosphate (DOCPe), and 1-O-octadecyl-2-O-
methyl-sn-glycero-3-phosphocholine (Edelfosine).

In another preferred embodiment, the neutral lipid according to the invention is 1,2-Dipalmitoyl-sn-glycero-3-
phosphocholine (DPPC), 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) or 1,2-dioleoyl-sn-glycero-3-
phosphoethanolamine (DOPE). In a more preferred embodiment, the neutral lipid according to the invention is 1,2-
diphytanoyl-sn-glycero-3-phosphocholine (DPhyPC). In an even more preferred particularly preferred embodiment,
the neutral lipid according to the invention is 1,2-diphytanoyl-sn-glycero-3-phosphoethanolamine (DPhyPE). The
inventive advantage connected with the use of DPhyPE is the high capacity for fusogenicity due to its bulky tails,
whereby it is able to fuse at a high level with endosomal lipids. Therefore, in another embodiment, the invention is
related to the use of a lipid with high fusogenicity in a lipid-based carrier or nucleic acid-lipid particle, preferably
DPhyPE, as depicted here:
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Specifically, the advantageous use of 1,2-diphytanoyl-sn-glycero-3-phosphoethanolamine (DPhyPE) as disclosed
herein, preferably in combination with the inventive lipids as disclosed herein, specifically for delivering mRNA
vaccines in vivo resulting in significantly enhanced immune responses, is a surprising finding by the inventors
resembling specific aspects and embodiments of the present invention. In other words, the inventors surprisingly
found that the use of DPhyPE gave a clear advantage over DSPC which to date is used in the art as standard
neutral lipid in nearly all state of the art LNP-compositions for mRNA and also siRNA, specifically, but not limited
to, vaccination settings. In other words, the compositions of the invention have a highly advantageous and
unexpected behaviour in vivo resulting in highly enhanced immune responses.

Further, the data presented in the Examples demonstrate significant enhanced immune responses using the
compositions of the invention, i.e. all inventive RNA vaccines are useful according to the invention. Surprisingly, in
contrast to prior art knowledge which shows that DSPC is the most common and unquestioned neutral lipid for lipid
nanoparticles, it was found by the inventors that it is preferable to use DPhyPE for mRNA formulations in

compositions for the production of vaccines.

DSPC, DOPC or DOPE, which are routinely used in the art as phospholipid in LNPs, each have two C+s chains side
arms as apparent from the structures shown herein below:
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Surprisingly, in a further aspect of the invention, the inventors found that the addition of phospholipids with shorter
alkyl chains than e.g. state of the art DSPC or DOPE, were highly beneficial for the efficacy of lipid nanoparticles of
the invention, comprising the inventive ionizable lipids as described herein and the inventive polymer conjugated
lipids according to formula (I) as when compared to lipid nanoparticles not comprising said phospholipids with
shorter alkyl chains.

In other preferred embodiments, the lipid-based carriers (e.g. LNPs) comprise a neutral lipid or phospholipid.

The term “neutral lipid” refers to any one of a number of lipid species that exist in either an uncharged or neutral
zwitterionic  form at physiological pH. Suitable neutral lipids include diacylphosphatidylcholines,
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diacylphosphatidylethanolamines, ceramides, sphingomyelins, dihydrosphingomyelins, cephalins, 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.

In some embodiments, the lipid-based carriers comprises one or more neutral lipids, wherein the neutral lipid is
selected from the group comprising distearoylphosphatidylcholine (DSPC), dioleoylphosphatidylcholine (DOPC),
dipalmitoylphosphatidylcholine (DPPC), dioleoylphosphatidylglycerol (DOPG), dipalmitoylphosphatidylglycerol
(DPPG), dioleoyl-phosphatidylethanolamine (DOPE), palmitoyloleoylphosphatidylcholine (POPC), palmitoyloleoyl-
phosphatidylethanolamine (POPE) and dioleoyl-phosphatidylethanolamine 4-(N-maleimidomethyl)-cyclohexane-
1carboxylate (DOPE-mal), dipalmitoyl phosphatidyl ethanolamine (DPPE), dimyristoylphosphoethanolamine
(DMPE), distearoyl-phosphatidylethanolamine (DSPE), 16-O-monomethyl PE, 16-O-dimethyl PE, 18-1-trans PE, 1-
stearioyl-2-oleoylphosphatidyethanol amine (SOPE), and 1,2-dielaidoyl-sn-glycero-3-phophoethanolamine
(transDOPE), 1,2-diphytanoyl-sn-glycero-3-phosphoethanolamine (DPhyPE), or mixtures thereof.

In other preferred embodiments, the neutral lipid of the lipid-based carriers (e.g. LNPs) of the pharmaceutical
composition is selected or derived from 1,2-diphytanoyl-sn-glycero-3-phosphoethanolamine (DPhyPE).

Accordingly, in preferred embodiments, the lipid-based carriers (e.g. LNPs) of the pharmaceutical composition
comprise a neutral lipid selected or derived from DSPC or DPhyPE and additionally a phosphatidylserine, preferably
DPhyPS.

In various embodiments, the molar ratio of the ionizable lipid to the neutral lipid in the lipid-based carriers ranges
from about 2:1 to about 8:1.

In preferred embodiments, the lipid nanoparticles of the invention comprise from about 5 mol% to about 15 mol%
phospholipid, preferably DPhyPE, calculated from the total lipid present in the lipid-based carrier. In one
embodiment, the lipid-based carrier includes from about 3 mol% to about 12 mol% or from about 5 mol% to about
10 mol% phospholipid, preferably DPhyPE, calculated from the total lipid present in the lipid-based carrier. In some
embodiments, the lipid nanoparticles of the invention comprise about 5 mol% to about 25 mol%, preferably from
about 5 mol% to about 15 mol%, or from about 8 mol% to about 12 mol%, more preferably about 5 mol%, about 6
mol%, about 7 mol%, about 8 mol%, about 9 mol%, about 10 mol%, about 11 mol%, about 12 mol%, about 13
mol%, about 14 mol%, or about 15 mol%, calculated from the total lipid present in the lipid-based carrier.

In further preferred embodiments, the lipid nanoparticles of the invention comprise about 1 mol% to about 6 mol%,
preferably about 2.5 mol% to about 5 mol%, more preferably about 2.5 mol% of a phospholipid, preferably DPhyPE.
In further preferred embodiments, the lipid nanoparticles of the invention comprise about 0.5 mol%, about 1 mol%,
about 1.5 mol%, about 2 mol%, about 2.5 mol%, about 3 mol%, about 3.5 mol%, about 4 mol%, about 4.5 mol%,
or about 5 mol% phospholipid, preferably DPhyPE. In further preferred embodiments, the lipid nanoparticles of the
invention comprise about 0.25 mol%, about 0.5 mol%, about 0.75 mol%, about 1 mol%, about 1.25 mol%, about
1.5 mol%, about 1.75 mol%, about 2 mol%, about 2.25 mol%, about 2.5 mol%, about 2.75 mol%, about 3 mol%,
about 3.25 mol%, about 3.5 mol%, about 3.75 mol%, about 4 mol%, about 4.25 mol%, about 4.5 mol%, about 4.75
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mol%, or about 5 mol% phospholipid, preferably DPhyPE. In more preferred embodiments, the lipid nanoparticles
of the invention comprise about 1.5 mol%, about 2 mol%, or about 2.5 mol% phospholipid, preferably DPhyPE. In
further more preferred embodiments, the lipid nanoparticles of the invention comprise about 3.5 mol%, about 4
mol%, about 4.5 mol%, or about 5 mol% phospholipid, preferably DPhyPE. In further more preferred embodiments,
the lipid nanoparticles of the invention comprise about 5.5 mol%, about 6 mol%, about 6.5 mol%, about 7 mol%, or
about 7.5 mol% phospholipid, preferably DPhyPE. In also more preferred embodiments, the lipid nanoparticles of

the invention comprise about 5 mol% DPhyPE or about 7.5 mol% DPhyPE.

The phospholipid phosphatidylserine

The inventors further surprisingly found that the addition of at least one further neutral lipid to the above neutral
lipid, in particular a second neutral lipid, can also enhance the immune responses (see the corresponding
examples). As noted above, itis preferred for the (first) neutral lipid of the invention that it has two fatty acyl moieties
selected from myristoyl, palmitoyl, stearoyl, oleoyl and the like, which in particular means that the fatty acyl moieties
are rather long moieties starting from moieties with 14 carbon atoms. The inventors found that the addition of a

phosphatidylserine provides for beneficial effects, in particular the addition of DPhyPS.

The term “phosphatidylserine” as used herein relates to a compound consisting of a head-group, which is a serine,
bound via a phosphodiester to a carbon atom of glycerine, and one or more tail-groups. Preferably, said tail-group(s)
is (are) a fatty acid, bound via an ester to another carbon atom of the glycerine. Preferably, the term
“phosphatidylserine” as used herein relates to a compound consisting of a head-group, which is a serine, bound via
a phosphodiester to a carbon atom of glycerine, and one or more tail-groups, wherein a tail-group is a fatty acid,
which is bound via an ester to another carbon atom of the glycerine. A fatty acid can be a saturated fatty acid,
preferably selected from the group consisting of caproic acid, caprylic acid, capric acid, lauric acid, myristic acid,
palmitic acid, stearic acid, arachidic acid, behenic acid, lignoceric acid and cerotic acid. A fatty acid can also be an
unsaturated fatty acid, preferably selected from the group consisting of myristoleic acid, palmitoleic acid, sapienic
acid, oleic acid, elaidic acid, vaccenic acid, linoleic acid, linoelaidic acid, a-linolenic acid, arachidonic acid,
eicosapentiaenoic acid, erucic acid and docosahexaenoic acid. A fatty acid can also be a branched chain fatty acid,
such as in particular phytanic acid.

Examples are given below, wherein e.g. in the case of DPhyPS, WT-PS (i.e. 1-stearoyl-2-oleoyl-sn-glycero-3-
phospho-L-serine or 18:0-18:1 PS, in accordance with the two different fatty acid / alkyl chains of WT-PS which is
distributed widely among animals, plants and microorganisms), 16:0-PS, 14:0-PS, 10:0-PS, 6:0-PS and 18:1-PS
DOPS, the serine is bound to a first carbon atom of the glycerine via a phosphodiester while the second and third
carbon atoms of the glycerine are bound to a fatty acid, each via an ester. In this constellation, the two fatty acids
may be identical (see e.g. DPhyPS, 16:0 PS, 14:0-PS, 10:0-PS, 6:0-PS and 18:1-PS DOPS) or may be different
(see e.g. WT-PS or 18:0-18:1 PS). In other examples, e.g. in the case of 18:1-Lyso PS and 18:0-Lyso PS, the serine
is again bound to a first carbon atom of the glycerine via a phosphodiester while only one further carbon atom of
the glycerine is bound to a fatty acid via an ester, leaving a single OH-group at the remaining carbon atom of the
glycerine. Such constellations are typically referred to as a “lysophosphatidylserine”, which is included in view of
the above definition in the term “phosphatidylserine” as used herein. Preferred embodiments, which are related to

DPhyPS, are described herein under section “Fourth Set of Embodiments”.

In a preferred embodiment, the phosphatidylserine is selected from the group consisting of DPhyPS, WT-PS, 16.0-
PS, 14:0-PS, 10:0-PS, 6:0-PS, 18:1-PS DOPS, 18:1-Lyso PS and 18:0-Lyso PS. It is most preferred that the
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phosphatidylserine is either DPhyPS or WT-PS (18:0-18:1 PS), most preferably DPhyPS, further most preferred at
a molar ratio of 2.5 mol% in a lipid nanoparticle.

In other preferred embodiments, the inventive lipid nanoparticle further comprises “DPhyPS" (1,2-diphytanoyl-sn-
5 glycero-3-phospho-L-serine; 4ME 16:0 PS) or “WT-PS” (i.e. 1-stearoyl-2-oleoyl-sn-glycero-3-phospho-L-serine or
18:0-18:1 PS, in accordance with the two different fatty acid / alkyl chains of WT-PS which is distributed widely
among animals, plants and microorganisms), 16:0-PS, 14:0-PS, 10:0-PS, 6:0-PS and 18:1-PS DOPS, the serine is
bound to a first carbon atom of the glycerine via a phosphodiester while the second and third carbon atoms of the
glycerine are bound to a fatty acid, each via an ester. The structures of the phosphatidylserines mentioned above

10 are as follows (it is noted that all of these lipids are commercially available, e.g. at Avanti Polar Lipids):
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DPhyPS (further different depiction)
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Further examples of saturated phosphatidylserine include 1,2-dilauroyl-sn-glycero-3-phosphoserine (DLPS), 1,2-
dimyristoyl-sn-glycero-3-phosphoserine  (dimyristoylphosphatidylserine; DMPS), 1,2-distearoyl-sn-glycero-3-
phosphoserine (distearoylphosphatidylserine; DSPS), 1,2-dipalmitoyl-sn-glycero-3-phosphoserine (dipalmitoyl-
phosphatidylserine; DPPS), 1-myristoyl-2-palmitoyl-sn-glycero-3-phosphoserine (MPPC), 1-palmitoyl-2-myristoyl-
sn-glycero-3-phosphoserine (PMPS), 1-myristoyl-2-stearoyl-sn-glycero-3-phosphoserine (MSPS), 1-palmitoyl-2-
stearoyl-sn-glycero-3-phosphoserine (PSPS), 1-stearoyl-2-palmitoyl-sn-glycero-3-phosphoserine (SPPS), and 1-
stearoyl-2-myristoyl-sn-glycero-3-phosphoserine  (SMPS). In some embodiments, the phosphatidylserine
comprises a stearoyl (18:0) moiety, an oleoyl (18:1) moiety, an eicosatetraenoyl (20:4) moiety, a docosahexaenoyl
(22:06) moiety, or a combination thereof. In other embodiments, the PS is L-a-phosphatidylserine (brain, porcine;
CAS. Registry N0.383907-32-2).

Accordingly, in most preferred embodiments and aspects of the invention, the lipid nanoparticles of the invention
comprise “DPhyPS” (1,2-diphytanoyl-sn-glycero-3-phospho-L-serine; 4ME 16:0 PS). In further most preferred
embodiments and aspects, the lipid nanoparticles of the invention comprise DPhyPS, a cationic lipid according to
formula (l1), preferably C24, C28 or C29, more preferably C24, and a polymer conjugated lipid according to formula
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(), preferably “PMOZ 4”. In other embodiments and aspects, the lipid nanoparticles of the invention comprise
DPhyPS, a cationic lipid according to formula (Il), preferably C24, C28 or C29, most preferably C24 and a DMG-
PEG2000.

In preferred embodiments, the lipid nanoparticles of the invention comprise from about 5 mol% to about 15 mol%
phosphatidylserine, preferably DPhyPS, calculated from the total lipid present in the lipid-based carrier. In one
embodiment, the lipid-based carrier includes from about 3 mol% to about 12 mol% or from about 5 mol% to about
10 mol% phosphatidylserine, preferably DPhyPS, calculated from the total lipid present in the lipid-based carrier. In
some embodiments, the lipid nanoparticles of the invention comprise about 5 mol% to about 25 mol%, preferably
from about 5 mol% to about 15 mol%, or from about 8 mol% to about 12 mol%, more preferably about 5 mol%,
about 6 mol%, about 7 mol%, about 8 mol%, about 9 mol%, about 10 mol%, about 11 mol%, about 12 mol%, about
13 mol%, about 14 mol%, or about 15 mol%, calculated from the total lipid present in the lipid-based carrier.

In further preferred embodiments, the lipid nanoparticles of the invention comprise about 1 mol% to about 6 mol%,
preferably about 2.5 mol% to about 5 mol%, more preferably about 2.5 mol% of a phosphatidylserine, preferably
DPhyPS. In further preferred embodiments, the lipid nanoparticles of the invention comprise about 0.5 mol%, about
1 mol%, about 1.5 mol%, about 2 mol%, about 2.5 mol%, about 3 mol%, about 3.5 mol%, about 4 mol%, about 4.5
mol%, or about 5 mol% phosphatidylserine, preferably DPhyPS. In further preferred embodiments, the lipid
nanoparticles of the invention comprise about 0.25 mol%, about 0.5 mol%, about 0.75 mol%, about 1 mol%, about
1.25 mol%, about 1.5 mol%, about 1.75 mol%, about 2 mol%, about 2.25 mol%, about 2.5 mol%, about 2.75 mol%,
about 3 mol%, about 3.25 mol%, about 3.5 mol%, about 3.75 mol%, about 4 mol%, about 4.25 mol%, about 4.5
mol%, about 4.75 mol%, or about 5 mol% phosphatidylserine, preferably DPhyPS. In more preferred embodiments,
the lipid nanoparticles of the invention comprise about 1.5 mol%, about 2 mol%, or about 2.5 mol%
phosphatidylserine, preferably DPhyPS. In further more preferred embodiments, the lipid nanoparticles of the
invention comprise about 3.5 mol%, about 4 mol%, about 4.5 mol%, or about 5 mol% phosphatidylserine, preferably
DPhyPS. In also more preferred embodiments, the lipid nanoparticles of the invention comprise about 2.5 mol%
DPhyPS or about 5 mol% DPhyPS.

Lipid nanoparticle compositions

The terms “lipid nanoparticle composition” and “composition” are used herein interchangeably. In the context of the
present invention, lipid nanoparticles are not restricted to any particular morphology, and should be interpreted as
to include any morphology generated when an ionizable lipid and optionally one or more further lipids are combined,
e.g. in an aqueous environment and/or in the presence of a nucleic acid compound. For example, a liposome, a
lipid complex, a lipoplex and the like are within the scope of a lipid nanoparticle.

In the context of the invention, a "composition” refers to any type of composition in which the specified ingredients
may be incorporated, optionally along with any further excipients, usually with at least one pharmaceutically
acceptable carrier or excipient. Thus, the composition may be a dry composition such as a powder or granules, or
a solid unit such as a lyophilized form or a tablet. Alternatively, the composition may be in liquid form, and each
excipient may be independently incorporated in dissolved or dispersed (e.g. suspended or emulsified) form. In one
of the preferred embodiments, the composition is formulated as a sterile solid composition, such as a powder or
lyophilized form for reconstitution with an aqueous liquid carrier. Such formulation is also preferred for those
versions of the composition which comprise a nucleic acid cargo as described in further detail below. In this regard,
likewise, the term “lipid composition” is used in connection with lipid nanoparticles and the respective lipids which
are comprised within a lipid nanoparticle. l.e. a lipid nanoparticle preferably has a lipid composition comprising
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different lipids, i.e. an ionizable lipid, a phospholipid, a sterol, a polymer conjugated lipid and as disclosed throughout
the context of the present application a further phospholipid, preferably being a phosphatidylserine.

In some embodiments, the lipid nanoparticles disclosed herein encapsulating a nucleic acid are lyophilized lipid
nanoparticles. A lyophilized lipid nanoparticle is one from which liquid (e.g., water) has been removed by freeze
drying, in which a liquid product is frozen and subsequently placed under a vacuum to remove solvent (e.g., water)
by sublimation, leaving a composition substantially free of solvent (e.g., water). In some embodiments, a lyophilized
lipid nanoparticle as disclosed herein comprises an inventive polymer conjugated lipid, preferably a lipid comprising
polyoxazoline, more preferably a PMOZ-lipid. In some embodiments, a lyophilized lipid nanoparticle as disclosed
herein comprises nucleic acid. In some embodiments, a lyophilized lipid nanoparticle as disclosed herein comprises
nucleic acid encapsulated within lipid nanoparticles. In some embodiments, a lyophilized lipid nanoparticle as
disclosed herein comprises a compound of Formula I. In some embodiments, a lyophilized lipid nanoparticle as
disclosed herein comprises PMOZ. In some embodiments, a Iyophilized lipid nanoparticle as disclosed herein
comprises lipids, nucleic acids, a compound of Formula |, or any mixture thereof.

In the composition of the invention, the ionizable lipid may be present within, or as part of, lipid nanoparticles (LNPs).
In other words, such composition comprises lipid nanoparticles, and the ionizable lipid is present in the lipid
nanoparticles.

A “nanoparticle”, as used herein, is a submicron particle having any structure or morphology. Submicron particles
may also be referred to as colloids, or colloidal. With respect to the material on which the nanoparticle is based,
and to the structure or morphology, a nanoparticle may be classified, for example, as a nanocapsule, a vesicle, a
liposome, a lipid nanoparticle, a micelle, a cross-linked micelle, a lipoplex, a polyplex, a mixed or hybrid complex,
to mention only a few of the possible designations of specific types of nanopatrticles.

As defined above, lipid nanoparticles include any type of nanoparticles formed or co-formed by lipids. In particular,
lipid nanoparticles may co-formed by combinations of lipids comprising at least one amphiphilic, vesicle-forming
lipid. Liposomes and lipoplexes are examples of lipid nanoparticles.

In some embodiments, such lipid nanoparticles comprise an ionizable lipid (e.g., a lipid of formula (Il)) and one or
more excipients selected from neutral lipids, charged lipids, steroids and polymer conjugated lipids (e.g., a polymer
conjugated lipid such as a polymer conjugated lipid as described above having formula (l). It is currently believed
by the inventors that a composition comprising the ionizable lipid as defined herein, a steroid, a neutral lipid, and a
polymer conjugated lipid according to formula (I) will, at least in an aqueous environment, typically exist as a

composition comprising lipid nanoparticles that are formed by these excipients.

An LNP may comprise any lipid capable of forming a particle to which the one or more nucleic acid molecules are
attached, or in which the one or more nucleic acid molecules are encapsulated. In some embodiments, the mRNA,
or a portion thereof, is encapsulated in the lipid portion of the lipid nanoparticle or an aqueous space enveloped by
some or all of the lipid portion of the lipid nanoparticle, thereby protecting it from enzymatic degradation or other
undesirable effects induced by the mechanisms of the host organism or cells e.g. an adverse immune response. In

some embodiments, the mRNA or a portion thereof is associated with the lipid nanoparticles.

As mentioned, a composition comprising the lipidic excipients as described herein will normally form lipid

nanoparticles, at least in an aqueous environment. As defined herein, the nanoparticles have a predominantly
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submicron size. In certain embodiments, the mRNA, when present in the lipid nanoparticles, is resistant in aqueous
solution to degradation with a nuclease. As used herein, the mean diameter may be represented by the z-average
as determined by dynamic light scattering. In one embodiment, the composition is a sterile liquid composition
comprising lipid nanoparticles having a mean hydrodynamic diameter (or mean size) as determined by dynamic
laser scattering from about 30 nm to about 800 nm. In various embodiments, the lipid nanoparticles have a mean
diameter of from about 30 nm to about 150 nm, from about 50 nm to about 200 nm, from about 60 nm to about 200
nm, from about 70 nm to about 200 nm, from about 80 nm to about 200 nm, from about 90 nm to about 200 nm,
from about 90 nm to about 190 nm, from about 90 nm to about 180 nm, from about 90 nm to about 170 nm, from
about 90 nm to about 160 nm, from about 90 nm to about 150 nm, from about 90 nm to about 140 nm, from about
90 nm to about 130 nm, from about 90 nm to about 120 nm, from about 90 nm to about 100 nm, from about 70 to
about 90 nm, from about 80 nm to about 90 nm, from about 70 nm to about 80 nm, or about 30 nm, 35 nm, 40 nm,
45 nm, 50 nm, 55 nm, 60 nm, 65 nm, 70 nm, 75 nm, 80 nm, 85 nm, 90 nm, 95 nm, 100 nm, 105 nm, 110 nm, 115
nm, 120 nm, 125 nm, 130 nm, 135 nm, 140 nm, 145 nm, 150 nm, 160 nm, 170 nm, 180 nm, 190 nm, or 200 nm,
and are substantially non-toxic. In another preferred embodiment of the invention the lipid nanoparticles have a
hydrodynamic diameter in the range from about 50 nm to about 300 nm, or from about 60 nm to about 250 nm,
from about 60 nm to about 150 nm, or from about 60 nm to about 120 nm, or from about 80 nm to about 160, or
from about 90 nm to about 140 nm, 50 nm to about 300 nm, or from about 60 nm to about 250 nm, or from about
60 nm to about 200 nm, or from about 70 to 200 nm, or from about 75 nm to about 160, or from about 100 nm to
about 140 nm, or from about 90 nm to about 140 nm. Also preferred is a range of about 50 nm to about 60 nm or a

range of about 60 nm to about 80 nm.

Compositions comprising the lipidic excipients as described herein yielding lipid nanoparticles of the invention may
be relatively homogenous. A polydispersity index (PDI) may be used to indicate the homogeneity of a nanoparticle
composition, e.g., the particle size distribution of the nanoparticle compositions. A small (e.g., less than 0.3)
polydispersity index generally indicates a narrow particle size distribution. A nanoparticle composition of the
invention may have a polydispersity index from about 0 to about 0.35, such as 0.01, 0.02, 0.03, 0.04, 0.05, 0.06,
0.07,0.08, 0.09,0.10,0.11,0.12,0.13, 0.14, 0.15, 0.16, 0.17, 0.18, 0.19, 0.20, 0.21, 0.22, 0.23, 0.24, 0.25, 0.26,
0.27, 0.28, 0.29, 0.30, 0.31, 0.32, 0.33, 0.34 or 0.35. In some embodiments, the polydispersity index (PDI) of a
nanoparticle composition may be from about 0.1 to about 0.2.

Various optional features, selections and preferences relating to the composition of the invention in general have
been described herein: all of these also apply to the lipid nanoparticles, as will be clearly understood by a person
skilled in the art. Similarly, the options and preferences apply to compositions comprising such lipid nanoparticles.

For example, the lipid nanoparticles according to one of the preferred embodiments comprise an ionizable lipid as
defined above, a neutral lipid which may be DPhyPE, a steroid which may be cholesterol, and a polymer conjugated
lipid that may be a polymer conjugated lipid according to formula (l):

[P]-[linker]-[L] formula (1),

wherein

[P] is a homopolymer moiety comprising at least one polyoxazoline (POZ) monomer unit
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wherein R is C1-9 alkyl or C2-9 alkenyl, preferably C1 or C2 alkyl, and n has a mean value ranging
from about 45 to about 55, preferably n is about 50 or wherein n is selected such that the [P]
moiety has an average molecular weight of about 4.2 kDa to about 4.4 kDa, or most preferably
about 4.3 kDa

[linker] is an optional linker group, and
[L] is a lipid moiety;
wherein the ionizable lipid may optionally be selected from the compounds C24 to C29 listed in Table 1, or wherein

preferably the ionizable lipid, preferably is the ionizable lipid structure C24, C28 or C29, most preferably C24.

In the context of the present invention, the mRNA is thus preferably comprised in a liquid or semi-liquid composition,
wherein the mRNA is complexed with or associated with a lipid nanoparticle according to one of the preferred
embodiments. |.e. in a preferred embodiment, said liquid or semi-liquid composition comprises a complex, wherein
the complex comprises the mRNA, wherein the complex is preferably present as a lipid nanoparticle as defined
herein.

As used herein, references to molar amounts of lipidic excipients in the composition of the invention should be
understood as also describing the molar amounts of the respective excipients in the lipid nanoparticles comprised
in the composition, as the lipid nanoparticles are typically formed by these excipients and reflect the same

quantitative ratios of excipients as the overall composition containing the nanoparticles.

In a further very preferred embodiments, the lipid nanoparticles of the invention comprise C24 and the polymer
conjugated lipid “PMOZ 4” with n = 50 i.e. having 50 monomer repeats.

In a further very preferred embodiments, the lipid nanoparticles of the invention comprise C28 and the polymer
conjugated lipid “PMOZ 4" with n = 50 i.e. having 50 monomer repeats.

In a further very preferred embodiments, the lipid nanoparticles of the invention comprise C29 and the polymer
conjugated lipid “PMOZ 4" with n = 50 i.e. having 50 monomer repeats.

In a further very preferred embodiments, the lipid nanoparticles of the invention comprise C24 and the polymer
conjugated lipid “PMOZ 4" with n = 115 i.e. having 115 monomer repeats.

In a further very preferred embodiments, the lipid nanoparticles of the invention comprise C28 and the polymer
conjugated lipid “PMOZ 4” with n = 115 i.e. having 115 monomer repeats.

In a further very preferred embodiments, the lipid nanoparticles of the invention comprise C29 and the polymer
conjugated lipid “PMOZ 4” with n = 115 i.e. having 115 monomer repeats.

In a further embodiments, the lipid nanoparticles of the invention comprise C24 and the polymer conjugated lipid
DMG-PEG2000.

In a further embodiments, the lipid nanoparticles of the invention comprise C28 and the polymer conjugated lipid
DMG-PEG2000.

In a further embodiments, the lipid nanoparticles of the invention comprise C29 and the polymer conjugated lipid
DMG-PEG2000.
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In one embodiment, the composition comprises lipid nanoparticles which comprise:

(a) an ionizable lipid, preferably according to formula (Il), more preferably C24, C28 or C29, most preferably C24,
at an amount of 30-70 mol%;

(b) a steroid at an amount of about 20-50 mol%;

(c) a neutral lipid at an amount of about 5-25 mol%,;

(d) a polymer conjugated lipid, preferably according to formula (1), at an amount of about 1-10 mol%, more preferably
at an amount of about 1 mol% or less than about 1 mol%; and

(e) a phosphatidylserine, preferably DPhyPS, at an amount of about 1-6 mol%;

each amount being relative to the total molar amount of all lipidic excipients of the lipid nanoparticles.

In another embodiment, the composition comprises lipid nanoparticles comprising:

(a) an ionizable lipid, preferably according to formula (Il), more preferably C24, C28 or C29, most preferably C24,
at an amount of 40-70 mol%;

(b) a steroid at an amount of 20-50 mol%;

(c) a neutral lipid at an amount of 5-15 mol%,;

(d) a polymer conjugated lipid according to formula (I) at an amount of 1-10 mol%, more preferably at an amount of
about 1 mol% or less than about 1 mol%; and

(e) a phosphatidylserine, preferably DPhyPS, at an amount of about 1-6 mol%;

each amount being relative to the total molar amount of all lipidic excipients of the lipid nanoparticles.

In one embodiment, the composition comprises lipid nanoparticles which comprise:

(a) an ionizable lipid, preferably according to formula (Il), more preferably C24, C28 or C29, most preferably C24,
at an amount of 20-60 mol%;

(b) a steroid at an amount of 25-55 mol%;

(c) a neutral lipid at an amount of 5-25 mol%,;

(d) a polymer conjugated lipid according to formula (I) at an amount of 1-5 mol%, more preferably at an amount of
about 1 mol% or less than about 1 mol%; and

(e) a phosphatidylserine, preferably DPhyPS, at an amount of about 1-6 mol%;

each amount being relative to the total molar amount of all lipidic excipients of the lipid nanoparticles.

In a further embodiment, the composition comprises lipid nanoparticles which comprise:

(a) an ionizable lipid, preferably according to formula (Il), more preferably C24, C28 or C29, most preferably C24,
at an amount of 45-65 mol%;

(b) a steroid at an amount of 25-45 mol%;

(c) a neutral lipid at an amount of 8-12 mol%;

(d) a polymer conjugated lipid according to formula (I) at an amount of 1-2 mol%, preferably 1.7 mol%, more
preferably at an amount of about 1 mol% or less than about 1 mol%; and

(e) a phosphatidylserine, preferably DPhyPS, at an amount of about 1-6 mol%;

each amount being relative to the total molar amount of all lipidic excipients of the lipid nanoparticles.

In a further preferred embodiment, the composition comprises lipid nanoparticles which comprise:
(a) an ionizable lipid, preferably according to formula (Il), more preferably C24, C28 or C29, most preferably C24,
at an amount of 45-65 mol%;

(b) a steroid at an amount of 25-45 mol%;
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(c) a neutral lipid at an amount of 8-12 mol%,;

(d) a polymer conjugated lipid according to formula (I) at an amount of 1-2 mol%, preferably 1.7 mol%, more
preferably at an amount of about 1 mol% or less than about 1 mol%; and

(e) a phosphatidylserine, preferably DPhyPS, at an amount of about 1-6 mol%;

each amount being relative to the total molar amount of all lipidic excipients of the lipid nanoparticles.

In these embodiments, the ionizable lipid is preferably a compound selected according to any one ofthe preferences
disclosed herein. For example, the ionizable lipid may be selected fromthe compounds listed in Table 1. Moreover,
these embodiments may also comprise a steroid, a neutral lipid, and/or a polymer conjugated lipid selected
according to any one of the preferences disclosed herein. In all embodiments which recite compositions or lipid
nanoparticles as described herein and where mol%-values are given for each excipient, each amount should be

seen being relative to the total molar amount of all lipidic excipients of the lipid nanoparticles.

In a further preferred embodiment, the composition or the lipid nanoparticle as described herein comprises 59 mol%

ionizable lipid, 10 mol% neutral lipid, 29.3 mol% steroid and 1.7 mol% polymer conjugated lipid according to formula

.

In one embodiment, the composition or the lipid nanoparticles described herein comprise 59 mol% ionizable lipid,
10 mol% DPhyPE, 29.3 mol% cholesterol and 1.7 mol% polymer conjugated lipid according to formula (l). In one
embodiment, composition or the lipid nanoparticles described herein comprise 59 mol% ionizable lipid, 10 mol%
DPhyPE, 28.5 mol% cholesterol and 2.5 mol% polymer conjugated lipid according to formula (). In one
embodiment, the composition or the lipid nanoparticles described herein comprise 59 mol% ionizable lipid, 10 mol%
DPhyPE, 28.5 mol% cholesterol and 2.5 mol% “DMG-PMOZ"

O

Y@m
o Lmker%\/ M‘};@:Ha

(‘DMG-PMOZ").

Summarized, a selection of preferred lipid compositions according to further specific embodiments of the present
invention comprise the at least five lipid excipients is disclosed herein in Table E.

Table E: Lipid excipient combinations for preferred compositions of the invention (Chol = Cholesterol)

Excipient combination
[designation]
ionizable lipid

sterol
Phospholipids
(DPhyPE and
DPhyPS)
polymer conjugated
lipid
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E1 C24 Chol DPhyPE and DPhyPS PMOZ 4*
E2 c28 Chol DPhyPE and DPhyPS PMOZ 4*
E3 c29 Chol DPhyPE and DPhyPS PMOZ 4*
g4 | Anyoneof lipids C24 to C29 Chol DPhyPE and DPhyPS |  PMOZ 4*
as disclosed in Table 1
E5 C24 Chol DPhyPE and DPhyPS | DMG-PEG2000
E6 c28 Chol DPhyPE and DPhyPS | DMG-PEG2000
E7 c29 Chol DPhyPE and DPhyPS | DMG-PEG2000
E8 Any one of lipids C24 to C29 Chol DPhyPE and DPhyPs | DMG-PEG2000
as disclosed in Table 1

*"PMOZ 4" having preferably about 50 monomer moieties or 115 monomer moieties

Furthermore, preferred lipid formulations of the invention showing distinct mol-percentages of the at least four lipid
excipients ofthe inventive compositions are shown in Table F. For example, a preferred lipid composition comprises
the mol-percentages of lipids as disclosed in line “F1”, i.e. §9 mol% ionizable lipid, 29.3 mol% sterol, 10 mol%
neutral lipid, and 1.7 mol% polymer conjugated lipid. As another example, a preferred lipid composition comprises
the mol-percentages of lipids as disclosed in line “F31”, i.e. 45 mol% ionizable lipid, 43,5 mol% sterol, 10 mol%
neutral lipid and 1.5 mol% polymer conjugated lipid.

Table F: Formulations incl. mol-percentages for excipients of preferred compositions of the invention (table split
into two tabulars). In very preferred embodiments, DPhyPS takes up about 2.5 mol% of the combined
phospholipid content of DPhyPE and DPhyPS. In other very preferred embodiments, DPhyPS takes up about

3 mol%, about 3.5 mol%, about 4 mol%, about 4.5 mol%or about 5 mol% of the combined phospholipid content of
DPhyPE and DPhyPS. |.e. if the combined amount of phospholipid is indicated with 10%, preferably the
distribution of DPhyPE and DPhyPS is e.g. 7.5 mol% DPhyPE+2.5 mol% DPhyPS or e.g. respectively 5 mol%
DPhyPE+5 mol% DPhyPS.

= B & 3 —_| = = B ) 2 = =
s§|2_| § 2885|388 | |8%&_ ¥ |25%; |,3§ S
55| oX| £ |2C-waeX|g52| 8 55 o8| € |[2-wae|E8g 8
3§5/l2ac| = |aEa 2o SSE| & 3§ 2c| = |2€Ea 2 S9El E
E2ISE| B |SE€22L|6FT| ¢ E2ISE| B |SEZaE|SET| &
b= o~ — = = ao“-|agss = N = = o“-|as3
o ®| ‘S @ o 50Q a| 3 [N = [ o5 ol S
LS| o 2 £¢80 o= o L3 o 7 £80 o=\ o
F1 59 293 10 1.7 100 Fa1 50 35 15 0 100
F2 59 343 5 1.7 100 F42 | 50 | 285 20 1.5 100
F3 59 34.5 5 1.5 100 F43 | 50 30 20 0 100
F4 59 29.5 10 1.5 100 F44 | 55 38.5 5 1.5 100
F5 59 31 10 0 100 F45 | 55 33.5 10 1.5 100
F6 59 243 15 1.7 100 F46 | 55 35 10 0 100
F7 59 245 15 1.5 100 F4a7 | 55 | 285 15 1.5 100
F8 59 26 15 0 100 F48 | 55 30 15 0 100
F9 59 19.3 20 1.7 100 F49 | 55 | 23.5 20 1.5 100
F10 59 19.5 20 1.5 100 F50 | 55 25 20 0 100
F11 59 21 20 0 100 F51 60 335 5 1.5 100
F12 | 474 | 459 5 1.7 100 F52 | 60 28.5 10 1.5 100
F13 | 47.4 | 461 5 1.5 100 F53 | 60 30 10 0 100
F14 | 47.4 | 409 10 1.7 100 F54 | 60 | 23.5 15 1.5 100
F15 | 47.4 | 411 10 1.5 100 F55 | 60 25 15 0 100
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F16 | 47.4 | 426 10 0o |[100 F56 | 60 | 18.5 20 15 | 100
F17 | 474 | 359 15 1.7 | 100 F57 | 30-70 | 5-25 20-50 0.5-5 | *
F18 | 47.4 | 36.1 15 15 | 100 F58 | 40-70 | 5-15 20-50 0.5-5 | *
F19 | 47.4 | 376 15 0o |[100 F59 | 20-60 | 5-25 25-55 0.5-15 | =
F20 | 47.4 | 30.9 20 1.7 | 100 F60 | 45-65 | 8-12 25-45 13 | =
F21 | 474 | 311 20 15 | 100 F61 | 59 | 28.3 11 17 | 100
F22 | 474 | 326 20 0o |[100 F62 | 49 | 293 20 17 | 100
F23 | 40 | 535 5 15 | 100 F63 | 47.4 | 40.1 10 25 | 100
F24 | 40 | 485 10 1.5 | 100 F64 | 49 | 393 10 1.7 | 100
F25 | 40 | 50 10 0o |[100 F65 | 59 | 28.5 10 2.5 | 100
F26 | 40 | 435 15 1.5 | 100 F66 | 49 | 285 20 2.5 | 100
F27 | 40 | 45 15 0o |[100 F67 | 58 | 285 11 2.5 | 100
F28 | 40 | 385 20 15 | 100 F68 | 58 | 29.3 11 1.7 | 100
F29 | 40 | 40 20 0o |[100 F69 | 49 | 29.3 11 1.7 | 100
F30 | 45 | 485 5 15 | 100 F70 | 49 | 39,3 10 1,7 | 49
F31 | 45 | 435 10 15 | 100 F71 | 49 | 40 10 1 |49
F32 | 45 | 45 10 0o |[100 F72 | 59 | 30 10 1 | 59
F33 | 45 | 385 15 15 | 100 F73 | 49 | 40,5 10 05 | 49
F34 | 45 | 40 15 0o |[100 F74 | 49 | 40 10 1 |49
F35 | 45 | 335 20 15 | 100 F75 | 59 | 29,3 10 1,7 | 59
F36 | 45 | 35 20 0o |[100 F76 | 59 | 30 10 1 | 59
F37 | 50 | 435 5 15 | 100 F77 | 49 | 40 10 1 | 49
F38 | 50 | 385 10 1.5 | 100 F78 | 49 | 40 10 1 | 49
F39 | 50 | 40 10 0o |[100 F79 | 49 |39,3 10 1,7 | 49
F40 | 50 | 335 15 15 | 100

**self-evidently, the sum [mol%] of the last four formulations in Table F, F57, F58, F59 and F60, is defined to be at
100 mol%. l.e. a skilled artisan naturally is able to select a value from the given ranges of the four excipients, so
that the mol-percentages for each excipient of preferred compositions of the invention sums up to 100%.

5 Accordingly, in a further preferred embodiment of the invention, a composition of the invention comprises excipients
as disclosed in Table E selected from the group consisting of Excipient combination designation
E1, E2, E3, E4, E5, E6, E7, and ES8;
in distinct mol-percentages as disclosed in Table F selected from the group consisting of formulation designation
F1,F2, F3, F4, F5, F6, F7, F8, F9, F10, F11, F12, F13, F14, F15, F16, F17, F18, F19, F20, F21, F22, F23,
10 F24, F25, F26, F27, F28, F29, F30, F31, F32, F33, F34, F35, F36, F37, F38, F39, F40, F41, F42, F43, F44,
F45, F46, F47, F48, F49, F50, F51, F52, F53, F54, F55, F56, F57, F58, F59, F60, F61, F62, F63, F64, F65,
F66, F67, F68, F69, F70, F71, F72, F73, F74, F75, F76, F77, F78 and F79, wherein as mentioned above,
in very preferred embodiments, DPhyPS takes up 2.5 mol% of the combined phospholipid content of
DPhyPE and DPhyPS and in other very preferred embodiments, DPhyPS takes up about 3, about 3.5, about
15 4, about 4.5 or about 5 mol% of the combined phospholipid content of DPhyPE and DPhyPS.

In preferred embodiments, the composition or the lipid nanoparticle as described herein comprises
(i) about 40 to about 60 mol% ionizable lipid, preferably an ionizable lipid according to formula (ll), preferably
C24, C28 or C29, most preferably about 49 mol% C24;

20 (i) about 20 mol% to about 50 mol% cholesterol, more preferably about 40 mol% cholesterol;
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(i) about 2 mol% to about 15 mol% phospholipid, preferably DPhyPE, more preferably about 7.5 mol% DPhyPE;
(iv) about 1 mol% to about 6 mol% phosphatidylserine, preferably DPhyPS, more preferably about 2.5 mol%
DPhyPS; and

(v) about 0.5 mol% to about 2 mol% polymer conjugated lipid, preferably a polymer conjugated lipid according
to formula (1), preferably PMOZ 4 with n = 50 i.e. having 50 monomer repeats or with n =115 i.e. having 115

monomer repeats, more preferably about 1 mol% PMOZ 4;

wherein the mol% (ratios) for each lipid are selected in a way that the sum of all five excipients is 100%.

In very preferred embodiments, the composition or the lipid nanoparticle as described herein comprises

(i) about 40 mol%, about 41 mol%, about 42 mol%, about 43 mol%, about 44 mol%, about 45 mol%, about 46
mol%, about 47 mol%, about 48 mol%, about 49 mol%, about 50 mol%, about 51 mol%, about 52 mol%, about
53 mol%, about 54 mol%, about 55 mol%, about 56 mol%, about 57 mol%, about 58 mol%, about 59 mol%,
about 60 mol%, about 61 mol%, about 62 mol%, about 63 mol%, about 64 mol%, or about 65 mol% ionizable
lipid, preferably an ionizable lipid according to formula (ll), preferably C24, C28 or C29, more preferably C24;
(i) about 25 mol%, about 26 mol%, about 27 mol%, about 28 mol%, about 29 mol%, about 30 mol%, about 31
mol%, about 32 mol%, about 33 mol%, about 34 mol%, about 35 mol%, about 36 mol%, about 37 mol%, about
38 mol%, about 39 mol%, about 40 mol%, about 41 mol%, about 42 mol%, about 43 mol%, about 44 mol%, or
about 45 mol% cholesterol;

(iiiy about 0.5 mol%, about 1 mol%, about 1.5 mol%, about 2 mol%, about 2.5 mol%, about 3 mol%, about 3.5
mol%, about 4 mol%, about 4.5 mol%, about 5 mol%, about 5.5 mol%, about 6 mol%, about 6.5 mol%, about 7
mol%, about 7.5 mol%, about 8 mol%, about 8.5 mol%, about 9 mol%, about 9.5 mol%, or about 10 mol%
phospholipid, preferably DPhyPE;

(iv) about 0.25 mol%, about 0.5 mol%, about 0.75 mol%, about 1 mol%, about 1.25 mol%, about 1.5 mol%,
about 1.75 mol%, about 2 mol%, about 2.25 mol%, about 2.5 mol%, about 2.75 mol%, about 3 mol%, about
3.25 mol%, about 3.5 mol%, about 3.75 mol%, about 4 mol%, about 4.25 mol%, about 4.5 mol%, about 4.75
mol%, or about 5 mol% phosphatidylserine, preferably DPhyPS; and

(v) about 0.1 mol%, about 0.2 mol%, about 0.3 mol%, about 0.4 mol%, about 0.5 mol%, about 0.6 mol%, about
0.7 mol%, about 0.8 mol%, about 0.9 mol%, about 1 mol%, about 1.1 mol%, about 1.2 mol%, about 1.3 mol%,
about 1.4 mol%, about 1.5 mol%, about 1.6 mol%, about 1.7 mol%, about 1.8 mol%, about 1.9 mol%, or about
2 mol% polymer conjugated lipid, preferably a polymer conjugated lipid according to formula (), more preferably
PMOZ 4;

wherein the mol% (ratios) for each lipid are selected in a way that the sum of all five excipients is 100%.

In other embodiments, the composition or the lipid nanoparticle as described herein comprises

(i) about 40 mol%, about 41 mol%, about 42 mol%, about 43 mol%, about 44 mol%, about 45 mol%, about 46
mol%, about 47 mol%, about 48 mol%, about 49 mol%, about 50 mol%, about 51 mol%, about 52 mol%, about
53 mol%, about 54 mol%, about 55 mol%, about 56 mol%, about 57 mol%, about 58 mol%, about 59 mol%,
about 60 mol%, about 61 mol%, about 62 mol%, about 63 mol%, about 64 mol%, or about 65 mol% ionizable
lipid, preferably an ionizable lipid according to formula (ll), preferably C24, C28 or C29, most preferably C24;
(i) about 25 mol%, about 26 mol%, about 27 mol%, about 28 mol%, about 29 mol%, about 30 mol%, about 31
mol%, about 32 mol%, about 33 mol%, about 34 mol%, about 35 mol%, about 36 mol%, about 37 mol%, about
38 mol%, about 39 mol%, about 40 mol%, about 41 mol%, about 42 mol%, about 43 mol%, about 44 mol%, or
about 45 mol% cholesterol;

(iiiy about 0.5 mol%, about 1 mol%, about 1.5 mol%, about 2 mol%, about 2.5 mol%, about 3 mol%, about 3.5

mol%, about 4 mol%, about 4.5 mol%, about 5 mol%, about 5.5 mol%, about 6 mol%, about 6.5 mol%, about 7
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mol%, about 7.5 mol%, about 8 mol%, about 8.5 mol%, about 9 mol%, about 9.5 mol%, or about 10 mol%
phospholipid, preferably DPhyPE;

(iv) about 0.25 mol%, about 0.5 mol%, about 0.75 mol%, about 1 mol%, about 1.25 mol%, about 1.5 mol%,
about 1.75 mol%, about 2 mol%, about 2.25 mol%, about 2.5 mol%, about 2.75 mol%, about 3 mol%, about
3.25 mol%, about 3.5 mol%, about 3.75 mol%, about 4 mol%, about 4.25 mol%, about 4.5 mol%, about 4.75
mol%, or about 5 mol% phosphatidylserine, preferably DPhyPS; and

(v) about 0.1 mol%, about 0.2 mol%, about 0.3 mol%, about 0.4 mol%, about 0.5 mol%, about 0.6 mol%, about
0.7 mol%, about 0.8 mol%, about 0.9 mol%, about 1 mol%, about 1.1 mol%, about 1.2 mol%, about 1.3 mol%,
about 1.4 mol%, about 1.5 mol%, about 1.6 mol%, about 1.7 mol%, about 1.8 mol%, about 1.9 mol%, or about
2 mol% polymer conjugated lipid, preferably a PEG polymer conjugated lipid, more preferably DMG-PEG2000;

wherein the mol% (ratios) for each lipid are selected in a way that the sum of all five excipients is 100%.

The zeta potential of a nanoparticle composition may be used to indicate the electrokinetic potential of the
composition. For example, the zeta potential may describe the surface charge of a nanoparticle composition. The
lipid nanoparticles according to the invention may, due to the presence of both negatively and positively charged
compounds, exhibit a relatively neutral zeta potential. The zeta potential (sometimes abbreviated as “charge”) may
be determined along with the particle size of the particles, for example, by dynamic light scattering and Laser
Doppler Microelectrophoresis, for example using a Malvern Zetasizer Nano (Malvern Instruments Ltd.; Malvern,
UK). Skilled artisans are aware of many suitable methods available for measuring the Zeta potential, for example
by diluting LNPs to 0.01 mg/mL mRNA in 0.1X PBS and measuring on a Malvern Zetasizer (Nano ZS) or generally
measuring in 0.1N PBS at pH 7.5. Depending on the amount and nature of charged compounds in the lipid
nanoparticles, the nanoparticles may be characterized by a zeta potential. In a preferred embodiment, the zeta
potential is in the range from about -50 mV to about +50 mV. In other preferred embodiments, the zeta potential is
in the range from about -25 mV to about +25 mV. In some embodiments, the zeta potential of a lipid nanopatrticle
of the invention may be from about -10 mV to about +20 mV, from about -10 mV to about +15 mV, from about -10
mV to about +10 mV, from about -10 mV to about +5 mV, from about -10 mV to about 0 mV, from about -10 mV to
about -5 mV, from about -5 mV to about +20 mV, from about -5 mV to about +15 mV, from about -5 mV to about
+10 mV, from about -5 mV to about +5 mV, from about -5 mV to about 0 mV, from about 0 mV to about +20 mV,
from about 0 mV to about +15 mV, from about 0 mV to about +10 mV, from about 0 mV to about +5 mV, from about
+5 mV to about +20 mV, from about +5 mV to about +15 mV, or from about +5 mV to about +10 mV. Preferably,
the zeta potential of the inventive lipid nanoparticles exhibit a zeta potential in the range of -50 mV to +50 mV,
preferably in the range of -25 mV to +25 mV, more preferably in the range of -10 mV to +10 mV, most preferably in
the range of -5 mV to +5 mV.

In certain embodiments, the LNP comprises one or more targeting moieties which are capable of targeting the LNP
to a cell or cell population. For example, in one embodiment, the targeting moiety is a ligand which directs the LNP

to a receptor found on a cell surface.

In certain embodiments, the LNP comprises one or more internalization domains. For example, in one embodiment,
the LNP comprises one or more domains which bind to a cell to induce the internalization of the LNP. For example,
in one embodiment, the one or more internalization domains bind to a receptor found on a cell surface to induce
receptor-mediated uptake of the LNP. In certain embodiments, the LNP is capable of binding a biomolecule in vivo,
where the LNP-bound biomolecule can then be recognized by a cell-surface receptor to induce internalization. For
example, in one embodiment, the LNP binds systemic ApoE, which leads to the uptake of the LNP and associated
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cargo. In certain embodiments of the invention, ApoE may be supplemented to the medium or pharmaceutical
composition used.

Preferably, in one embodiment, the compositions of the invention further comprise a biologically active ingredient,
preferably a nucleic acid, more preferably an mRNA, even more preferably
(a) an mRNA comprising at least one coding sequence encoding a peptide or protein, or a fragment or
variant thereof, wherein the peptide or protein is an antigen, wherein the antigen preferably is derived from
pathogenic antigens, tumor antigens, allergenic antigens or autoimmune self-antigens, or a fragment or
variant thereof; or
(b) an mRNA comprising at least one coding sequence encoding a therapeutic protein, or a fragment or
variant thereof, wherein the therapeutic protein is selected from the group consisting of
(i) therapeutic proteins for use in the treatment of cancer or tumor diseases;
(ii) therapeutic proteins for use in enzyme replacement therapy for the treatment of metabolic, endocrine
or amino acid disorders or for use in replacing an absent, deficient or mutated protein;
(i) therapeutic proteins for use in the treatment of blood disorders, diseases of the circulatory system,
diseases of the respiratory system, infectious diseases or immune deficiencies;
(iv) therapeutic proteins for use in hormone replacement therapy;
(v) therapeutic proteins for use in reprogramming somatic cells into pluri- or omnipotent stem cells;
(vi) therapeutic proteins for use as adjuvant or immunostimulation;
(vii) therapeutic proteins being a therapeutic antibody;
(viii) therapeutic proteins being a gene editing agent; and
(ix) therapeutic proteins for use in treating or preventing a liver disease selected from the group consisting
of liver fibrosis, liver cirrhosis and liver cancer;
preferably wherein the therapeutic protein is a therapeutic protein for use in the treatment of cancer or

tumor diseases.

In preferred embodiments of the invention, a lipid nanoparticle comprises a polymer conjugated lipid comprising at
least one polyoxazoline (POZ) monomer unit

""’-.Mr"'h“‘-..._,.f"ﬁ

HAO

b o

wherein R is C1-9 alkyl or C2-9 alkenyl, preferably C1 or C2 alkyl, and n has a mean value ranging from 2
to 200, preferably from 20 to 100, more preferably from 24 to 26 or 45 to 50 or wherein n is selected such
that the [P] moiety has an average molecular weight of 1.5 to 22 kDa, more preferably of 2 to 19 kDa, even
more preferably of about 7.5 kDa or of about 15 kDa, preferably from 1 to 15 kDa, more preferably of 2 to
12.5 kDa, more preferably of about 5 kDa or of about 10 kDa, even more preferably of about 2 kDa to 2.5
kDa or of about 4 kDa to 5 kDa,

preferably, wherein the homopolymer moiety comprising multiple monomer units comprises poly(2-methyl-
2-oxazoline) (PMOZ), poly(2-ethyl-2-oxazoline) (PEOZ), poly(2-propyl-2-oxazoline) (PPOZ), poly(2-butyl-2-
oxazoline) (PBOZ), poly(2-isopropyl-2-oxazoline)  (PIPOZ), poly(2-methoxymethyl-2-oxazoline)
(PMeOMeOx), or poly(2-dimethylamino-2-oxazoline) (PDMAOX),
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more preferably any of the polymer conjugated lipids as described herein above or below, most preferably
“PMOZ 4.

As noted in section “Polymer conjugated lipids”, in specific other aspects and other embodiments of the invention,
5

the commercially available DMG-PEG2000 (DMG-PEG2K or PEG2000-DMG) also is a preferred polymer
conjugated lipid of certain LNPs of the invention

(DMG-PEG2000),

using the PEG lipid DMG-PEG2000 as sole polymer conjugated lipid instead of polyoxazoline (POZ) polymer
10 conjugated lipids in said certain LNPs of the invention.

In a preferred embodiment, a lipid nanoparticle of the invention comprises:

about 45 mol% to about 65 mol% of an ionizable lipid, preferably an ionizable lipid according to formula (1)

R2-A-RP formula (I1)
15

or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein
R2 is selected from:

"
&R/“ /\I

o R? 3
cod \U/ g I\/N\RQ’OTR\R“
o

R is selected from:

K
A 9

0 R? |\/ 3
- ™~ N e R
RZ \ﬂ/ R \Rz \"/ \R4
20 ©

'{Rlxﬁ
k/x\ 2.0 R
R T R
o]
Ais =S—;
R' is an ethanediyl or linear or unbranched alkanediyl having 2 to 3 carbon atoms;
R2 is an alkanediyl having 2 to 8 carbon atoms;
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R3 is optional, and if present, is —=R°~C(O)—0O-, —R5-0-C(0)—, —R*~C(O)~NH-, —-R5-0OC(0)-NH-
, or R°>-NH-C(0)O—;
R* is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12
to 36 carbon atoms is derived from tocopherol or tocotreinol;
5 R® is an alkanediyl having 1 to 6 carbon atoms;
X is a carbon atom bonded to a hydrogen atom (CH) or a nitrogen atom, preferably a carbon atom
bonded to a hydrogen atom (CH);
wherein all selections are independent of one another;
- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% of a phospholipid, preferably
10 a phospholipid selected from DSPC and DPhyPE, more preferably wherein the phospholipid is DPhyPE;
- about 1 mol% to about 6 mol%, preferably about 2.5 mol% to about 5 mol%, more preferably about 2.5
mol% of a phosphatidylserine, preferably DPhyPS;
- about 25 mol% to about 45 mol% of a sterol, preferably cholesterol;

- less than about 1.5 mol%, preferably about 1 mol% of a polymer conjugated lipid, preferably of a PMOZ-
15 lipid, more preferably a PMOZ-lipid not comprising a sulphur group (-S-); and

- one or more nucleic acid, preferably an mRNA,;

more preferably characterized in that the ionizable lipid is

O

(“CVL1" or C24).

20
In another preferred embodiment, a lipid nanoparticle of the invention comprises
- about 45 mol% to about 65 mol% of an ionizable lipid, preferably an ionizable lipid according to formula (1),
- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% of a phospholipid, preferably
a phospholipid selected from DSPC and DPhyPE, more preferably wherein the phospholipid is DPhyPE;
25 - about 1 mol% to about 6 mol%, preferably about 2.5 mol% to about 5 mol%, more preferably about 2.5
mol% of a phosphatidylserine, preferably DPhyPS;
- about 25 mol% to about 45 mol% of a sterol, preferably cholesterol;
- less than about 1.5 mol%, preferably about 1 mol% of a polymer conjugated lipid, preferably of a PMOZ-
lipid, more preferably a PMOZ-lipid not comprising a sulphur group (-S-); and
30 - one or more nucleic acid, preferably an mRNA,;

preferably characterized in that the ionizable lipid is
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(“CVL1-meta“ or C28).

In another preferred embodiment, a lipid nanoparticle of the invention comprises

5 - about 45 mol% to about 65 mol% of an ionizable lipid, preferably an ionizable lipid according to formula (l1);
- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% of a phospholipid, preferably
a phospholipid selected from DSPC and DPhyPE, more preferably wherein the phospholipid is DPhyPE;
- about 1 mol% to about 6 mol%, preferably about 2.5 mol% to about 5 mol%, more preferably about 2.5
mol% of a phosphatidylserine, preferably DPhyPS;
10 - about 25 mol% to about 45 mol% of a sterol, preferably cholesterol;
- less than about 1.5 mol%, preferably about 1 mol% of a polymer conjugated lipid, preferably of a PMOZ-
lipid, more preferably a PMOZ-lipid not comprising a sulphur group (-S-); and

- one or more nucleic acid, preferably an mRNA,;

preferably characterized in that the ionizable lipid is

15
(“CVL1-inverted” or C29).

In another preferred embodiment, a lipid nanoparticle of the invention comprises
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- about 45 mol% to about 65 mol% ionizable lipid, preferably an ionizable lipid according to formula (II), more
preferably CVL1 (C24), preferably about 49 mol% or about 59 mol% CVL1 (C24);

- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% the phospholipid, preferably about 5
mol% or about 7.5 mol% of the phospholipid, more preferably about 7.5 mol% DPhyPE;

- about 2.5 mol% phosphatidylserine, preferably DPhyPS;

- about 0.5 mol% to about 1 mol%, preferably about 1 mol% PMOZ-lipid, preferably not comprising a sulphur group

A

(=S-), more preferably (i) “PMOZ 4” with n = 50 i.e. having 50 monomer repeats

W

N

50

(“PMOZ 4” with n = 50 i.e. having 50 monomer repeats); or

(i) “PMOZ 4" with n = 115 i.e. having 115 monomer repeats

™
\/WM 0 Y
™

N ﬁ{»\/NL

115

(“PMOZ 4" with n = 115 i.e. having 115 monomer repeats);
- about 29 mol% to about 41 mol% sterol, preferably cholesterol; and

one or more nucleic acid, preferably an mRNA.

In another preferred embodiment, a lipid nanoparticle of the invention comprises

- about 45 mol% to about 65 mol% ionizable lipid, preferably an ionizable lipid according to formula (), more
preferably CVL1-meta (C28), preferably about 49 mol% or about 59 mol% CVL1-meta (C28);

- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% DPhyPE, more preferably about 5
mol% DPhyPE or about 7.5 mol% DPhyPE;

- about 2.5 mol% or about 5 mol% phosphatidylserine, preferably DPhyPS;

- about 0.5 mol% to about 1 mol%, preferably about 1 mol% PMOZ-lipid, preferably not comprising a sulphur group

(~S-), more preferably (i) “PMOZ 4” with n = 50 i.e. having 50 monomer repeats

O
\ANW o Y
N NL
H
50
O

(“PMOZ 4" with n = 50 i.e. having 50 monomer repeats); or

(i) “PMOZ 4" with n = 115 i.e. having 115 monomer repeats
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E
o) 115

(“PMOZ 4" with n = 115 i.e. having 115 monomer repeats);
- about 29 mol% to about 41 mol% sterol, preferably cholesterol; and

one or more nucleic acid, preferably an mRNA.

In another preferred embodiment, a lipid nanoparticle of the invention comprises

- about 45 mol% to about 65 mol% ionizable lipid, preferably an ionizable lipid according to formula (ll), more
preferably CVL1-para (C29), preferably about 49 mol% or about 59 mol% CVL1-para (C29), more preferably
about 49 mol% CVL1-para (C29);

- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% DPhyPE, more preferably about 5
mol% DPhyPE or about 7.5 mol% DPhyPE, even more preferably about 7.5 mol% DPhyPE;

- about 2.5 mol% phosphatidylserine, preferably DPhyPS;

- about 0.5 mol% to about 1 mol%, preferably about 1 mol% PMOZ-lipid, preferably not comprising a sulphur group
(=S-), more preferably (i) “PMOZ 4" with n = 50 i.e. having 50 monomer repeats

(“PMOZ 4" with n = 50 i.e. having 50 monomer repeats); or

(i) “PMOZ 4" with n = 115 i.e. having 115 monomer repeats

o 115

(“PMOZ 4" with n = 115 i.e. having 115 monomer repeats);
- about 29 mol% to about 41 mol% sterol, preferably cholesterol; and

one or more nucleic acid, preferably an mRNA.

In another preferred embodiment, a lipid nanoparticle of the invention comprises one or more nucleic acid,
preferably an mRNA, and a lipid nanoparticle composition selected from the group consisting of

(i) about 49 mol% C24, about 40 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and about
1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats;
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(ii) about 59 mol% C24, about 30 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and about
1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats;

(iiiy about 49 mol% C24, about 40.5 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and
about 0.5 mol% PMOZ 4 with n =115 i.e. having 115 monomer repeats; and

(iv) about 49 mol% C24, about 40 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and about

1 mol% PMOZ 4 with n = 115 i.e. having 115 monomer repeats.

In another preferred embodiment, a lipid nanoparticle of the invention comprises one or more nucleic acid,
preferably an mRNA, and a lipid nanoparticle composition selected from the group consisting of

(i) about 59 mol% C28, about 30 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and about
1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats; and

(ii) about 49 mol% C28, about 40 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and about
1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats.

In another preferred embodiment, a lipid nanoparticle of the invention comprises one or more nucleic acid,
preferably an mRNA, and a lipid nanoparticle composition comprising about 49 mol% C29, about 40 mol%
cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and about 1 mol% PMOZ 4 with n =50 i.e.
having 50 monomer repeats.

In another embodiment, a lipid nanopatrticle of the invention comprises

- about 45 mol% to about 65 mol% of an ionizable lipid, preferably an ionizable lipid according to formula (1),
more preferably C24, C28 or C29, most preferably C24;

- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% DPhyPE;

- about 2.5 mol% to about 5 mol% of a phosphatidylserine, preferably DPhyPS;

- about 25 mol% to about 45 mol% of a sterol, preferably cholesterol,

- about 1 mol% to about 2 mol% of a PEG-lipid, preferably DMG-PEG2000; and

- one or more nucleic acid, preferably an mRNA.

In another embodiment, a lipid nanoparticle of the invention comprises one or more nucleic acid, preferably an
mRNA, and a lipid nanoparticle composition selected from the group consisting of
(i) about 49 mol% C24, about 39.3 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS
and about 1.7 mol% DMG-PEG2000;
(ii) about 59 mol% C28, about 29.3 mol% cholesterol, about 5 mol% DPhyPE, about 5 mol% DPhyPS and
about 1.7 mol% DMG-PEG2000; and

(i) about 49 mol% C29, about 39.3 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS
and about 1.7 mol% DMG-PEG2000.

In some embodiments, the lipid nanoparticle comprises a molar ratio of 20-60% ionizable lipid, 5-25% non-ionizable
lipid, 25-55% sterol, and 0.5-15% polymer conjugated lipid of the disclosure.

In some embodiments, the lipid nanoparticle comprises a molar ratio of 20-60% ionizable lipid. For example, the
lipid nanoparticle may comprise a molar ratio of 20-50%, 20-40%, 20-30%, 30-60%, 30-50%, 30-40%, 40-60%, 40-
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50%, or 50-60% ionizable lipid. In some embodiments, the lipid nanoparticle comprises a molar ratio of 20%, 30%,
40%, 50, or 60% ionizable lipid.

In other embodiments, the lipid nanoparticle comprises a molar ratio of 5-25% non-ionizable lipid. For example, the
lipid nanoparticle may comprise a molar ratio of 5-20%, 5-15%, 5-10%, 10-25%, 10-20%, 10-25%, 15-25%, 15-
20%, or 20-25% non-ionizable lipid. In some embodiments, the lipid nanoparticle comprises a molar ratio of 5%,
10%, 15%, 20%, or 25% non-ionizable lipid.

In other embodiments, the lipid nanoparticle comprises a molar ratio of 25-55% sterol. For example, the lipid
nanoparticle may comprise a molar ratio of 25-50%, 25-45%, 25-40%, 25-35%, 25-30%, 30-55%, 30-50%, 30-45%,
30-40%, 30-35%, 35-55%, 35-50%, 35-45%, 35-40%, 40-55%, 40-50%, 40-45%, 45-55%, 45-50%, or 50-55%
sterol. In some embodiments, the lipid nanoparticle comprises a molar ratio of 25%, 30%, 35%, 40%, 45%, 50%,
or 55% sterol.

Encapsulation/Complexation in LNPs:

In preferred embodiments of the second aspect, the at least one nucleic acid (e.g. DNA or RNA), preferably the at
least one RNA, and optionally the at least one further nucleic acid, is complexed, encapsulated, partially
encapsulated, or associated with one or more lipids (e.g. ionizable lipids and/or neutral lipids), thereby forming

liposomes, lipid nanoparticles (LNPs), lipoplexes, and/or nanoliposomes.

The liposomes, lipid nanoparticles (LNPs), lipoplexes, and/or nanoliposomes - incorporated nucleic acid (e.g. DNA
or RNA) may be completely or partially located in the interior space of the liposomes, lipid nanoparticles (LNPs),
lipoplexes, and/or nanoliposomes, within the lipid layer/membrane, or associated with the exterior surface of the
lipid layer/membrane. The incorporation of a nucleic acid into liposomes/LNPs is also referred to herein as
"encapsulation" wherein the nucleic acid, e.g., the RNA is entirely contained within the interior space of the
liposomes, lipid nanoparticles (LNPs), lipoplexes, and/or nanoliposomes. The purpose of incorporating nucleic acid
into liposomes, lipid nanoparticles (LNPs), lipoplexes, and/or nanoliposomes is to protect the nucleic acid, preferably
RNA from an environment which may contain enzymes or chemicals or conditions that degrade nucleic acid and/or
systems or receptors that cause the rapid excretion of the nucleic acid. Moreover, incorporating nucleic acid,
preferably RNA into liposomes, lipid nanoparticles (LNPs), lipoplexes, and/or nanoliposomes may promote the
uptake of the nucleic acid, and hence, may enhance the therapeutic effect of the nucleic acid, e.g. the RNA encoding
antigenic SARS-CoV-2 (nCoV-2019) proteins. Accordingly, incorporating a nucleic acid, e.g. RNA or DNA, into
liposomes, lipid nanoparticles (LNPs), lipoplexes, and/or nanoliposomes may be particularly suitable for a

coronavirus vaccine (e.g. a SARS-CoV-2 vaccine), e.g. for intramuscular and/or intradermal administration.

In this context, the terms “complexed” or “associated” refer to the essentially stable combination of nucleic acid with
one or more lipids into larger complexes or assemblies without covalent binding.

The term “lipid nanoparticle”, also referred to as “LNP”, is not restricted to any particular morphology, and include
any morphology generated when an ionizable lipid and optionally one or more further lipids are combined, e.g. in
an aqueous environment and/or in the presence of a nucleic acid, e.g. an RNA. For example, a liposome, a lipid
complex, a SNALP, a lipoplex and the like all fall within the scope of a lipid nanoparticle (LNP). A “lipid nanoparticle”
(LNP) therefore is a nanoparticle formed by lipids, typically including at least one amphiphilic, membrane-forming
lipid, and optionally other lipids, further optionally including a cargo material such as a nucleic acid compound. As
used herein, the expression “lipid nanoparticles” or “LNP” includes any sub-types and morphologies of nanoparticles

formed or co-formed by lipids, such as aforementioned liposomes and lipoplexes.
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Liposomes, lipid nanoparticles (LNPs), lipoplexes, and/or nanoliposomes can 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 50 nm in diameter, and a large unilamellar vesicle (LUV) which may be between 50 nm and
500 nm in diameter.

LNPs of the invention are suitably characterized as microscopic vesicles having an interior aqua space sequestered
from an outer medium by a membrane of one or more bilayers. Bilayer membranes of LNPs are typically formed by
amphiphilic molecules, such as lipids of synthetic or natural origin that comprise spatially separated hydrophilic and
hydrophobic domains. Bilayer membranes of the liposomes can also be formed by amphophilic polymers and
surfactants (e.g., polymerosomes, niosomes, etc.). In the context of the present invention, an LNP typically serves

to transport the at least one nucleic acid, preferably the at least one RNA to a target tissue.

Accordingly, in preferred embodiments of the second aspect, the at least one nucleic acid, preferably the at least
one RNA is complexed with one or more lipids thereby forming lipid nanoparticles (LNP). Preferably, said LNP is
particularly suitable for intramuscular, intradermal and/or intravenous administration. In a very preferred

embodiment, said LNPs are particularly suitable for intramuscular administration.

Alternatively, the composition may be provided in solid form. In particular, it may be provided as a sterile solid
composition for reconstitution with a sterile liquid carrier; the solid composition may in this case further comprise
one or more inactive ingredients selected from pH-modifying agents, bulking agents, stabilizers, non-ionic

surfactants and antioxidants. In this embodiment, the sterile liquid carrier is preferably an aqueous carrier.

In the context of the invention, a typical “lipid-based carrier” is selected from liposomes, lipid nanoparticles (LNPs),
lipoplexes, and/or nanoliposomes. In the context of the invention, the formulation in lipid nanoparticles relates to
the term “lipid-based carriers” which encompass lipid-based delivery systems for RNA that comprise a lipid
component. A lipid nanoparticle or lipid-based carrier may additionally comprise other components suitable for
encapsulating/incorporating/complexing an RNA including a cationic or polycationic polymer, a cationic or
polycationic polysaccharide, a cationic or polycationic protein, a cationic or polycationic peptide, or any
combinations thereof.

The RNA of the pharmaceutical composition may completely or partially incorporated or encapsulated in a lipid-
based carrier, wherein the RNA may be located in the interior space of the lipid-based carrier, within the lipid
layer/membrane of the lipid-based carrier, or associated with the exterior surface of the lipid-based carrier. The
incorporation of RNA into lipid-based carriers may be referred to as “encapsulation”. A “lipid-based carrier” is not
restricted to any particular morphology, and include any morphology generated when e.g. an polymer conjugated
lipid and at least one further lipid are combined, e.g. in an aqueous environment in the presence of RNA. For
example, an LNP, a liposome, a lipid complex, a lipoplex and the like are within the scope of the term “lipid-based
carrier”. Lipid-based carriers can 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. Liposomes, a specific type of lipid-
based carrier, are characterized as microscopic vesicles having an interior aqua space sequestered from an outer
medium by a membrane of one or more bilayers. In a liposome, the at least one RNA is typically located in the

interior aqueous space enveloped by some or the entire lipid portion of the liposome. Bilayer membranes of
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liposomes are typically formed by amphiphilic molecules, such as lipids of synthetic or natural origin that comprise
spatially separated hydrophilic and hydrophobic domains. Lipid nanoparticles (LNPs), a specific type of lipid-based
carrier, are characterized as microscopic lipid particles having a solid core or partially solid core. Typically, an LNP
does not comprise an interior aqua space sequestered from an outer medium by a bilayer. In an LNP, the at least
one RNA may be encapsulated or incorporated in the lipid portion of the LNP enveloped by some or the entire lipid
portion of the LNP. An LNP may comprise any lipid capable of forming a particle to which the RNA may be attached,
or in which the RNA may be encapsulated. Preferably, said lipid-based carriers are particularly suitable for
intramuscular, intradermal and/or intravenous administration.

In preferred embodiments, the lipid-based carriers of the pharmaceutical composition are selected from liposomes,
lipid nanoparticles, lipoplexes, and/or nanoliposomes.

In preferred embodiments, the lipid-based carriers ofthe pharmaceutical composition are lipid nanoparticles (LNPs).
In particularly preferred embodiments, the lipid nanoparticles of the pharmaceutical composition encapsulate the at

least one RNA of the invention.

The term “encapsulated”, e.g. incorporated, complexed, encapsulated, partially encapsulated, associated, partially
associated, refers to the essentially stable combination of RNA with one or more lipids into lipid-based carriers (e.g.
larger complexes or assemblies) preferably without covalent binding of the RNA. The lipid-based carriers -
encapsulated RNA may be completely or partially located in the interior of the lipid-based carrier (e.g. the lipid
portion and/or an interior space) and/or within the lipid layer/membrane of the lipid-based carriers. The
encapsulation of an RNA into lipid-based carriers is also referred to herein as “incorporation” as the RNA is
preferably contained within the interior of the lipid-based carriers. Without wishing to be bound to theory, the purpose
of incorporating or encapsulating RNA into lipid-based carriers may be to protect the RNA from an environment
which may contain enzymes, chemicals, or conditions that degrade the RNA. Moreover, incorporating RNA into
lipid-based carriers may promote the uptake of the RNA, and hence, may enhance the therapeutic effect of the
RNA when administered to a cell or a subject.

The term “fusogenic” or “fusogenicity” is meant to refer to a lipid which aids the fusion of a lipid-based carrier or
nucleic acid-lipid particle with a cell membrane to help the nucleic acid contained in the lipid-based carrier or nucleic

acid-lipid particle to enter the cell.

In preferred embodiments, the lipid-based carriers of the pharmaceutical composition comprise at least one or more
lipids selected from at least one aggregation-reducing lipid, at least one ionizable lipid, at least one neutral lipid or

phospholipid, or at least one steroid or steroid analogue.

In preferred embodiments, the lipid-based carriers of the pharmaceutical composition comprise an aggregation-
reducing lipid, an ionizable lipid or ionizable lipid, a neutral lipid or phospholipid, and a steroid or steroid analogue.

The term “PMOZ-LNPs” refers to lipid nanoparticles, comprising the polyoxazoline lipids as described herein above
and below, preferably PMOZ-lipids, more preferably "PMOZ 4", as polymer conjugated lipids. In preferred
embodiments, PMOZ-LNPs do not comprise PEG-lipids, i.e. polymer-conjugated lipids comprising PEG. In other
preferred embodiments, PMOZ-LNPs do not comprise polymer conjugated lipids, comprising a sulphur (-S-)-group.
In other preferred embodiments, PMOZ-LNPs do not comprise lipids being covalently coupled to a biologically

active ingredient, said biologically active ingregient being mRNA.
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In preferred embodiments, the lipid-based carriers of the pharmaceutical composition, preferably the LNPs,
comprise at least one RNA as defined in the aspects of the present invention, an ionizable lipid as defined herein,
an polymer conjugated lipid as defined herein, optionally, a neutral lipid as defined herein, and, optionally, a steroid
or steroid analogue as defined herein.

In preferred embodiments, the lipid-based carriers comprising at least one RNA of the aspects of the present

invention comprise

(i) atleast one ionizable lipid or ionizable lipid, preferably as defined herein, preferably C24, C28 or C29, most
preferably C24;

(i)  at least one neutral lipid or phospholipid, preferably as defined herein, preferably DPhyPE;

(iiiy at least one steroid or steroid analogue, preferably as defined herein;

(iv) at least one polymer conjugated lipid, preferably as defined herein, preferably “PMOZ 4"; and

(v) atleast one phosphatidylserine, preferably DPhyPS.

In preferred embodiments, the lipid-based carriers comprising at least one RNA of the aspects of the invention

comprise

(i) atleast one ionizable lipid selected or derived from ALC-0315, SM-102, SS-33/4PE-15, HEXA-C5DE-PipSS
or compound C24, C28 or C29, most preferably C24;

(i) atleast one neutral lipid selected or derived from DSPC, or preferably DPhyPE;

(iiiy at least one steroid or steroid analogue selected or derived from cholesterol; and

(iv) at least one polymer conjugated lipid; and

wherein the lipid-based carriers encapsulate the RNA.

In preferred embodiments, the ionizable lipids (as defined herein), neutral lipid (as defined herein), steroid or steroid
analogue (as defined herein), and/or polymer conjugated lipid (as defined herein) may be combined at various
relative ratios.

In preferred embodiments, the lipid-based carriers comprise (i) to (iv) in a molar ratio of about 20-60% ionizable
lipid or ionizable lipid, about 5-25% neutral lipid, about 25-55% steroid or steroid analogue, and about 0.5-15%
polymer conjugated lipid e.g. polymer conjugated lipid, preferably wherein the lipid-based carriers encapsulate the
RNA.

For example, the ratio of ionizable lipid or ionizable lipid to neutral lipid to steroid or steroid analogue to polymer
conjugated lipid may be between about 30-60:20-35:20-30:1-15, or at a ratio of about 40:30:25:5, 50:25:20:5,
50:20:25:5, 50:27:20:3, 40:30:20:10, 40:32:20:8, 40:32:25:3 or 40:33.:25:2, respectively.

In preferred embodiments, the lipid-based carriers, preferably the LNPs comprising at least one RNA of the aspects

of the invention comprise

(i) atleast one ionizable lipid according to formula (ll), preferably selected from the group consisting of lipid C24,
C28 and C29;

(i) atleast one neutral lipid, preferably DPhyPE;

(iiiy at least one steroid or steroid analogue, preferably cholesterol;

(iv) atleast one polymer conjugated lipid according to formula (1), preferably PMOZ 4 with n = 50 i.e. having 50

monomer repeats or with n = 115 i.e. having 115 monomer repeats;
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(v) atleast one phosphatidylserine, preferably DPhyPS; and
wherein the lipid-based carriers encapsulate the RNA.

In various embodiments, the pharmaceutical composition comprises lipid-based carriers (encapsulating RNA) that
have a defined size (particle size, homogeneous size distribution).

The size of the lipid-based carriers of the pharmaceutical composition is typically described herein as Z-average
size. The terms “average diameter”, “mean diameter”, “diameter” or “size” for particles (e.qg. lipid-based carrier) are
used synonymously with the value of the Z-average. The term “Z-average size” refers to the mean diameter of
particles as measured by dynamic light scattering (DLS) with data analysis using the so-called cumulant algorithm,
which provides as results the so-called Z-average with the dimension of a length, and the polydispersity index (PI),
which is dimensionless (Koppel, D., J. Chem. Phys. 57, 1972, pp 4814-4820, ISO 13321).

The term “dynamic light scattering” or “DLS" refers to a method for analyzing particles in a liquid, wherein the liquid
is typically illuminated with a monochromatic light source and wherein the light scattered by particles in the liquid is
detected. DLS can thus be used to measure particle sizes in a liquid. Suitable DLS protocols are known in the art.
DLS instruments are commercially available (such as the Zetasizer Nano Series, Malvern Instruments,
Worcestershire, UK). DLS instruments employ either a detector at 90° (e.g. DynaPro® NanoStar® from Wyatt
Technology or Zetasizer Nano S90® from Malvern Instruments) or a backscatter detection system at 173° (e.g.,
Zetasizer Nano S® from Malvern Instruments) and at 158° (DynaPro Plate Reader® from Malvern Instruments) close
to the incident light of 180°. Typically, DLS measurements are performed at a temperature of about 25°C. DLS is
also used in the context of the present invention to determine the polydispersity index (PDI) and/or the main peak
diameter of the lipid-based carriers incorporating RNA.

In various embodiments, the lipid-based carriers of the pharmaceutical composition encapsulating RNA have a Z-
average size ranging from about 50nm to about 200nm, from about 50nm to about 190nm, from about 50nm to
about 180nm, from about 50nm to about 170nm, from about 50nm to about 160nm, 50nm to about 150nm, 50nm
to about 140nm, 50nm to about 130nm, 50nm to about 120nm, 50nm to about 110nm, 50nm to about 100nm, 50nm
to about 90nm, 50nmto about 80nm, 50nm to about 70nm, 50nm to about 60nm, 60nm to about 200nm, from about
60nm to about 190nm, from about 60nm to about 180nm, from about 60nm to about 170nm, from about 60nm to
about 160nm, 60nm to about 150nm, 60nm to about 140nm, 60nm to about 130nm, 60nm to about 120nm, 60nm
to about 110nm, 60nm to about 100nm, 60nm to about 90nm, 60nm to about 80nm, or 60nm to about 70nm, for
example about 50nm, 55nm, 60nm, 65nm, 70nm, 75nm, 80nm, 85nm, 90nm, 95nm, 100nm, 105nm, 110nm,
115nm, 120nm, 125nm, 130nm, 135nm, 140nm, 145nm, 150nm, 160nm, 170nm, 180nm, 190nm, or 200nm.

In preferred embodiments, the lipid-based carriers of the pharmaceutical composition encapsulating RNA have a
Z-average size ranging from about 50nm to about 200nm, preferably in a range from about 50nm to about 150nm,
more preferably from about 50nm to about 120nm, also more preferably about 65nm to about 90nm.

Preferably, the pharmaceutical composition comprises less than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,

1% lipid-based carriers that have a particle size exceeding about 500nm.

Preferably, the pharmaceutical composition comprises less than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
1% LNPs that have a particle size smaller than about 20nm.
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Preferably, at least about 80%, 85%, 90%, 95% of lipid-based carriers of the composition have a spherical

morphology.

In preferred embodiments, the polydispersity index (PDI) of the lipid-based carriers is typically in the range of 0.1
to 0.5. In a particular embodiment, a PDI is below 0.2. Typically, the PDI is determined by dynamic light scattering.

In preferred embodiments, 80% of RNA comprised in the pharmaceutical composition is encapsulated in lipid-based
carriers, preferably 85% of the RNA comprised in the pharmaceutical composition is encapsulated in lipid-based
carriers, more preferably 90% of the RNA comprised in the pharmaceutical composition is encapsulated in lipid-
based carriers, most preferably 95% of the RNA comprised in the pharmaceutical composition is encapsulated in
lipid-based carriers. The percentage of encapsulation may be determined by a RiboGreen assay as known in the
art.

According to a preferred embodiments the lipid-based carriers preferably encapsulating or comprising RNA are
purified by at least one purification step, preferably by at least one step of TFF and/or at least one step of clarification

and/or at least one step of filtration.

Biologically Active Ingredients

As used herein, a biologically active ingredient means any compound or material having a biological activity due to
which the compound or material is potentially useful for the prevention, management, improvement, treatment or

therapy of a disease or condition in a subject, such as an animal, and in particular in a human subject.

In one of the preferred embodiments, the biologically active ingredient is a nucleic acid compound. Examples of
nucleic acid compounds that are potentially useful for carrying out the invention include nucleic acid compounds
selected from the group consisting of chemically modified or unmodified messenger RNA (mRNA), chemically
modified or unmodified RNA, single-stranded or double-stranded RNA, coding or non-coding RNA, viral RNA,
replicon RNA, and self-replicating RNA, or any combination thereof; preferably wherein the biologically active
ingredient is an mRNA.

In preferred embodiments, the nucleic acid compound is complexed or associated with one or more lipids (e.g.
ionizable lipids and/or neutral lipids), thereby forming liposomes, lipid nanoparticles (LNPs), lipoplexes, and/or
nanoliposomes. In this context, the terms “complexed” or “associated” refer to the essentially stable combination of
nucleic acid compound of the aspects of the invention with one or more lipids into larger complexes or assemblies
without covalent binding.

In specific embodiments, the biologically active ingredient may include a CRISPR RNA (crRNA) plus a tracer RNA
(tracrRNA), a guide RNA (gRNA) or a single guide RNA (sgRNA) and/or a donor DNA in conjunction with a CRISPR
endonuclease. Suitably the CRISPR endonuclease may be provided as a protein or polypeptide or as an mRNA
encoding said CRISPR endonuclease. A composition or formulation comprising this combination is suitable for
delivering a CRISPR gene editing activity to a target cell. In one embodiment, compositions in accordance with the
invention may provide the gRNA and mRNA encoding a CRISPR endonuclease, for separate, sequential or
simultaneous administration. That is, the gRNA and mRNA may be provided within the same formulation or lipid
nanoparticle in accordance with the invention or may be provided in separate lipid nanoparticles for separate,
simultaneous or sequential administration. Suitably the ratio of gRNA to mRNA for administration is 1:1, 1:3, 1.9,
1:19, forexample (i.e. 50%, 25%, 10% and 5% of guide RNA). In one embodiment, a gRNA and an mRNA encoding
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a CRISPR endonuclease such as cas9 are co-loaded into a formulation in accordance with the invention.
Advantageously, co-loading enables a better encapsulation efficiency (EE) to be obtained. Suitably, a formulation
or pharmaceutical composition in accordance with the invention into which gRNA and mRNA are co-loaded
comprises LNPs with a mean diameter of between 80 and 160 nm. In one embodiment, the gRNA may be a modified
gRNA sequence. Suitable modifications are described, for example in W02016089433, W02017068377 and
PCT/GB2016/053312. Other suitable modifications will be familiar to those skilled in the art.

By “CRISPR endonuclease” is meant an endonuclease that can be used in a CRISPR gene editing composition.
Suitable “CRISPR endonucleases” include cas9 and its mutants and modified forms. Accordingly, the mRNA for
use in combination with a gRNA is one which encodes a CRISPR endonuclease, preferably cas9. Other “CRISPR
endonucleases” include cpf1, for example. The skilled person will be aware that a gRNA pairs with a particular
“CRISPR endonuclease”. Accordingly, the invention contemplates a composition using a suitable
gRNA/endonuclease pairing. Suitably, a gRNA is specific for a target gene, preferably wherein the target gene is a

gene associated with liver disease.

In another embodiment, the peptide or protein expressed by the nucleic acid compound is a therapeutic protein, or
a fragment or variant thereof, wherein the therapeutic protein is beneficial for the treatment or prophylaxis of any
inherited or acquired disease or which improves the condition of an individual. Particularly, therapeutic proteins play
a key role in the design of new therapeutic agents that could modify and repair genetic deficiencies, destroy cancer
cells or pathogen infected cells, treat, or prevent immune system disorders, or treat or prevent metabolic or
endocrine disorders, among other functions.

In another embodiment, the peptide or protein expressed by the nucleic acid compound is an antigen. As defined
in more detail herein above, an antigen is a compound or material which may be recognized by the immune system,

preferably by the adaptive immune system, such as to trigger an antigen-specific immune response.

In some embodiments, the biologically active ingredient is SiRNA or RNAI.

mRNA

In one of the preferred embodiments, the nucleic acid compound is an mRNA or an mRNA compound. As has been
found by the inventors, the lipids and the compositions according to the present invention are particularly suitable
for the in vivo delivery of mRNA compounds expressing antigens, and thus enable highly effective, potent, versatile
and safe vaccines that can be rapidly developed at moderate cost. Specific antigens of interest for carrying out the
present invention are described in more detail below. The mRNA compound according to the invention in

encapsulated in or associated with a lipid nanoparticle.

Advantages of the mRNA encoding at least one antigenic peptide or protein comprised in lipid nanoparticles (LNPs)
are:

— Induction of a strong humoral immune response

— Induction of B-cell memory

— Faster onset of immune protection

— Longevity of the induced immune responses

— Induction of broad cellular T-cell responses

— Induction of a (local and transient) pro-inflammatory environment

— No induction of systemic cytokine or chemokine response
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— Good tolerability, no side-effects, non-toxic

— Advantageous stability characteristics

— Formulation compatible with many different antigens: larger antigen cocktails feasible based on the same
(production) technology

— No vector immunity, i.e. technology can be used to vaccinate the same subject multiple times against multiple
(different) antigens

— Speed, adaptability, simplicity and scalability of production.

In certain embodiments, the lipid nanoparticles comprise at least:
(i) an ionizable lipid, preferably according to formula (I) and/or a polymer conjugated lipid, preferably according to
formula (1), a phosphatidylserine, preferably DPhyPS, a neutral lipid, preferably DPhyPE; and

(i) an mRNA compound comprising an mRNA sequence encoding an antigenic peptide or protein.

In other particular embodiments, the lipid nanoparticle composition comprises:

(a) an ionizable lipid, preferably according to formula (I), more preferably C24, C28 or C29, most preferably C24;
(b) a steroid;

(c) a neutral lipid, preferably DPhyPE;

(d) a polymer conjugated lipid, preferably according to formula (l);

(e) a phosphatidylserine, preferably DPhyPS; and

(f) an mRNA compound encoding a peptide or protein.

With respect to the ionizable lipid (preferably according to formula (ll), the steroid, the neutral lipid, the polymer
conjugated lipid (preferably according to formula (1)), and the mRNA compound encoding a peptide or protein, the
same options, preferences and alternatives apply as have been described with respect to these features herein
above. For example, in one of the preferred embodiments, the peptide or protein expressed by the mRNA
compound is an antigen.

The amount of the ionizable lipid relative to that of the mRNA compound in the lipid nanoparticle may also be
expressed as a weight ratio (abbreviated e.g. “m/m”). For example, the lipid nanoparticles comprise the mRNA
compound at an amount such as to achieve a lipid to mRNA weight ratio in the range of about 20 to about 60, or
about 10 to about 50. In other embodiments, the ratio of ionizable lipid to nucleic acid or mRNA is from about 3 to
about 15, such as from about 5 to about 13, from about 4 to about 8 or from about 7 to about 11. In a very preferred
embodiment of the present invention, the total lipid/mRNA mass ratio is about 40 or 40, i.e. about 40 or 40 times
mass excess to ensure mRNA encapsulation. Another preferred RNA/lipid ratio is between about 1 and about 10,
about 2 and about 5, about 2 and about 4, or preferably about 3.

In preferred embodiments, the wt/wt ratio of lipid to RNA in the lipid-based carrier is from about 10:1 to about 60:1,
e.g. about 40:1. In particularly preferred embodiments, the wt/wt ratio of lipid to RNA is from about 20:1 to about
30:1, e.g. about 25:1. In other preferred embodiments, the wt/wt ratio of lipid to RNA is in the range of 20 to 60,
preferably from about 3 to about 15, about 5 to about 13, about 4 to about 8 or from about 7 to about 11.

The amount of lipid comprised in the lipid-based carriers may be selected taking the amount of the RNA cargo into
account. In one embodiment, these amounts are selected such as to result in an N/P ratio of the lipid-based carriers
encapsulating the RNA in the range of about 0.1 to about 20. The N/P ratio is defined as the mole ratio of the

nitrogen atoms (“N”) of the basic nitrogen-containing groups of the lipid to the phosphate groups (“P”) of the RNA
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which is used as cargo. The N/P ratio may be calculated on the basis that, for example, 1ug RNA typically contains
about 3nmol phosphate residues, provided that the RNA exhibits a statistical distribution of bases. The “N"-value of
the lipid or lipidoid may be calculated on the basis of its molecular weight and the relative content of permanently
cationic and - if present - cationisable groups.

In this context, the N/P ratio is defined as the mole ratio of the nitrogen atoms (“N”) of the basic nitrogen-containing
groups of the lipid or lipidoid to the phosphate groups (“P”) of the nucleic acid which is used as cargo. The N/P ratio
may be calculated on the basis that, for example, 1 ug RNA typically contains about 3 nmol phosphate residues,
provided that the RNA exhibits a statistical distribution of bases. The “N”-value of the ionizable lipid or lipidoid may
be calculated on the basis of its molecular weight and the relative content of permanently cationic and - if present -
cationisable groups. If more than one ionizable lipid is present, the N-value should be calculated on the basis of all

ionizable lipids comprised in the lipid nanoparticles.

The amount of the permanently ionizable lipid, lipidoid or preferably ionizable lipid may be selected taking the
amount of the nucleic acid cargo into account. In one embodiment, these amounts are selected such as to result in
an N/P ratio of the nanoparticle(s) or of the composition in the range from about 5, about 6, about 7, about 8, about
9, about 10, about 11, about 12, about 13, about 14, about 15, or about 16.

In further preferred embodiments, the amount of the ionizable lipid may be selected taking the amount of the nucleic
acid cargo such as the mRNA compound into account. In one embodiment, the N/P ratio can be in the range of
about 1 to about 50. In another embodiment, the range is about 1 to about 20, about 1 to about 10, about 1 to about
5. In one preferred embodiment, these amounts are selected such as to result in an N/P ratio of the lipid
nanoparticles or of the composition in the range from about 10 to about 20. In a further very preferred embodiment,
the N/P is 14 (i.e. 14 times mol excess of positive charge to ensure mRNA encapsulation). In other very preferred
embodiments, the N/P is 17.5 (i.e. 17.5 times mol excess of positive charge to ensure mRNA encapsulation) or

(i) at an amount such as to achieve an N/P ratio in the range of about 1 to about 20, preferably about 2 to about 15,
more preferably about 3 to about 10, even more preferably about 4 to about 9, most preferably about 6;

(ii)y at an amount such as to achieve an N/P ratio in the range of about 5 to about 20, more preferably about 10 to
about 18, even more preferably about 12 to about 16, most preferably about 14;

(iiiy at an amount such as to achieve an N/P ratio in the range of about 5, about 6, about 7, about 8, about 9, about
10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, about 18, about 19 or about 20, more
preferably about 10 to about 18, even more preferably about 12 to about 16, most preferably about 14;

(iv) at an amount such as to achieve a lipid : mMRNA weight ratio in the range of 20 to 60, preferably from about 3 to
about 15, 5 to about 13, about 4 to about 8 or from about 7 to about 11; or most preferably

(v) at an amount such as to achieve an N/P ratio in the range of about 5 to about 15, more preferably about 8 to
about 12, even more preferably about 9 to about 11, most preferably about 10

In other very preferred embodiments, the amount of the ionizable lipid is selected taking the amount of the nucleic
acid cargo into account, at an amount such as to achieve an N/P ratio in the range of about 10. In other words, in
most preferred embodiments, the lipid nanoparticles comprise the mRNA at an amount such as to achieve an N/P
ratio in the range of about 5 to about 15, more preferably about 8 to about 12, even more preferably about 9 to

about 11, most preferably about 10
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The total amount of mRNA in the lipid nanoparticles varies and may be defined depending on the mRNA to total
lipid w/w ratio. In one embodiment of the invention the invention the mRNA to total lipid ratio is less than 0.06 w/w,
preferably between 0.03 and 0.04 w/w.

Preferably, the mRNA compound or the coding sequence thereof has a length of about 50 to about 20000, or 100
to about 20000 nucleotides, 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.

As mentioned, the peptide or protein expressed by the mRNA compound may be an antigen. In other words, the
composition comprises an mRNA compound which comprises an mRNA sequence encoding an antigenic peptide
or protein, or a fragment, variant or derivative thereof. Such antigens, or antigenic peptides or proteins, may be
derived from pathogenic antigens, tumor antigens, allergenic antigens or autoimmune self-antigens, or fragments
or variants thereof, preferably as defined herein.

Tumor indications, Tumor antigens, and Cancer disease freatment

In very preferred aspects and embodiments, the mRNA comprised within the lipid nanoparticles of the invention is
an mRNA encoding a tumor antigen as described herein, i.e. being suitable for tumor indications and/or cancer
disease treatment.

The terms "disease -associated antigen" or "cancer-associated antigen" or equally “cancer antigen” are used in the
broadest sense to refer to any antigen associated with a (cancer) disease. A cancer antigen or disease-associated
antigen is a molecule which contains epitopes that will stimulate a host's immune system to make a cellular antigen-
specific immune response and/or a humoral antibody response against the disease.

As used herein, the terms “tumor”, “cancer” or “cancer disease” refer to a malignant disease, which is preferably
selected from, but not limited to, the group of malignant diseases disclosed on pages 58-59 in W0O2018078053;
WO02018078053 being incorporated herein by reference in its entirety. |.e., the mRNA used in the lipid nanoparticles
of the invention preferably comprises a cancer antigen or a combination of cancer antigens, i.e. the cancer antigen
may be any antigen that is associated with cancer or that can elicit an immune response against cancer. Examples
of cancer antigens that can be used in the present invention include but are not limited to, melanoma-associated
antigen (MAGE), melanoma antigen gene family (MAGE), tyrosinase, glycoprotein 100 (GP100), prostate-specific
antigen (PSA), prostate-specific membrane antigen (PSMA), carcinoembryonic antigen (CEA), human epidermal
growth factor receptor 2 (HER2), epithelial cell adhesion molecule (EpCAM), mesothelin, NY-ESO-1, survivin,
Wilms tumor antigen (WT1), and the like.

Disease-associated antigens include pathogen-associated antigens, i.e., antigens which are associated with
infection by microbes, typically microbial antigens (such as bacterial or viral antigens), or antigens associated with
cancer, typically tumors, such as tumor antigens.

In a preferred embodiment, the antigen encoded by the mRNA of the invention is a tumor antigen, i.e., a part of a
tumor cell, in particular those which primarily occur intracellularly or as surface antigens of tumor cells. In another
embodiment, the antigen is a pathogen-associated antigen, i.e., an antigen derived from a pathogen, e.g., from a
virus, bacterium, unicellular organism, or parasite, for example a viral antigen such as viral ribonucleoprotein or
coat protein. In particular, the antigen should be presented by MHC molecules which results in modulation, in

particular activation of cells of the immune system, preferably CD4+ and CD8+ lymphocytes, in particular via the
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modulation of the activity of a T-cell receptor. The term "tumor antigen" refers to a constituent of cancer cells which
may be derived from the cytoplasm, the cell surface or the cell nucleus. In particular, it refers to those antigens
which are produced intracellularly or as surface antigens on tumor cells. For example, tumor antigens include the
carcinoembryonal antigen, a 1 -fetoprotein, isoferritin, and fetal sulphoglycoprotein, a2-H-ferroprotein and g-
fetoprotein, as well as various virus tumor antigens. According to the present disclosure, a tumor antigen preferably
comprises any antigen which is characteristic for tumors or cancers as well as for tumor or cancer cells with respect

to type and/or expression level.

In some embodiments, the mRNA encodes a combination of cancer antigens. The combination of cancer antigens
can be selected based on their expression levels in the particular cancer type and/or their ability to elicit an immune
response against cancer.

In a further embodiment, the mRNA used in the lipid nanoparticles of the invention comprises at least one coding
sequence, wherein the at least one coding sequence encodes a peptide or protein, wherein the protein is suitable
for cancer disease treatment. In preferred embodiments, the cancer disease is selected from the group consisting
of melanoma, breast cancer, lung cancer, colon cancer, prostate cancer, pancreatic cancer, ovarian cancer, and
liver cancer. In preferred embodiments, the mRNA comprised within the lipid nanoarticles of the invention, encodes
a tumor antigen, preferably as defined herein, or a fragment or variant thereof, wherein the tumor antigen is
preferably selected from, but not limited to, the group consisting of tumor antigens disclosed on pages 47-51 in
WO02018078053; WO2018078053 being incorporated herein by reference also from this regard in its entirety.

In further preferred embodiments for cancer disease treatment, the biologically active ingredient may be a nucleic
acid encoding a cancer antigen, preferably cytokines, chemokines, suicide enzymes and gene products, apoptosis
inducers, endogenous angiogenesis inhibitors, heat shock proteins, tumor antigens, innate immune activators,
antibodies directed against proteins associated with tumor or cancer development selected from, but not limited to,
the group of cytokines, chemokines, suicide enzymes and gene products, apoptosis inducers, endogenous
angiogenesis inhibitors, heat shock proteins, tumor antigens, innate immune activators, antibodies directed against
proteins associated with tumor or cancer development as disclosed in Table 1, Table 2, Table 3, Table 4, Table 5,
Table 6, Table 7, Table 8, Table 9, Table 10, Table 11 and Table 12 of WO2016170176; WO2016170176 and
especially the content of Tables 1 to 12 being specifically incorporated herein by reference in its entirety.

In a particular preferred embodiment of all aspects of the invention, the at least one mRNA comprised within the
lipid nanoparticles of the invention comprises at least one open reading frame coding for at least one tumor antigen.
In this context tumor antigens are preferably located on the surface of the (tumor) cell. Tumor antigens may also be
selected from proteins, which are overexpressed in tumor cells compared to a normal cell (e.g. non-tumor cells).
Furthermore, tumor antigens also include antigens expressed in cells which are (were) not themselves (or originally
not themselves) degenerated but are associated with the supposed tumor. Antigens which are connected with
tumor-supplying vessels or (re)formation thereof, in particular those antigens which are associated with
neovascularization, e.g. growth factors, such as VEGF, bFGF etc., are also included herein. Antigens associated
with a tumor furthermore include antigens from cells or tissues, typically embedding the tumor. Further, some
substances (usually proteins or peptides) are expressed in patients suffering (knowingly or not-knowingly) from a
cancer disease and they occur in increased concentrations in the body fluids of said patients. These substances
are also referred to as “tumor antigens”, however they are not antigens in the stringent meaning of an immune
response inducing substance. The class of tumor antigens can be divided further into tumor-specific antigens

(TSAs) and tumor-associated-antigens (TAAs). TSAs can only be presented by tumor cells and never by normal
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“healthy” cells. They typically result from a tumor specific mutation. TAAs, which are more common, are usually
presented by both tumor and healthy cells. These antigens are recognized and the antigen-presenting cell can be
destroyed by cytotoxic T cells. Additionally, tumor antigens can also occur on the surface of the tumor in the form
of, e.g., a mutated receptor. In this case, they can be recognized by antibodies.

Further, tumor associated antigens may be classified as tissue-specific antigens, also called melanocyte-specific
antigens, cancer-testis antigens and tumor-specific antigens. Cancer-testis antigens are typically understood to be
peptides or proteins of germ-line associated genes which may be activated in a wide variety of tumors. Human
cancer-testis antigens may be further subdivided into antigens which are encoded on the X chromosome, so-called
CT-X antigens, and those antigens which are not encoded on the X chromosome, the so-called (non-X CT
antigens). Cancer-testis antigens which are encoded on the X-chromosome comprise, for example, the family of
melanoma antigen genes, the so-called MAGE-family. The genes of the MAGE-family may be characterised by a
shared MAGE homology domain (MHD). Each of these antigens, i.e. melanocyte-specific antigens, cancer-testis
antigens and tumor-specific antigens, may elicit autologous cellular and humoral immune responses. Accordingly,
the tumor antigen encoded by the RNA comprised in the RNA vaccine used in the present invention is preferably a
melanocyte-specific antigen, a cancer-testis antigen or a tumor-specific antigen, preferably it may be a CT-X
antigen, a non-X CT-antigen, a binding partner for a CT-X antigen or a binding partner for a non-X CT-antigen or a
tumor-specific antigen, more preferably a CT-X antigen, a binding partner for a non-X CT-antigen or a tumor-specific
antigen.

Checkpoint modulators / Checkpoint inhibitors

In the context of the present invention, an immune checkpoint protein, checkpoint modulator or checkpoint inhibitor
is typically a molecule, such as a protein (e.g. an antibody), a dominant negative receptor, a decoy receptor, or a
ligand or a fragment or variant thereof, which modulates the function of an immune checkpoint protein, e.g. it inhibits
or reduces the activity of checkpoint inhibitors (or inhibitory checkpoint molecules) or it stimulates or enhances the
activity of checkpoint stimulators (or stimulatory checkpoint molecules). Therefore, checkpoint modulators as
defined herein, influence the activity of checkpoint molecules. In this context, inhibitory checkpoint molecules are
defined as checkpoint inhibitors and can be used synonymously. In addition, stimulatory checkpoint molecules are
defined as checkpoint stimulators and can be used synonymously.

In a further preferred embodiment, the mRNA compound comprising an mRNA encodes an immune checkpoint
protein, checkpoint modulators or checkpoint inhibitor, preferably as defined herein, or a fragment or variant thereof,
wherein the immune checkpoint protein, checkpoint modulators or checkpoint inhibitor is preferably selected from,
but not limited to, the group consisting of immune checkpoint proteins, checkpoint modulators or checkpoint
inhibitors disclosed on pages 51-56 in W02018078053; W02018078053 being incorporated herein by reference in
its entirety.

Pathogenic antigens

Pathogenic antigens are derived from pathogenic organisms, in particular bacterial, viral or protozoological
(multicellular) pathogenic organisms, which evoke an immunological reaction by subject, in particular a mammalian
subject, more particularly a human. More specifically, pathogenic antigens are preferably surface antigens, e.g.
proteins (or fragments of proteins, e.g. the exterior portion of a surface antigen) located at the surface of the virus
or the bacterial or protozoological organism.
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Accordingly, in some preferred embodiments, the artificial nucleic acid (RNA) molecule may encode in its at least
one coding region at least one pathogenic antigen selected from a bacterial, viral, fungal or protozoal antigen. The
encoded (poly-)peptide or protein may consist or comprise of a pathogenic antigen or a fragment, variant or
derivative thereof.

Pathogenic antigens are peptide or protein antigens preferably derived from a pathogen associated with an
infectious disease which are preferably selected from, but not limited to, the group of antigens derived from the
pathogens disclosed on pages 21-35 in W02018078053; WO2018078053 being incorporated herein by reference
in its entirety. Furthermore, pathogenic antigens are peptide or protein antigens preferably derived from a pathogen
associated with an infectious disease which are preferably selected from, but not limited to, the group of antigens
derived from the pathogens disclosed on page 57 paragraph 3 - page 63, paragraph 2 in WO2019077001;
WO02019077001 being incorporated herein by reference in its entirety.

Even further pathogenic antigens are peptide or protein antigens preferably derived from a pathogen associated
with infectious disease which are preferably selected from antigens derived from the pathogens selected from, but
not limited to, the group of antigens derived from the pathogens disclosed on pages 32 line 26 - page 34 line 27 in
WO02013120628. Furthermore in this regard, the pathogenic antigen (antigen derived from a pathogen associated
with infectious disease) may be preferably selected from the antigens preferably selected from antigens selected
from, but not limited to, the group of antigens as disclosed on pages 34 line 29 - page 59 line 5 (in brackets is the
particular pathogen or the family of pathogens of which the antigen(s) is/are derived and the infectious disease with
which the pathogen is associated) in WO2013120628; W02013120628 being incorporated herein by reference in
its entirety.

In a further embodiment, pathogenic antigens useful for treating and/or preventing infections may be selected from
the following antigens (the related infection and related pathogen are indicated in brackets after the respective
antigens - naturally, also other antigens which may be derived from the following pathogens in brackets may be
derived and used according to the invention):

e spike protein (S), an envelope protein (E), a membrane protein (M) or a nucleocapsid protein (N), or an
immunogenic fragment or variant of any of these (infectious disease is “COVID-19 disease”; pathogen: SARS
coronavirus 2 (SARS-CoV-2), nCoV-2019 coronavirus, SARS coronavirus (SARS-CoV));

e spike protein (S), a spike S1 fragment (S1), an envelope protein (E), a membrane protein (M) or a nucleocapsid
protein (N) (infectious disease is MERS infection; pathogen: Middle East respiratory syndrome coronavirus
(MERS coronavirus/MERS-CoV));

¢ replication protein E1, regulatory protein E2, protein E3, protein E4, protein E5, protein E6, protein E7, protein
E8, major capsid protein L1, minor capsid protein L2 (infectious disease is Human papillomavirus (HPV)
infection; pathogen: Human papillomavirus (HPV) or HPV16);

e fusion protein F, hemagglutinin-neuramidase HN, glycoprotein G, matrix protein M, phosphoprotein P,
nucleoprotein N, polymerase L, hemagglutinin-neuraminidase, Fusion (F) glycoprotein FO, F1 or F2,
Recombinant PIV3/PIV1 fusion glycoprotein (F) and hemagglutinin (HN), C protein, Phosphoprotein, D protein,
matrix protein (M), nucleocapsid protein (N), viral replicase (L), non-structural V protein (infectious disease is
Human parainfluenza virus infection; pathogen: Human parainfluenza viruses (HPIV/PIV) HPIV-1, HPIV-2,
HPIV-3, or HPIV-4 serotype, preferably HPIV-3 serotype, preferably PIV3);

e fusion (F) glycoprotein, Glycoprotein G, Phosphoprotein P, Nucleoprotein N, Nucleocapsin protein (infectious

disease: HMPYV infection; pathogen: Human metapneumovirus (HMPV));
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hemagglutinin (HA), Neuraminidase (NA), Nucleoprotein (NP), M1 protein, M2 protein, NS1 protein, NS2 protein
(NEP protein: nuclear export protein), PA protein, PB1 protein (polymerase basic 1 protein), PB1-F2 protein and
PB2 protein, H10N8, H7N9, H10, H1N1, H3N2 (X31), H1, H2, H3, H4, H5, H6, H7, H8, H9, H10, H11, H12,
H13, H14, H15, H16, H17, H18, antigenic subdomains of HA: HA1, HA2, neuraminidase (NA), nucleoprotein
(NP), matrix protein 1 (M1), matrix protein 2 (M2), non-structural protein 1 (NS 1), nonstructural protein 2 (NS2),
HA7 antigen, H7 or H10 and B, pathogen: Orthomyxoviridae family, Influenza virus (flu));

nucleoprotein N, large structural protein L, phosphoprotein P, matrix protein M, glycoprotein G, G protein
(infectious disease is Rabies; pathogen: Rabies virus);

HIV p24 antigen, HIV envelope proteins (Gp120, Gp41, Gp160), polyprotein GAG, negative factor protein Nef,
trans-activator of transcription Tat, Brec1 (infectious disease HIV; pathogen: Human immunodeficiency virus);
major outer membrane protein MOMP, probable outer membrane protein PMPC, outer membrane complex
protein B OmcB, heat shock proteins Hsp60 HSP10, protein IncA, proteins from the type Il secretion system,
ribonucleotide reductase small chain protein NrdB, plasmid protein Pgp3, chlamydial outer protein N CopN,
antigen CT521, antigen CT425, antigen CT043, antigen TC0052, antigen TC0189, antigen TC0582, antigen
TCO0660, antigen TC0726, antigen TC0816, antigen TC0828 (infectious disease: infection with Chlamydia
trachomatis; pathogen: Chlamydia trachomatis);

pp65 antigen, membrane protein pp15, capsid-proximal tegument protein pp150, protein M45, DNA polymerase
UL54, helicase UL105, glycoprotein gM, glycoprotein gN, glycoprotein H, glycoprotein B gB, protein UL83,
protein UL94, protein UL99, HCMV glycoprotein selected from gH gL, gB, gO, gN, and gM, HCMV protein
selected from UL83, UL123, UL128, UL130 and UL131A, Tegument protein pp150 (pp150), Tegument protein
pp65/lower matrix phosphoprotein (pp65), Envelope glycoprotein M (UL100), Regulatory protein IE1 (UL123),
Envelopeprotein (UL128), Envelope glycoprotein (130), Envelopeprotein (UL131A), Envelope glycoprotein B
(UL55), Structural glycoprotein N gpUL73 (UL73), Structural glycoprotein O gpUL74 (UL74) (infectious disease
is Cytomegalovirus infection; pathogen: Cytomegalovirus (CMV/HCMV));

capsid protein C, premembrane protein prM, membrane protein M, envelope protein E (domain |, domain I,
domain Il), protein NS1, protein NS2A, protein NS2B, protein NS3, protein NS4A, protein 2K, protein NS4B,
protein NS5 (infectious disease Dengue fever; pathogen: Dengue viruses (DENV-1, DENV-2, DENV-3 and
DENV-4));

glycoprotein (GP), surface GP, wild type pro-GP, mature GP, secreted wild type pro-GP, secreted mature GP,
nucleoprotein (NP), RNA polymerase L, and matrix protein selected from VP35, VP40, VP24, and VP30
(infectious disease: Ebola; pathogen: Ebola virus (EBOV));

hepatitis B surface antigen HBsAg, Hepatitis B core antigen HbcAg, polymerase, protein Hbx, preS2 middle
surface protein, surface protein L, large S protein, virus protein VP1, virus protein VP2, virus protein VP3, virus
protein VP4 (infectious disease is Hepatitis B; pathogen: Hepatitis B Virus (HBV));

fusionprotein F, F protein, nucleoprotein N, matrix protein M, matrix protein M2-1, matrix protein M2-2,
phophoprotein P, small hydrophobic protein SH, major surface glycoprotein G, polymerase L, non-structural
protein 1 NS1, non-structural protein 2 NS2, RSV attachment protein (G) (glycoprotein G), Fusion (F)
glycoprotein (glycoprotein F), nucleoprotein (N), phosphoprotein (P), large polymerase protein (L), matrix protein
(M, M2), small hydrophobic protein (SH), nonstructural protein 1 (NS1), nonstructural protein 2 (NS2),
membrane-bound RSV F protein, membrane-bound DS-Cavl (stabilized prefusion RSV F protein) (infectious
disease is infection with Respiratory syncytial virus (RSV); pathogen: Respiratory syncytial virus (RSV));
secretory antigen SssA (Staphylococcus genus, Staphylococcal food poisoning); secretory antigen SssA
(Staphylococcus genus e.g. aureus, Staphylococcal infection);

molecular chaperone DnaK, cell surface lipoprotein Mpt83, lipoprotein P23, phosphate transport system
permease protein pstA, 14 kDa antigen, fibronectin-binding protein C FbpC1, Alanine dehydrogenase TB43,
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Glutamine synthetase 1, ESX-1 protein, protein CFP10, TB10.4 protein, protein MPT83, protein MTB12, protein
MTB8, Rpf-like proteins, protein MTB32, protein MTB39, crystallin, heat-shock protein HSP635, protein PST-S
(infectious disease is Tuberculosis; pathogen: Mycobacterium tuberculosis);

e genome polyprotein, protein E, protein M, capsid protein C, protease NS3, protein NS1, protein NS2A, protein
AS2B, protein NS4A, protein NS4B, protein NS5 (infectious disease is Yellow fever; pathogen: Yellow fever
virus (YFV));

e circumsporozoite protein (CSP) (infectious disease is Malaria; pathogen: P. falciparum and P. vivax); and

e Zika virus proteins in accordance with WO2017140905, i.e. capsid protein (C), premembrane protein (prM), pr
protein (pr), membrane protein (M), envelope protein (E), non-structural protein, prME antigen, capsid protein,
premembrane/membrane protein, non-structural protein 1, non-structural protein 2A, non- structural protein 2B,
nonstructural protein 3, non-structural protein 4A, non-structural protein 4B, non-structural protein 5, or a Zika
virus envelope protein (E) wherein the fusion loop in domain Il is mutated in accordance with WO2017140905;
WO02017140905 being incorporated herein by reference in its entirety (infectious disease is Zika virus infection;
pathogen: Zika virus (ZIKV)).

In some embodiments of the present invention, disclosure is provided for methods of inducing an antigen-specific
immune response in a subject, comprising administering to the subject any of the RNA (e.g. mRNA) vaccine as
provided herein in an amount effective to produce an antigen-specific immune response.

In some embodiments, the RNA (e.g., mRNA) vaccine is a combination vaccine comprising a combination of
influenza vaccines (a broad spectrum influenza vaccine). In some embodiments, an antigen- specific immune

response comprises a T cell response or a B cell response.

In some embodiments, the subjects exhibit a seroconversion rate of at least 80% (e.g., at least 85%, at least 90%,
or at least 95%) following the first dose or the second (booster) dose of the vaccine. Seroconversion is the time
period during which a specific antibody develops and becomes detectable in the blood. After seroconversion has
occurred, a virus can be detected in blood tests for the antibody. During an infection orimmunization, antigens enter
the blood, and the immune system begins to produce antibodies in response. Before seroconversion, the antigen
itself may or may not be detectable, but antibodies are considered absent. During seroconversion, antibodies are
present but not yet detectable. Any time after seroconversion, the antibodies can be detected in the blood, indicating
a prior or current infection. In some embodiments, an RNA (e.g., mRNA) vaccine is administered to a subject by
intradermal injection, intramuscular injection, or by intranasal administration. In some embodiments, an RNA (e.g.
mRNA) vaccine is administered to a subject by intramuscular injection.

Some embodiments, of the present disclosure provide methods of inducing an antigen-specific immune response
in a subject, including administering to a subject an antigen in an effective amount to produce an antigen-specific
immune response in a subject.

Antigen-specific immune responses in a subject may be determined, in some embodiments, by assaying for
antibody titer i.e. for titer of an antibody that binds to the encoded antigen of the respective vaccine. In some
embodiments, the anti-antigenic polypeptide antibody titer produced in the subject is increased by at least 1 log
relative to a control. In some embodiments, the anti-antigenic polypeptide antibody titer produced in the subject is
increased by 1-3 log relative to a control.

Other antigens
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Further antigens useful for the present invention are listed in WO2018078053 on pages 48-51; W0O2018078053
being incorporated herein by reference in its entirety.

Allergenic antigens and autoimmune self-antigens

As mentioned, the mRNA compound comprised in the composition of the invention may, according to some
embodiments, encode an antigen that represents an allergen, or an allergenic antigen or a self-antigen, also
referred to as autoantigen or autoimmune antigen.

Such antigens and self-antigens associated with allergy or allergic disease (allergens or allergenic antigens) are
derived from or preferably selected from, but not limited to, the group of antigens disclosed on pages 59-73 in
WO02018078053; WO2018078053 being incorporated herein by reference in its entirety.

Therapeutic proteins and use for freatment or prophylaxis of any inherited or acquired disease

In a further embodiment, the biologically active ingredient is an mRNA encoding a peptide or protein, wherein the
protein is a therapeutic protein, or a fragment or variant of a therapeutic protein. In this context, a therapeutic
peptide, protein or fragment thereof may be any peptidic compound useful the prevention, management, improve-
ment, treatment or therapy of a disease or condition in a subject, such as an animal, and in particular in a human

subject.

Thusly, in one embodiment, the mRNA comprising at least one coding sequence may encode
(a) a peptide or protein, or a fragment or variant thereof, wherein the peptide or protein is an antigen, wherein the
antigen preferably is derived from pathogenic antigens, tumor antigens, allergenic antigens or autoimmune self-
antigens, or a fragment or variant thereof; or
(b) a therapeutic protein or a fragment or variant thereof. The therapeutic protein may, for example, be selected
from the group consisting of

(i) therapeutic proteins for use in the treatment of cancer or tumor diseases;

(ii) therapeutic proteins for use in enzyme replacement therapy for the treatment of metabolic, endocrine or

amino acid disorders or for use in replacing an absent, deficient or mutated protein;

(i) therapeutic proteins for use in the treatment of blood disorders, diseases of the circulatory system,

diseases of the respiratory system, infectious diseases or immune deficiencies;

(iv) therapeutic proteins for use in hormone replacement therapy;

(v) therapeutic proteins for use in reprogramming somatic cells into pluri- or omnipotent stem cells;

(vi) therapeutic proteins for use as adjuvant or immunostimulation;

(vii) therapeutic proteins being a therapeutic antibody;

(viii) therapeutic proteins being a gene editing agent; and

(ix) therapeutic proteins for use in treating or preventing a liver disease selected from the group consisting

of liver fibrosis, liver cirrhosis and liver cancer;

preferably wherein the therapeutic protein is a therapeutic protein for use in the treatment of cancer or tumor
diseases.

In very preferred embodiments and/or aspects of the invention, the mRNA comprising at least one coding sequence
encodes a peptide or protein, or a fragment or variant thereof, wherein the peptide or protein is an antigen, wherein
the antigen preferably is derived from tumor antigens. In further preferred embodiments and/or aspects of the
invention, the mRNA comprising at least one coding sequence encodes a peptide or protein, for use in the treatment
of cancer or tumor diseases.
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In a specific embodiment, the therapeutic protein encoded by the mRNA comprised within the lipid nanoparticles of
the invention, or fragment or variant thereof, is selected from:

(i) therapeutic proteins for use in the treatment of cancer or tumor diseases, including cytokines, chemokines,
suicide gene products, immunogenic proteins or peptides, apoptosis inducers, angiogenesis inhibitors, heat shock
proteins, tumor antigens, beta-catenin inhibitors, activators of the STING pathway, checkpoint modulators, innate
immune activators, antibodies, dominant negative receptors and decoy receptors, inhibitors of myeloid derived
suppressor cells (MDSCs), IDO pathway inhibitors, and proteins or peptides that bind inhibitors of apoptosis;

(i) therapeutic proteins for use in enzyme replacement therapy for the treatment of metabolic, endocrine or
amino acid disorders or for use in replacing an absent, deficient or mutated protein, including Acid
sphingomyelinase, Adipotide, Agalsidase-beta, Alglucosidase, alpha-galactosidase A, alpha-glucosidase, alpha-L-
iduronidase, alpha-N-acetylglucosaminidase, Amphiregulin, Angiopoietins (Ang1, Ang2, Ang3, Ang4, ANGPTLZ2,
ANGPTL3, ANGPTL4, ANGPTL5, ANGPTL6, ANGPTLY), ATPase, Cu(2+)-transporting beta polypeptide (ATP7B),
argininosuccinate synthetase (ASS1), Betacellulin, Beta-glucuronidase, Bone morphogenetic proteins BMPs
(BMP1, BMP2, BMP3, BMP4, BMP5, BMP6, BMP7, BMP8a, BMP8b, BMP10, BMP15), CLN6 protein, Epidermal
growth factor (EGF), Epigen, Epiregulin, Fibroblast Growth Factor (FGF, FGF-1, FGF-2, FGF-3, FGF-4, FGF-5,
FGF-6, FGF-7, FGF-8, FGF-9, FGF-10, FGF-11, FGF-12, FGF-13, FGF-14, FGF-16, FGF-17, FGF-17, FGF-18,
FGF-19, FGF-20, FGF-21, FGF-22, FGF-23), Fumarylacetoacetate Hydrolase (FAH), Galsulphase, Ghrelin,
Glucocerebrosidase, GM-CSF, Heparin-binding EGF-like growth factor (HB-EGF), Hepatocyte growth factor HGF,
Hepcidin, Human albumin, increased loss of albumin, Idursulphase (Iduronate-2-sulphatase), Integrins aV3, aV@5
and a5p1, luduronate sulfatase, Laronidase, N-acetylgalactosamine-4-sulfatase (rhASB; galsulfase, Arylsulfatase
A (ARSA), Arylsulfatase B (ARSB)), N-acetylglucosamine-6-sulfatase, Nerve growth factor (NGF, Brain-Derived
Neurotrophic Factor (BDNF), Neurotrophin-3 (NT-3), and Neurotrophin 4/5 (NT-4/5), Neuregulin (NRG1, NRG2,
NRG3, NRG4), Neuropilin (NRP-1, NRP-2), Obestatin, phenylalanine hydroxylase (PAH), Phenylalanine ammonia
lyase (PAL), Platelet Derived Growth factor (PDGF (PDFF-A, PDGF-B, PDGF-C, PDGF-D), TGF beta receptors
(endoglin, TGF-beta 1 receptor, TGF-beta 2 receptor, TGF-beta 3 receptor), Thrombopoietin (THPO)
(Megakaryocyte growth and development factor (MGDF)), Transforming Growth factor (TGF (TGF-a, TGF-beta
(TGFbeta1, TGFbeta2, and TGFbeta3d))), VEGF (VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F und
PIGF), Nesiritide, Trypsin, adrenocorticotrophic hormone (ACTH), Atrial-natriuretic peptide (ANP), Cholecystokinin,
Gastrin, Leptin, Oxytocin, Somatostatin, Vasopressin (antidiuretic hormone), Calcitonin, Exenatide, Growth
hormone (GH), somatotropin, Insulin, Insulin-like growth factor 1 IGF-1, Mecasermin rinfabate, IGF-1 analog,
Mecasermin, IGF-1 analog, Pegvisomant, Pramlintide, Teriparatide (human parathyroid hormone residues 1-34),
Becaplermin, Dibotermin-alpha (Bone morphogenetic protein 2), Histrelin acetate (gonadotropin releasing hormone;
GnRH), Octreotide, hepatocyte nuclear factor 4 alpha (HNF4A), CCAAT/enhancer-binding protein alpha (CEBPA),
fibroblast growth factor 21 (FGF21), extracellular matrix protease or human collagenase MMP1, Hepatocyte Growth
Factor (HGF), TNF-related apoptosis-inducing ligand (TRAIL), opioid growth factor receptor-like 1 (OGFRL1),
clostridial type Il collagenase, Relaxin 1 (RLN1), Relaxin 2 (RLN2), Relaxin 3 (RLN3) and Palifermin (keratinocyte
growth factor; KGF);

(i) therapeutic proteins for use in the treatment of blood disorders, diseases of the circulatory system,
diseases of the respiratory system, cancer or tumor diseases, infectious diseases or immune deficiencies, including
Alteplase (tissue plasminogen activator; tPA), Anistreplase, Antithrombin Il (AT-111), Bivalirudin, Darbepoetin-alpha,
Drotrecogin-alpha (activated protein C, Erythropoietin, Epoetin-alpha, erythropoietin, erthropoyetin, Factor IX,
Factor Vlla, Factor VIII, Lepirudin, Protein C concentrate, Reteplase (deletion mutein of tPA), Streptokinase,
Tenecteplase, Urokinase, Angiostatin, Anti-CD22 immunotoxin, Denileukin diftitox, Immunocyanin, MPS
(Metallopanstimulin), Aflibercept, Endostatin, Collagenase, Human deoxy-ribonuclease |, dornase, Hyaluronidase,

Papain, L-Asparaginase, Peg-asparaginase, Rasburicase, Human chorionic gonadotropin (HCG), Human follicle-
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stimulating hormone (FSH), Lutropin-alpha, Prolactin, alpha-1-Proteinase inhibitor, Lactase, Pancreatic enzymes
(lipase, amylase, protease), Adenosine deaminase (pegademase bovine, PEG-ADA), Abatacept, Alefacept,
Anakinra, Etanercept, Interleukin-1 (IL-1) receptor antagonist, Anakinra, Thymulin, TNF-alpha antagonist,
Enfuvirtide, and Thymosin a1;

(iv) therapeutic proteins selected from adjuvant or immunostimulating proteins, including human adjuvant
proteins, particularly pattern recognition receptors TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLRS8, TLR9,
TLR10, TLR11; NOD1, NOD2, NOD3, NOD4, NOD5, NALP1, NALP2, NALP3, NALP4, NALP5, NALP6, NALPS,
NALP7, NALP7, NALP8, NALP9, NALP10, NALP11, NALP12, NALP13, NALP14,I IPAF, NAIP, CIITA, RIG-I, MDA5
and LGP2, the signal transducers of TLR signaling including adaptor proteins including e.g. Trif and Cardif;
components of the Small-GTPases signalling (RhoA, Ras, Rac1, Cdc42, Rab etc.), components of the PIP
signalling (PI3K, Src-Kinases, etc.), components of the MyD88-dependent signalling (MyD88, IRAK1, IRAK2,
IRAK4, TIRAP, TRAFBS etc.), components of the MyD88-independent signalling (TICAM1, TICAM2, TRAF6, TBK1,
IRF3, TAK1, IRAK1 etc.); the activated kinases including e.g. Akt, MEKK1, MKK1, MKK3, MKK4, MKK6, MKK7,
ERK1, ERK2, GSK3, PKC kinases, PKD kinases, GSK3 kinases, JNK, p38MAPK, TAK1, IKK, and TAK1; the
activated transcription factors including e.g. NF-kB, c-Fos, c-Jun, c-Myc, CREB, AP-1, Elk-1, ATF2, IRF-3, IRF-7,
heat shock proteins, such as HSP10, HSP60, HSP65, HSP70, HSP75 and HSP90, gp96, Fibrinogen, Typlll repeat
extra domain A of fibronectin; or components of the complement system including C1q, MBL, C1r, C1s, C2b, Bb,
D, MASP-1, MASP-2, C4b, C3b, C5a, C3a, C4a, C5b, C6, C7, C8, C9, CR1, CR2, CR3, CR4, C1qR, C1INH, C4bp,
MCP, DAF, H, |, P and CD59, or induced target genes including e.g. Beta-Defensin, cell surface proteins; or human
adjuvant proteins including trif, flt-3 ligand, Gp96 or fibronectin, cytokines which induce or enhance an innate
immune response, including IL-1 alpha, IL1 beta, IL-2, IL-6, IL-7, IL-8, IL-9, IL-12, IL-13, IL-15, IL-16, IL-17, IL-18,
IL-21, IL-23, TNFalpha, IFNalpha (IFNa), IFNbeta (IFNb), IFNgamma, GM-CSF, G-CSF, M-CSF; chemokines
including IL-8, IP-10, MCP-1, MIP-1alpha, RANTES, Eotaxin, CCL21; cytokines which are released from
macrophages, including IL-1, IL-6, IL-8, IL-12 and TNF-alpha; as well as IL-1R1 and IL-1 alpha;

(v) bacterial (adjuvant) proteins, including bacterial heat shock proteins or chaperons, including Hsp60,
Hsp70, Hsp90, Hsp100; OmpA (Outer membrane protein) from gram-negative bacteria; OspA; bacterial porins,
including OmpF; bacterial toxins, including pertussis toxin (PT) from Bordetella pertussis, pertussis adenylate
cyclase toxin CyaA and CyaC from Bordetella pertussis, PT-9K/129G mutant from pertussis toxin, pertussis
adenylate cyclase toxin CyaA and CyaC from Bordetella pertussis, tetanus toxin, cholera toxin (CT), cholera toxin
B-subunit, CTK63 mutant from cholera toxin, CTE112K mutant from CT, Escherichia coli heat-labile enterotoxin
(LT), B subunit from heat-labile enterotoxin (LTB) Escherichia coli heat-labile enterotoxin mutants with reduced
toxicity, including LTK63, LTR72; phenol-soluble modulin; neutrophil-activating protein (HP-NAP) from Helicobacter
pylori; Surfactant protein D; Outer surface protein A lipoprotein from Borrelia burgdorferi, Ag38 (38 kDa antigen)
from Mycobacterium tuberculosis; proteins from bacterial fimbriae; Enterotoxin CT of Vibrio cholerae, Pilin from pili
from gram negative bacteria, and Surfactant protein A and bacterial flagellins;

(vi) protozoan (adjuvant) proteins, including Tc52 from Trypanosoma cruzi, PFTG from Trypanosoma gondii,
Protozoan heat shock proteins, LelF from Leishmania spp., profiling-like protein from Toxoplasma gondii;

(vii) viral (adjuvant) proteins, including Respiratory Syncytial virus fusion glycoprotein (F-protein), envelope
protein from MMT virus, mouse leukemia virus protein, Hemagglutinin protein of wild-type measles virus;

fungal (adjuvant) proteins, including fungal immunomodulatory protein (FIP; LZ-8);

animal-derived proteins, including Keyhole limpet hemocyanin (KLH);

therapeutic proteins used for hormone replacement therapy, wherein the hormones include oestrogens,
progesterone or progestins, and testosterone; and
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(viii) therapeutic proteins used for reprogramming somatic cells into pluri- or omnipotent stem cells, including
Oct-3/4, Sox gene family (Sox1, Sox2, Sox3, and Sox13), KIf family (KIf1, KIf2, KIf4, and KIf5), Myc family (c-myc,
L-myc, and N-myc), Nanog, and LIN28.

In further, specific preferred embodiments, the mRNA encapsulated in the lipid nanoparticle as described herein,
the lipid nanoparticle preferably comprising the polymer conjugated lipid of the invention according to formula (1),
the ionizable lipid according to formula (Il) and phosphatidylserine, preferably DPhyPE, encodes a therapeutic
protein for use in the treatment of cancer or tumor diseases, preferably encodes a therapeutic protein selected from
the group consisting of cytokines, chemokines, suicide gene products, immunogenic proteins or peptides, apoptosis
inducers, angiogenesis inhibitors, heat shock proteins, tumor antigens, beta-catenin inhibitors, activators of the
STING pathway, checkpoint modulators, innate immune activators, antibodies, dominant negative receptors and
decoy receptors, inhibitors of myeloid derived suppressor cells (MDSCs), IDO pathway inhibitors, and proteins or
peptides that bind inhibitors of apoptosis.

In an even further, specifically preferred embodiment, the mRNA encapsulated in the lipid nanoparticle as described
herein comprising the polymer conjugated lipid of the invention, encodes at least one CRISPR-associated protein,
preferably wherein said CRISPR-associated protein is selected from Cas9, Cpf1 (Cas12), C2c1, C2c3, Cas13,
CasX or CasY, also preferably wherein said CRISPR-associated protein comprises or consists of an amino acid
sequence according to any one of SEQ ID NO:428-441, 10999-11001, 442-1345 as disclosed in W02018172556,
or an amino acid sequence having, in increasing order of preference, at least 50%, 60%, 70%, 80%, 90%, 95%,
96%, 97%, 98%, or 99% sequence identity to the amino acid sequence according to any one of SEQ ID NO:428-
441, 10999-11001, 442-1345 as disclosed in WO2018172556, or a variant or fragment of any of these sequences.
WO2018172556 is incorporated herein by reference in its entirety.

This invention includes methods for preventing, ameliorating or treating a disease or condition in a subject in need
comprising administering to the subject a composition as described herein. The compositions of this invention may
be used in the treatment of the human or animal body.

In this context, particularly preferred therapeutic proteins which can be used inter alia in the treatment of metabolic
or endocrine disorders are selected from those which are disclosed in Table A (in combination with Table C) of
WO02017191274. Furthermore, diseases which preferably can be treated with the composition of the invention,
preferably selected from infectious diseases, neoplasms (e.g. cancer or tumor diseases), diseases of the blood and
blood-forming organs, endocrine, nutritional and metabolic diseases, diseases of the nervous system, diseases of
the circulatory system, diseases of the respiratory system, diseases of the digestive system, diseases of the skin
and subcutaneous tissue, diseases of the musculoskeletal system and connective tissue, and diseases of the
genitourinary system, are disclosed in WO2017191274 on pages 95 line 4 - page 103 line 24. Further particularly
preferred therapeutic proteins which can be used inter alia in the treatment of metabolic or endocrine disorders are
disclosed in Table 1 of WO2017191274, which also refers to specific target / disease combinations, incorporated
herein by reference, and also sequences. WO2017191274 incl. Tables A/C and Table 1 is incorporated herein by

reference in its entirety.

In preferred embodiments, artificial nucleic acid (RNA) molecules, (pharmaceutical) compositions or vaccines or
kits are used for treatment or prophylaxis of infectious diseases. The term “infection” or “infectious disease” relates
to the invasion and multiplication of microorganisms such as bacteria, viruses, and parasites that are not normally

present within the body. An infection may cause no symptoms and be subclinical, or it may cause symptoms and
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be clinically apparent. An infection may remain localized, or it may spread through the blood or lymphatic system
to become systemic. Infectious diseases in this context, preferably include viral, bacterial, fungal or protozoological
infectious diseases. In particular, infectious diseases are selected from the group as disclosed starting on page
157, section “Infectious diseases” (ending on page 160) of W0O2019077001; WO2019077001 being incorporated

herein by reference in its entirety.

In this context, further particularly preferred examples for diseases and/or conditions for which the compositions of
the invention or respectively the translatable molecules of the invention can be used for treatment are disclosed in
Table 2 of US20190002906; US20190002906 incl. Table 2 being incorporated herein by reference in its entirety.

Liver disease or liver-related diseases in animals, more particularly humans, may include but would not be limited
to congenital diseases or acquired diseases for example viral and parasite infectious diseases, oncologic
pathologies such as primary tumors and metastases, metabolic, amino acid and/or endocrine disorders as well as
inflammatory and immune and auto-immune conditions. Liver diseases which may preferably be treated with the
inventive composition are selected from, but not limited to the group consisting of Hepatitis C, Hepatitis B, Hepatitis,
Hepatitis A, Cirrhosis, Liver Cancer, Hepatocellular Carcinoma, Hepatic Encephalopathy, Autoimmune Hepatitis,
Alpha-1 Antitrypsin Deficiency (AAT-deficiency), Hepatitis D, Phenylketonuria (PKU), Wilson's disease
(hepatolenticular degeneration), Tyrosinemia Type | (FAH deficiency), Alagille Syndrome, Portal Hypertension,
Steatohepatitis, Chronic Hepatitis and Hepatitis E.

In a further preferred embodiment, the compositions of the present invention may be used in method of treating or
preventing a disorder, wherein the disorder is a liver disease, preferably selected from the group consisting of liver
fibrosis, liver cirrhosis and liver cancer. Accordingly, the mRNA comprising at least one coding sequence may
encode atherapeutic protein or a fragment or variant thereof for use in treating or preventing a liver disease selected
from the group consisting of liver fibrosis, liver cirrhosis and liver cancer. Furthermore, preferably, the mRNA for
treating or preventing liver diseases or a liver disease selected from the group consisting of liver fibrosis, liver
cirrhosis and liver cancer encodes a peptide or protein selected from the group consisting of hepatocyte nuclear
factor 4 alpha (HNF4A), CCAAT/enhancer-binding protein alpha (CEBPA), fibroblast growth factor 21 (FGF21),
extracellular matrix protease or human collagenase MMP1, Hepatocyte Growth Factor (HGF), TNF-related
apoptosis-inducing ligand (TRAIL), opioid growth factor receptor-like 1 (OGFRL1), clostridial type Il collagenase,
Relaxin 1 (RLN1), Relaxin 2 (RLN2) and Relaxin 3 (RLN3). In this regard, the liver disease specific disclosure of
WO02018104538 as well as the sequences which are disclosed in WO2018104538 is incorporated herein by
reference.

RNA elements, mRNA elements

According to certain embodiments of the present invention, the mRNA sequence is mono-, bi-, or multicistronic,
preferably as defined herein. The coding sequences in a bi- or multicistronic mRNA preferably encode distinct
peptides or proteins 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 mRNA 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 mRNA, may encode e.g. at least two, three,
four, five, six or more (preferably different) peptides or proteins or their fragments or variants 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)
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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 leukemia virus (MLV), simian immunodeficiency viruses (SIV) or cricket

paralysis viruses (CrPV).

According to a further embodiment the at least one coding region of the mRNA sequence according to the invention
may encode at least two, three, four, five, six, seven, eight and more peptides or proteins (or fragments and
derivatives 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 may be identical or different or a combination thereof. Particular peptide
or protein combinations can be encoded by said mRNA encoding at least two peptides or proteins as explained

herein (also referred to herein as “multi-antigen-constructs/mRNA”).

In another preferred embodiment, the mRNA compound comprised in the composition encodes a pathogenic
antigen whose amino acid sequence is not modified with respect to the respective wild type amino acid sequence.
In this case, the mRNA compound may also comprise a coding region with a nucleic acid sequence which is not
modified with respect to the respective wild type mRNA sequence. For example, the mRNA compound may be a
natural and non-modified mRNA. As used herein, natural and non-modified mMRNA encompasses mRNA generated

in vitro, without chemical modifications or changes in the sequence.

Self-replicating RNA

In one embodiment, the cargo of the lipid nanopatrticle, or respectively the mRNA or RNA sequence of the invention
is capable of self-replication. Thusly, a polynucleotide may be capable of self-replication when introduced into a
host cell. Examples of polynucleotides thus include self-replicating RNAs and DNAs and, for instance, selected
from replicons, plasmids, cosmids, phagemids, transposons, viral vectors, artifical chromosomes (e.g., bacterial,
yeast, etc.) as well as other self-replicating species. Polynucleotides include those that express antigenic
polypeptides in a host cell (e.g., polynucleotide-containing antigens). Polynucleotides include self-replicating
polynucleotides within which natural or synthetic sequences derived from eucaryotic or prokaryotic organisms (e.g.,
genomic DNA sequences, genomic RNA sequences, cDNA sequences, etc.) have been inserted. Specific
examples of self-replicating polynucleotides include RNA vector constructs and DNA vector constructs, among
others. Sequences that may be expressed include native sequences and modifications, such as deletions, additions
and substitutions (generally conservative in nature), to native sequences, among others. These modifications may
be deliberate, as through site-directed mutagenesis, or may be accidental, such as through mutations of hosts that
produce antigens. In one aspect, the self-replicating RNA molecule is derived from or based on an alphavirus. In
other aspects, the self-replicating RNA molecule is derived from or based on a virus other than an alphavirus,
preferably, a positive-stranded RNA virus, and more preferably a picornavirus, flavivirus, rubivirus, pestivirus,
hepacivirus, calicivirus, or coronavirus. Suitable wild-type alphavirus sequences are well-known and are available
from sequence depositories, such as the American Type Culture Collection, Rockville, Md. Representative
examples of suitable alphaviruses include Aura (ATCC VR-368), Bebaru virus (ATCC VR-600, ATCC VR-1240),
Cabassou (ATCC VR-922), Chikungunya virus (ATCC VR-64, ATCC VR-1241), Eastern equine encephalomyelitis
virus (ATCC VR-65, ATCC VR-1242), Fort Morgan (ATCC VR-924), Getah virus (ATCC VR-369, ATCC VR-1243),
Kyzylagach (ATCC VR-927), Mayaro (ATCC VR-66), Mayaro virus (ATCC VR-1277), Middleburg (ATCC VR-370),
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Mucambo virus (ATCC VR-580, ATCC VR-1244), Ndumu (ATCC VR-371), Pixuna virus (ATCC VR-372, ATCC VR-
1245), Ross River virus (ATCC VR-373, ATCC VR-1246), Semliki Forest (ATCC VR-67, ATCC VR-1247), Sindbis
virus (ATCC VR-68, ATCC VR-1248), Tonate (ATCC VR-925), Triniti (ATCC VR-469), Una (ATCC VR-374),
Venezuelan equine encephalomyelitis (ATCC VR-69, ATCC VR-923, ATCC VR-1250 ATCC VR-1249, ATCC VR-
532), Western equine encephalomyelitis (ATCC VR-70, ATCC VR-1251, ATCC VR-622, ATCC VR-1252),
Whataroa (ATCC VR-926), and Y-62-33 (ATCC VR-375).

mRNA Modifications and Sequences

In another embodiment of the invention, the mRNA compound comprises an artificial mMRNA. In this context, artificial

mRNA encompasses mRNA with chemical modifications, sequence modifications or non-natural sequences.

Chemical Modifications

According to another embodiment of the invention, the mRNA compound comprised in the composition comprises
at least one chemical modification. In one embodiment, the chemical modification may be selected from the group
consisting of base modifications, sugar modifications, backbone modifications and lipid 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 mRNA compound comprising an mRNA sequence 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 mRNA compound comprising an mRNA sequence 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 mRNA compound comprising an mRNA sequence. 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 mRNA compound comprising

an mRNA sequence as described herein, can be modified in the sugar moiety. For example, the 2' hydroxyl 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); polyethylene glycols (PEG), -O(CH2CH20)nCH2CH20R; “locked” nucleic acids (LNA)
in which the 2' hydroxyl 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. NH2; 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.

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 mRNA can include nucleotides containing, for

instance, arabinose as the sugar.

Backbone Modifications

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 un-

modified phosphate moiety with a modified phosphate as described herein. Examples of modified phosphate groups
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include, but are not limited to, phosphorothioate, phosphoroselenates, borano phosphates, borano phosphate
esters, hydrogen phosphonates, phosphoroamidates, alkyl or aryl phosphonates and phosphotriesters. Phospho-
rodithioates have both non-linking 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).

Lipid Modifications
A lipid-modified mRNA typically comprises an mRNA as defined herein. Such a lipid-modified mRNA as defined

herein typically further comprises at least one linker covalently linked with that mRNA, and at least one lipid
covalently linked with the respective linker. Alternatively, the lipid-modified mRNA comprises at least one mRNA as
defined herein and at least one (bifunctional) lipid covalently linked (without a linker) with that mRNA. According to
a third alternative, the lipid-modified mRNA comprises an mRNA molecule as defined herein, at least one linker
covalently linked with that mRNA, 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 mRNA. In this context, it is particularly preferred

that the lipid modification is present at the terminal ends of a linear mRNA sequence.

Covalently
The term “covalently” refers to a linkage or conjugation by a chemical bond, i.e. through direct covalent chemical

bonding, i.e. not through electrostatic association or interactions or the like.

Base Modifications
In preferred embodiments, the mRNA compound does not comprise a base modification, except for a modified base
which serves as Cap-nucleotide (preferably CleanCap).

In an alternative embodiment, the mRNA compound comprises at least one base modification.

Modified nucleosides and nucleotides, which may be incorporated into a modified mRNA compound comprising an
MRNA sequence as described herein can further be modified in the nucleobase moiety. Examples of nucleobases
found in mRNA include, but are not limited to, adenine, guanine, cytosine and uracil. For example, the nucleosides
and nucleotides 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 nucleotide 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-lodo-2’-deoxycytidine-5'-
triphosphate, 5-iodouridine-5"-triphosphate, 5-lodo-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'-tri-
phosphate, 8-azidoadenosine-5'-triphosphate, benzimidazole-riboside-5'-triphosphate, N1-methyladenosine-5'-tri-
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phosphate, N1-methylguanosine-5'-triphosphate, N6-methyladenosine-5'-triphosphate, O6-methylguanosine-5'-tri-
phosphate, 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. 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, 5-
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-hydroxymethylcytidine, 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-26-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-threonylcarbamoyl-
adenosine, 2-methylthio-N6-threonyl carbamoyladenosine, N6,N6-dimethyladenosine, 7-methyladenine, 2-methyl-
thio-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’-O-(1-thiophosphate)-
guanosine, 5'-O-(1-thiophosphate)-uridine or 5-O-(1-thiophosphate)-pseudouridine.

In further specific embodiments, a modified mMRNA may comprise nucleoside modifications selected from 6-aza-
cytidine, 2-thio-cytidine, a-thio-cytidine, Pseudo-iso-cytidine, 5-aminoallyl-uridine, 5-iodo-uridine, N1-methyl-
pseudouridine, 5,6-dihydrouridine, a-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-methyl-2-amino-purine,
Pseudo-iso-cytidine, 6-Chloro-purine, N6-methyl-adenosine, a-thio-adenosine, 8-azido-adenosine, 7-deaza-
adenosine.

In further embodiments, the chemical modification is selected from pseudouridine, N1-methylpseudouridine, N1-
ethylpseudouridine, 2-thiouridine, 4’-thiouridine, 5-methylcytosine, 5-methyluridine, 2-thio-1-methyl-1-deaza-
pseudouridine,  2-thio-1-methyl-pseudouridine,  2-thio-5-aza-uridine,  2-thio-dihydropseudouridine,  2-thio-
dihydrouridine, 2-thio-pseudouridine, 4-methoxy-2-thio-pseudouridine, 4-methoxy-pseudouridine, 4-thio-1-methyl-
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pseudouridine, 4-thio-pseudouridine, 5-aza-uridine, dihydropseudouridine, 5-methoxyuridine and 2'-O-methyl

uridine.

In a specific embodiment, the chemical modification is selected from the group consisting of pseudouracil (psi or
), N1-methylpseudouridine (N1MPU, N1Mpsi or N1My), 1-ethylpseudouracil, 2-thiouracil (s2U), 4-thiouracil, 5-
methylcytosine, 5-methyluracil, 5-methoxyuracil, and any combination thereof, most preferably the chemical
modification is N1-methylpseudouridine (N1MPU, N1Mpsi or N1My).

In very preferred embodiments, the mRNA comprised within the lipid nanoparticles of the invention comprises no
chemical modification, preferably no base modification, more preferably no base modification selected from the
group consisting of pseudouridine (psi or y), N1-methylpseudouridine (N1MPU, N1Mpsi or N1My), 1-
ethylpseudouracil, 2-thiouracil (s2U), 4-thiouracil, 5-methylcytosine, 5-methyluracil, 5-methoxyuracil. l.e. in
preferred embodiment, the mRNA compound does not comprise nucleoside modifications, in particular no base
modifications. In a further embodiment, the mRNA compound does not comprise 1-methylpseudouridine,
pseudouridine or 5-methoxy-uridine modifications. In one preferred embodiment, the mRNA comprises only
naturally existing nucleosides. In a further preferred embodiment, the mRNA compound does not comprise any
chemical modification and optionally comprises sequence modifications. In a further preferred embodiment of the
invention the mRNA compound only comprises the naturally existing nucleosides adenine, uracil, guanine, and
cytosine.

Sequence Modifications

According to a further embodiment, the mRNA compound comprises a modified mRNA sequence. For example, a
modification of the mRNA sequence may lead to the stabilization of the mRNA sequence. In one embodiment, the
mRNA compound comprises a stabilized mMRNA sequence comprising at least one coding region as defined herein.
In particular, the composition of the invention as described herein may comprise an mRNA compound comprising
a coding region encoding a peptide or a protein, such as defined in any of the embodiments described herein,

wherein said coding region exhibits a sequence modification.

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

G/C content Modifications

According to one embodiment, the mRNA compound comprises an mRNA sequence which is modified, and thus
stabilized, by a modification of its guanosine/cytosine (G/C) content. Such modification, or at least one of these

modifications, is located in a coding region of the mRNA compound.

In one preferred embodiment, the G/C content of the coding region of the mRNA compound is increased compared
to the G/C content of the coding region of the respective wild type mRNA, i.e. the unmodified mMRNA. At the same
time, the amino acid sequence encoded by the mRNA is preferably not modified as compared to the amino acid
sequence encoded by the respective wild type mRNA. For example, the composition as described above may
comprise an mRNA compound encoding a pathogenic antigen whose amino acid sequence is not modified with

respect to the encoded amino acid sequence of the respective wild type nucleic acid.

This modification of the mRNA sequence of the present invention is based on the fact that the sequence of any

mRNA region to be translated is important for efficient translation of that mMRNA. Thus, the composition of the mRNA
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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 mRNA are therefore varied compared to the respective wild
type mRNA, while retaining the translated amino acid sequence, such that they include an increased amount of
G/C nucleotides. 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 favorable codons for the stability can be determined (so-called
alternative codon usage). Depending on the amino acid to be encoded by the mRNA, there are various possibilities
for modification of the mRNA 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 nucleotides 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 Aor 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 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 lle 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 codon 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 mRNA sequence 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 lle 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
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- 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 mRNA compound comprising an mRNA sequence 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. 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 mRNA sequence
are substituted, thereby increasing the G/C content of said sequence. In this context, it is particularly preferable to
increase the G/C content of the mRNA sequence of the present invention, preferably of the at least one coding
region of the mRNA sequence according to the invention, to 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 mRNA
sequence 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 mRNA
sequence ofthe present invention to an increased extent, the corresponding modified mMRNA 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 mMRNA sequence 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 to the corresponding
region of the wild type mRNA sequence 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 sequence of the
mRNA 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
mMRNA sequence of the present invention, with the “frequent” codons without modifying the amino acid sequence
of the protein encoded by the coding region of the mRNA sequence. This preferred embodiment allows provision
of a particularly efficiently translated and stabilized (modified) mRNA sequence of the present invention. The
determination of a modified mMRNA sequence of the present invention as described above (increased G/C content;
exchange of tRNAs) can be carried out using the computer program explained in W0O2002098443 - 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 mRNA sequence 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 mRNA
sequence 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
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Visual Basic 6.0 (development environment used: Microsoft Visual Studio Enterprise 6.0 with Service Pack 3) is
also described in W0O2002098443. In a further preferred embodiment of the present invention, the A/U content in
the environment of the ribosome binding site of the mMRNA sequence of the present invention is increased compared
to the A/U content in the environment of the ribosome binding site ofits respective wild type mRNA. This modification
(an increased A/U content around the ribosome binding site) increases the efficiency of ribosome binding to the
mMRNA. According to a further embodiment of the present invention, the mRNA sequence 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 mMRNA sequence may be modified compared to the respective wild type
mRNA such that it contains no destabilizing sequence elements, the encoded amino acid sequence of the modified
mRNA sequence preferably not being modified compared to its respective wild type mRNA. It is known that, for
example in sequences of eukaryotic mRNAs, destabilizing sequence elements (DSE) occur, to which signal proteins
bind and regulate enzymatic degradation of mRNA in vivo. For further stabilization of the modified mRNA sequence,
optionally in the region which encodes at least one 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 mRNA 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 mRNA
sequence 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 mRNAs (Caput et al., Proc. Natl. Acad. Sci. USA
1986, 83: 1670-1674). The mRNA sequence of the present invention is therefore preferably modified compared to
the respective wild type mRNA such that the mRNA sequence 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 3-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 MRNA sequence of the present invention.

Further preferably, the G/C content of the coding region of the mRNA compound comprising an mRNA sequence
of the present invention is increased by at least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%,
14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%,
34%, 35%, 36%, 37%, 38%, 39%, or 40%, compared to the G/C content of the coding region of the wild type RNA.

According to a further embodiment, the mRNA compound comprises an mRNA sequence comprising a coding
region that comprises or consists of any one of the RNA sequences as disclosed in Tabs. 1-5, Figs. 20-24 or in the
sequence listing of W0O2018078053; Tabs. 1-5 or Figs. 20-24 of W0O2018078053; W0O2018078053 incorporated by
reference in its entirety.

Sequences Adapted to Human Codon Usage

A further preferred modification of the mRNA compound is based on the finding that codons encoding the same
amino acid typically occur at different frequencies. According to this embodiment, the frequency of the codons
encoding the same amino acid in the coding region of the mRNA compound differs from the naturally occurring
frequency of that codon according to the human codon usage as e.g. shown in Table 2 (Human codon usage table).
For example, in the case of the amino acid alanine (Ala), the wild type coding region 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 2).

Table 2: Human codon usage table, most frequent codons are marked with asterisks
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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 CCT 0.29 17.5
Ala GCC* 0.40 27.7 Pro cce* 0.33 19.8
Cys TGT 0.42 10.6 Gln CAG* 0.73 342
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* 0.59 396 Arg CGG 0.19 11.4
Glu GAA 0.41 29.0 Arg CGA 0.10 6.2
Phe TTT 0.43 17.6 Arg CGT 0.09 45
Phe TTC* 0.57 20.3 Arg CGC 0.19 10.4
Gly GGG 0.23 16.5 Ser AGT 0.14 121
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* 0.33 222 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 023 17.7
lle ATA 0.14 75 Thr ACG 0.12 6.1
lle ATT 0.35 16.0 Thr ACA 0.27 15.1
lle ATC* 0.52 20.8 Thr ACT 023 13.1
Lys AAG* 0.60 31.9 Thr ACC* 0.38 18.9
Lys AAA 0.40 24.4 Val GTG* 0.48 281
Leu TTG 0.12 12.9 Val GTA 0.10 71
Leu TTA 0.06 7.7 Val GTT 017 11.0
Leu CTG* 0.43 396 Val GTC 0.25 14.5
Leu CTA 0.07 72 Trp TGG* 1 13.2
Leu CTT 0.12 13.2 Tyr TAT 042 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 017 0.8
Asn AAC* 0.56 19.1 Stop TAA 0.22 1.0

*most frequent codon

Codon-optimized Sequences

In one embodiment, 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 2). Such an optimization procedure increases the codon
adaptation index (CAIl) and ultimately maximizes the CAIl. In the context of the invention, sequences with increased
or maximized CAl are typically referred to as “codon-optimized” sequences and/or CAl increased and/or maximized
sequences. According to a preferred embodiment, the mRNA compound comprising an mRNA sequence of the
present invention comprises at least one coding region, wherein the coding region/sequence is codon-optimized as



10

15

20

25

30

35

40

45

WO 2024/184500 PCT/EP2024/056128
138

described herein. More preferably, the codon adaptation index (CAIl) 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 (CAl) 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.

C-opfimized Sequences

According to another embodiment, the mRNA compound comprising an mRNA sequence having a modified - in
particular increased - cytosine (C) content, preferably of the coding region of the mRNA sequence, compared to the
C content of the coding region of the respective wild type mRNA, i.e. the unmodified mMRNA. At the same time, the
amino acid sequence encoded by the at least one coding region of the mRNA sequence 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 mRNA sequence 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 mMRNA 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 (GlIn), 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 mRNA 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. lle), 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
MRNA sequence of the present invention, preferably the at least one coding region of the mRNA sequence of the
present invention comprises or consists of a C-maximized mRNA 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 lle 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
90%, of the non C-optimized codons within the at least one coding region of the mRNA sequence 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 mRNA sequence, 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 mRNA sequence 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, lle, 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 GIin 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 codon 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 mRNA sequence 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 mRNA 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.

According to a further preferred embodiment, the composition of the invention comprises an mRNA compound
whose coding region has an increased G/C content compared to the G/C content of the corresponding coding
region of the corresponding wild type mRNA, and/or an increased C content compared to the C content of the
corresponding coding region of the corresponding wild type mRNA, and/or wherein the codons in the coding region
are adapted to human codon usage, wherein the codon adaptation index (CAl) is preferably increased or
maximized, and wherein the amino acid sequence encoded by the mMRNA sequence is preferably not being modified

compared to the amino acid sequence encoded by the corresponding wild type mRNA.

In one preferred embodiment of the invention, the composition comprises an mRNA compound comprising a coding
region encoding a peptide or a protein, wherein the coding region exhibits a sequence modification selected from

a G/C content modification, a codon modification, a codon optimization or a C-optimization of the sequence.
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In another preferred embodiment, the composition or lipid nanoparticle as defined herein comprises an mRNA
comprising a coding region encoding a peptide or protein as defined herein, wherein, compared with the coding
region of the corresponding wild-type mRNA,

- the G/C content of the coding region is increased;

- the C content of the coding region is increased;

- the codon usage in the coding region is adapted to the human codon usage; and/or the codon adaptation index

(CAl) is increased or maximized in the coding region.

5-CAP Structure

According to another preferred embodiment of the invention, the mRNA compound may have a sequence modified
by the addition of a so-called “5'-CAP structure”, which preferably stabilizes the mRNA 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 Il and
is therefore preferably not considered as modification comprised in a modified mRNA in this context. Accordingly,
a modified mRNA sequence of the present invention may comprise a m7GpppN as 5’-cap, but additionally the
modified mMRNA sequence typically comprises at least one further modification as defined herein. In one preferred
embodiment, the mRNA compound of the invention comprises a 5'-CAP structure wherein said 5'-CAP structure is
m7GpppN. In a most preferred embodiment, the 5'-cap structure is selected from the groups consisting of m7G(5’),
m7G(5)ppp(5)(20MeA) and m7G(5)ppp(5)(2OMeG) or respectively m7G(5)ppp(5)(2OMeA)pG and
m7G(5")ppp(5)(2 OMeG)pG.

In one embodiment, the 5'-end of an mRNA is “GGGAGA”", preferably for an mRNA in which an mCap analog is
used. In another embodiment, the 5'-end of an mRNA is “AGGAGA”", preferably for an mRNA in which a CleanCap®
AG CAP analog is used. In a further embodiment, the 5'-end of an mRNA is “"GGGAGA”", preferably for an mRNA
in which a CleanCap® GG CAP analog is used.

In the context of the present invention, a 5'-CAP structure may also be formed in chemical RNA synthesis or RNA
in vitro transcription (co-transcriptional capping) using CAP analogues, or a CAP structure may be formed in vitro
using capping enzymes. Kits comprising capping enzymes are commercially available (e.g. ScriptCapTM Capping
Enzyme and ScriptCap™ 2'-O-Methyltransferase (both from CellScript)). Therefore, the RNA transcript is preferably
treated according to the manufacturer's instructions.

Thusly, a CAP analogue refers to a non-polymerizable di-nucleotide that has CAP functionality in that it facilitates
translation or localization, and/or prevents degradation of the RNA molecule when incorporated at the 5’-end of the
RNA molecule. Non-polymerizable means that the CAP analogue will be incorporated only at the 5'-terminus
because it does not have a 5’ triphosphate and therefore cannot be extended in the 3'-direction by a template-
dependent RNA polymerase.

CAP analogues include, but are not limited to, a chemical structure selected from the group consisting of m7GpppG,
m7GpppA, m7GpppC; unmethylated CAP analogues (e.g., GpppG); dimethylated CAP analogue (e.g.,
m2,7GpppG), trimethylated CAP analogue (e.g., m2,2,7GpppG), dimethylated symmetrical CAP analogues (e.g.,
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m7Gpppm7G), or anti reverse CAP analogues (e.g., ARCA; m7,2'OmeGpppG, m7,2'dGpppG, m7,3'OmeGpppG,
m7,3'dGpppG and their tetraphosphate derivatives) (Stepinski et al., 2001. RNA 7(10):1486-95).

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 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, 3'-2'-inverted abasic moiety, 1,4-
butanediol phosphate, 3'-phosphoramidate, hexylphosphate, aminohexyl phosphate, 3'-phosphate, 3'phosphoro-
thioate, phosphorodithioate, or bridging or non-bridging methylphosphonate moiety. These modified 5’-CAP
structures are regarded as at least one modification in this context and may be used in the context of the present

invention to modify the mRNA sequence of the inventive composition.

Particularly preferred modified 5’-CAP structures are CAP1 (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 nucleotide downstream of the m7G), CAP4 (methylation of the ribose of the 4th
nucleotide downstream of the m7G), ARCA (anti-reverse CAP analogue, modified ARCA (e.g. phosphothioate
modified ARCA), CleanCap or respectively m7G(5")ppp(5)(2 OMeA)pG or m7G(5)ppp(5)(2'OMeG)pG (TriLink)
and or a CAP-structure as disclosed in WO2017053297 (herewith incorporated by reference), inosine, N1-methyl-
guanosine, 2'-fluoro-guanosine, 7-deaza-guanosine, 8-oxo-guanosine, 2-amino-guanosine, LNA-guanosine, and 2-
azido-guanosine. In particular, any CAP structures derivable from the structure disclosed in claim 1-5 of
WO2017053297 may be suitably used to co-transcriptionally generate a modified CAP1 structure. Further, any CAP
structures derivable from the structure defined in claim 1 or claim 21 of WO2018075827 may be suitably used to
co-transcriptionally generate a modified CAP1 structure.

Furthermore, CAP analogues have been described previously (US7074596, WO2008016473, WWO2008157688,
WO2009149253, WO2011015347, and WO2013059475). The synthesis of N7-(4-chlorophenoxyethyl) substituted
dinucleotide CAP analogues has been described recently (Kore et al. (2013) Bioorg. Med. Chem. 21(15): 4570-4).
Further suitable CAP analogues in that context are described in WO2017066793, WO2017066781,
WO2017066791, WO2017066789, WO2017066782, WO2018075827 and WO2017066797 wherein the specific

disclosures referring to CAP analogues are incorporated herein by reference.

Poly(A) sequence / polyA-tail

A polyA-tail also called “3’-poly(A) tail”, “polyA sequence” or “poly(A) sequence” is typically a long sequence of
adenosine nucleotides of up to about 400 adenosine nucleotides, e.g. from 10 to 200, 10 to 100, 40 to 80, 50 to 70,
about 25 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, or
about 40 to about 150 adenosine nucleotides, added to the 3'-end of an RNA. In a particularly preferred embodiment,
the poly(A) sequence comprises about 64 adenosine nucleotides. In another particularly preferred embodiment, the
poly(A) sequence comprises about 100 adenosine nucleotides. Moreover, poly(A) sequences, or poly(A) tails may be
generated in vitro by enzymatic polyadenylation of the RNA, e.g. using Poly(A)polymerases derived from E.coli or
yeast. Suitably, the poly(A) sequence of the coding RNA may be long enough to bind at least 2, 3, 4, 5 or more monomers
of PolyA Binding Proteins.
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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 a hexamer consisting of
adenine and uracilthymine 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.

Thusly, according to a further preferred embodiment, the composition comprises an mRNA compound comprising
an mRNA sequence containing a polyA 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 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 mRNA 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 | and Il (CF | and CF
1), poly(A) polymerase (PAP)). In this context, a consensus polyadenylation signal is preferred comprising 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) Sequence

A poly-(C)-sequence is typically a long sequence of cytosine nucleotides, typically about 10 to about 200 cytosine
nucleotides, preferably about 10 to about 100 cytosine nucleotides, more preferably about 10 to about 70 cytosine
nucleotides or even more preferably about 20 to about 50 or even about 20 to about 30 cytosine nucleotides. A

poly(C) sequence may preferably be located 3’ of the coding region comprised by a nucleic acid.

Thusly, according to a further preferred embodiment, the composition of the invention comprises an mRNA
compound comprising a poly(C) tail on the 3’-terminus of typically about 10 to 200 cytosine nucleotides, preferably
about 10 to 100 cytosine nucleotides, more preferably about 20 to 70 cytosine nucleotides or even more preferably
about 20 to 60 or even 10 to 40 cytosine nucleotides.

In one preferred embodiment, the mRNA compound comprises, preferably in 5'- to 3'-direction:

a) a 5'-CAP structure, preferably m7GpppN, more preferably CAP1 or m7G(5")ppp(5')(2'OMeA)pG;
b) optionally, a 5-UTR element,

c) at least one coding region encoding at least one antigenic peptide or protein,

d) optionally, a poly(A) sequence, preferably comprising 64 or 100 adenosines;

e) optionally, a poly(C) sequence, preferably comprising 30 cytosines.

UTRs
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In a preferred embodiment, the composition comprises an mRNA compound comprising 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 region of the mRNA sequence 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.

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 composition comprises an mRNA compound that 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 comprises or consists of 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.

In one preferred embodiment, the UTR-combinations which are disclosed in Table 1, claims 1 and claim 4, claims
6-8 and claim 9 of WO2019077001 are preferred UTR-combinations for mRNA compounds of the present invention.
Further, preferably, the UTR-combinations as disclosed on page 24, second full paragraph after Table 1 and page
24, last paragraph to page 29, second paragraph of W0O2019077001 are preferred UTR-combinations for mRNA
compounds of the present invention. WO2019077001 is incorporated herein by reference in its entirety.

In a further preferred embodiment, that 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 a 3'-UTR of a gene selected from PSMB3
(SEQ ID NO:46, SEQ ID NO:47), ALB/albumin (SEQ ID NO:13-SEQ ID NO:18), alpha-globin (referred to as “muag”
i.e. a mutated alpha-globin 3'-UTR; SEQ ID NO:50, SEQ ID NO:51), CASP1 (preferably SEQ ID NO:54 (DNA) or
SEQ ID NO:55 (RNA)), COX6B1 (preferably SEQ ID NO:56 (DNA) or SEQ ID NO:57 (RNA)), GNAS (preferably
SEQ ID NO:60 (DNA) or SEQ ID NO:61 (RNA)), NDUFA1 (preferably SEQ ID NO:62 (DNA) or SEQ ID NO:63
(RNA)) and RPS9 (preferably SEQ ID NO:64 (DNA) or SEQ ID NO:65 (RNA)), or from a homolog, a fragment or a
variant of any one of these genes (for example, human albumin/alb 3'-UTR as disclosed in SEQ ID NO:1369 of
WO02013143700, which is incorporated herein by reference), or from a homolog, a fragment or a variant thereof. In
a further preferred embodiment, the 3'-UTR element comprises the nucleic acid sequence derived from a fragment
of the human albumin gene according to SEQ ID NO:1376 of WO2013143700 (albumin/alb 3'-UTR). In a further
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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 such as from the 3'-UTR of the human albumin gene according to GenBank
Accession number NM_000477.5, or a fragment or variant thereof. In another preferred embodiment, the 3'-UTR
element comprises or consists of the center, a-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 a-globin gene, preferably (according to SEQ
ID NO:5 or SEQ ID NO:6 (both HBA1) or SEQ ID NO:7 or SEQ ID NO:8 (both HBA2)), or an a-complex-binding
portion of the 3'-UTR of an a-globin gene (also named herein as “muag”, herein SEQ ID NO:11, SEQ ID NO:12;
corresponding to SEQ ID NO:1393 of patent application W0O2013143700).

UTR-combination Slc7a3/PSMB3: In another preferred embodiment, the mRNA compound comprises a 5-UTR
element, which comprises or consists of a nucleic acid sequence which is derived from a cationic amino acid
transporter 3 (solute carrier family 7 member 3, SLC7A3) gene, wherein said 5'-UTR element comprises or consists
of a DNA sequence according to SEQ ID NO:15 as disclosed in WO2019077001 or respectively an RNA sequence
according to SEQ ID NO:16 as disclosed in WO2019077001. In another preferred embodiment, the mRNA
compound comprises a 3'-UTR element, which comprises or consists of a nucleic acid sequence which is derived
from a proteasome subunit beta type-3 (PSMB3) gene, wherein said 3'-UTR element comprises or consists of a
DNA sequence according to SEQ ID NO:23 as disclosed in WO2019077001 or respectively an RNA sequence
according to SEQ ID NO:24 as disclosed in WO2019077001. In further preferred embodiments, the mRNA
compound comprises an UTR-combination as disclosed in W0O2019077001, i.e. both a 5'-UTR element, which
comprises or consists of a nucleic acid sequence which is derived from a Sic7a3 gene and a 3'-UTR element, which

comprises or consists of a nucleic acid sequence which is derived from a PSMB3 gene.

UTR-combination HSD17B4/PSMB3: In another preferred embodiment, the mRNA compound comprises a 5’-UTR
element, which comprises or consists of a nucleic acid sequence which is derived from a 17-beta-hydroxysteroid
dehydrogenase 4 gene, wherein said 5'-UTR element comprises or consists of a DNA sequence according to SEQ
ID NO:1 as disclosed in WO2019077001 or respectively an RNA sequence according to SEQ ID NO:2 as disclosed
in WO2019077001. In another preferred embodiment, the mRNA compound comprises a 3'-UTR element, which
comprises or consists of a nucleic acid sequence which is derived from a proteasome subunit beta type-3 (PSMB3)
gene, wherein said 3'-UTR element comprises or consists of a DNA sequence according to SEQ ID NO:23 as
disclosed in WO2019077001 or respectively an RNA sequence according to SEQ ID NO:24 as disclosed in
WO02019077001. In further preferred embodiments, the mRNA compound comprises an UTR-combination as
disclosed in W0O2019077001, i.e. both a 5°-UTR element, which comprises or consists of a nucleic acid sequence
which is derived from a HSD17B4 gene and a 3'-UTR element, which comprises or consists of a nucleic acid
sequence which is derived from a PSMB3 gene (preferably HSD17B4 as disclosed in SEQ ID NO:12 and SEQ ID
NO:13 or PSMB3 as disclosed in SEQ ID NO: 46 and SEQ ID NO:47)).

UTR-combination Rpl31/RPS9: In another preferred embodiment, the mRNA compound comprises a 5'-UTR
element, which comprises or consists of a nucleic acid sequence which is derived from a 60S ribosomal protein
L31 (RPL31) gene, wherein said 5’-UTR element comprises or consists of a DNA sequence according to SEQ ID
NO:13 as disclosed in WO2019077001 or respectively an RNA sequence according to SEQ ID NO:14 as disclosed
in WO2019077001. In another preferred embodiment, the mRNA compound comprises a 3'-UTR element, which
comprises or consists of a nucleic acid sequence which is derived from a 40S ribosomal protein S9 (RPS9) gene,
wherein said 3-UTR element comprises or consists of a DNA sequence according to SEQ ID NO:33 as disclosed
in WO2019077001 or respectively an RNA sequence according to SEQ ID NO:34 as disclosed in W02019077001.
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In further preferred embodiments, the mRNA compound comprises an UTR-combination as disclosed in
WO2019077001, i.e. both a 5’-UTR element, which comprises or consists of a nucleic acid sequence which is
derived from a RPL31 gene and a 3'-UTR element, which comprises or consists of a nucleic acid sequence which
is derived from a RPS9 gene.

In a very preferred embodiment, the 5°-UTR element of the mRNA sequence according to the invention comprises
or consists of a corresponding RNA sequence of the nucleic acid sequence according to SEQ ID NO:21 or SEQ ID
NO:22), i.e. HSD17B4. Also, in a very preferred embodiment, the 3'-UTR element of the mRNA sequence according
to the invention comprises or consists of a corresponding RNA sequence of the nucleic acid sequence according
to SEQ ID NO:19 or SEQ ID NO:20), i.e. PSMB3. In also a very preferred embodiment, the 5’-UTR element of the
mRNA sequence and the 3'-UTR-element according to the invention comprises or consists of a combination of
aforementioned HSD17B4 and PSMB3-UTRs.

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 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(l) 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
3'-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(l) 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 nucleotides 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.

According to a preferred embodiment, the mRNA compound comprising an mRNA sequence according to the
invention comprises a 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.

In one preferred embodiment, the mRNA compound comprises, preferably in 5'- to 3'-direction:

a) a 5’-CAP structure, preferably m7GpppN, more preferably CAP1 or m7G(5’)ppp(5’)(2'OMeA)pG;
b) optionally, a 5-UTR element,

¢) atleast one coding region encoding at least one antigenic peptide or protein,
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d) optionally, a 3'-UTR element, preferably comprising or consisting of a nucleic acid sequence which is derived
from an alpha globin gene, preferably comprising the corresponding RNA sequence of the nucleic acid
sequence according to SEQ ID NO:11 as shown in SEQ ID NO:12, a homolog, a fragment or a variant thereof;

e) optionally a histone stem-loop;

f) optionally, a poly(A) sequence, preferably comprising 64 or 100 adenosines;

g) optionally, a poly(C) sequence, preferably comprising 30 cytosines.

In another preferred embodiment, the mRNA compound comprises, preferably in 5'- to 3'-direction:

a) a5'-CAP structure, preferably m7GpppN, more preferably CAP1 or m7G(5’)ppp(5')(2’OMeA)pG;
b) aHSD17B4-derived 5'-UTR element as described herein above or below;

c) atleast one coding region encoding at least one antigenic peptide or protein;

d) aPSMB3-derived 3'-UTR element as described herein above or below;

e) optionally a histone stem-loop;

f)  optionally, a poly(A) sequence, preferably comprising 64 or 100 adenosines;

g) optionally, a poly(C) sequence, preferably comprising 30 cytosines.

In a further preferred embodiment, the mRNA compound comprises, preferably in 5'- to 3'-direction:

a) a 5’-CAP structure, preferably m7GpppN, more preferably CAP1 or m7G(5’)ppp(5')(2'OMeA)pG;

b) optionally, a 5'-UTR element;

¢) atleast one coding region encoding at least one antigenic peptide or protein, preferably a cancer antigen or a
fragment or variant thereof,

d) optionally, a 3'-UTR element, preferably comprising or consisting of a nucleic acid sequence which is derived
from an alpha globin gene, preferably comprising the corresponding RNA sequence of the nucleic acid
sequence according to SEQ ID NO:11 as shown in SEQ ID NO:12, a homolog, a fragment or a variant thereof;

e) optionally, a poly(A) sequence, preferably comprising 64 or 100 adenosines;

f) optionally, a poly(C) sequence, preferably comprising 30 cytosines.

In a further preferred embodiment, the composition comprises an mRNA compound comprising 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 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 sequence 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 may be 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 NO:1-1363,
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SEQ ID NO:1395, SEQ ID NO:1421 and SEQ ID NO:1422 of the patent application WO2013143700, whose
disclosure is incorporated herein by reference, from the homologs of SEQ ID NO:1-1363, SEQ ID NO:1395, SEQ
ID NO:1421 and SEQ ID NO: 1422 of the patent application WO2013143700, from a variant thereof, or preferably
from a corresponding RNA sequence. The term “homologs of SEQ ID NO:1-1363, SEQ ID NO:1395, SEQ ID
NO:1421 and SEQ ID NO:1422 of the patent application WO2013143700" refers to sequences of other species
than homo sapiens, which are homologous to the sequences according to SEQ ID NO:1-1363, SEQ ID NO:1395,
SEQ ID NO:1421 and SEQ ID NO:1422 of the patent application W02013143700.

In a preferred embodiment, the 5’-UTR element of the mRNA compound 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 NO:1-1363, SEQ ID NO:1395, SEQ ID NO:1421 and SEQ ID NO:1422 of the
patent application W0O2013143700, from the homologs of SEQ ID NO:1-1363, SEQ ID NO:1395, SEQ ID NO:1421
and SEQ ID NO:1422 of the patent application WO2013143700 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 NO:1-1363, SEQ ID NO:1395, SEQ ID NO:1421 and SEQ ID NO:1422
of the patent application W0O2013143700, from the homologs of SEQ ID NO:1-1363, SEQ ID NO:1395, SEQ ID
NO:1421 and SEQ ID NO:1422 of the patent application WO2013143700, from a variant thereof, or a corresponding
RNA sequence.

In a further 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 §’-UTR of a nucleic acid sequence according to any of SEQ ID NO:67, 170, 193, 244, 259,
554, 650, 675, 700, 721, 913, 1016, 1063, 1120, 1138, and 1284-1360 of the patent application W02013143700,
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.

Accordingly, in a 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:23 or SEQ ID NO:24 (5°-UTR of human ribosomal protein Large 32 lacking the 5'-terminal
oligopyrimidine tract; corresponding to SEQ ID NO:1368 of the patent application WO2013143700) or preferably to
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%, 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:23 or more preferably to a corresponding RNA sequence (SEQ ID
NO:24), 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
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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 mRNA compound 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, RPS8, 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, RPLS,
RPL9, RPL10, RPL10A, RPL11, RPL12, RPL13, RPL13A, RPL14, RPL15, RPL17, RPL18, RPL18A, RPL19,
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, UBA52, 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 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 cationic amino acid transporter 3 (solute
carrier family 7 member 3, SLC7A3) protein, 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
gene (ATP5A1), an hydroxysteroid (17-beta) dehydrogenase 4 gene (HSD17B4; SEQ ID NO:21, SEQ ID NO:22),
an androgen-induced 1 gene (AlIG1), 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) or from a variant thereof,
wherein preferably the 5°-UTR element does not comprise the 5°-TOP of said gene.

Accordingly, in a 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 NO:1412-1420 of the patent application W0O2013143700, 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%, 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 NO:1412-1420 of the patent application
WO02013143700, 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.
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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 sequence as described above.

According to a preferred embodiment, the composition of the invention comprises an mRNA compound that

comprises, preferably in 5'- to 3'-direction:

a) a 5-CAP structure, preferably m7GpppN, more preferably CAP1 or m7G(5)ppp(5)(2’OMeA)pG, most
preferably CleanCap;

b) optionally, 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, more preferably comprising or consisting of the corresponding RNA sequence
of a nucleic acid sequence according to any one of SEQ ID NO:12 to SEQ ID NO:43, or a fragment or a variant
thereof, most preferably according to SEQ ID NO:12 or SEQ ID NO:13 (HSD17B4);

c) at least one coding region encoding at least one antigenic peptide or protein preferably derived from a cancer
antigen;

d) optionally, a 3'-UTR element which preferably comprises or consists of a nucleic acid sequence which is derived
from a gene providing a stable mRNA, preferably comprising or consisting of the corresponding RNA sequence
of a nucleic acid sequence according to any one of SEQ ID NO:46 to SEQ ID NO:79 or a homolog, a fragment
or a variant thereof, most preferably according to SEQ ID NO:46 or SEQ ID NO:47 (PSMB3);

e) optionally a histone stem-loop;

f) optionally, a poly(A) sequence preferably comprising 64 or 100 adenosines; and

g) optionally, a poly(C) sequence, preferably comprising 30 cytosines.

According to one embodiment, the mRNA compound comprises an miRNA sequence. A miRNA (microRNA) is
typically a small, non-coding single stranded RNA molecules of about 20 to 25 nucleotides in length which may
function in gene regulation, for example, but not limited to, by mRNA degradation or translation inhibition or
repression. miRNAs are typically produced from hairpin precursor RNAs (pre-miRNAs), and they may form
functional complexes with proteins. Furthermore, miRNAs may bind to 3'-UTR regions of target mMRNAs. Preferably,
the microRNA binding site is for a microRNA selected from the group consisting of miR-126, miR-142, miR-144,
miR-146, miR-150, miR-155, miR-16, miR-21, miR-223, miR-24, miR-27, miR-26a, or any combination thereof.

In one embodiment, the miRNA sequence is a naturally occurring miRNA sequence. In another embodiment, the
miRNA sequence may be a mimetic, or a modification of a naturally-occurring miRNA sequence.

In some embodiments, a 3'-UTR comprises one or more of a polyadenylation signal, a binding site for proteins that
affect a nucleic acid stability of location in a cell, or one or more miRNA or binding sites for miRNAs.

MicroRNAs (or miRNA) are 19-25 nucleotide long noncoding RNAs that bind to the 3’-UTR of nucleic acid molecules
and down-regulate gene expression either by reducing nucleic acid molecule stability or by inhibiting translation.
E.g., microRNAs are known to regulate RNA, and thereby protein expression, e.g. in liver (miR-122), heart (miR-Id,
miR-149), endothelial cells (miR-17-92, miR-126), adipose tissue (let-7, miR-30c), kidney (miR-192, miR-194, miR-
204), myeloid cells (miR-142-3p, miR-142-5p, miR-16, miR-21, miR-223, miR-24, miR-27), muscle (miR-133, miR-
206, miR-208), and lung epithelial cells (let-7, miR-133, miR-126). The RNA may comprise one or more microRNA
target sequences, microRNA sequences, or microRNA seeds. Such sequences may e.g. correspond to any known
microRNA such as those taught in US20050261218 and US20050059005.

According to one preferred embodiment, the mRNA compound comprising an mRNA sequence according to the

invention may further comprise, as defined herein:
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a) a 5'-CAP structure, preferably m7GpppN, more preferably CAP1 or m7G(5")ppp(5')(2'OMeA)pG;

b) optionally at least one miRNA sequence, preferably wherein the microRNA binding site is for a microRNA
selected from the group consisting of miR-126, miR-142, miR-144, miR-146, miR-150, miR-155, miR-16, miR-
21, miR-223, miR-24, miR-27, miR-26a, or any combination thereof;

c) atleast one 5-UTR element;

d) a coding sequence

e) atleast one 3'-UTR element;

f) atleast one poly(A) sequence;

g) atleast one poly(C) sequence;

or any combinations of these.

In one preferred embodiment, the mRNA compound comprises, preferably in 5'- to 3'-direction:

h) a 5'-CAP structure, preferably m7GpppN, more preferably CAP1 or m7G(5")ppp(5’)(2’OMeA)pG;

i) optionally, a 5-UTR element,

j) atleast one coding region encoding at least one antigenic peptide or protein,

k) optionally, a 3'-UTR element, preferably comprising or consisting of a nucleic acid sequence which is derived
from an alpha globin gene, preferably comprising the corresponding RNA sequence of the nucleic acid
sequence according to SEQ ID NO:11 as shown in SEQ ID NO:12, a homolog, a fragment or a variant thereof;

) optionally, a poly(A) sequence, preferably comprising 64 adenosines or 100 adenosines;

m

=

optionally, a poly(C) sequence, preferably comprising 30 cytosines;
n) optionally, a histone stem-loop selected from SEQ ID NO:3 or 4; and/or
0) optionally, a 3'-terminal sequence element selected from SEQ ID NO:41-70.

In a further preferred embodiment, the mRNA compound comprises, preferably in 5'- to 3'-direction:

g) a 5'-CAP structure, preferably m7GpppN, more preferably CAP1 or m7G(5")ppp(5')(2'OMeA)pG;

h) optionally, a 5-UTR element;

i) atleast one coding region encoding at least one antigenic peptide or protein, preferably derived from a cancer
antigen or a fragment or variant thereof,

j) optionally, a 3'-UTR element, preferably comprising or consisting of a nucleic acid sequence which is derived
from an alpha globin gene, preferably comprising the corresponding RNA sequence of the nucleic acid
sequence according to SEQ ID NO:11 as shown in SEQ ID NO:12, a homolog, a fragment or a variant thereof;

k) optionally, a poly(A) sequence, preferably comprising 64 adenosines or 100 adenosines;

) optionally, a poly(C) sequence, preferably comprising 30 cytosines;

m

=

optionally, a histone stem-loop selected from SEQ ID NO:3 or 4; and/or

n) optionally, a 3'-terminal sequence element selected from SEQ ID NO:41-70.

Histone Stem-loop (hSL) / Histone 3’-UTR stem-loop
In a further preferred embodiment, the composition comprises an mRNA compound comprising a histone stem-loop

sequence/structure (hSL). In said embodiment, the mRNA sequence may comprise at least one (or more) histone
stem loop sequence or structure. Such histone stem-loop sequences are preferably selected from histone stem-
loop sequences as disclosed in W0O2012019780, the disclosure of which is incorporated herewith by reference. A
histone stem-loop sequence that may be used within the present invention may preferably be derived from formulae
() or (1) of WO2012019780. According to a further preferred embodiment the coding RNA may comprise at least
one histone stem-loop sequence derived from at least one of the specific formulae (la) or (lla) of the patent
application W0O2012019780. According to a further preferred embodiment the coding RNA may comprise at least
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one histone stem-loop sequence derived from a Histone stem-loop as disclosed in patent application
WO2018104538 under formula (I), formula (Il), formula (la) or on pages 49-52 under section “histone stem-loop”
and WO2018104538- SEQ ID NO:1451-1452 as disclosed in WO2018104538; W02018104538 which is herein
incorporated by reference in its entirety, also especially SEQ ID NO:1451-1452.

In particularly preferred embodiment, the RNA of the invention comprises at least one histone stem-loop sequence,
wherein said histone stem-loop sequence comprises a nucleic acid sequence being identical or at least 70%, 80%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO:3 or 4, or fragments or variants

thereof.

In other embodiments, the nucleic acid comprises a 5’-UTR which comprises or consists of a nucleic acid sequence
being identical or at least 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identical to a sequence selected from SEQ ID NO:22848-22875 as disclosed in WO2021156267 or a
fragment or a variant thereof.

In other embodiments, the nucleic acid comprises a 3'-UTR which comprises or consists of a nucleic acid sequence
being identical or at least 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identical to a sequence selected from SEQ ID NO:22876-22891 as disclosed in WO2021156267 or a
fragment or a variant thereof;, W02021156267 being incorporated herein by reference in its entirety.

In other embodiments, the nucleic acid comprises a 5’-end which comprises or consists of a nucleic acid sequence
being identical or at least 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identical to a single sequence selected from the group consisting of SEQ ID NO:176-177 and 22840-
22844 as disclosed in W0O2022137133 or a fragment or a variant thereof, W0O2022137133 being incorporated
herein by reference in its entirety.

An effective binding of the ribosomes to the ribosome binding site (Kozak sequence: SEQ ID NO:180-181, and
22845-22847 as disclosed in WO2022137133, the AUG forms the start codon, or a minimal Kozak binding site
ACC) in turn has the effect of an efficient translation of the mRNA. In other embodiments, the nucleic acid comprises
a Kozak sequence which comprises or consists of a nucleic acid sequence being identical or at least 70%, 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a single
sequence selected from the group consisting of SEQ ID NO:180-181, and 22845-22847 as disclosed in
WO02022137133 or a fragment or a variant thereof.

In other embodiments, the nucleic acid comprises a 5’-UTR which comprises or consists of a nucleic acid sequence
being identical or at least 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identical to a single sequence selected from the group consisting of SEQ ID NO:231-252, 22848-
22875, and 28522-28525 as disclosed in W02021156267 or a fragment or a variant thereof.

In other embodiments, the nucleic acid comprises a 3’-UTR which comprises or consists of a nucleic acid sequence
being identical or at least 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identical to a single sequence selected from the group consisting of SEQ ID NO:253-268, 22876-
22911, 26996-27003, and 28526-28539 as disclosed in WO2021156267 or a fragment or a variant thereof.

In other embodiments, the nucleic acid comprises a 3'-end which comprises or consists of a nucleic acid sequence
being identical or at least 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
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98%, or 99% identical to a single sequence selected from the group consisting of SEQ ID NO:182-230, and 27004-
27006 as disclosed in W02021156267 or a fragment or a variant thereof.

In other embodiments, the nucleic acid comprises a histone stem-loop which comprises or consists of a nucleic
acid sequence being identical or at least 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identical to a sequence selected from the group consisting of SEQ ID NO:178 and 179 as
disclosed in W0O2022137133 or a fragment or a variant thereof.

Signal Peptides

According to another embodiment, the composition of the invention comprises an mRNA compound which 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 antigen,
antigenic protein or antigenic peptide as encoded by the at least one mRNA sequence into a defined cellular
compartment, preferably the cell surface, the endoplasmic reticulum (ER) or the endosomal-lysosomal
compartment. 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 | and ||
molecules, e.g. of the MHC class | molecule HLA-A*0201), signal sequences of cytokines or immunoglobulins as
defined herein, signal sequences of the invariant chain of immunoglobulins or antibodies as defined herein, signal
sequences of Lamp1, Tapasin, Erp57, Calreticulin, Calnexin, and further membrane associated proteins or of
proteins associated with the endoplasmic reticulum (ER) or the endosomal-lysosomal compartment. Most
preferably, signal sequences of MHC class | molecule HLA-A*0201 may be used according to the present invention.
For example, a signal peptide derived from HLA-A is preferably used in order to promote secretion of the encoded
antigen as defined herein or a fragment or variant thereof. More preferably, an HLA-A signal peptide is fused to an

encoded antigen as defined herein or to a fragment or variant thereof.
The mRNA compound to be incorporated in the composition 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, particularly as described in the examples.

Methods of Preparing Lipid Nanoparticle Compositions

The invention further relates to a method of preparing said lipid nanoparticles comprising the steps of:
(i) providing:
a) ionizable lipid of formula (ll) as defined herein or a pharmaceutically acceptable salt, tautomer, prodrug or
stereoisomer thereof;
b) a polymer conjugated lipid as defined herein;
) at least one mRNA compound comprising an mRNA sequence encoding at least one antigenic peptide or
protein;
d) optionally, a steroid; and
e) optionally, a neutral lipid;
(ii) solubilizing the ionizable lipid, preferably according to formula (I) and/or the polymer conjugated lipid preferably
according to formula (I) and optionally the neutral lipid and/or the steroid or a steroid derivative in an alcohol such
as ethanol;
(iiiy mixing the alcoholic lipid solution with an aqueous solution comprising the mRNA polynucleotide
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(iv) removing the alcohol to form lipid nanoparticles encapsulating or associating with the mRNA polynucleotide;
and optionally
(v) separating or purifying the lipid nanoparticles.

The alcohol may be removed by any suitable method which does not negatively affect the lipids or the forming lipid
nanoparticles. In one embodiment of the invention the alcohol is removed by dialysis. In an alternative embodiment

the alcohol is removed by diafiltration.

Separation and optional purification of the lipid nanoparticles might also be performed by any suitable method.
Preferably the lipid nanoparticles are filtrated, more preferably the lipid nanoparticles are separated or purified by

filtration through a sterile filter.

In some embodiments, the solutions are mixed in a microfluidic mixer to obtain the composition. Suitably, the
microfluidic mixing conditions are chosen so as to obtain encapsulation of the pharmaceutically active compound

at an encapsulation efficiency (EE) of above 80%, preferably above 90%, more preferably above 94%.

Routes of administration

The choice of a pharmaceutically acceptable carrier is determined, in principle, by the manner, in which the
pharmaceutical composition or vaccine according to the invention is administered. The composition or vaccine of
the invention comprising the inventive POZ or PMOZ-lipids 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, intratumoral and sublingual injections. Administration to the respiratory
system can be performed by spray administration or inhalation may in particular be performed by aerosol
administration to the lungs, bronchi, bronchioli, alveoli, or paranasal sinuses.

In further preferred embodiments, the route of administration is selected from the group consisting of extravascular
administration to a subject, such as by extravascular injection, infusion or implantation; topical administration to the
skin or a mucosa; inhalation such as to deliver the composition to the respiratory system; or by transdermal or
percutaneous administration. In even further preferred embodiments, the composition or vaccine of the invention
comprising the inventive POZ or PMOZ-lipids can be administered via local or locoregional injection, infusion or
implantation, in particular intradermal, subcutaneous, intramuscular, intracameral, subconjunctival, suprachoroidal
injection, subretinal, subtenon, retrobulbar, topical, posterior juxtascleral administration, or intrapulmonal inhalation,
interstitial, locoregional, intravitreal, intratumoral, intralymphatic, intranodal, intra-articular, intrasynovial,
periarticular, intraperitoneal, intra-abdominal, intracardial, intralesional, intrapericardial, intraventricular,
intrapleural, perineural, intrathoracic, epidural, intradural, peridural, intrathecal, intramedullary, intracerebral,
intracavernous, intracorporus cavernosum, intraprostatic, intratesticular, intracartilaginous, intraosseous,
intradiscal, intraspinal, intracaudal, intrabursal, intragingival, intraovarian, intrauterine, intraocular, periocular,

periodontal, retrobulbar, subarachnoid, subconjunctival or suprachoroidal injection, infusion or implantation.

Moreover, topical administration to the skin or a mucosa may be performed by dermal or cutaneous, nasal, buccal,
sublingual, otic or auricular, ophthalmic, conjunctival, vaginal, rectal, intracervical, endosinusial, laryngeal,

oropharyngeal, ureteral, urethral administration. Even more preferred routes of administration for a vaccine are
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intramuscular, intradermal, intranasal and oral administration (e.g. via a tablet comprising a polynucleotide, RNA or
MRNA as disclosed herein).

Preferably, compositions or vaccines according to the present invention comprising the inventive POZ or PMOZ-
lipids may be administered by an intradermal, subcutaneous, or intramuscular route, preferably by injection, which
may be needle-free and/or needle injection. Compositions or vaccines according to the present invention comprising
the inventive POZ or PMOZ-lipids are therefore preferably formulated in liquid or solid form. The suitable amount
of the vaccine or 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 a physiologically tolerable pH, such as 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 inventive composition or vaccine 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.

Pharmaceutical Compositions and Kits

The term “treatment” or “treating” of a disease includes preventing or protecting against the disease (that is, causing
the clinical symptoms not to develop); inhibiting the disease (i.e., arresting or suppressing the development of
clinical symptoms; and/or relieving the disease (i.e., causing the regression of clinical symptoms). In a preferred

embodiment, the term “subject” refers to a human.

The invention further relates to a pharmaceutical composition comprising at least one lipid nanoparticle according
to the present invention. The lipid nanoparticle might comprise an mRNA compound comprising a sequence
encoding at least one antigenic peptide or protein as defined herein.

In one embodiment of the invention the mRNA sequence encodes one antigenic peptide or protein. In an alternative
embodiment of the invention the mRNA sequence encodes more than one antigenic peptide or protein.

In one embodiment of the invention, the pharmaceutical composition comprises a lipid nanoparticle according to
the invention, wherein the lipid nanoparticle comprises more than one mRNA compounds, which each comprise a

different mRNA sequence encoding an antigenic peptide or protein.

In an alternative embodiment of the invention the pharmaceutical composition comprises a second lipid
nanoparticle, wherein the mRNA compound comprised by the second lipid nanoparticle is different from the mRNA

compound comprised by the first lipid nanoparticle.

In a further aspect, the present invention concerns a composition comprising mRNA comprising lipid nanoparticles
wherein the mRNA comprises an mRNA sequence comprising at least one coding region as defined herein and a
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pharmaceutically acceptable carrier. The composition according to the invention is preferably provided as a
pharmaceutical composition or as a vaccine.

The composition according to the invention might also comprise suitable pharmaceutically acceptable adjuvants. In
preferred embodiments the adjuvant is preferably added in order to enhance the immunostimulatory properties of
the composition. In this context, an adjuvant may be understood as any compound, which is suitable to support
administration and delivery of the composition according to the invention. Furthermore, such an adjuvant may,
without being bound thereto, initiate or increase an immune response of the innate immune system, i.e. a non-
specific immune response. In other words, when administered, the composition according to the invention typically
initiates an adaptive immune response due to an antigen as defined herein or a fragment or variant thereof, which
is encoded by the at least one coding sequence of the inventive mRNA contained in the composition of the present
invention. Additionally, the composition according to the invention may generate an (supportive) innate immune
response due to addition of an adjuvant as defined herein to the composition according to the invention.

In some embodiments, the invention provides a method of inducing an immune response in a subject, the method
comprising administering to the subject the vaccine of the invention in an amount effective to produce an antigen-
specific immune response in the subject. In other embodiments, the invention provides a pharmaceutical
composition comprising a composition or a kit or kit of parts as described herein for use in vaccination and/or
treatment of a subject comprising an effective dose of mMRNA encoding a cancer antigen or virus antigen, preferably

a cancer antigen.

Such an adjuvant may be selected from any adjuvant known to a skilled person and suitable for the present case,
i.e. supporting the induction of an immune response in a mammal. Preferably, the adjuvant may be selected from
the group consisting of adjuvants, without being limited thereto, as disclosed on page 160 line 3 -161 line 8 in
WO02018078053; WO2018078053 being incorporated herein by reference in its entirety.

Particularly preferred, an adjuvant may be selected from adjuvants, which support induction of a Th1-immune
response or maturation of naive T-cells, such as GM-CSF, IL-12, IFN-gamma, any immunostimulatory nucleic acid
as defined above, preferably an immunostimulatory RNA, CpG DNA, et cetera.

In a further preferred embodiment it is also possible that the inventive composition contains besides the antig en-
providing mRNA further components which are selected from the group comprising: further antigens (e.g. in the
form of a peptide or protein) or further antigen-encoding nucleic acids; a further immunotherapeutic agent; one or
more auxiliary substances; or any further compound, which is known to be immunostimulating due to its binding
affinity (as ligands) to human Toll-like receptors; and/or an adjuvant nucleic acid, preferably an immunostimulatory
RNA (isRNA).

Suitable adjuvants may furthermore be selected from nucleic acids having the formula GXmGn, wherein: G is
guanosine, uracil or an analogue of guanosine or uracil; X is guanosine, uracil, adenosine, thymidine, cytosine or
an analogue of the above-mentioned nucleotides; | is an integer from 1 to 40, wherein when | = 1 G is guanosine or
an analogue thereof, when | > 1 at least 50% of the nucleotides are guanosine or an analogue thereof, mis an
integer and is at least 3; wherein when m = 3 X is uracil or an analogue thereof, when m > 3 at least 3 successive
uracils or analogues of uracil occur; n is an integer from 1 to 40, wherein when n = 1 G is guanosine or an analogue
thereof, when n > 1 at least 50% of the nucleotides are guanosine or an analogue thereof, or formula:

(NuGXmGnNv)a, wherein: G is guanosine (guanine), uridine (uracil) or an analogue of guanosine (guanine) or uridine
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(uracil), preferably guanosine (guanine) or an analogue thereof, X is guanosine (guanine), uridine (uracil),
adenosine (adenine), thymidine (thymine), cytidine (cytosine), or an analogue of these nucleotides (nucleosides),
preferably uridine (uracil) or an analogue thereof; N is a nucleic acid sequence having a length of about 4 to 50,
preferably of about 4 to 40, more preferably of about 4 to 30 or 4 to 20 nucleic acids, each N independently being
selected from guanosine (guanine), uridine (uracil), adenosine (adenine), thymidine (thymine), cytidine (cytosine)
or an analogue of these nucleotides (nucleosides); a is an integer from 1 to 20, preferably from 1 to 15, most
preferably from 1 to 10; I is an integer from 1 to 40, wherein when | =1, G is guanosine (guanine) or an analogue
thereof, when | > 1, at least 50% of these nucleotides (nucleosides) are guanosine (guanine) or an analogue thereof;
mis an integer and is at least 3; wherein when m = 3, X is uridine (uracil) or an analogue thereof, and when m > 3,
at least 3 successive uridines (uracils) or analogues of uridine (uracil) occur; n is an integer from 1 to 40, wherein
when n = 1, G is guanosine (guanine) or an analogue thereof, when n > 1, at least 50% of these nucleotides
(nucleosides) are guanosine (guanine) or an analogue thereof; u, v may be independently from each other an
integer from 0 to 50, preferably wherein when u =0, v2 1, or when v = 0, u 2 1; wherein the nucleic acid molecule
of formula (NuGXmGnNv)a has a length of at least 50 nucleotides, preferably of at least 100 nucleotides, more
preferably of at least 150 nucleotides, even more preferably of at least 200 nucleotides and most preferably of at
least 250 nucleotides. Other suitable adjuvants may furthermore be selected from nucleic acids having the formula:
CiXmCn, wherein: C is cytosine, uracil or an analogue of cytosine or uracil; X is guanosine, uracil, adenosine,
thymidine, cytosine or an analogue of the above-mentioned nucleotides; | is an integer from 1 to 40, wherein when
I =1 C is cytosine or an analogue thereof, when | > 1 at least 50% of the nucleotides are cytosine or an analogue
thereof, mis an integer and is at least 3; wherein when m = 3 X is uracil or an analogue thereof, when m > 3 at
least 3 successive uracils or analogues of uracil occur; n is an integer from 1 to 40, wherein when n = 1 C is cytosine

or an analogue thereof, when n > 1 at least 50% of the nucleotides are cytosine or an analogue thereof.

In this context the disclosure of WO2008014979 (whole disclosure, especially the subject-matter of claim 1, claim 2,
claim 3, claim 4 and claim 5) and WO2009095226 are also incorporated herein by reference in their entirety.

In a further aspect, the present invention provides a vaccine, which is based on the mRNA comprising lipid
nanoparticles according to the invention comprising at least one mRNA compound comprising an mRNA sequence
comprising coding region as defined herein. The vaccine according to the invention is preferably a (pharmaceutical)
composition as defined herein.

Accordingly, the vaccine according to the invention is based on the same components as the (pharmaceutical)
composition described herein. Insofar, it may be referred to the description of the (pharmaceutical) composition as
provided herein. Preferably, the vaccine according to the invention comprises at least one mRNA comprising lipid
nanoparticles comprising at least one mRNA sequence as defined herein and a pharmaceutically acceptable carrier.
In certain embodiments, where the vaccine comprises more than one mRNA sequence (such as a plurality of RNA
sequences according to the invention, wherein each preferably encodes a distinct antigenic peptide or protein)
encapsulated in mRNA comprising lipid nanoparticles, the vaccine may be provided in physically separate form and
may be administered by separate administration steps. The vaccine according to the invention may correspond to
the (pharmaceutical) composition as described herein, especially where the mRNA sequences are provided by one
single composition. However, the inventive vaccine may also be provided physically separated. For instance, in
certain embodiments, wherein the vaccine comprises more than one mRNA sequences/species encapsulated in
mRNA comprising lipid nanoparticles as defined herein, these RNA species may be provided such that, for example,
two, three, four, five or six separate compositions, which may contain at least one mRNA species/sequence each
(e.g. three distinct mMRNA species/sequences), each encoding distinct antigenic peptides or proteins, are provided,

which may or may not be combined. Also, the inventive vaccine may be a combination of at least two distinct
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compositions, each composition comprising at least one mRNA encoding at least one of the antigenic peptides or
proteins defined herein. Alternatively, the vaccine may be provided as a combination of at least one mRNA,
preferably at least two, three, four, five, six or more mRNAS, each encoding one of the antigenic peptides or proteins
defined herein. The vaccine 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 mMRNA sequences/species encoding
any of the antigenic peptides or proteins encapsulated in mRNA comprising lipid nanoparticles as defined herein.
If the vaccine contains at least one mRNA comprising lipid nanoparticles, typically comprising at least two mRNA
sequences, encoding the antigen combinations defined herein, it may e.g. be administered by one single
administration (combining all mMRNA species/sequences), by at least two separate administrations. Accordingly; any
combination of mono-, bi- or multicistronic mMRNAs encoding the at least one antigenic peptide or protein or any
combination of antigens as defined herein (and optionally further antigens), provided as separate entities (containing
one mMRNA species) or as combined entity (containing more than one mRNA species), is understood as a vaccine
according to the present invention. According to a particularly preferred embodiment of the inventive vaccine, the
at least one antigen, preferably a combination as defined herein of at least two, three, four, five, six or more antigens
encoded by the inventive composition as a whole, is provided as an individual (monocistronic) mRNA, which is

administered separately.

As with the (pharmaceutical) composition according to the present invention, the entities of the vaccine may be
provided in liquid and or in dry (e.g. lyophilized) form. They may contain further components, in particular further
components allowing for its pharmaceutical use. The vaccine or the (pharmaceutical) composition may, e.g.,
additionally contain a pharmaceutically acceptable carrier and/or further auxiliary substances and additives and/or

adjuvants.

The vaccine or (pharmaceutical) composition typically comprises a safe and effective amount of the mRNA
compound according to the invention as defined herein, encoding an antigenic peptide or protein as defined herein
or a fragment or variant thereof or a combination of antigens, encapsulate within and/or associated with the lipid
nanoparticles. As used herein, “safe and effective amount” means an amount of the mRNA that is sufficient to
significantly induce a positive modification of cancer or a disease or disorder related to cancer. 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 vaccine or (pharmaceutical) composition of the present invention,
the expression “safe and effective amount” preferably means an amount of the mRNA (and thus of the encoded
antigen) that is suitable for stimulating the adaptive immune system in such a manner that no excessive or damaging
immune reactions are achieved but, preferably, also no such immune reactions below a measurable level. Such a
“safe and effective amount” of the mRNA of the (pharmaceutical) composition or vaccine as defined herein may
furthermore be selected in dependence of the type of MRNA, e.g. monocistronic, bi- or even multicistronic mRNA,
since a bi- or even multicistronic mMRNA may lead to a significantly higher expression of the encoded antigen(s)
than the use of an equal amount of a monocistronic mRNA. A “safe and effective amount” of the mRNA of the
(pharmaceutical) composition or vaccine as defined above will 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
vaccine or composition according to the invention can be used according to the invention for human and also for
veterinary medical purposes, as a pharmaceutical composition or as a vaccine.
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In a preferred embodiment, the mRNA comprising lipid nanoparticle of the (pharmaceutical) composition, vaccine
or kit of parts according to the invention is provided in lyophilized form. Preferably, the lyophilized mRNA comprising
lipid nanoparticles are reconstituted in a suitable buffer, advantageously based on an aqueous carrier, prior to
administration, e.g. Ringer-Lactate solution, Ringer solution, a phosphate buffer solution. In a preferred
embodiment, the (pharmaceutical) composition, the vaccine or the kit of parts according to the invention contains
at least one, two, three, four, five, six or more mMRNA compounds, which may be provided as a single species of
lipid nanoparticles, or separately for each LNP species, optionally 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 individual administration of each of the (monocistronic) mRNAs.

The vaccine or (pharmaceutical) composition according to the invention may typically contain a pharmaceutically
acceptable carrier or excipient. Examples of suitable carriers and excipients are known to those skilled in the art
and include but are not limited to preserving agents, fillers, disintegrating agents, wetting agents, emulsifying
agents, suspending agents, sweetening agents, flavouring agents, perfuming agents, antibacterial agents,
antifungal agents, lubricating agents and dispersing agents, depending on the nature of the mode of administration
and dosage forms. The term “pharmaceutical composition” in the context of this invention means a composition
comprising an active agent and comprising additionally one or more pharmaceutically acceptable carriers. The
composition may further contain ingredients selected from, for example, diluents, excipients, vehicles, preserving
agents, fillers, disintegrating agents, wetting agents, emulsifying agents, suspending agents, sweetening agents,
flavouring agents, perfuming agents, antibacterial agents, antifungal agents, lubricating agents and dispersing
agents, depending on the nature of the mode of administration and dosage forms.

The expression “pharmaceutically acceptable carrier” as used herein preferably includes the liquid or non-liquid
basis of the inventive vaccine. If the inventive vaccine 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 inventive vaccine, water or preferably a buffer, more preferably an aqueous buffer,
may be used, containing a sodium salt, preferably at least 50 mM of a sodium salt, a calcium salt, preferably at
least 0.01 mM of a calcium salt, and optionally a potassium salt, preferably at least 3 mM of a potassium salt.
According to a 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 limited thereto, examples of sodium salts include e.g. NaCl, Nal, NaBr,
Na2COs3, NaHCO3, Na2SO4, examples of the optional potassium salts include e.g. KCI, Kl, KBr, K2CO3, KHCOs,
K2804, and examples of calcium salts include e.g. CaClz, Calz, CaBrz, CaCQOs, CaSOs4, Ca(OH)2. 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 (NacCl), calcium chloride (CaClz) and optionally potassium chloride (KCI), wherein further anions may be
present additional to the chlorides. CaClz 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 (CaClz). 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.
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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
excipients of the inventive vaccine are capable of being mixed with the mRNA according to the invention as defined
herein, in such a manner that no interaction occurs, which would substantially reduce the pharmaceutical
effectiveness of the inventive vaccine 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 excipients 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 theobroma;
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 or vaccine according to the invention is administered. The composition or vaccine 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. Preferred administration routes according to the invention for the administration of vaccines
are intramuscular injection, intradermal injection, or any of the herein mentioned routes of administration.

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, composition or vaccines 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, or any of the herein mentioned routes of administration.

According to preferred embodiments, the artificial nucleic acid (RNA) molecule, (pharmaceutical) composition or
vaccine or kit is administered by a parenteral route, preferably via intradermal, subcutaneous, or intramuscular
routes. Preferably, said artificial nucleic acid (RNA) molecule, (pharmaceutical) composition or vaccine or kit may
be administered by injection, e.g. subcutaneous, intramuscular or intradermal injection, which may be needle-free
and/or needle injection. Accordingly, in preferred embodiments, the medical use and/or method of treatment
according to the present invention involves administration of said artificial nucleic acid (RNA) molecule,
(pharmaceutical) composition or vaccine or kit by subcutaneous, intramuscular or intradermal injection, preferably
by intramuscular or intradermal injection, more preferably by intradermal injection. Such injection may be carried
out by using conventional needle injection or (needle-free) jet injection, preferably by using (needle-free) jet

injection.

The term “jet injection”, as used herein, refers to a needle-free injection method, wherein a fluid containing at least
one inventive mRNA sequence and, optionally, further suitable excipients is forced through an orifice, thus
generating an ultra-fine liquid stream of high pressure that is capable of penetrating mammalian skin and, depending

on the injection settings, subcutaneous tissue or muscle tissue. In principle, the liquid stream forms a hole in the
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skin, through which the liquid stream is pushed into the target tissue. Preferably, jet injection is used for intradermal,
subcutaneous or intramuscular injection of the mRNA sequence according to the invention. In a preferred
embodiment, jet injection is used for intramuscular injection of the mRNA sequence according to the invention. In
a further preferred embodiment, jet injection is used for intradermal injection of the mRNA sequence according to
the invention.

Compositions/vaccines are therefore preferably formulated in liquid or solid form. The suitable amount of the
vaccine or 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 a physiologically tolerable
pH, such as 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 inventive composition or vaccine 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.

The inventive vaccine or composition can additionally contain one or more auxiliary substances in order to further
increase the immunogenicity. A synergistic action of the mRNA contained in the inventive composition and of an
auxiliary substance, which may be optionally be co-formulated (or separately formulated) with the inventive vaccine
or composition as described above, is preferably achieved thereby. Depending on the various types of auxiliary
substances, various mechanisms may play a role in this respect. For example, compounds that permit the
maturation of dendritic cells (DCs), for example lipopolysaccharides, TNF-alpha or CD40 ligand, form a first class
of suitable auxiliary substances. In general, it is possible to use as auxiliary substance any agent that influences
the immune system in the manner of a “danger signal” (LPS, GP96, etc.) or cytokines, such as GM-CFS, which
allow an immune response produced by the immune-stimulating adjuvant according to the invention to be enhanced
and/or influenced in a targeted manner. Particularly preferred auxiliary substances are cytokines, such as
monokines, lymphokines, interleukins or chemokines, that - additional to induction of the adaptive immune response
by the encoded at least one antigen - promote the innate immune response, such as IL-1, IL-2, IL-3, IL-4, IL-5, IL-
6, IL-7, IL-8, IL-9, IL-10, IL-12, IL-13, IL-14, IL-15, IL-16, IL-17, IL-18, IL-19, IL-20, IL-21, IL-22, IL-23, IL-24, IL-25,
IL-26, IL-27, IL-28, IL-29, IL-30, IL-31, IL-32, IL-33, INF-alpha, IFN-beta, INF-gamma, GM-CSF, G-CSF, M-CSF,
LT-beta or TNF-alpha, growth factors, such as hGH. Preferably, such immunogenicity increasing agents or
compounds are provided separately (not co-formulated with the inventive vaccine or composition) and administered

individually.

Further additives which may be included in the inventive vaccine or composition are emulsifiers, such as, for
example, Tween; wetting agents, such as, for example, sodium lauryl sulfate; colouring agents; taste-imparting

agents, pharmaceutical carriers; tablet-forming agents; stabilizers; antioxidants; preservatives.

The inventive vaccine or composition can also additionally contain any further compound, which is known to be
immune-stimulating due to its binding affinity (as ligands) to human Toll-like receptors TLR1, TLR2, TLR3, TLR4,
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TLR5, TLR6, TLR7, TLR8, TLR9, TLR10, or due to its binding affinity (as ligands) to murine Toll-like receptors
TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLR8, TLR9, TLR10, TLR11, TLR12 or TLR13.

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

According to another aspect of the present invention, the present invention also provides a kit, in particular a kit of
parts, comprising the mRNA compound comprising mRNA sequence as defined herein and at least one lipid
according to formula (l), at least one lipid according to formula (Il), and at least one phosphatidylserine, preferably
DPhyPS as defined herein. According to another aspect ofthe present invention, the present invention also provides
a kit, in particular a kit of parts, comprising the mRNA compound comprising mRNA sequence as defined herein
and a lipid according to formula (1), a lipid according to formula (ll), DPhyPE as neutral lipid / phospholipid and a
phosphatidylserine, preferably DPhyPE. In a further embodiment the kit comprises a lipid nanoparticle as defined
above or the (pharmaceutical) composition comprising a lipid nanoparticle as defined above, and/or the vaccine
according to the invention, optionally a liquid vehicle for solubilizing and optionally technical instructions with
information on the administration and dosage of the mRNA comprising lipid nanoparticles, the composition and/or
the vaccine. The technical instructions may contain information about administration and dosage of the mRNA
comprising lipid nanoparticles, the composition and/orthe vaccine. Such kits, preferably kits of parts, may be applied
e.g. for any of the above mentioned applications or uses, preferably for the use of the lipid nanoparticle according
to the invention (for the preparation of an inventive medicament, preferably a therapeutic vaccine) for the treatment
or prophylaxis of a cancer disease or disorder.

The kits may also be applied for the use of the lipid nanoparticle, the composition or the vaccine as defined herein
(for the preparation of an inventive vaccine) for the treatment or prophylaxis of a cancer disease, wherein the lipid
nanoparticle, the composition and/or the vaccine may be capable of inducing or enhancing an immune response in
a mammal as defined above.

Such kits may further be applied for the use of the lipid nanoparticle, the composition or the vaccine as defined
herein (for the preparation of an inventive vaccine) for modulating, preferably for eliciting, e.g. to induce or enhance,
an immune response in a mammal as defined above, and preferably for supporting treatment or prophylaxis of a
cancer disease or disorder related thereto.

Kits of parts, as a special form of kits, may contain one or more identical or different compositions and/or one or
more identical or different vaccines as described herein in different parts of the kit. Kits of parts may also contain
an (e.g. one) composition, an (e.g. one) vaccine and/or the mRNA comprising lipid nanoparticles according to the
invention in different parts of the kit, e.g. each part of the kit containing an mRNA comprising lipid nanoparticles as

defined herein, preferably encoding a distinct antigen. Preferably, the kit or the kit of parts contains as a part a
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vehicle for solubilizing the mRNA according to the invention, the vehicle optionally being Ringer-lactate solution.
Any of the above kits may be used in a treatment or prophylaxis as defined above.

In another embodiment of this aspect, the kit according to the present invention may additionally contain at least
one adjuvant. In a further embodiment, the kit according to the present invention may additionally contain at least
one further pharmaceutically active component, preferably a therapeutic compound suitable for treatment and/or
prophylaxis of cancer or a related disorder. Moreover, in another embodiment, the kit may additionally contain parts
and/or devices necessary or suitable for the administration of the composition or the vaccine according to the
invention, including needles, applicators, patches, injection-devices.

Antagonists of RNA sensing pattern recognition receptors.

In preferred embodiments, in particular in embodiments where the nucleic acid of the composition is an RNA, the
pharmaceutical composition may comprise at least one antagonist of at least one RNA sensing pattern recognition

receptor.

In preferred embodiments in that context, the pharmaceutical composition comprises at least one antagonist of at
least one RNA sensing pattern recognition receptor selected from a Toll-like receptor, preferably a TLR7 antagonist
and/or a TLR8 antagonist.

Suitable antagonist of at least one RNA sensing pattern recognition receptor are disclosed in published PCT patent
application W0O2021028439, the full disclosure herewith incorporated by reference. In particular, the disclosure
relating to suitable antagonist of at least one RNA sensing pattern recognition receptors as defined in any one of
the claims 1 to 94 of W02021028439 are incorporated by reference.

In preferred embodiments, the at least one antagonist of at least one RNA sensing pattern recognition receptor is
a single stranded oligonucleotide that comprises or consists of a nucleic acid sequence being identical or at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to a nucleic acid sequence selected
from the group consisting of SEQ ID NOs: 85-212 of W02021028439, or fragments of any of these sequences. A
particularly preferred antagonist in that context is 5'-GAG CGmG CCA-3' (SEQ ID NO:85 of W02021028439), or a
fragment or variant thereof.

In preferred embodiments, the molar ratio of the at least one antagonist of at least one RNA sensing pattern
recognition receptor to the at least one RNA suitably ranges from about 20:1 to about 80:1.

In preferred embodiments, the weight to weight ratio of the at least one antagonist of at least one RNA sensing

pattern recognition receptor to the at least one RNA suitably ranges from about 1:2 to about 1:10.
In preferred embodiments, the at least one antagonist of at least one RNA sensing pattern recognition receptor and
the at least one RNA encoding are separately formulated in the lipid-based carriers as defined herein or co-

formulated in the lipid-based carriers as defined herein.

Uses of Compositions

The composition according to the invention is particularly useful as a medicament, as will be clear from the
description of the biologically active ingredient that may be incorporated within the composition and delivered to a

subject, such as a human subject, by means of the composition and/or of the lipid nanoparticles contained therein.
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As such, a further aspect of the invention is the use of the composition as described above as a medicament. Such
use may also be expressed as the use of the composition for the manufacture of a medicament. According to a
related aspect, the invention provides a method of treatment, the method comprising a step of administering the
composition to a subject, such as a human subject in need thereof, the composition. According to a related aspect,
the invention provides a method of treating, the method comprising administration of the composition to a subject,

such as a human subject in need thereof, the composition.

In a preferred embodiment, the composition of the invention is used as a medicament, wherein the medicament is
a vaccine.

In another preferred embodiment, the composition of the invention is used as a medicament, wherein the
medicament is for or suitable for the prevention, prophylaxis, treatment and/or amelioration of a disease selected
from infectious diseases including viral, bacterial or protozoological infectious diseases, cancer or tumor diseases,
liver diseases, autoimmune diseases, allergies, monogenetic diseases including hereditary diseases, genetic
diseases in general, diseases which have a genetic inherited background and which are typically caused by a
defined gene defect and are inherited according to Mendel's laws; cardiovascular diseases, neuronal diseases,
diseases of the respiratory system, diseases of the digestive system, diseases of the skin, musculoskeletal
disorders, disorders of the connective tissue, neoplasms, immune deficiencies, endocrine, nutritional and metabolic
diseases, eye diseases, ear diseases and diseases associated with a peptide or protein deficiency.

In another preferred embodiment, the composition of the invention is used as a medicament, wherein the
medicament is for or suitable forthe prevention, prophylaxis, treatment and/or amelioration of an infectious diseases
including viral, bacterial or protozoological infectious diseases, wherein the medicament is a vaccine.

In another embodiment, the vaccine of the invention comprises a composition or a kit or kit of parts as described
herein for prevention, prophylaxis, treatment and/or amelioration of a disease selected from infectious diseases
including viral, bacterial or protozoological infectious diseases, cancer or tumor diseases.

In yet another aspect of the invention, a method of treating, a method of treatment or prophylaxis of infectious
diseases; cancer or tumor diseases, disorders or conditions; liver diseases selected from the group consisting of
liver fibrosis, liver cirrhosis and liver cancer; allergies; or autoimmune disease; disorder or condition is provided
comprising the steps:

a) providing the mRNA, the composition, the vaccine, the kit or kit of parts as described herein; and

b) applying or administering the mRNA, the composition, the vaccine or the kit or kit of parts to a tissue or an

organism.

In another embodiment, a method is provided, wherein the mRNA, the composition, the vaccine or the kit or kit of
parts is administered to the tissue or to the organism by intravenous, intramuscular, subcutaneous or intradermal
injection. In a preferred embodiment, a method is provided, wherein the mRNA, the composition, the vaccine or the
kit or kit of parts is administered via intravenous injection.

In yet a further embodiment, a method of inducing an immune response in a subject, the method comprising
administering to the subject the vaccine of the invention in an amount effective to produce an antigen-specific
immune response in the subject is provided.
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In a further embodiment, a pharmaceutical composition comprising a composition or a kit or kit of parts as described
herein for use or suitable for use in vaccination and/or treatment of a subject comprising an effective dose of mRNA
encoding a cancer antigen or virus antigen, preferably a cancer antigen is provided.

For all embodiments or aspects of the invention, in which mRNA encoding an “antigen” is recited, in further preferred
embodiments or aspects of the invention, said mRNA may also encode a protein suitiable for cancer treatment,
enzyme-replacement therapy, an antibody, a therapeutic protein, or a fragment or variant thereof, wherein the
therapeutic protein is selected from the group consisting of

(i) therapeutic proteins for use in the treatment of cancer or tumor diseases;

(i) therapeutic proteins for use in enzyme replacement therapy for the treatment of metabolic, endocrine or

amino acid disorders or for use in replacing an absent, deficient or mutated protein;

(iii) therapeutic proteins for use in the treatment of blood disorders, diseases of the circulatory system,

diseases of the respiratory system, infectious diseases or immune deficiencies;

(iv) therapeutic proteins for use in hormone replacement therapy;

(v) therapeutic proteins for use in reprogramming somatic cells into pluri- or omnipotent stem cells;

(vi) therapeutic proteins for use as adjuvant or immunostimulation;

(vii) therapeutic proteins being a therapeutic antibody;

(viii) therapeutic proteins being a gene editing agent; and

(ix) therapeutic proteins for use in treating or preventing a liver disease selected from the group consisting of

liver fibrosis, liver cirrhosis and liver cancer;

preferably wherein the therapeutic protein is a therapeutic protein for use in the treatment of cancer or tumor

diseases.

In another preferred embodiment, use of a pharmaceutical composition comprising a composition or a kit or kit of
parts as described herein for (i) inducing an immune response or for (ii) inducing CD8+ T cells responses is

provided.

In a specific embodiment, a method for preventing, ameliorating or treating a disease or condition in a subject in
need comprising administering to the subject a composition or a kit or kit of parts as described herein is provided.

Further, in a specific embodiment, a method is provided in which administration of the composition results in
expression of the antigen encoded by mRNA in the lymphocytes of the subject. Further, a method is provided,
wherein administration of the composition results in an antigen specific antibody response, preferably wherein the
antigen specific antibody response is measured by the presence of antigen-specific antibodies in serum.

In another specific preferred embodiment, a method is provided in which administration of the composition results
in expression of the antigen encoded by mRNA in the spleen and/or lymph nodes. In another preferred embodiment
in this regard, said method results in an antigen-specific immune response in the spleen and/or lymph nodes. In
the context of the invention, lymph nodes are organs of the lymphatic system and the adaptive immune system. In
preferred embodiments, lymph nodes are considered to be for example non-draining lymph nodes and/or draining
lymph nodes. In another aspect, the present invention relates to a method of delivering a vaccine composition
comprising at least one nucleic acid encoding at least one antigen or fragment or variant thereof to the spleen or
lymph nodes, wherein the carrier composition comprises the phospholipid phosphatidylserine, as when compared
to vaccine compositions not comprising phosphatidylserine. Generally, in certain embodiments, this disclosure

involves directing LNPs comprising mRNA to the lymphatic system, specifically focusing on secondary lymphoid
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organs, notably the spleen. In various embodiments, the targeted cells reside within lymph nodes or spleen cells
themselves. Additionally, the target may be an antigen-presenting cell, such as a professional antigen-presenting
cell, or a dendritic cell within the spleen. Consequently, the RNA compositions or formulations outlined herein could
be utilized for conveying RNA to these specified target cells. The lymphatic system, an integral part of both the
circulatory and immune systems, comprises a network of vessels transporting lymph. It encompasses lymphatic
organs, a network of vessels, and circulating lymph. Primary lymphoid organs, like the thymus and bone marrow,
produce lymphocytes from immature progenitor cells, while secondary lymphoid organs, including lymph nodes and
the spleen, sustain mature naive lymphocytes and trigger adaptive immune responses. Lipid-based RNA delivery
systems naturally tend to accumulate in the liver due to the hepatic vasculature's discontinuous nature or lipid
metabolism. In specific embodiments, the intended site for RNA expression is the liver and its corresponding tissue.
In further specific preferred embodiments, the intended site for RNA expression is the spleen. In further specific

preferred embodiments, the intended site for RNA expression are the lymph nodes.

Accordingly, following administration of the lipid nanoparticles of the disclosure, RNA accumulation and/or RNA
expression in the spleen occurs. Thus, lipid nanoparticles of the disclosure thus may be used for expressing RNA
in the spleen. In an embodiment, after administration of the lipid nanoparticles of the disclosure, no or essentially
no RNA accumulation and/or RNA expression in the lung and/or liver occurs. In some embodiments, after
administration of the lipid nanopatrticles of the disclosure, RNA accumulation and/or RNA expression in antigen
presenting cells, such as professional antigen presenting cells in the spleen occurs. Thus, lipid nanoparticles of the
disclosure may be used for targeting RNA, e.g., RNA encoding an antigen or at least one epitope, to the lymphatic
system, in particular secondary lymphoid organs, more specifically spleen. Targeting the lymphatic system, in
particular secondary lymphoid organs, more specifically spleen is particularly preferred if the RNA administered is
RNA encoding a peptide or protein as described herein. In some embodiments, the target cell is a spleen cell. In
some embodiments, the target cell is an antigen presenting cell such as a professional antigen presenting cell in

the spleen. In some embodiments, the target cell is a dendritic cell in the spleen.

Further accordingly, in other embodiments or aspects of the invention, following administration of the lipid
nanoparticles of the disclosure, RNA accumulation and/or RNA expression in the lymph nodes occurs. Thus, lipid
nanoparticles of the disclosure thus may be used for expressing RNA in the lymph nodes. In an embodiment, after
administration of the lipid nanoparticles of the disclosure, no or essentially no RNA accumulation and/or RNA
expression in the lung and/or liver occurs. In some embodiments, after administration of the lipid nanoparticles of
the disclosure, RNA accumulation and/or RNA expression in lymph nodes occurs. Thus, lipid nanoparticles of the
disclosure may be used for targeting RNA, e.g., RNA encoding an antigen or at least one epitope, to the lymph
nodes. Targeting the lymph nodes is particularly preferred if the RNA administered is RNA encoding a peptide or

protein as described herein.

In a specific embodiment. the medicament is for the prevention, prophylaxis, treatment and/or amelioration of a
disease selected from cancer or tumor diseases, infectious diseases including viral, bacterial or protozoological
infectious diseases, autoimmune diseases, allergies, monogenetic diseases including hereditary diseases, genetic
diseases in general, diseases which have a genetic inherited background and which are typically caused by a
defined gene defect and are inherited according to Mendel's laws; cardiovascular diseases, neuronal diseases,
diseases of the respiratory system, diseases of the digestive system, diseases of the skin, musculoskeletal
disorders, disorders of the connective tissue, neoplasms, immune deficiencies, amino acid disorders, endocrine,
nutritional and metabolic diseases, eye diseases, ear diseases and diseases associated with a peptide or protein

deficiency. In one of the preferred embodiments, the medicament is a cancer vaccine.
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In an alternative embodiment the present invention relates to the use of the pharmaceutical composition or the
mRNA comprising lipid in the manufacture of a medicament. In particular said medicament is for therapeutically or
prophylactically raising an immune response of a subject in need thereof.

In a particular preferred embodiment, the medicament is for prevention or treatment of cancer or tumor diseases,

infectious diseases, allergies, or autoimmune diseases or disorders related thereto.

In particular, the medicament is for the treatment of a subject, preferably a vertebrate. In a preferred embodiment
the subject is a mammal, preferably selected from the group comprising goat, cattle, swine, dog, cat, donkey,
monkey, ape, a rodent such as a mouse, hamster, rabbit and, particularly, human.

Accordingly, in one preferred embodiment, the compositions as described herein are suitable for use as a
medicament. In a in further preferred embodiment, said medicament is for the prevention, prophylaxis, treatment
and/or amelioration of a disease selected from infectious diseases including viral, bacterial or protozoological
infectious diseases, cancer or tumor diseases, liver diseases, autoimmune diseases, allergies, monogenetic
diseases including hereditary diseases, genetic diseases in general, diseases which have a genetic inherited
background and which are typically caused by a defined gene defect and are inherited according to Mendel's laws;
cardiovascular diseases, neuronal diseases, diseases of the respiratory system, diseases of the digestive system,
diseases of the skin, musculoskeletal disorders, disorders of the connective tissue, neoplasms, immune
deficiencies, endocrine, nutritional and metabolic diseases, eye diseases, ear diseases and diseases associated
with a peptide or protein deficiency. In a further preferred embodiment, the composition for use as a medicament
preferably is a vaccine.

With respect to the administration of the composition to a subject, in particular to a human subject, any suitable
route may be used. In one embodiment, the composition is adapted for administration by injection or infusion. As
used herein, the expression “adapted for” means that the composition is formulated and processed such as to be
suitable for the respective route of administration.

According to one aspect of the present invention, the mRNA comprising lipid nanopatrticles, the (pharmaceutical)
composition or the vaccine may be used according to the invention (for the preparation of a medicament) for use
(i) in the treatment or prophylaxis of infectious diseases; cancer or tumor diseases, disorders or conditions; liver
diseases selected fromthe group consisting of liver fibrosis, liver cirrhosis and liver cancer; allergies; or autoimmune
disease; disorder or condition; and/or

(i) in enzyme replacement therapy for the treatment of metabolic, amino acid or endocrine disorders or for use in

replacing an absent, deficient or mutated protein.

Further particularly preferred is the treatment or prophylaxis of a cancer disease or disorder related to such a cancer
disease.

Furthermore, also included in the present inventions are methods of treating or preventing cancer or tumor diseases,
infectious diseases, allergies, or autoimmune diseases or disorders related thereto, preferably as defined herein,
by administering to a subject in need thereof a pharmaceutically effective amount of the mRNA comprising lipid
nanoparticles, the (pharmaceutical) composition or the vaccine according to the invention. Such a method typically

comprises an optional first step of preparing the mRNA comprising lipid nanoparticles, the composition or the
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vaccine of the present invention, and a second step, comprising administering (a pharmaceutically effective amount
of) said composition or vaccine 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. In some embodiments of the invention, the subject is a bird, preferably a

chicken.

In one embodiment, the composition, formulation or pharmaceutical composition in accordance with the invention
preferentially targets cells in the liver but not in other organs (e.g. lung, kidney, heart). Liver cells include hepatocytes
and hepatocyte precursors, stellate cells/pericytes, endothelial cells, Kupffer cells, macrophages and neutrophils,
for example. In other preferred embodiments, the composition, formulation or pharmaceutical composition in
accordance with the invention preferentially targets immune cells. In other preferred embodiments, the composition,
formulation or pharmaceutical composition in accordance with the invention preferentially targets the lymphocytes
and/or the spleen.

In one preferred embodiment, where the composition, formulation or pharmaceutical composition comprises a
gRNA in combination with an mRNA encoding a CRISPR endonuclease such as cas9, the composition
preferentially targets hepatocytes, pericentral hepatocytes (which act as stem cells in healthy livers) and/or
hepatocyte stem cells. The preferential targeting of cells in the liver is due to the size and neutral charge of the lipid
nanoparticles. In certain instances, targeting of the liver cells may have a secondary effect on, or influence other
organs in the body. It will therefore be appreciated that the composition, formulations or pharmaceutical
compositions of the present invention also have utility in the treatment of diseases other than those associated with
the liver.

Suitably said pharmaceutical composition is for use, but not limited to in the treatment of liver disease or diseases
where protein expression in the liver has an impact on vertebrate pathologies. As mentioned above, the
pharmaceutical compositions described herein may also find use in the treatment of diseases not associated with
the liver.

Suitably any transcript, transcript family or series of different transcripts or genomic chromosomal or mitochondrial
sequences including but not limited to exons and introns of genes and regulatory elements involved in any liver
disease or liver-related disorder may be targeted using a composition or formulation in accordance with the
invention. Such a any transcript, transcript family or series of different transcripts may be targeted by any biologically
active compound as described herein. In one embodiment, the biologically active compound is a nucleic acid
molecule which recognises a pathology-related transcript e.g. an mRNA, gRNA, siRNA, saRNA etc. as described
herein.

Suitably any gene involved in any liver disease may be targeted using a composition or formulation in accordance
with the invention. Such a gene may be targeted by any biologically active compound as described herein. In one
embodiment, the biologically active compound is a nucleic acid molecule which recognises a liver disease gene
e.g. an mRNA, gRNA, siRNA etc. as described herein.

The present invention furthermore comprises the use of the mRNA comprising lipid nanoparticles, the
(pharmaceutical) composition or the vaccine according to the invention as defined herein for modulating, preferably
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for inducing or enhancing, an immune response in a mammal as defined herein, more preferably for preventing
and/or treating a cancer disease or disorder related thereto.

In this context, support of the treatment or prophylaxis of a cancer disease may be done with mRNA encoding a
cancer antigen comprised within the lipid nanoparticles as described herein in combination with standard therapy.

Support of the treatment or prophylaxis of the cancer disease or disorder related thereto, preferably is achieved by
inducing or enhancing an adaptive immune response on the basis of an antigen encoded by the mRNA comprising
lipid nanoparticles according to the invention.

According to a preferred embodiment of this aspect of the invention, the (pharmaceutical) composition or the
vaccine according to the invention is administered by injection. Any suitable injection technique known in the art
may be employed. Preferably, the inventive composition is administered by injection, preferably by needle-less
injection, for example by jet-injection.

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

In a further aspect the invention relates to a method of immunization of a subject against an antigen or a combination
of antigens.

The immunization protocol for the immunization of a subject against an antigen or a combination of at least two,
three, four, five, six, seven, eight, nine, ten, eleven, twelve or more antigens as defined herein typically comprises
a series of single doses or dosages of the (pharmaceutical) composition or the vaccine according to the invention.
A single dosage, as used herein, refers to the initial/first dose, a second dose or any further doses, respectively,
which are preferably administered in order to “boost” the immune reaction. In this context, each single dosage
preferably comprises the administration of the same antigen or the same combination of antigens as defined herein,
wherein the interval between the administration of two single dosages can vary from at least one day, preferably 2,
3, 4, 5,6 or 7 days, to at least one week, preferably 2, 3, 4, 5, 6, 7 or 8 weeks. The intervals between single dosages
may be constant or vary over the course of the immunization protocol, e.g. the intervals may be shorter in the
beginning and longer towards the end of the protocol. Depending on the total number of single dosages and the
interval between single dosages, the immunization protocol may extend over a period oftime, which preferably lasts
at least one week, more preferably several weeks (e.g. 2, 3, 4, 5,6, 7, 8, 9, 10, 11 or 12 weeks), even more
preferably several months (e.g. 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 18 or 24 months). Each single dosage preferably
encompasses the administration of an antigen, preferably of a combination of at least two, three, four, five, six,
seven, eight, nine, ten, eleven, twelve or more antigens as defined herein and may therefore involve at least one,
preferably 1, 2, 3,4,5,6,7, 8,9, 10, 11 or 12 injections. In some cases, the composition or the vaccine according
to the invention is administered as a single dosage typically in one injection. In the case, where the vaccine
according to the invention comprises separate mRNA formulations encoding distinct antigens as defined herein,
the minimum number of injections carried out during the administration of a single dosage corresponds to the

number of separate components of the vaccine. In certain embodiments, the administration of a single dosage may
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encompass more than one injection for each component of the vaccine (e.g. a specific mMRNA formulation
comprising an mRNA encoding, for instance, one antigenic peptide or protein as defined herein). For example, parts
ofthe total volume of an individual component of the vaccine may be injected into different body parts, thus involving
more than one injection. In a more specific example, a single dosage of a vaccine comprising four separate mRNA
formulations, each of which is administered in two different body parts, comprises eight injections. Typically, a single
dosage comprises all injections required to administer all components of the vaccine, wherein a single component
may be involve more than one injection as outlined above. In the case, where the administration of a single dosage
of the vaccine according to the invention encompasses more than one injection, the injection are carried out
essentially simultaneously or concurrently, i.e. typically in a time-staggered fashion within the time-frame that is
required for the practitioner to carry out the single injection steps, one after the other. The administration of a single
dosage therefore preferably extends over a time period of several minutes, e.g. 2, 3, 4, 5, 10, 15, 30 or 60 minutes.

Time staggered treatment may additionally or alternatively also comprise an administration of the mRNA comprising
lipid nanoparticles as defined herein, the (pharmaceutical) composition or the vaccine according to the invention in
a form, wherein the mRNA encoding an antigenic peptide or protein as defined herein or a fragment or variant
thereof, preferably forming part of the composition or the vaccine, is administered parallel, prior or subsequent to
another mRNA comprising lipid nanoparticles as defined above, preferably forming part of the same inventive
composition or vaccine. Preferably, the administration (of all mMRNA comprising lipid nanoparticles) 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.

In a preferred embodiment, the pharmaceutical composition or the vaccine of the present invention is administered
repeatedly, wherein each administration preferably comprises individual administration of the at least one mRNA
comprising lipid nanoparticles of the inventive composition or vaccine. At each time point of administration, the at
least one MRNA may be administered more than once (e.g. 2 or 3 times). In a particularly preferred embodiment of
the invention, at least two, three, four, five, six or more mRNA sequences (each encoding a distinct one of the
antigens as defined herein) encapsulated or associated with mRNA comprising lipid nanoparticles as defined above,
wherein the mRNA sequences are part of mMRNA compounds of the same or different lipid nanoparticles, are
administered at each time point, wherein each mRNA is administered twice by injection, distributed over the four
limbs.

In another preferred embodiment, the use of a pharmaceutical composition comprising a composition of the
invention or a kit or kit of parts of the invention for (i) inducing an immune response, for (ii) inducing an antigen
specific T-cell response or preferably for (iii) inducing CD8+ T cells responses is provided. Said method for (i)
inducing an immune response, for (ii) inducing an antigen specific T-cell response or preferably for (iii) inducing
CD8+ T cells responses in a subject; comprises administering to a subject in need thereof at least once an effective
amount of a composition as described herein comprises an mRNA encoding at least one immunogenic peptide or
polypeptide as also described herein. In another embodiment, the use of a pharmaceutical composition comprising
a composition of the invention or a kit or kit of parts of the invention for (i) inducing an immune response, for (ii)
inducing an antigen specific T-cell response or preferably for (iii) inducing CD8+ T cells responses is provided. Said
reference (lipid nanoparticle) formulation or composition in a preferred embodiment does not comprise DPhyPE

and/or a polymer conjugated lipid according to formula (l).

First and second/ffurther medical use:
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A further aspect relates to the first medical use of the provided nucleic acid, composition, polypeptide, vaccine, or
kit, wherein the composition of the invention, comprising the inventive lipid excipient(s), is used for delivering said
nucleic acid. Notably, embodiments relating to the nucleic acid, the composition, the polypeptide, the vaccine, or
the kit or kit of parts may likewise be read on and be understood as suitable embodiments of medical uses of the

invention.

Accordingly, the invention provides at least one nucleic acid (e.g. DNA or RNA), preferably RNA as defined in the
aspects of the invention for use as a medicament, a composition for use as a medicament, a polypeptide as defined
for use as a medicament, a vaccine as defined for use as a medicament, and a kit or kit of parts for use as a
medicament, wherein the composition of the invention, comprising the inventive lipid excipient(s), is used for
delivering said nucleic acid.

The present invention furthermore provides several applications and uses of the nucleic acid, composition,
polypeptide, vaccine, or kit, i.e. in particular, nucleic acid (preferably RNA), composition, polypeptide, vaccine, or
kit may be used for human medical purposes and also for veterinary medical purposes, preferably for human
medical purposes, wherein the composition of the invention, comprising the inventive lipid excipient(s), is used for

delivering said nucleic acid.

In particular, nucleic acid (preferably RNA), composition, polypeptide, vaccine, or kit or kit of parts is for use as a
medicament for human medical purposes, wherein said nucleic acid (preferably RNA), composition, polypeptide,
vaccine, or kit or kit of parts may be suitable for young infants, newborns, immunocompromised recipients, as well
as pregnant and breast-feeding women and elderly people. In particular, nucleic acid (preferably RNA, most
preferably mRNA), composition, polypeptide, vaccine, or kit or kit of parts is for use as a medicament for human
medical purposes, wherein said nucleic acid (preferably RNA, most preferably mRNA), composition, polypeptide,

vaccine, or kit or kit of parts is particularly suitable for elderly human subjects.

Said nucleic acid (preferably RNA), composition, polypeptide, vaccine, or kit is for use as a medicament for human
medical purposes, wherein said RNA, composition, vaccine, or the kit or kit of parts may be particularly suitable for
intramuscular, intradermal and/or intraveneous injection.

In yet another aspect, the invention relates to the second medical use of the provided nucleic acid, composition,

polypeptide, vaccine, or kit.

Accordingly, the invention provides at least one nucleic acid, wherein the nucleic acid is comprised in a composition
of the invention, comprising the inventive lipid excipient(s) used for delivering said nucleic acid, preferably RNA,
most preferably mRNA, for treatment or prophylaxis of an infection with a coronavirus, preferably a betacoronavirus,
more preferably a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), or a disorder or a disease
related to such an infection, such as Coronavirus disease 2019 (COVID-19); a composition for treatment or
prophylaxis of an infection with a coronavirus, preferably SARS-CoV-2 coronavirus, or a disorder or a disease
related to such an infection, such as COVID-19; a polypeptide for treatment or prophylaxis of an infection with a
coronavirus, preferably SARS-CoV-2 coronavirus, or a disorder or a disease related to such an infection, such as
COVID-19; a vaccine for treatment or prophylaxis of an infection with a coronavirus, preferably SARS-CoV-2
coronavirus, or a disorder or a disease related to such an infection, such as COVID-19; a kit or kit of parts for
treatment or prophylaxis of an infection with a coronavirus, preferably SARS-CoV-2 coronavirus, or a disorder or a
disease related to such an infection, such as COVID-19.
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In other embodiments, the nucleic acid, preferably RNA, most preferably mRNA, the composition, the polypeptide,
the vaccine, or the kit or kit of parts is for use in the treatment or prophylaxis of an infection with a coronavirus,
preferably with SARS-CoV-2 coronavirus, wherein the composition of the invention, comprising the inventive lipid
excipient(s), is used for delivering said nucleic acid.

Particularly, the nucleic acid, preferably RNA, most preferably mRNA, the composition, the polypeptide, the vaccine,
or the kit or kit of parts may be used in a method of prophylactic (pre-exposure prophylaxis or post-exposure
prophylaxis) and/or therapeutic treatment of COVID-19 disease caused by a SARS-CoV-2 coronavirus infection,
wherein the composition of the invention, comprising the inventive lipid excipient(s), is used for delivering said
nucleic acid.

The nucleic acid, the composition, the polypeptide, or the vaccine may preferably be administered locally. In
particular, composition or vaccines may be administered by an intradermal, subcutaneous, intranasal, or
intramuscular route, wherein the composition of the invention, comprising the inventive lipid excipient(s), is used
for delivering said nucleic acid. In other embodiments, said nucleic acid, composition, polypeptide, vaccine may be
administered by conventional needle injection or needle-free jet injection. Preferred in that context is intramuscular
injection.

In other embodiments, the nucleic acid as comprised in a composition of the invention, comprising the inventive
lipid excipient(s), is used for delivering said nucleic acid as defined herein is provided in an amount of about 100 ng
to about 500 pg, in an amount of about 1 pg to about 200 pg, in an amount of about 1 pg to about 100 ug, in an
amount of about 5 ug to about 100 pg, preferably in an amount of about 10 ug to about 50 ug, specifically, in an
amount of about 1 pg, 2 ug, 3 ug, 4 ug, 5 ug, 10 ug, 15 ug, 20 ug, 25 ug, 30 ug, 35 ug, 40 ug, 45 g, 50 ug, 55 ug,
60 ug, 65 ug, 70 ug, 75 ug, 80 ug, 85 ug, 90 ug, 95 ug or 100 ug.

In one embodiment, the immunization protocol for the treatment or prophylaxis of a subject against coronavirus,
preferably SARS-CoV-2 coronavirus comprises one single doses of the composition or the vaccine, wherein the
composition of the invention, comprising the inventive lipid excipient(s), is used for delivering said nucleic acid.

In some embodiments, the effective amount is a dose of 1 ug, 2 ug, 3 ug, 4 yug, 5 ug, 6 ug, 7 Hg, 8 ug, 9 ug, 10 g,
11 ug, 12 ug, 13 pg, 14 ug, 15 ug, 16 ug, 20 ug, 30 ug, 40 ug, 50 pg, 75 ug, 100 pg or 200 ug administered to the
subject in one vaccination, wherein the composition of the invention, comprising the inventive lipid excipient(s), is
used for delivering said nucleic acid. In preferred embodiments, the immunization protocol for the treatment or
prophylaxis of a coronavirus, preferably a SARS-CoV-2 coronavirus infection comprises a series of single doses or
dosages, preferably a total of two doses ofthe composition orthe vaccine, wherein the composition of the invention,
comprising the inventive lipid excipient(s), is used for delivering said nucleic acid. A single dosage, as used herein,
refers to the initial/first dose, a second dose or any further doses, respectively, which are preferably administered
in order to “boost” the immune reaction, wherein the composition of the invention, comprising the inventive lipid
excipient(s), is used for delivering said nucleic acid.

In preferred embodiments, the vaccine/composition immunizes the subject against a coronavirus, preferably against
a SARS-CoV-2 coronavirus infection (upon administration as defined herein) for at least 1 year, preferably at least
2 years, wherein for immunization the composition of the invention, comprising the inventive lipid excipient(s), is
used for delivering said nucleic acid.
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EXEMPLARY EMBODIMENTS

In the following, different embodiments of the invention are disclosed. It is intended herein, that each and every
embodiment can be combined with each other, i.e. embodiment 1 may be combined with e.g. embodiment 4 or 14
5 or 24, or sub-embodiments like e.g. “embodiment 63.1". Also, several sets of different embodiments of the invention
are disclosed within. It is also intended herein, that each and every embodiment stemming from a different set of
embodiments can be combined with each other, i.e. embodiment 1 from the First Set of Embodiments may be
combined with e.g. embodiment 5 or embodiment 25 from the Second Set of Embodiments. Also, back references
to, e.g. “"embodiment 1” are intended to comprise also a back-reference to, e.g. sub-embodiment 1.1, 1.2, et cetera.

10
First Set of Embodiments
Embodiment 1. An ionizable lipid according to formula (I1):
Ra-A-RP formula (I1)
15

or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein

R2 is selected from:
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—R1=N(H)-C(O)-R3-R*, or
—R1-N(CHz3)z;

A is =S—, =S-S—, =NH-C(0)-, —=NH-C(0)0O—, —NH-C(0O)-NH-, —S—C(O)-N(H)-, —=C(0)O-, or —O—
P(O)(OH)-O—, preferably A is —S—;

R'is an ethanediyl, propanediyl, butanediyl, or linear or unbranched alkanediyl having 2 to 8 carbon atoms,
wherein each substitutable carbon atom is unsubstituted or substituted with one or more C1-C4 alkyl, C4-Cs
alkenylene, C3-Cs cycloalkylene, or C3-Cs cycloalkenylene;

R2 is an alkanediyl having 2 to 8 carbon atoms;

R3 is optional, and if present, is —-R*~C(0)-0-, —-R*~0-C(0O)—, —R®*~C(0O)-NH-, —R5-0OC(0O)-NH-, or R5—
NH-C(0)O-;

R* is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12 to 36
carbon atoms is either (i) a linear or branched alkyl or alkenyl having 12 to 25 carbon atoms or (ii) derived from

tocopherol or tocotreinol;
RS is an alkanediyl having 1 to 6 carbon atoms;
X is a carbon atom bonded to a hydrogen atom (CH) or a nitrogen atom;

wherein all selections are independent of one another.
Embodiment 1.1. An ionizable lipid according to formula (I1):
Ra-A-RP formula (I1)

or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein

R2is
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Ais —S—;
5 R'is an ethanediyl or linear or unbranched alkanediyl having 2 to 8 carbon atoms;

R2is an alkanediyl having 2 to 8 carbon atoms;

R? is optional, and if present, is —=R°-C(QO)-0-, —R*~0-C(O)—, —-R*-C(0)-NH-, -R*~OC(0O)-NH-, or R~

NH-C(0)O—;

R* is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12 to 36

10 carbon atoms is derived from tocopherol or tocotreinol;

R% is an alkanediyl having 1 to 6 carbon atoms;

X is a carbon atom bonded to a hydrogen atom (CH);

wherein all selections are independent of one another.

15 Embodiment 1.2 The ionizable lipid according to any one of embodiment 1 to embodiment 1.1, with the proviso
that if (i) R® is present as —R5-C(0)-0O—, (ii) R' and R2 are linear unsubstituted ethanediyl, (i) RS is either linear

unsubstituted ethanediyl, linear unsubstituted propanediyl or linear unsubstituted butanediyl, (iv) A is —-S—-S—, and

(v) R? and R" are identical, then R* is not

2,

|

o]

20 and with the further proviso that if (i) R® is absent, (ii) R" and R? are linear unsubstituted ethanediyl, (i) A
is =S—-S—, and (iv) R? and RP are identical, then R* is not

B T N e

and not

\N\mﬂmwjj

Embodiment 1.3 The ionizable lipid according to any one of embodiment 1 to embodiment 1.2, wherein A is —S—

25

Embodiment 2. A polymer conjugated lipid according to formula (l):

[PI-[linker]-[L] formula (1)

30
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or a pharmaceutically acceptable salt, prodrug, tautomer or stereoisomer thereof, wherein

[P] is a heteropolymer moiety or homopolymer moiety, preferably a homopolymer moiety,
comprising at least one polyoxazoline (POZ) monomer unit

R

5 wherein R is C1-9 alkyl or C2-9 alkenyl, preferably C1 or C2 alkyl, and n has a mean
value ranging from about 45 to about 55, preferably n is about 50 or wherein n is selected

such that the [P] moiety has an average molecular weight of about 4.4 kDa, or most
preferably about 4.3 kDa

[linker] is an optional linker group, and
10 L] is a lipid moiety.

Embodiment 2.1 The polymer conjugated lipid of embodiment 2, wherein [P] is a heteropolymer moiety or

homopolymer moiety comprising multiple monomer units selected from the group consisting of

poly(2-methyl-2-oxazoline) (PMOZ)

15

poly(2-ethyl-2-oxazoline) (PEOZ)

20 poly(2-butyl-2-oxazoline) (PBOZ)
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poly(2-isopropyl-2-oxazoline) (PIPOZ)

poly(2-methoxymethyl-2-oxazoline) (PMeOMeOx), and
poly(2-dimethylamino-2-oxazoline) (PDMAQOX),

preferably wherein [P] is a homopolymer moiety comprising multiple PMOZ or PEOZ monomer units, more

preferably wherein [P] comprises or preferably consists of multiple PMOZ monomer units,
wherein
(i) n has a mean value ranging from about 45 to about 55, preferably n is about 50 or wherein

(i) n is selected such that the [P] moiety has an average molecular weight of about 3 kDa to about 6 kDa,
preferably an average molecular weight of about 4.2 kDa to about 4.4 kDa, or most preferably about 4.3
kDa.

Embodiment 3. A lipid nanoparticle, comprising
(i) an ionizable lipid according to any one of embodiment 1 to embodiment 1.3,
(i) a phosphatidylserine, preferably DPhyPS;
(iii) cholesterol,
(iv) DPhyPE; and

(v) a polymer conjugated lipid according to any one of embodiment 2 or embodiment 2.1 or a PEG lipid,
preferably PEG-DMG2000.

Embodiment 4. The lipid nanoparticle according to embodiment 4, comprising

(i) an ionizable lipid according to any one of embodiment 1 to embodiment 1.3, preferably C24, C28 or
C29, most preferably C24,

(i) a phosphatidylserine, preferably DPhyPS;

(i) cholesterol;

(iv) DPhyPE: and

(v) a polymer conjugated lipid according to any one of embodiment 2 or embodiment 2.1, preferably “PMOZ

4” with n = 50 i.e. having 50 monomer repeats or with n = 115 i.e. having 115 monomer repeats, or a
PEG lipid, preferably PEG-DMG2000.
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Embodiment 5. The lipid nanoparticle according to any one of embodiment 4 to embodiment 5, comprising

(i) about 40 to about 60 mol% of an ionizable lipid according to any one of embodiment 1 to embodiment
1.3, preferably C24, C28 or C29, most preferably C24,

(ii) about 2 to about 6 mol% of a phosphatidylserine, preferably DPhyPS;
(iiiy about 20 to about 50 mol% of cholesterol;
(iv) about 2 to about 15 mol% of DPhyPE; and

(v) about 0.5 to about 2.5 mol% of a polymer conjugated lipid according to any one of embodiment 2 or
embodiment 2.1, preferably “PMOZ 4" with n = 50 i.e. having 50 monomer repeats or with n =115 i.e.

having 115 monomer repeats, or a PEG lipid, preferably PEG-DMG2000.

Embodiment 6. The lipid nanoparticle according to any one of embodiment 4 to embodiment 6, wherein the
polymer conjugated lipid is selected from the group consisting of a POZ-monoacylglycerol conjugate, POZ-
diacylglycerol conjugate, a POZ-dialkyloxypropyl conjugate, a POZ-steroid or POZ-sterol conjugate, a POZ-

phospholipid conjugate, a POZ-ceramide conjugate, and a mixture thereof.

Embodiment 7. The lipid nanoparticle according to any one of embodiment 3 to embodiment 6, wherein
(i) the lipid moiety [L] comprises at least one straight or branched, saturated or unsaturated alkyl chain
containing from 6 to 30 carbon atoms, preferably wherein the lipid moiety [L] comprises at least one straight
or branched saturated alkyl chain,
wherein the alkyl chain is optionally interrupted by one or more biodegradable group(s) and/or optionally
comprises one terminal biodegradable group, wherein the biodegradable group is selected from the group
consisting of but not limited to a pH-sensitive moiety, an alkyl or alkenyl moiety (C1.s alkyl or C2.¢ alkenyl), a
zwitterionic linker, non-ester containing linker moieties and ester-containing linker moieties (—C(O)O— or
—0C(0)—), amido (—C(O)NH—), disulfide (—S—S—), carbonyl (—C(O)—), ether (—O—), thioether (—
S—), oxime (e.g., —C(H)=N—O— or —O— N=C(H)—), carbamate (—NHC(O)O—), urea (—NHC(O)NH—
), succinyl (—(0O)CCH2CH2C(0)—), succinamidyl (—NHC(O)CH2CH2C(O)NH—), (—
NHC(O)CH2CH2C(0)—), —C(R5)=N—, —N=C(R®%—, —C(R%)=N—0O—, —O—N=C(R%—, —O0—C(0)0—
, —C(OIN(R®), —N(R®)C(O)—, —C(S)(NR®)—, (NR®)C(S)—, —N(R®*)C(O)N(R®)—, —C(0)S—, —SC(O)—,
—C(S)0—, —OC(S)—, —OSi(R%)20—, —C(O)(CR3R%)C(0)0O—, or —OC(O)(CR3R%)C(O)—, carbonate (—
OC(0O)O—), nitrogen (N), succinoyl, succinate, phosphate esters (—O—(O)POH—O—), cyclic compound,
heterocyclic compound, piperidine, pyrazine, pyridine, piperazine, and sulfonate esters, as well as
combinations thereof, wherein R3, R4 and R® are, independently H or alkyl (e.g. C1-C4 alkyl), or
(ii) the lipid moiety [L] comprises ditetradecylamin, preferably wherein the linker group [linker] is (—
NHC(O)CH2CH2C(0)—).

Embodiment 8. The lipid nanoparticle according to any one of embodiment 3 to embodiment 7, wherein the linker
group [linker] comprises an amide linker moiety, preferably an ester linker moiety, or wherein the linker

group [linker] comprises

o , , succinate, a peptide or amid bond (—CO-NH—), an amine, or a
secondary amine, most preferably wherein the linker group [linker] comprises (-NHC(O)CH2CH2C(O)-).
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Embodiment 9. The lipid nanoparticle according to any one of embodiment 3 to embodiment 8, wherein the
polymer conjugated lipid is selected from the group consisting of “PMOZ 1", “PMOZ 2", “PMOZ 3", “PMOZ
4" and “PMOZ 5", most preferably the polymer conjugated lipid is “PMOZ 4";
whereby n has a mean value ranging from 2 to 200, preferably from 20 to 100, more preferably from 24 to
26, even more preferably about 100, or further even more preferably from 45 to 50, most preferably 50 or
wherein n is selected such that the [P] moiety has an average molecular weight of about 3 kDa to about
6 kDa, preferably has an average molecular weight of about 4.2 kDa to about 4.4 kDa, or most preferably
about 4.3 kDa;
most preferably wherein the polymer conjugated lipid of any one of embodiment 1 to embodiment 2.1 is

“PMOZ 4” with n having a mean value from 45 to 50, most preferably 50.

Embodiment 10. The lipid nanoparticle according to any one of embodiment 3 to embodiment 9, wherein the lipid
nanoparticle
(i) does not comprise a polyethylene glycol-(PEG)-lipid conjugate or a conjugate of PEG and a lipid-like
material, and preferably do not comprise PEG; and/or
(i) does not comprise a polymer conjugated lipid according to any one of embodiment 2 to embodiment
2.1 comprising a sulphur group (=S-), a terminating nucleophile, and/or being covalently coupled to a
biologically active ingredient being a nucleic acid compound selected from the group consisting of RNA, an
artificial MRNA, chemically modified or unmodified messenger RNA (mRNA) comprising at least one coding
sequence, self-replicating RNA, circular RNA, viral RNA, and replicon RNA.

Second Set of Embodiments

Reference is made herein to the disclosure and embodiments as shown in PCT patent application
PCT/EP2020/087254. The following sets of embodiments, and each embodiment comprised in said sets, i.e. the

- embodiments listed under “First Set of Embodiments”, comprising Embodiment 1 to Embodiment 51; and

- embodiments listed under “Second Set of Embodiments”, comprising Embodiment 1 to Embodiment 75;
of PCT patent application PCT/EP2020/087254, and the specific disclosure relating thereto in PCT patent
application PCT/EP2020/087254, are herewith incorporated by reference. References made below within this
second set of embodiments may be read taking into account the aforementioned disclosure of PCT patent
application PCT/EP2020/087254, i.e. also the corresponding sequence listing of said application for SEQ ID NO-

references in below embodiments.

Embodiment 1. A cationic lipid according to formula (l):

Ra-A-RP formula (I)

or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein

R2 is selected from:
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—R'-N(H)-C(0)-R3-R*;

5 R® is selected from:

X\szoTRs\Rzz X\Rz/o\[(Ra\R4
o] ) o Y
S R
) )
I\/N\RZ,O\[(RiRA k/N\Rz/OYRB\RA
e} , o] ]
N R!
SRS
I\/X\Rz/o\[fRiRd k/x\Rz/OYRB\RA
O , c , —R1-N(H)-
C(O)-R*~R*, or
10 —R'=N(CHs3)z;
A is —S—, =8-8—, —~NH-C(0)=, —~NH-C(0)O—, —NH-C(O)=NH=, —S—C(O)=N(H)-, —C(O)O—, or —O—
P(O)(OH)-O;

R'is an ethanediyl, propanediyl, butanediyl, or linear or unbranched alkanediyl having 2 to 8 carbon atoms,
wherein each substitutable carbon atom is unsubstituted or substituted with one or more C+-Cs alkyl, C1-C4
15 alkenylene, Cs-Cs cycloalkylene, or C3-Cs cycloalkenylene;
R2 s an alkanediyl having 2 to 8 carbon atoms;
R3 is optional, and if present, is —=R*~C(0)~0O—, =R5-0O-C(0)-, —R*~C(0)~NH-, —=R5~-OC(0)~NH-, or R~
NH-C(0)O—;
R# is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12 to 36
20 carbon atoms is either (i) a linear or branched alkyl or alkenyl having 12 to 25 carbon atoms or (ii) derived from

tocopherol or tocotreinol;

R% is an alkanediyl having 1 to 6 carbon atoms;
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X is a carbon atom bonded to a hydrogen atom (CH) or a nitrogen atom;

wherein all selections are independent of one another.

Embodiment 1.1. An ionizable lipid according to formula (I):

Ra-A-RP formula (Il)

or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein

R2is
1
R
K
3
N\R2/O\”/R\R4
© ;
RPis
1
R
qli/ \XAl
3
N\RQ’OYR\RL‘
O i)
Ais —S—;

R'is an ethanediyl or linear or unbranched alkanediyl having 2 to 8 carbon atoms;

R? is an alkanediyl having 2 to 8 carbon atoms;

R? is optional, and if present, is —R°-C(O)-0-, —-R*~-0-C(O)—, —-R*-C(0)-NH-, -R>~OC(0O)-NH-, or R~
NH-C(0)O-;

R* is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12 to 36
carbon atoms is derived from tocopherol or tocotreinol;

RS is an alkanediyl having 1 to 6 carbon atoms;
X is a carbon atom bonded to a hydrogen atom (CH);

wherein all selections are independent of one another.

Embodiment 2. The ionizable lipid according to embodiment 1, wherein R* is either (i) a linear or branched alky!
or alkenyl having 12 to 25 carbon atoms or (ii) selected from the group of derivatives of tocopherol and tocotreinol
shown in Scheme 1.

Embodiment 3. The ionizable lipid according to embodiment 1 or embodiment 2, wherein R* is independently
selected at each occurrence from the group consisting of
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H,C

Embodiment 4. The ionizable lipid according to any one of embodiments 1 to 3, with the proviso that if (i) R® is
present as —R5-C(0)-0—-, (ii) R" and R? are linear unsubstituted ethanediyl, (iii) R® is either linear unsubstituted

10 ethanediyl, linear unsubstituted propanediyl or linear unsubstituted butanediyl, (iv) A is —=S-S—, and (v) R? and R®
are identical, then R* is not

Lt."
|

o]

and with the further proviso that if (i) R® is absent, (i) R" and R? are linear unsubstituted ethanediyl, i) A
is =S-S—, and (iv) R? and RP are identical, then R* is not

e e e e T N N N N NI NP N N 55
15 and not .

Embodiment 5. The ionizable lipid according to any one of embodiments 1 to 3, wherein A is —=S—.
Embodiment 6. The ionizable lipid according to embodiment 1 or embodiment 2, wherein R® is present and
20 selected from the group consisting of -R5%-C(0)—O—, —-R*~0O-C(O)—, -R°~C(0)-NH-, -R*~OC(O)-NH-, and R>-

NH-C(O)O—; and R* is a linear or branched alkyl or alkenyl having 12 to 25 carbon atoms.

Embodiment 7. The ionizable lipid according to any one of embodiments 1 to 6, wherein R? and R® are
independently selected from
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0 , O , with X being CH or -
R'-N(H)—-C(O)-R3-R*,

Embodiment 8. The ionizable lipid according to any one of embodiments 1 to 7, wherein each of R? and R is:

0 with X being CH; and
R3 is present and R® is an alkanediyl having 2 to 6 carbon atoms, selected independently at each
occurrence.

Embodiment 9. The ionizable lipid according to any one of embodiments 1 to 8, wherein
R3is present and is —R°>~C(O)-0- or —-R-0-C(O)—;

R4 is:

H,C”

HSG or

H,C
HsC
and wherein R? and R® are identical.
Embodiment 10. The ionizable lipid according to any one of embodiments 1 to 8, wherein

R3 is present and is —R5-C(0)—O- or —-R>~0O-C(0O)—;
R*is:

and wherein R? and RP are identical.

Embodiment 11. The ionizable lipid according to embodiment 9 or embodiment 10, wherein R? is -R5-C(0)-0O-

Embodiment 12. The ionizable lipid according to embodiment 7 or 8, wherein R is ethanediyl.
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Embodiment 13. The ionizable lipid of any of the preceding embodiments, further exhibiting one or more of the
following features, independently selected at each occurrence:

(i) R" is an unsubstituted ethanediyl, propanediyl, or butanediyl;

(i) RZ is an linear, unbranched alkanediyl having 2 to 8 carbon atoms;

(i) R3 is—R5~C(0)—O— or —R5—0—C(O)-;

(iv) R® is an alkanediyl having 2 to 6 carbon atoms; and/or

(vi) X is CH.

Embodiment 14. The ionizable lipid of embodiment 1, being selected from one of the compounds as listed in Table
1.

Embodiment 15. A composition comprising
(i) the ionizable lipid of any one of embodiments 1 to 14;
(i) the ionizable lipid C15 as listed in Table 1;
(iii) the ionizable lipid C2 as listed in Table 1; or
(iv) the ionizable lipid C26 as listed in Table 1.

Embodiment 16. The composition of embodiment 15, further comprising one or more of the following excipients:
(i) a steroid, preferably cholesterol;
(i) a neutral lipid;
wherein said neutral lipid preferably is 1,2-diphytanoyl-sn-glycero-3-phosphoethanolamine (DPhyPE); or wherein
said neutral lipid is a zwitterionic compound, optionally a zwitterionic compound having two fatty acid moieties
selected from myristoyl, palmitoyl, stearoyl and oleyol, in combination with a zwitterionic compound having two fatty
acid moieties selected from pentanoyl, hexanoyl, heptanoyl, octanoyl, nonaoyl and decanoyl;
and/or
(iii) a polymer conjugated lipid;
wherein said polymer conjugated lipid is a compound according to formula (1):
P-A-L  formula (l);
wherein P is a hydrophilic polymer moiety, A is an optional linker, and L is a lipid moiety;

preferably wherein the polymer conjugated lipid is a pegylated lipid.

Embodiment 17. A composition comprising one or more of the following excipients:
(i) an ionizable lipid of any one of embodiments 1 to 14 or an ionizable lipid comprising a tertiary or
quaternary nitrogen / amino group or an ionizable lipid carrying a net positive charge at physiological pH;
(i) a steroid, preferably cholesterol;
(iii) a neutral lipid as described in subitem (ii) of embodiment 16; and/or
(iv) a polymer conjugated lipid, wherein said polymer conjugated lipid is a compound according to
formula (I):
P-A-L  formula (l);
wherein P is a hydrophilic polymer moiety, A is an optional linker, and L is a lipid moiety;
preferably wherein the polymer conjugated lipid is a pegylated lipid;
more preferably, wherein the lipid moiety L comprises at least one fatty acid (“tail”) comprising 8,
10 or 12 carbon atoms, preferably 8 or 10 carbon atoms;
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even more preferably, wherein the pegylated lipid is selected from the group consisting of 1,2-
dicapryl-rac-glycero-3-methylpolyoxyethylene glycol 2000 (C10-PEG 2000); and N-octanoyl-
sphingosine-1-{succinyl[methoxy(polyethylene glycol)2000]} (Cer8-PEG 2000).

Embodiment 18. A composition comprising one or more of the following excipients:
(i) an ionizable lipid as described in subitem (i) of embodiment 17;
(i) a steroid, preferably cholesterol;

(iiiy a neutral lipid as described in subitem (ii) of embodiment 16, or preferably a combination of
two neutral lipids wherein the combination comprises a neutral lipid or phospholipid having at least two
alkyl chains, whereby each alkyl chain independently has a length of preferably Cs, C7, Cs, Co, or Cio,
more preferably with a length of Cs, C7, Cs, most preferably with a length of C7, further most preferably a
phospholipid selected from the group consisting of DHPC (1,2-diheptanoyl-sn-glycero-3-phosphocholine),
05:0 PC (1,2-dipentanoyl-sn-glycero-3-phosphocholine), 04:0 PC (1,2-dibutyryl-sn-glycero-3-
phosphocholine), 06:0 PC (DHPC, 1,2-dihexanoyl-sn-glycero-3-phosphocholine), 08:0 PC (1,2-dioctanoyl-
sn-glycero-3-phosphocholine), and 09:0 PC (1,2-dinonanoyl-sn-glycero-3-phosphocholine); and/or
(iv) a polymer conjugated lipid, wherein said polymer conjugated lipid is a compound according to
formula (I):

P-A-L  formula (l);
wherein P is a hydrophilic polymer moiety, A is an optional linker, and L is a lipid moiety;

preferably wherein the polymer conjugated lipid is a pegylated lipid;
more preferably wherein the pegylated lipid is 1,2-dimyristoyl-rac-glycero-3-methoxypolyethylene glycol 2000
(DMG-PEG 2000).

Embodiment 19. The composition of any one of embodiments 15 to 18 wherein

preferably the composition comprises excipients in a ratio selected from the group consisting of

(a-i) the ionizable lipid at an amount of 30-70 mol%; the steroid at an amount of 20-50 mol%; the neutral lipid at an
amount of 5-25 mol%; and the polymer conjugated lipid at an amount of 0.5-5 mol%;

(a-ii) the ionizable lipid at an amount of 40-70 mol%; the steroid at an amount of 20-50 mol%; the neutral lipid at an
amount of 5-15 mol%; and the polymer conjugated lipid at an amount of 0.5-5 mol%;

(a-iii) the ionizable lipid at an amount of 20-60 mol%; the steroid at an amount of 25-55 mol%; the phospholipid at
an amount of 5-25 mol%; and the polymer conjugated lipid at an amount of 0.5-15 mol%;

(a-iv) the ionizable lipid at an amount of 45-65 mol%; the steroid at an amount of 25-45 mol%; the phospholipid at
an amount of 8-12 mol%; and the polymer conjugated lipid at an amount of 1-3 mol%;

(a-v) the ionizable lipid at an amount of 45-65 mol%; cholesterol at an amount of 25-45 mol%; the neutral lipid at
an amount of 8-12 mol%; and the polymer conjugated lipid at an amount of 1-3 mol%;

(a-vi) the ionizable lipid at an amount of 45-65 mol%; cholesterol at an amount of 25-45 mol%; DPhyPE at an
amount of 8-12 mol% and optionally DHPC at an amount of 1 to 10 mol%; and the polymer conjugated lipid at an
amount of 1-3 mol%; and

(a-vi) the ionizable lipid at an amount of 45-65 mol%; cholesterol at an amount of 25-45 mol%; DPhyPE at an
amount of 8-12 mol% and optionally DHPC at an amount of 1 to 10 mol%; and PEG-DMG 2000 at an amount of 1-
3 mol%; or

more preferably the composition comprises excipients in a ratio selected from the group consisting of

(b-i) the ionizable lipid at an amount of 59 mol%; the steroid at an amount of 29.3 mol%; the neutral lipid at an
amount of 10 mol%; and the polymer conjugated lipid at an amount of 1.7 mol%;
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(b-ii) the ionizable lipid at an amount of 59 mol%; cholesterol at an amount of 29.3 mol%; the neutral lipid at an
amount of 10 mol%; and the polymer conjugated lipid at an amount of 1.7 mol%;

(b-iii) the ionizable lipid at an amount of 59 mol%; cholesterol at an amount of 29.3 mol%; DPhyPE at an amount of
10 mol%; and the polymer conjugated lipid at an amount of 1.7 mol%,;

(b-iv) the ionizable lipid at an amount of 59 mol%; cholesterol at an amount of 29.3 mol%; DPhyPE at an amount
of 10 mol%; and C10-PEG 2000 at an amount of 1.7%,;

(b-v) the ionizable lipid at an amount of 59 mol%; cholesterol at an amount of 29.3 mol%; DPhyPE at an amount of
10 mol%; and Cer8-PEG 2000 at an amount of 1.7%;

(b-vi) the ionizable lipid at an amount of 59 mol%; the steroid at an amount of 28.3 mol%; the neutral lipid at an
amount of 11 mol%; and the polymer conjugated lipid at an amount of 1.7 mol%;

(b-vii) the ionizable lipid at an amount of 59 mol%; cholesterol at an amount of 28.3 mol%; the neutral lipid at an
amount of 11 mol%; and the polymer conjugated lipid at an amount of 1.7 mol%;

(b-viii) the ionizable lipid at an amount of 59 mol%; cholesterol at an amount of 28.3 mol%; DPhyPE at an amount
of 10 mol% and DHPC at an amount of 1 mol%; and the polymer conjugated lipid at an amount of 1.7 mol%;

(b-ix) the ionizable lipid at an amount of 59 mol%; cholesterol at an amount of 28.3 mol%; DPhyPE at an amount
of 10 mol% and DHPC at an amount of 1 mol%; and C10-PEG 2000 at an amount of 1.7%; and

(b-x) the ionizable lipid at an amount of 59 mol%; cholesterol at an amount of 28.3 mol%; DPhyPE at an amount of
10 mol% and DHPC at an amount of 1 mol%; and Cer8-PEG 2000 at an amount of 1.7%;

(b-xi) the ionizable lipid at an amount of 49 mol%; the steroid at an amount of 29.3 mol%; the neutral lipid at an
amount of 20 mol%; and the polymer conjugated lipid at an amount of 1.7 mol%;

(b-xii) the ionizable lipid at an amount of 49 mol%; cholesterol at an amount of 29.3 mol%; the neutral lipid at an
amount of 20 mol%; and the polymer conjugated lipid at an amount of 1.7 mol%;

(b-xiii) the ionizable lipid at an amount of 49 mol%; cholesterol at an amount of 29.3 mol%; DPhyPE at an amount
of 10 mol% and DHPC at an amount of 10 mol%; and the polymer conjugated lipid at an amount of 1.7 mol%;
(b-xiv) the ionizable lipid at an amount of 49 mol%; cholesterol at an amount of 29.3 mol%; DPhyPE at an amount
of 10 mol% and DHPC at an amount of 10 mol%; and C10-PEG 2000 at an amount of 1.7%; and

(b-xv) the ionizable lipid at an amount of 49 mol%; cholesterol at an amount of 29.3 mol%; DPhyPE at an amount
of 10 mol% and DHPC at an amount of 10 mol%; and Cer8-PEG 2000 at an amount of 1.7%;

each amount being relative to the total molar amount of all lipidic excipients of the lipid nanoparticles;

more preferably the composition comprises excipients in a ratio selected from the group consisting of

(c-i) a lipid excipient combination selected from the group consisting of E1 to E8 as disclosed in Table E at mol-
percentages selected from the group consisting of F1 to F70 as disclosed in Table F.

Embodiment 20. The composition of any one of embodiments 15 to 19 wherein preferably the composition
comprises excipients in a ratio of

(i) 59 mol% ionizable lipid C23 (COATSOME® SS-EC) as disclosed in Table 1, 29.3 mol% cholesterol, 10 mol%
DPhyPE and 1.7 mol% DMG-PEG 2000;

(i) 59 mol% ionizable lipid C2 as disclosed in Table 1, 29.3 mol% cholesterol, 10 mol% DPhyPE and 1.7 mol%
DMG-PEG 2000;

(iiiy 59 mol% ionizable lipid C15 as disclosed in Table 1, 29.3 mol% cholesterol, 10 mol% DPhyPE and 1.7 mol%
DMG-PEG 2000;

(iv) 59 mol% ionizable lipid C26 as disclosed in Table 1, 29.3 mol% cholesterol, 10 mol% DPhyPE and 1.7 mol%
DMG-PEG 2000;

(v) 59 mol% ionizable lipid C23 (COATSOME® SS-EC) as disclosed in Table 1, 28.3 mol% cholesterol, 10 mol%
DPhyPE, 1 mol% DHPC and 1.7 mol% DMG-PEG 2000;
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(vi) 59 mol% ionizable lipid C2 as disclosed in Table 1, 28.3 mol% cholesterol, 10 mol% DPhyPE, 1 mol% DHPC
and 1.7 mol% DMG-PEG 2000;

(vii) 59 mol% ionizable lipid C15 as disclosed in Table 1, 28.3 mol% cholesterol, 10 mol% DPhyPE, 1 mol% DHPC
and 1.7 mol% DMG-PEG 2000;

(viiiy 59 mol% ionizable lipid C26 as disclosed in Table 1, 28.3 mol% cholesterol, 10 mol% DPhyPE, 1 mol% DHPC
and 1.7 mol% DMG-PEG 2000;

(ix) 49 mol% ionizable lipid C23 (COATSOME® SS-EC) as disclosed in Table 1, 29.3 mol% cholesterol, 10 mol%
DphyPE, 10 mol% DHPC and 1.7 mol% DMG-PEG 2000;

(X) 49 mol% ionizable lipid C2 as disclosed in Table 1, 29.3 mol% cholesterol, 10 mol% DPhyPE, 10 mol% DHPC
and 1.7 mol% DMG-PEG 2000;

(xi) 49 mol% ionizable lipid C15 as disclosed in Table 1, 29.3 mol% cholesterol, 10 mol% DPhyPE, 10 mol% DHPC
and 1.7 mol% DMG-PEG 2000; or

(xii) 49 mol% ionizable lipid C26 as disclosed in Table 1, 29.3 mol% cholesterol, 10 mol% DPhyPE, 10 mol% DHPC
and 1.7 mol% DMG-PEG 2000.

Embodiment 21. The composition any one of embodiments 15 to 20, further comprising a biologically active
ingredient.

Embodiment 22. The composition of embodiment 21, wherein the biologically active ingredient is a nucleic acid
compound selected from the group consisting of an artificial mMRNA, chemically modified or unmodified messenger
RNA (mRNA) comprising at least one coding sequence, self-replicating RNA, circular RNA, viral RNA, and replicon
RNA; or any combination thereof, preferably wherein the biologically active ingredient is an mRNA or an mRNA
compound.

Embodiment 23. The composition of any one of embodiments 15 to 22, wherein the lipid nanoparticles comprise
the mRNA

(i) at an amount such as to achieve an N/P ratio in the range of 10 to 20; or

(ii) at an amount such as to achieve a lipid : mRNA weight ratio in the range of 20 to 60, preferably from about 3 to
about 15, 5 to about 13, about 4 to about 8 or from about 7 to about 11.

Embodiment 24. The composition of any one of embodiments 15 to 23, wherein the composition is a sterile solid
composition for reconstitution with a sterile liquid carrier, and wherein the composition further comprises one or
more inactive ingredients selected from pH-modifying agents, bulking agents, stabilizers, non-ionic surfactants and
antioxidants, and wherein the sterile liquid carrier is an aqueous carrier.

Embodiment 25. The composition of any one of embodiments 15 to 24, wherein the composition is a sterile liquid
composition, and wherein the lipid nanoparticles have a mean hydrodynamic diameter as determined by dynamic
laser scattering from about 50 nm to about 300 nm, or from about 60 nm to about 250 nm, or from about 60 nm to
about 200 nm, or from about 70 to 200 nm, or from about 75 nm to about 160, or from about 90 nm to about 140
nm, or from about 100 nm to about 140 nm.

Embodiment 26. The composition of any one of embodiments 15 to 25, wherein the lipid nanoparticles exhibit a
zeta potential in the range of -50 mV to +50 mV.
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Embodiment 27. The composition of any one of embodiments 22 to 26, wherein the mRNA compound is a mono-
, bi-, or multicistronic mRNA.

Embodiment 28. The composition of any one embodiments 22 to 26, wherein the mRNA compound comprises at

least one chemical modification.

Embodiment 29. The composition of embodiment 28, wherein the chemical modification is selected from the group
consisting of base modifications, sugar modifications, backbone modifications and lipid modifications, preferably
wherein the chemical modification is a base modification, more preferably wherein the base modification preferably
is selected from the group consisting of pseudouracil (), N1-methylpseudouracil (N1My), 1-ethylpseudouracil, 2-
thiouracil (s2U), 4-thiouracil, 5-methylcytosine, 5-methyluracil, 5-methoxyuracil, and any combination thereof.

Embodiment 30. The composition of any one of embodiments 22 to 29, wherein the mRNA compound comprises

a coding region encoding a peptide or protein, wherein the coding region exhibits a sequence modification.

Embodiment 31. The composition of embodiment 30, wherein the sequence modification is selected from a G/C
content modification, a codon modification, a codon optimization or a C-optimization of the sequence; preferably
wherein

- the G/C content of the coding region is increased;

- the C content of the coding region is increased;

- the codon usage in the coding region is adapted to the human codon usage; and/or the codon adaptation index
(CAl) is increased or maximised in the coding region

compared with the coding region of the corresponding wild-type mRNA.

Embodiment 32. The composition of any one of embodiments 22 to 31, wherein the mRNA compound further
comprises

a) a 5'-CAP structure;

b) at least one miRNA sequence, preferably wherein the microRNA binding site is for a microRNA selected from
the group consisting of miR-126, miR-142, miR-144, miR-146, miR-150, miR-155, miR-16, miR-21, miR-223, miR-
24, miR-27, miR-26a, or any combination thereof;

c) at least one 5-UTR element;

d) at least one poly(A) sequence;

e) at least one poly(C) sequence;

f) at least one 3'-UTR element;

or any combinations of these.

Embodiment 33. The composition any one of embodiments 22 to 32, wherein the least one coding RNA comprises
a 5'-CAP structure, preferably m7G, CAPO, CAP1, CAP2, a modified CAPO or a modified CAP1 structure.

Embodiment 34. The composition of any one of embodiments 22 to 33, wherein the at least one coding RNA
comprises at least one heterologous 5’-UTR and/or at least one heterologous 3'-UTR, preferably wherein the at
least one heterologous 5’-UTR comprises a nucleic acid sequence derived from a 5’-UTR of a gene selected from
HSD17B4, RPL32, ASAH1, ATP5A1, MP68, NDUFA4, NOSIP, RPL31, SLC7A3, TUBB4B and UBQLN2, or from
a homolog, a fragment or variant of any one of these genes; and/or
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preferably wherein the at least one heterologous 3'-UTR comprises a nucleic acid sequence derived from a 3'-UTR
of a gene selected from PSMB3, ALB7, alpha-globin, CASP1, COX6B1, GNAS, NDUFA1 and RPS9, or from a
homolog, a fragment or a variant of any one of these genes.

Embodiment 35. The composition of any one of embodiments 22 to 34, wherein the at least one coding RNA
comprises a (i) HSD17B4 5'-UTR and a PSMB3 3’-UTR or (ii) a RPL32 5'-UTR and an ALB7 3'-UTR.

Embodiment 36. The composition of any one of embodiments 22 to 35, comprising the following elements in the
5'to 3'direction:

a) a 5'-CAP structure, preferably selected from the group consisting of m7G(5’), m7G(5')ppp(5')(2'OMeA) and
m7G(5)ppp(5)(2OMeG),

b) a 5-UTR element comprising a nucleic acid sequence derived from the 5'-UTR of a TOP gene, said nucleic acid
sequence preferably comprising an RNA sequence that corresponds to the nucleic acid sequence according to
SEQ ID NO:22, 24, 26, or a homolog, a fragment or a variant thereof;

c) at least one coding sequence;

d) a 3'-UTR element comprising a nucleic acid sequence derived from an a-globin gene, said nucleic acid sequence
preferably comprising an RNA sequence that corresponds to the nucleic acid sequence according to SEQ ID NO:6,
8, 10, 12, 14, 16, 18, 20, or a homolog, a fragment or a variant thereof; and/or a 3'-UTR element comprising a
nucleic acid sequence derived from an albumin gene, said nucleic acid sequence preferably comprising an RNA
sequence that corresponds to the nucleic acid sequence according to SEQ ID NO:18, or a homolog, a fragment or
a variant thereof;

e) optionally, at least one poly(A) sequence, preferably consisting of 10 to 200, 10 to 100, 40 to 80, or 50 to 70
adenosine nucleotides;

f) optionally, at least one poly(C) sequence, preferably consisting of 10 to 200, 10 to 100, 20 to 70, 20to 60 0or 10
to 40 cytosine nucleotides; and

g) optionally, at least one histone stem-loop, preferably comprising the RNA sequence according to SEQ ID NO:4.

Embodiment 37. The composition of any one of embodiments 21 to 36, wherein the biologically active ingredient
is
(a) an mRNA comprising at least one coding sequence encoding a peptide or protein, or a fragment or
variant thereof, wherein the peptide or protein is an antigen, wherein the antigen preferably is derived from
pathogenic antigens, tumour antigens, allergenic antigens or autoimmune self-antigens, or a fragment or variant
thereof; or
(b) an mRNA comprising at least one coding sequence encoding a therapeutic protein, or a fragment or
variant thereof, wherein the therapeutic protein is selected from the group consisting of
(i) therapeutic proteins for use in the treatment of cancer or tumor diseases;
(i) therapeutic proteins for use in enzyme replacement therapy for the treatment of metabolic, endocrine or
amino acid disorders or for use in replacing an absent, deficient or mutated protein;
(iii) therapeutic proteins for use in the treatment of blood disorders, diseases of the circulatory system,
diseases of the respiratory system, infectious diseases or immune deficiencies;
(iv) therapeutic proteins for use in hormone replacement therapy;
(v) therapeutic proteins for use in reprogramming somatic cells into pluri- or omnipotent stem cells;
(vi) therapeutic proteins for use as adjuvant or immunostimulation;
(vii) therapeutic proteins being a therapeutic antibody;

(viii) therapeutic proteins being a gene editing agent; and
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(ix) therapeutic proteins for use in treating or preventing a liver disease selected from the group consisting of
liver fibrosis, liver cirrhosis and liver cancer;
preferably wherein the therapeutic protein is a therapeutic protein for use in the treatment of cancer or tumor
diseases.

Embodiment 38. The composition of embodiment 37 subitem (a), wherein the antigen encodes a pathogenic
antigen selected from the group consisting of a bacterial, viral, fungal and protozoal antigen.

Embodiment 39. The composition of embodiment 38, wherein the pathogenic antigen is derived from a SARS
coronavirus 2 (SARS-CoV-2), nCoV-2019 coronavirus, SARS coronavirus (SARS-CoV), Bunyavirales virus,
Cytomegalovirus (CMV), Dengue viruses (DEN-1, DEN-2, DEN-3 and DEN-4), Ebola virus, Flavivirus, Hepatitis B
virus (HBV), Herpes simplex virus (HSV), Human immunodeficiency virus (HIV), Human metapneumovirus (hMPV),
Human Papilloma virus (HPV), Human parainfluenza viruses (HPIV), Influenza virus, extraintestinal pathogenic E.
coli, Lassa mammarenavirus (LASV), MERS coronavirus, Mycobacterium tuberculosis, Nipah virus, Norovirus,
Rabies virus, Respiratory Syncytial Virus (RSV), Rhinovirus, Rota virus, Vaccinia virus, Yellow Fever Virus, Zika
virus, Chlamydia trachomatis (i.e. bacterium chlamydia causing chlamydia), or Malaria parasite (e.g. Plasmodium

falciparum, Plasmodium vivax, Plasmodium malariae, or Plasmodium ovale).

Embodiment 40. The composition of any one of embodiments 15 to 39 for use

(i) in the treatment or prophylaxis of infectious diseases; cancer or tumour diseases, disorders or conditions; liver
diseases selected fromthe group consisting of liver fibrosis, liver cirrhosis and liver cancer; allergies; or autoimmune
disease; disorder or condition; and/or

(i) for use in enzyme replacement therapy for the treatment of metabolic or endocrine disorders or for use in
replacing an absent, deficient or mutated protein.

Embodiment 41. The composition of any one of embodiments 15 to 39 for use in the treatment or prophylaxis of
infectious diseases.

Embodiment 42. The composition for the use of embodiments 40 or 41 comprising at least one coding RNA,
wherein said at least one coding RNA comprises at least one coding sequence encoding at least one peptide or
protein for use in treatment or prevention of a disease, disorder or condition, wherein said composition is

administered via intramuscular or intradermal injection a subject in need thereof.

Embodiment 43. A kit or kit of parts, comprising any one of the compositions of embodiments 21 to 42, optionally
comprising a liquid vehicle for solubilizing, and, optionally, technical instructions providing information on
administration and dosage of the components.

Embodiment 44. The composition of any one of embodiments 21 to 42 or the kit or kit of parts of embodiment

43 for use as a medicament.

Embodiment 45. The composition for use as a medicament according to embodiment 44, wherein the medicament
is for the prevention, prophylaxis, treatment and/or amelioration of a disease selected from infectious diseases
including viral, bacterial or protozoological infectious diseases, cancer or tumour diseases, liver diseases,
autoimmune diseases, allergies, monogenetic diseases including hereditary diseases, genetic diseases in general,

diseases which have a genetic inherited background and which are typically caused by a defined gene defect and
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are inherited according to Mendel's laws; cardiovascular diseases, neuronal diseases, diseases of the respiratory
system, diseases of the digestive system, diseases of the skin, musculoskeletal disorders, disorders of the
connective tissue, neoplasms, immune deficiencies, endocrine, nutritional and metabolic diseases, eye diseases,
ear diseases and diseases associated with a peptide or protein deficiency.

Embodiment 46. The composition for use as a medicament according to embodiments 44 or 45, wherein the
medicament is a vaccine.

Embodiment 47. A vaccine comprising a composition of any one of embodiments 15 to 42 or a kit or kit of parts
of embodiment 43 for prevention, prophylaxis, treatment and/or amelioration of a disease selected from infectious

diseases including viral, bacterial or protozoological infectious diseases, cancer or tumour diseases.

Embodiment 48. A method of treatment or prophylaxis of infectious diseases; cancer or tumour diseases, disorders
or conditions; liver diseases selected from the group consisting of liver fibrosis, liver cirrhosis and liver cancer;
allergies; or autoimmune disease; disorder or condition comprising the steps:

a) providing the mRNA as described in any one of the above embodiments, the composition as
described in any one of the above embodiments, the vaccine of embodiment 47, the kit or kit of parts of
embodiment 43; and

b) applying or administering the mRNA, the composition, the vaccine or the kit or kit of parts to a

tissue or an organism.

Embodiment 49. The method according to embodiment 48, wherein the mRNA, the composition any one of
embodiments 15 to 42, the vaccine of embodiment 47 or the kit or kit of parts of embodiment 43 is administered

to the tissue or to the organism by intravenous, intramuscular, subcutaneous or intradermal injection.

Embodiment 50. A method of inducing an immune response in a subject, the method comprising administering to
the subject the vaccine of embodiment 47 in an amount effective to produce an antigen-specific immune response
in the subject.

Embodiment 51. A pharmaceutical composition comprising a composition of any one of embodiments 15 to 42 or
a kit or kit of parts of embodiment 43 for use in vaccination and/or treatment of a subject comprising an effective
dose of mMRNA encoding a virus antigen.

Embodiment 51.1. A pharmaceutical composition comprising a composition of any one of embodiments 15
to 42 or a kit or kit of parts of embodiment 43 for use in vaccination and/or treatment of a subject comprising an
effective dose of mRNA encoding a cancer antigen.

Embodiment 52. Use of a pharmaceutical composition comprising a composition of any one of embodiments 15
to 42 or a kit or kit of parts of embodiment 43 for (i) inducing an immune response, for (ii) inducing an antigen

specific T-cell response or preferably for (iii) inducing CD8+ T cells responses.

Embodiment 53. Use of the pharmaceutical composition of embodiment 52 for the prophylaxis of an infectious
disease or in the manufacture of a medicament for the prophylaxis of an infectious disease, wherein said
medicament preferably is a vaccine.
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Embodiment 54. A method for preventing, ameliorating or treating a disease or condition in a subject in need
comprising administering to the subject a composition of any one of embodiments 15 to 42 or a kit or kit of parts
of embodiment 43.

Embodiment 55. The method of any one of the embodiments 48 to 50 and 54, wherein administration of the

composition results in expression of the antigen encoded by mRNA in the lymphocytes of the subject.

Embodiment 56. The method of any one of the embodiments 48 to 50, 54 and 55, wherein the administration of
the composition results in an antigen specific antibody response, preferably wherein the antigen specific antibody

response is measured by the presence of antigen-specific antibodies in serum.

Embodiment 57. The composition of any one of embodiments 15 to 39, wherein the composition comprises a
neutral lipid or phospholipid having at least one alkyl chain with a length of Cs, Cs, C7, Cs, Cg, C10, C11, C12,
C13 or Cu4, preferably with a length of Cs, C7, Cs, Cg, or C10, more preferably with a length of Cs, C7, Cs, most
preferably with a length of C7, or further most preferably wherein the composition comprises a combination
of two neutral lipids wherein the combination comprises a neutral lipid or phospholipid having at least two
alkyl chains, whereby each alkyl chain independently has a length of preferably Cs, C7, Cs, Cs, or C10, more
preferably with a length of Cgs, C7, Cs, most preferably with a length of C7, further most preferably a
phospholipid selected from the group consisting of DHPC (1,2-diheptanoyl-sn-glycero-3-phosphocholine),
05:.0 PC (1,2-dipentanoyl-sn-glycero-3-phosphocholine), 04:0 PC  (1,2-dibutyryl-sn-glycero-3-
phosphocholine), 06:0 PC (DHPC, 1,2-dihexanoyl-sn-glycero-3-phosphocholine), 08:0 PC (1,2-dioctanoyl-
sn-glycero-3-phosphocholine), and 09:0 PC (1,2-dinonanoyl-sn-glycero-3-phosphocholine).

Embodiment 58. The composition of any one of embodiments 15 to 39, wherein the composition comprise a
neutral lipid or phospholipid having at least two alkyl chains, whereby each alkyl chain independently has a
length of Cs, Cs, C7, Cs, Co, C10, C11, C12, C13 or C14, preferably with a length of Cs, C7, Cs, Ce, or C1o, more
preferably with a length of Cs, C7, Cs, most preferably with a length of C7, or further most preferably wherein
the composition comprises a combination of two neutral lipids wherein the combination comprises a neutral
lipid or phospholipid having at least two alkyl chains, whereby each alkyl chain independently has a length
of preferably Cs, C7, Cs, Cg, or C10, more preferably with a length of Cs, C7, Cs, most preferably with a length
of C7, further most preferably a phospholipid selected from the group consisting of DHPC (1,2-diheptanoyl-
sn-glycero-3-phosphocholine), 05:0 PC (1,2-dipentanoyl-sn-glycero-3-phosphocholine), 04:.0 PC (1,2-
dibutyryl-sn-glycero-3-phosphocholine), 06:0 PC (DHPC, 1,2-dihexanoyl-sn-glycero-3-phosphocholine),
08:0 PC (1,2-dioctanoyl-sn-glycero-3-phosphocholine), and 09:0 PC (1,2-dinonanoyl-sn-glycero-3-
phosphocholine).
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Third Set of Embodiments
Reference is made herein to the disclosure and embodiments as shown in PCT patent application

PCT/EP2022/074435. The following sets of embodiments, and each embodiment comprised in said sets, i.e. the

- embodiments listed under “First Set of Embodiments”, comprising Embodiment 1 to Embodiment 51; and

- embodiments listed under “Second Set of Embodiments”, comprising Embodiment 1 to Embodiment 75;
of PCT patent application PCT/EP2022/074435, and the specific disclosure relating thereto in PCT patent
application PCT/EP2022/074435, are herewith incorporated by reference. References made below within this third
set of embodiments may be read taking into account the aforementioned disclosure of PCT patent application
PCT/EP2022/074435, i.e. also the corresponding sequence listing of said application for SEQ ID NO-references in
below embodiments.

Embodiment 1. A vaccine composition comprising
a) at least one nucleic acid encoding at least one antigen or fragment or variant thereof; and
b) a carrier composition, wherein the carrier composition comprises the phospholipid
phosphatidylserine, wherein the amount of the phosphatidylserine is not more than 9 mol%, preferably

not more than 5 mol%, of the total molar amount of all lipidic excipients in the carrier composition.

Embodiment 2. The vaccine composition according to embodiment 1, wherein the at least one nucleic acid is not
a tolerogenic nucleic acid; and/or wherein the at least one nucleic acid does not encode a tolerogenic polypeptide;
and/or wherein the vaccine composition does not comprise an antigen or fragment or variant thereof; and/or wherein
the vaccine composition comprises the at least one nucleic acid as the sole payload; and/or wherein the vaccine

composition is not a tolerogenic composition.

Embodiment 3. The vaccine composition according to embodiment 1 or 2, wherein the carrier composition at least

partly encapsulates the at least one nucleic acid.

Embodiment 4. The vaccine composition according to any one of embodiments 1 to 3, wherein the carrier
composition encapsulates the at least one nucleic acid.

Embodiment 5. The vaccine composition according to any one of embodiments 1 to 4, wherein the carrier
composition comprises an inner surface and an outer surface facing the outside, wherein the phosphatidylserine is

located at the outer surface of the carrier composition.

Embodiment 6. The vaccine composition according to embodiment 5, wherein the hydrophilic head group of the

phosphatidylserine is located at the outer surface of the carrier composition.

Embodiment 7. The vaccine composition according to any one of embodiments 1 to 6, wherein the hydrophilic
head group of the phosphatidylserine comprised in the carrier composition is accessible from the outside of the
carrier composition.

Embodiment 8. The vaccine composition according to any one of embodiments 1 to 7, wherein the
phosphatidylserine is selected from the group consisting of DPhyPS, WT-PS, 16:0-PS, 14:0-PS, 10:0-PS, 6:0-PS,
18:1-PS DOPS, 18:1-Lyso PS and 18:0-Lyso PS.
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Embodiment 9. The vaccine composition according to any one of embodiments 1 to 8, wherein the carrier

composition is a lipid nanoparticle composition.

Embodiment 10. The vaccine composition according to embodiment 9, wherein the lipid nanoparticle composition
further comprises

() a cationic or ionizable lipid; and/or

(i) a steroid; and/or

(iii) a further phospholipid in addition to phosphatidylserine, preferably DPhyPE; and/or

(iv) a polymer conjugated lipid.

Embodiment 11. The vaccine composition according to embodiment 9 or 10, wherein the lipid nanoparticle
composition further comprises

(i) a cationic or ionizable lipid;

(i) a steroid;

(iii) a further phospholipid in addition to phosphatidylserine, preferably DPhyPE; and

(iv) a polymer conjugated lipid.

Embodiment 12. The vaccine composition according to embodiment 10 or 11, wherein the cationic or ionizable
lipid carries a net positive charge at physiological pH, preferably wherein the cationic or ionizable lipid comprises a
tertiary nitrogen group or quaternary nitrogen group, more preferably wherein the cationic or ionizable lipid is
selected from the group consisting of HEXA1, HEXA2 and THIOETHER with the structures shown in Figure 1A, 1B
and 1C, respectively.

Embodiment 13. The vaccine composition according to any one of embodiments 10 to 12, wherein the steroid is
selected from the group consisting of cholesterol, cholesteryl hemisuccinate (CHEMS) and a derivate thereof,

preferably wherein the steroid is cholesterol.

Embodiment 14. The vaccine composition according to any one of embodiments 10 to 13, wherein the further
phospholipid is selected from the group consisting of 1,2-diphytanoyl-sn-glycero-3-phosphoethanolamine (DPhyPE;
1,2-di-(3,7,11,15-tetramethylhexadecanoyl)-sn-glycero-3-phosphoethanolamine), 1,2-diphytanoyl-sn-glycero-3-
phosphocholine (DPhyPC), 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC; dioleoylphosphatidylcholine), 1,2-
Dipalmitoyl-sn-glycero-3-phosphocholine  (DPPC; dipalmitoylphosphatidyicholine), 1,2-dioleoyl-sn-glycero-3-
phosphoethanolamine  (DOPE), phosphatidylethanolamines, distearoylphosphatidylcholines,  dioleoyl-
phosphatidylethanolamine (DOPEA), 1,2-distearoyl-sn-glycero-3-phosphoethanolamine (DSPE),
palmitoyloleoylphosphatidylcholine (POPC), palmitoyloleoyl-phosphatidylethanolamine (POPE), 1,2-Dipalmitoyl-
sn-glycero-3-phosphoethanolamine (DPPE), dioleoyl-phosphatidylethanolamine 4-(N-maleimidomethyl)-
cyclohexane-1-carboxylate (DOPE-mal), 1,2-Dimyristoyl-sn-glycero-3-phosphoethanolamine (DMPE), 1,2-
Dilinoleoyl-sn-glycero-3-phosphoethanolamine  (DLOPE), distearoyl-phosphatidylethanolamine (DSPE), 1-
Palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine (POPE), 1,2-Dilauroyl-sn-glycero-3-phosphoethanolamine
(DLPE), 16-O-monomethylphosphoethanolamine, 16-O-dimethyl phosphatidylethanolamine, 1,2-Dierucoyl-sn-
glycero-3-phosphoethanolamine (DEPE), 18-1-trans phosphatidylethanolamine, 1-stearoyl-2-
oleoylphosphatidyethanolamine (SOPE), 1,2-Disqualeoyl-sn-glycero-3-phosphoethanolamine (DSQPE), 1,2-
dielaidoyl-sn-glycero-3-phosphoethanolamine (transDOPE), 1-Stearoyl-2-linoleoyl-sn-glycero-3-
phosphoethanolamine (SLPE), 1-tridecanoyl-sn-glycero-3-phospho-L-serine (sodium salt), 1-oleoyl-2-hydroxy-sn-

glycero-3-phospho-L-serine (sodium salt), 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-L-serine (sodium salt)
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(POPS), 1-1-stearoyl-2-oleoyl-sn-glycero-3-phospho-L-serine (sodium salt), 1,2-dioleoyl-sn-glycero-3-phospho-L-
serine (sodium salt) (DOPS), 1,2-distearoyl-sn-glycero-3-phospho-L-serine (sodium salt), 1,2-diphytanoyl-sn-
glycero-3-phospho-L-serine  (sodium  salt), 1-O-hexadecanyl-2-O-(9Z-octadecenyl)-sn-glycero-3-phospho-
ethanolamine, 1,2-distearoyl-sn-glycero-3-phosphatidylcholine or 1,2-distearoyl-sn-glycero-3-phosphocholine
(DSPC), 1,2-di-O-phytanyl-sn-glycero-3-phosphoethanolamine, 1-palmitoyl-2-cholesterylhemisuccinoyl-sn-
glycero-3-phosphocholine (PChemsPC), 1,2-dicholesterylhemisuccinoyl-sn-glycero-3-phosphocholine
(DChemsPC), 2-((2,3-bis(oleoyloxy)propyl)dimethylammonio)ethyl hydrogen phosphate (DOCP), 2-((2,3-
bis(oleoyloxy)propyl)dimtheylammonio)ethyl ethyl phosphate (DOCPe), and 1-O-octadecyl-2-O-methyl-sn-glycero-
3-phosphocholine (Edelfosine),

preferably wherein the further phospholipid is DPhyPE; and wherein the phospholipid, preferably DPhyPE, is
optionally present in combination with a phospholipid having at least two alkyl chains, wherein each alkyl chain
independently has a length of preferably C6, C7, C8, C9, or C10, more preferably a length of C6, C7, or C8, most
preferably a length of C7, further most preferably a phospholipid selected from the group consisting of DHPC (1,2-
diheptanoyl-sn-glycero-3-phosphocholine), 05:0 PC (1,2-dipentanoyl-sn-glycero-3-phosphocholine), 04:0 PC (1,2-
dibutyryl-sn-glycero-3-phosphocholine), 06:0 PC (1,2-dihexanoyl-sn-glycero-3-phosphocholine), 08:0 PC (1,2-
dioctanoyl-sn-glycero-3-phosphocholine), and 09:0 PC (1,2-dinonanoyl-sn-glycero-3-phosphocholine), with DHPC
being most preferred as the optionally present phospholipid having at least two alkyl chains.

Embodiment 15. The vaccine composition according to any one of embodiments 10 to 14, wherein the polymer
conjugated lipid is a pegylated lipid or a PMOZ-lipid.

Embodiment 16. The vaccine composition according to any one of embodiments 11 to 15, wherein the composition

comprises excipients in a ratio selected from the group consisting of
(a-i) the ionizable lipid at an amount of 30-70 mol%; the steroid at an amount of 20-50 mol%; the
phospholipid at an amount of 5-25 mol%; and the polymer conjugated lipid at an amount of 0.5-5 mol%;
(a-ii) the ionizable lipid at an amount of 40-60 mol%; the steroid at an amount of 20-40 mol%; the
phospholipid at an amount of 10-20 mol%; and the polymer conjugated lipid at an amount of 1-2 mol%;
(a-iii) the ionizable lipid of embodiment 12 at an amount of 30-70 mol%; the steroid of embodiment 13 at
an amount of 20-50 mol%; the phospholipid phosphatidylserine and the phospholipid of embodiment 14
at an amount of 5-25 mol%; and the polymer conjugated lipid of embodiment 15 at an amount of 0.5-5
mol%; and
(a-iv) the ionizable lipid of embodiment 12 at an amount of 40-60 mol%; the steroid of embodiment 13 at
an amount of 20-40 mol%; the phospholipid phosphatidylserine and the phospholipid of embodiment 14
at an amount of 10-20 mol%; and the polymer conjugated lipid of embodiment 15 at an amount of 1-2
mol%;
preferably the composition comprising excipients in a ratio selected from the group consisting of
(b-i) the ionizable lipid at an amount of 59 mol%; the steroid at an amount of 29.3 mol%; the phospholipid
at an amount of 10 mol%; and the polymer conjugated lipid at an amount of 1.7 mol%;
(b-ii) the ionizable lipid at an amount of 58 mol%; the steroid at an amount of 29.3 mol%; the phospholipid
at an amount of 11 mol%; and the polymer conjugated lipid at an amount of 1.7 mol%;
(b-iii) the ionizable lipid at an amount of 49 mol%; the steroid at an amount of 29.3 mol%; the phospholipid
at an amount of 20 mol%; and the polymer conjugated lipid at an amount of 1.7 mol%;
(b-iv) the ionizable lipid of embodiment 12 at an amount of 59 mol%; the steroid of embodiment 13 at an
amount of 29.3 mol%; the phospholipid phosphatidylserine and the phospholipid of embodiment 14 at an

amount of 10 mol%; and the polymer conjugated lipid of embodiment 15 at an amount of 1.7 mol%;
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(b-v) the ionizable lipid of embodiment 12 at an amount of 58 mol%; the steroid of embodiment 13 at an
amount of 29.3 mol%; the phospholipid phosphatidylserine and the phospholipid of embodiment 14 at an
amount of 11 mol%; and the polymer conjugated lipid of embodiment 15 at an amount of 1.7 mol%; and
(b-vi) the ionizable lipid of embodiment 12 at an amount of 49 mol%; the steroid of embodiment 13 at an
amount of 29.3 mol%; the phospholipid phosphatidylserine and the phospholipid of embodiment 14 at an
amount of 20 mol%; and the polymer conjugated lipid of embodiment 15 at an amount of 1.7 mol%,;
more preferably the composition comprising excipients in a ratio selected from the group consisting of
(c-i) the ionizable lipid of embodiment 12 at an amount of 59 mol%; the steroid of embodiment 13 at an
amount of 29.3 mol%; the phospholipid phosphatidylserine at an amount of 5 mol% and DPhyPE at an
amount of 5 mol%; and the polymer conjugated lipid of embodiment 15 at an amount of 1.7 mol%;

(c-ii) the ionizable lipid of embodiment 12 at an amount of 59 mol%; the steroid of embodiment 13 at an
amount of 29.3 mol%; the phospholipid phosphatidylserine at an amount of 2 mol% and DPhyPE at an
amount of 8 mol%; and the polymer conjugated lipid of embodiment 15 at an amount of 1.7 mol%,;

(c-iii) the ionizable lipid of embodiment 12 at an amount of 58 mol%; the steroid of embodiment 13 at an
amount of 29.3 mol%; the phospholipid phosphatidylserine at an amount of 5 mol%, DPhyPE at an amount
of 5 mol% and DHPC at an amount of 1 mol%; and the polymer conjugated lipid of embodiment 15 at an
amount of 1.7 mol%;

(c-iv) the ionizable lipid of embodiment 12 at an amount of 49 mol%; the steroid of embodiment 13 at an
amount of 29.3 mol%; the phospholipid phosphatidylserine at an amount of 5 mol%, DPhyPE at an amount
of 5 mol% and DHPC at an amount of 10 mol%; and the polymer conjugated lipid of embodiment 15 at an
amount of 1.7 mol%.

Embodiment 17. The vaccine composition according to any one of the preceding embodiments, wherein the at
least one nucleic acid is DNA or RNA.

Embodiment 18. The vaccine composition according to embodiment 17, wherein the at least one nucleic acid is
RNA, preferably mRNA comprising a coding sequence encoding the at least one antigen or fragment or variant
thereof and optionally a coding sequence encoding at least one self-amplifying enzyme.

Embodiment 19. The vaccine composition according to embodiment 18, wherein the lipid nanoparticles comprise
the mRNA
(i) atan amount such as to achieve an N/P ratio in the range of 10 to 20, preferably about 2 to about
15, more preferably about 3 to about 10, even more preferably about 4 to about 9, most preferably
about 6; or
(iiy at an amount such as to achieve an N/P ratio in the range of about 5 to about 20, more preferably
about 10 to about 18, even more preferably about 12 to about 16, most preferably about 14; and/or
(iiiy at an amount such as to achieve a lipid : mMRNA weight ratio in the range of about 20 to about 60,
preferably from about 3 to about 15, about 5 to about 13, about 4 to about 8 or from about 7 to about
11; and/or
wherein the lipid nanoparticles have a mean hydrodynamic diameter as determined by dynamic laser
scattering from about 50nm to about 300nm, or from about 60nm to about 250nm, or from about 60nm
to about 200nm, or from about 70nm to 200nm, or from about 75nm to about 160nm, or from about 90nm
to about 140nm, or from about 100nm to about 140nm; and/or
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wherein the lipid nanoparticles exhibit a zeta potential in the range of -50 mV to +50 mV, preferably in
the range of -25 mV to +25 mV, more preferably in the range of -10 mV to +10 mV, most preferably in
the range of -5 mV to +5 mV.

Embodiment 19a. The vaccine composition according to embodiment 18, wherein the lipid nanoparticles
comprise the mRNA

(i) at an amount such as to achieve an N/P ratio in the range of 10; and
wherein the lipid nanoparticles have a mean hydrodynamic diameter as determined by dynamic laser scattering
from about 50nm to about 300nm, or from about 60nm to about 250nm, or from about 60nm to about 200nm, or
from about 70nm to 200nm, or from about 75nm to about 160nm, or from about 90nm to about 140nm, or from
about 100nm to about 140nm; and/or
wherein the lipid nanoparticles exhibit a zeta potential in the range of -50 mV to +50 mV, preferably in the range of
-25 mV to +25 mV, more preferably in the range of -10 mV to +10 mV, most preferably in the range of -5 mV to +5
mV.

Embodiment 20. The vaccine composition according to embodiment 18 or 19, wherein the mRNA is a mono-, bi-,

or multicistronic mRNA.

Embodiment 21. The vaccine composition according to any one of embodiments 18 to 20, wherein the mRNA

comprises at least one chemical modification.

Embodiment 22. The vaccine composition according to embodiment 21, wherein the chemical modification is
selected from the group consisting of base modifications, sugar modifications, backbone modifications and lipid
modifications, preferably wherein the chemical modification is a base modification, more preferably wherein the
base modification preferably is selected from the group consisting of pseudouridine (psi or y), N1-
methylpseudouracil (N1TMPU, N1Mpsi or N1My), 1-ethylpseudouracil, 2-thiouracil (s2U), 4-thiouracil, 5-
methylcytosine, 5-methyluracil, 5-methoxyuracil, and any combination thereof.

Embodiment 23. The vaccine composition according to any one of embodiments 18 to 22, wherein the coding
sequence exhibits a sequence modification.

Embodiment 24. The vaccine composition according to embodiment 23, wherein the sequence modification is
selected from a G/C content modification, a codon modification, a codon optimization or a C-optimization of the
sequence; preferably wherein, compared with the coding sequence of the corresponding wild-type mRNA, the

a) G/C content of the coding sequence is increased;

b) C content of the coding sequence is increased;

¢) codon usage in the coding sequence is adapted to the human codon usage; and/or

d) codon adaptation index (CAl) is increased or maximised in the coding sequence.

Embodiment 25. The vaccine composition according to any one of embodiments 18 to 24, wherein the mRNA
further comprises
a) a 5'-CAP structure, preferably m7GpppN, more preferably CAP1 or m7G(5’)ppp(5')(2’OMeA)pG;
b) at least one miRNA binding site sequence, preferably wherein the microRNA binding site is for a
microRNA selected from the group consisting of a miR-126, miR-142, miR-144, miR-146, miR-150,
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miR-155, miR-16, miR-21, miR-223, miR-24, miR-27, miR-26a binding site, preferably a miR-122 or
miR-142 binding site, or any combination of the aforementioned miRNA binding sites thereof;

c) atleast one 5'-UTR element;

d) atleast one 3'-UTR element;

e) at least one poly(A) sequence;

f) atleast one poly(C) sequence;

g) optionally, a histone stem-loop selected from SEQ ID NO:3 or 4;

h) optionally, a 3'-terminal sequence element selected from SEQ ID NO:41-70;

or any combinations of these.

Embodiment 26. The vaccine composition according to any one of embodiments 18 to 25, wherein the mRNA
comprises a 5’-CAP structure, preferably m7G, CAPO, CAP1, CAP2, a modified CAPO or a modified CAP1 structure.

Embodiment 27. The vaccine composition according to embodiment 25, wherein the at least one coding RNA
comprises at least one heterologous 5’-UTR and/or at least one heterologous 3'-UTR, preferably wherein the at
least one heterologous 5'-UTR comprises a nucleic acid sequence derived from a §-UTR of a gene selected from
HSD17B4, RPL32, ASAH1, ATP5A1, MP68, NDUFA4, NOSIP, RPL31, SLC7A3, TUBB4B and UBQLN2, or from
a homolog, a fragment or variant of any one of these genes; and/or preferably wherein the at least one heterologous
3'-UTR comprises a nucleic acid sequence derived from a 3'-UTR of a gene selected from PSMB3, ALB/albumin,
alpha-globin, CASP1 (preferably SEQ ID NO:81 (DNA) or SEQ ID NO:82 (RNA)), COX6B1 (preferably SEQ ID
NO:83 (DNA) or SEQ ID NO:84 (RNA)), GNAS (preferably SEQ ID NO:85 (DNA) or SEQ ID NO:86 (RNA)), NDUFA1
(preferably SEQ ID NO:87 (DNA) or SEQ ID NO:88 (RNA)) and RPS9 (preferably SEQ ID NO:79 (DNA) or SEQ ID
NO:80 (RNA)), or from a homolog, a fragment or a variant of any one of these genes.

Embodiment 28. The vaccine composition according to embodiment 27, wherein the at least one coding RNA
comprises a (i) HSD17B4 5'-UTR and a PSMB3 3'-UTR or (ii) a RPL32 5-UTR and an ALB/albumin 3'-UTR,
preferably a mutated alpha-globin 3’'-UTR (SEQ ID NO:11, 12), more preferably a HSD17B4 5-UTR (SEQ ID
NO:21, 22) and a PSMB3 3'-UTR (SEQ ID NO:19, 20).

Embodiment 29. The vaccine composition according to any one of embodiments 18 to 24, wherein the mRNA

comprises the following elements in the 5’ to 3’ direction:

a) a 5-CAP structure, preferably selected from the group consisting of m7G(5’),
m7G(5")ppp(5')(2 OMeA) and m7G(5")ppp(5')(2' OMeG);
b) a 5’-UTR element comprising a nucleic acid sequence derived from the 5’-UTR of a TOP

gene, said nucleic acid sequence preferably comprising an RNA sequence that corresponds to the
nucleic acid sequence according to SEQ ID NO:22, SEQ ID NO:24, SEQ ID NO:26 or preferably SEQ
ID NO:77/78 (SLC7A3) or SEQ ID NO:75/76 (RPL31), or a homolog, a fragment or a variant thereof;
most preferably according to SEQ ID NO:22 (HSD17B4);

C) the at least one coding sequence;

d) a 3'-UTR element comprising a nucleic acid sequence derived from an a-globin gene,
said nucleic acid sequence preferably comprising an RNA sequence that corresponds to the nucleic
acid sequence according to SEQ ID NO:6, 8 or SEQ ID NO:10, 12, 14, 16, 18, or preferably SEQ ID
NO:20, or a homolog, a fragment or a variant thereof; and/or a 3'-UTR element comprising a nucleic
acid sequence derived from an albumin gene, said nucleic acid sequence preferably comprising an

RNA sequence that corresponds to the nucleic acid sequence according to SEQ ID NO:18
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(ALB/albumin) or preferably SEQ ID NO:79/80 (RPS9), or a homolog, a fragment or a variant thereof;
most preferably according to SEQ ID NO:20 (PSMB3);

e) optionally, at least one poly(A) sequence, preferably consisting of 10 to 200, 10 to 100,
40 to 80, or 50 to 70 adenosine nucleotides, more preferably at least 70 adenosine nucleotides, even
more preferably about 100 adenosine nucleotides;

f) optionally, at least one poly(C) sequence, preferably consisting of 10 to 200, 10 to 100,
2010 70, 20 to 60 or 10 to 40 cytosine nucleotides; and
) optionally, at least one histone stem-loop, preferably comprising the RNA sequence

according to SEQ ID NO:4.

Embodiment 30. The vaccine composition according to any one of the preceding embodiments, wherein the
antigen is derived from a pathogenic antigen, a tumour antigen, an allergenic antigen or an autoimmune self-
antigen.

Embodiment 31. The vaccine composition according to embodiment 30, wherein the pathogenic antigen is selected

from the group consisting of a bacterial antigen, a viral antigen, a fungal antigen and a protozoal antigen.

Embodiment 32. The vaccine composition according to embodiment 30 or 31, wherein the pathogenic antigen
(i) is derived from a SARS coronavirus 2 (SARS-CoV-2), nCoV-2019 coronavirus, SARS coronavirus
(SARS-CoV), Bunyavirales virus, Cytomegalovirus (CMV), Dengue viruses (DENV-1, DENV-2,
DENV-3 and DENV-4), Ebola virus (EBOV), Flavivirus, Hepatitis B virus (HBV), Herpes simplex virus
(HSV), Human immunodeficiency virus (HIV), Human metapneumovirus (HMPV), Human Papilloma
virus (HPV), Human parainfluenza viruses (HPIV), Influenza virus, extraintestinal pathogenic E. coli
(EXPEC), Lassa mammarenavirus (LASV), MERS coronavirus, Mycobacterium tuberculosis, Nipah
virus, Norovirus, Rabies virus (RABV), Respiratory Syncytial virus (RSV), Rhinovirus, Rotavirus,
Vaccinia virus, Yellow Fever virus (YFV), Zika virus (ZIKV), Chlamydia trachomatis (i.e. bacterium
chlamydia causing chlamydia), or Malaria parasite (e.g. Plasmodium falciparum, Plasmodium vivax,
Plasmodium malariae, or Plasmodium ovale); and/or
(i) is derived from a structural protein, an accessory protein, or a replicase protein from a SARS
coronavirus 2 (SARS-CoV-2), nCoV-2019 coronavirus, SARS coronavirus (SARS-CoV), or an
immunogenic fragment or immunogenic variant of any of these; and/or
(iii) is derived from a spike protein (S), an envelope protein (E), a membrane protein (M) or a
nucleocapsid protein (N) from a SARS coronavirus 2 (SARS-CoV-2), nCoV-2019 coronavirus, SARS
coronavirus (SARS-CoV), or an immunogenic fragment or immunogenic variant of any of these,
preferably wherein the spike protein (S) comprises or consists of spike protein fragment S1 or spike
protein fragment S2, more preferably spike protein fragment S1, or an immunogenic fragment or
immunogenic variant thereof, and/or
(iv) is derived from a pre-fusion stabilized spike protein (S) (S_stab) from a SARS coronavirus 2
(SARS-CoV-2), nCoV-2019 coronavirus, SARS coronavirus (SARS-CoV) comprising at least one
pre-fusion stabilizing mutation.

Embodiment 33. A pharmaceutical composition comprising the vaccine composition according to any one of
embodiments 30 to 32 and a pharmaceutically acceptable carrier, diluent or excipient, preferably wherein the
pharmaceutical composition is a sterile solid composition for reconstitution with a sterile liquid carrier, and wherein

the composition further comprises one or more inactive ingredients selected from pH-modifying agents, bulking
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agents, stabilizers, non-ionic surfactants and antioxidants, and wherein the sterile liquid carrier is an aqueous

carrier.

Embodiment 34. The vaccine composition according to any one of embodiments 30 to 32 or the pharmaceutical
composition according to embodiment 33 for use in the treatment or prophylaxis of infectious diseases; cancer or
tumor diseases, disorders or conditions; liver diseases selected from the group consisting of liver fibrosis, liver

cirrhosis and liver cancer; allergies; or autoimmune disease, disorder or condition; in a subject.

Embodiment 35. The vaccine composition according to embodiment 32 or a pharmaceutical composition
comprising the vaccine composition according to embodiment 32 for use in the treatment or prophylaxis of infectious
diseases including viral, bacterial or protozoological infectious diseases in a subject.

Embodiment 36. The vaccine composition and the pharmaceutical composition for use according to embodiment
34 or 35, wherein the vaccine composition or pharmaceutical composition is administered via local or locoregional
injection, infusion or implantation, in particular intradermal, subcutaneous, intramuscular, intracameral,
subconjunctival, suprachoroidal injection, subretinal, subtenon, retrobulbar, topical, posterior juxtascleral
administration, or intrapulmonal inhalation, interstitial, locoregional, intravitreal, intratumoral, intralymphatic,
intranodal, intra-articular, intrasynovial, periarticular, intraperitoneal, intra-abdominal, intracardial, intralesional,
intrapericardial, intraventricular, intrapleural, perineural, intrathoracic, epidural, intradural, peridural, intrathecal,
intramedullary, intracerebral, intracavernous, intracorporus cavernosum, intraprostatic, intratesticular,
intracartilaginous, intraosseous, intradiscal, intraspinal, intracaudal, intrabursal, intragingival, intraovarian,
intrauterine, periocular, periodontal, retrobulbar, subarachnoid, subconjunctival, suprachoroidal injection, infusion,
implantation, nasal, buccal, sublingual, otic or auricular, ophthalmic, conjunctival, vaginal, rectal, intracervical,
endosinusial, laryngeal, oropharyngeal, ureteral, urethral administration, more preferably said lipid nanoparticle is
administered intramuscularly, intravenously, intradermally, subcutaneously, intratumorally, intranasally, or by

inhalation to a subject, preferably via local or locoregional injection or infusion to a subject.

Embodiment 37. A kit or kit of parts, comprising the vaccine composition according to any one of embodiments 30
to 32 or the pharmaceutical composition according to embodiment 33, optionally comprising a liquid vehicle for
solubilizing, and, optionally, technical instructions providing information on administration and dosage of the

components.

Embodiment 38. A method of treatment or prophylaxis of infectious diseases; cancer or tumor diseases, disorders
or conditions; liver diseases selected from the group consisting of liver fibrosis, liver cirrhosis and liver cancer;
allergies; or autoimmune disease, disorder or condition; in a subject comprising the steps:
a) providing the vaccine composition of any one of embodiments 30 to 32 or the pharmaceutical
composition according to embodiment 33 or the kit or kit of parts according to embodiment 37; and
b) applying or administering the vaccine composition or the pharmaceutical composition or the kit or
kit of parts to a tissue or an organism of the subject.

Embodiment 39. A method of inducing an immune response in a subject, the method comprising administering to
the subject the vaccine composition of any one of embodiments 1 to 32 or the pharmaceutical composition of
embodiment 33 in an amount effective to produce an antigen-specific immune response in the subject.
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Embodiment 40. A method of targeting a vaccine composition comprising a) at least one nucleic acid, preferably
MRNA, encoding at least one antigen or fragment or variant thereof; and b) a carrier composition, preferably a lipid
nanoparticle composition, to antigen-presenting cells including dendritic cells and macrophages, and/or to the
spleen, the method comprising administering to the subject the vaccine composition of any one of embodiments 1
to 32 or the pharmaceutical composition of embodiment 33.

Embodiment 41. Use of a vaccine composition of any one of embodiments 1 to 32 or the pharmaceutical
composition according to embodiment 33 or the kit or kit of parts according to embodiment 37 for (i) inducing an
immune response, for (ii) inducing an antigen specific T-cell response, preferably for (iii) inducing CD8+ T cells
responses, and/or for (iv) targeting the vaccine composition or the pharmaceutical composition to antigen-
presenting cells, including dendritic cells and macrophages, and/or to the spleen, in a subject.

Embodiment 42. Use of phosphatidylserine in a vaccine of any one of the above embodiments or in a carrier
composition of any one of the above embodiments comprising a) at least one nucleic acid, preferably mRNA,
encoding at least one antigen or fragment or variant thereof; and b) a carrier composition, preferably a lipid
nanoparticle composition, for targeting the vaccine composition to antigen-presenting cells, including dendritic cells

and macrophages, and/or to the spleen, in a subject.

Embodiment 43. The vaccine composition or the pharmaceutical composition for use according to embodiment 34
or 35, the method according to embodiment 38, 39 or 40, or the use according to embodiment 41 or 42, wherein
the subject is a mammalian subject, preferably a human subject.

Embodiment 44. A vaccine composition or carrier composition comprising
a) at least one nucleic acid encoding at least one antigen or fragment or variant thereof; and
b) a carrier composition, wherein the carrier composition comprises the phospholipid 1,2-diheptanoyl-

sn-glycero-3-phosphocholine (DHPC).

Embodiment 45. Use of DHPC in the carrier composition of a vaccine composition comprising a) at least one
nucleic acid, preferably mRNA, encoding at least one antigen or fragment or variant thereof; and b) a vaccine or
carrier composition, preferably a lipid nanoparticle composition, for targeting the vaccine composition to antigen-

presenting cells, including dendritic cells and macrophages, and/or to the spleen, in a subject.

Embodiment 46. A vaccine composition or the pharmaceutical composition comprising DHPC for use according to
embodiment 34 or 35, the method according to embodiment 38, 39 or 40, or the use according to embodiment 41

or 42, wherein the subject is a mammalian subject, preferably a human subject.

Fourth Set of Embodiments
Reference is made herein to the disclosure and embodiments as shown in PCT patent application

PCT/EP2022/074439. The following sets of embodiments, and each embodiment comprised in said sets, i.e. the
- embodiments listed under “First Set of Embodiments”, comprising Embodiment 1 to Embodiment 63;
- embodiments listed under “Second Set of Embodiments”, comprising Embodiment 1 to Embodiment 43;
- embodiments listed under “Third Set of Embodiments”, comprising Embodiment 1 to Embodiment 63;
- embodiments listed under “Fourth Set of Embodiments”, comprising Embodiment 1 to Embodiment 46;
- embodiments listed under “Fifth Set of Embodiments”, comprising Embodiment 1 to Embodiment 63; and
- embodiments listed under “Sixth Set of Embodiments”, comprising Embodiment 1 to Embodiment 80;
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of PCT patent application PCT/EP2022/074439, and the specific disclosure relating thereto in PCT patent
application PCT/EP2022/074439, are herewith incorporated by reference. References made below within this third
set of embodiments may be read taking into account the aforementioned disclosure of PCT patent application PCT/

EP2022/074439, i.e. also the corresponding sequence listing of said application for SEQ ID NO-references in below
5 embodiments.

Embodiment 1. A polymer conjugated lipid according to formula (l):

[PI-[linker]-[L] formula (1)

10
or a pharmaceutically acceptable salt, prodrug, tautomer or stereoisomer thereof, wherein
[P] is a heteropolymer moiety or homopolymer moiety, preferably a homopolymer moiety,
comprising at least one polyoxazoline (POZ) monomer unit
b [“~, N _,,%-z‘"
b o 1
15 wherein R is C1-9 alkyl or C2-9 alkenyl, preferably C1 or C2 alkyl, and n has a mean
value ranging from about 45 to about 55, preferably n is about 50 or wherein n is selected
such that the [P] moiety has an average molecular weight of about 4.4 kDa, or most
preferably about 4.3 kDa
[linker] is an optional linker group, and
20 L] is a lipid moiety.
Embodiment 2. The polymer conjugated lipid of embodiment 1, wherein [P] is a heteropolymer moiety or
homopolymer moiety comprising multiple monomer units selected from the group consisting of
poly(2-methyl-2-oxazoline) (PMOZ)
25

poly(2-ethyl-2-oxazoline) (PEOZ)

poly(2-propyl-2-oxazoline) (PPOZ)
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poly(2-butyl-2-oxazoline) (PBOZ)

poly(2-isopropyl-2-oxazoline) (PIPOZ)

poly(2-methoxymethyl-2-oxazoline) (PMeOMeOx), and
poly(2-dimethylamino-2-oxazoline) (PDMAOQOX),

preferably wherein [P] is a homopolymer moiety comprising multiple PMOZ or PEOZ monomer units, more
preferably wherein [P] comprises or preferably consists of multiple PMOZ monomer units,

wherein
(i) n has a mean value ranging from about 45 to about 55, preferably n is about 50 or wherein

(i) n is selected such that the [P] moiety has an average molecular weight of about 3 kDa to about 6 kDa,
preferably an average molecular weight of about 4.2 kDa to about 4.4 kDa, or most preferably about 4.3
kDa.

Embodiment 3. The polymer conjugated lipid of any one of embodiment 1 to embodiment 2, wherein the

polymer conjugated lipid is selected from the group consisting of a POZ-monoacylglycerol conjugate, POZ-
diacylglycerol conjugate, a POZ-dialkyloxypropyl conjugate, a POZ-steroid or POZ-sterol conjugate, a POZ-
phospholipid conjugate, a POZ-ceramide conjugate, and a mixture thereof.

Embodiment 4. The polymer conjugated lipid of any one of embodiment 1 to embodiment 3, wherein

(i) the lipid moiety [L] comprises at least one straight or branched, saturated or unsaturated alkyl chain
containing from 6 to 30 carbon atoms, preferably wherein the lipid moiety [L] comprises at least one straight
or branched saturated alkyl chain,

wherein the alkyl chain is optionally interrupted by one or more biodegradable group(s) and/or optionally
comprises one terminal biodegradable group, wherein the biodegradable group is selected from the group
consisting of but not limited to a pH-sensitive moiety, an alkyl or alkenyl moiety (C+.s alkyl or C2.9 alkenyl), a
zwitterionic linker, non-ester containing linker moieties and ester-containing linker moieties (—C(O)O— or
—0OC(0O)—), amido (—C(O)NH—), disulfide (—S—S—), carbonyl (—C(O)—), ether (—O—), thioether (—
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S—), oxime (e.g., —C(H)=N—O— or —O— N=C(H)—), carbamate (—NHC(O)O—), urea (—NHC(O)NH—
), succinyl (—(O)CCH2CH2C(0)—), succinamidyl (—NHC(O)CH2CH2C(O)NH—), (—
NHC(0)CH2CH2C(Q)—), —C(R5)=N—, —N=C(R%)—, —C(R%)=N—O—, —O—N=C(R%)—, —O—C(0)O—
, —C(OIN(R®), —=N(R®)C(O)—, —C(S)(NR®*)—, (NR®)C(S)—, —N(R®*)C(O)N(R®)—, —C(0)S—, —SC(O)—,
—C(S)0—, —OC(S)—, —OSi(R%)20—, —C(O)(CR3R4)C(0)0O—, or —OC(O)(CR3R%C(O)—, carbonate (—
OC(0O)O—), nitrogen (N), succinoyl, succinate, phosphate esters (—O—(O)POH—O—), cyclic compound,
heterocyclic compound, piperidine, pyrazine, pyridine, piperazine, and sulfonate esters, as well as
combinations thereof, wherein R3, R* and RS are, independently H or alkyl (e.g. C1-C4 alkyl), or

(i) the lipid moiety [L] comprises ditetradecylamin, preferably wherein the linker group [linker] is (—
NHC(O)CH2CH2C(0)—).

Embodiment 5. The polymer conjugated lipid of any one of embodiment 1 to embodiment 4, wherein the lipid

moiety [L] comprises at least one, preferably two, straight or branched, saturated or unsaturated alkyl chain
comprising 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30
carbon atoms, preferably in the range of 10 to 20 carbon atoms, more preferably in the range of 12 to 18
carbon atoms, even more preferably 14, 16 or 18 carbon atoms, even more preferably 16 or 18 carbon
atoms, most preferably 14 carbon atoms,

wherein all selections are independent of one another.

Embodiment 6. The polymer conjugated lipid of any one of embodiment 1 to embodiment 5, wherein the linker

group [linker] is selected from the group consisting of but not limited to a pH-sensitive moiety, a peptide or
amid bond (—CO-NH—), an alkyl or alkenyl moiety (C1.¢ alkyl or C2.9 alkenyl), a zwitterionic linker, non-ester
containing linker moieties and ester-containing linker moieties (—C(O)O— or —OC(0O)—), amido (—
C(O)NH—), disulfide (—S—S—), carbonyl (—C(O)—), ether (—O—), thioether (—S—), oxime (e.g., —
C(H)=N—O— or —O— N=C(H)—), carbamate (—NHC(O)O—), urea (—NHC(O)NH—), succinyl (—
(O)CCH2CH2C(0)—), succinamidyl (—NHC(O)CH2CH2C(O)NH—), (—NHC(O)CH2CH2C(O)—), (—
NHC(O)CH2CH2C(0)0—), —C(R5)=N—, —N=C(R%)—, —C(R®)=N—0O—, —O—N=C(R%)—, —O—
C(0)0O—, —C(O)N(R?®), —N(R®)C(0)—, —C(S)(NR®%)—, (NR*)C(S)—, —N(R®)C(O)N(R%—, —C(0)S—, —
SC(0)—, —C(S)O—, —OC(S)—, —OSIi(R%)20—, —C(O)(CR3R*C(0)0O—, or —OC(O)(CR3R%C(0)—,
carbonate (—OC(0)O—), nitrogen (N), succinoyl, succinate, phosphate esters (—O—(0O)POH—O—), and
sulfonate esters, as well as combinations thereof, wherein R®, R* and R® are, independently H or alkyl (e.g.
C1-C4 alkyl), preferably wherein the linker group [linker] is selected from the group consisting of (—
NHC(O)CH2CH2C(0)—), a peptide bond or amid bond (—CO-NH—), (—NHC(O)CH2CH2>C(0)O—), and —
NH-CH>—.

Embodiment 7. The polymer conjugated lipid of any one of embodiment 1 to embodiment 6, wherein the linker

group [linker] comprises an amide linker moiety, preferably an ester linker moiety, or wherein the linker
group [linker] comprises

o , , succinate, a peptide or amid bond (—CO-NH—), an amine, or a
secondary amine, most preferably wherein the linker group [linker] comprises (-NHC(O)CH2CH2C(O)-).
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Embodiment 8. The polymer conjugated lipid of any one of embodiment 1 to embodiment 7, wherein the
polymer conjugated lipid is selected from the group consisting of “PMOZ 1", “PMOZ 2", “PMOZ 3", “PMOZ
4" and “PMOZ 5", most preferably the polymer conjugated lipid is “PMOZ 4",
whereby n has a mean value ranging from 2 to 200, preferably from 20 to 100, more preferably from 24 to
26, even more preferably about 100, or further even more preferably from 45 to 50, most preferably 50 or
wherein n is selected such that the [P] moiety has an average molecular weight of about 3 kDa to about
6 kDa, preferably has an average molecular weight of about 4.2 kDa to about 4.4 kDa, or most preferably
about 4.3 kDa;
most preferably wherein the polymer conjugated lipid of any one of embodiment 1 to embodiment 7 is

“PMOZ 4” with n having a mean value from 45 to 50, most preferably 50.

Embodiment 9. A lipid nanoparticle comprising a homopolymer moiety comprising at least one polyoxazoline
(POZ) monomer unit

wherein R is C1-Cs alkyl or C2-Cs alkenyl, preferably C1 or Cz alkyl, and n has a mean value ranging from
about 45 to about 55, preferably n is about 50 or wherein n is selected such that the [P] moiety has an
average molecular weight of about 4.2 kDa to about 4.4 kDa, or most preferably about 4.3 kDa,

preferably, wherein the homopolymer moiety comprising multiple monomer units comprises poly(2-methyl-
2-oxazoline) (PMOZ), poly(2-ethyl-2-oxazoline) (PEOZ), poly(2-propyl-2-oxazoline) (PPOZ), poly(2-butyl-2-
oxazoline) (PBOZ), poly(2-isopropyl-2-oxazoline)  (PIPOZ), poly(2-methoxymethyl-2-oxazoline)
(PMeOMeOx), or poly(2-dimethylamino-2-oxazoline) (PDMAOX),

more preferably the polymer conjugated lipid according to any one of embodiment 1 to embodiment 8.

Embodiment 10. The lipid nanoparticle of embodiment 9, wherein the lipid nanoparticle further comprises a

cationic or ionizable lipid.

Embodiment 11. The lipid nanoparticle of embodiment 9 to embodiment 10, wherein the lipid nanoparticles

(i) do not comprise a polyethylene glycol-(PEG)-lipid conjugate or a conjugate of PEG and a lipid-like
material, and preferably do not comprise PEG; and/or

(i) do not comprise a polymer conjugated lipid according to any one of embodiment 1 to embodiment 8
comprising a sulphur group (=S-), a terminating nucleophile, and/or being covalently coupled to a biologically
active ingredient being a nucleic acid compound selected from the group consisting of RNA, an artificial
mRNA, chemically modified or unmodified messenger RNA (mRNA) comprising at least one coding
sequence, self-replicating RNA, circular RNA, viral RNA, and replicon RNA.

Embodiment 12. The lipid nanoparticle of any one of embodiment 9 to embodiment 11, wherein the cationic or
ionizable lipid, preferably carries a net positive charge at physiological pH, more preferably wherein the
cationic or ionizable lipid comprises a tertiary nitrogen group or quaternary nitrogen group.
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Embodiment 13. The lipid nanoparticle of any one of embodiment 9 to embodiment 12, wherein the lipid

nanoparticle further comprises a phospholipid, wherein preferably the phospholipid is a zwitterionic
compound selected from, but not limited to the group of 1,2-diphytanoyl-sn-glycero-3-phosphoethanolamine
(DPhyPE; 1,2-di-(3,7,11,15-tetramethylhexadecanoyl)-sn-glycero-3-phosphoethanolamine), 1,2-
diphytanoyl-sn-glycero-3-phosphocholine (DPhyPC), 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC;
dioleoylphosphatidylcholine), 1,2-Dipalmitoyl-sn-glycero-3-phosphocholine (DPPC;
dipalmitoylphosphatidylcholine), 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE),
phosphatidylethanolamines, distearoylphosphatidylcholines, dioleoyl-phosphatidylethanolamine (DOPEA),
1,2-distearoyl-sn-glycero-3-phosphoethanolamine (DSPE), palmitoyloleoylphosphatidylcholine (POPC),
palmitoyloleoyl-phosphatidylethanolamine  (POPE), 1,2-Dipalmitoyl-sn-glycero-3-phosphoethanolamine
(DPPE), dioleoyl-phosphatidylethanolamine 4-(N-maleimidomethyl)-cyclohexane-1-carboxylate (DOPE-
mal), 1,2-Dimyristoyl-sn-glycero-3-phosphoethanolamine (DMPE), 1,2-Dilinoleoyl-sn-glycero-3-
phosphoethanolamine (DLoOPE), distearoyl-phosphatidylethanolamine (DSPE), 1-Palmitoyl-2-oleoyl-sn-
glycero-3-phosphoethanolamine (POPE), 1,2-Dilauroyl-sn-glycero-3-phosphoethanolamine (DLPE), 16-O-
monomethylphosphoethanolamine, 16-O-dimethyl phosphatidylethanolamine, 1,2-Dierucoyl-sn-glycero-3-
phosphoethanolamine (DEPE), 18-1-trans phosphatidylethanolamine, 1-stearoyl-2-
oleoylphosphatidyethanolamine (SOPE), 1,2-Disqualeoyl-sn-glycero-3-phosphoethanolamine (DSQPE),
1,2-dielaidoyl-sn-glycero-3-phosphoethanolamine (transDOPE), 1-Stearoyl-2-linoleoyl-sn-glycero-3-
phosphoethanolamine (SLPE), 1-tridecanoyl-sn-glycero-3-phospho-L-serine (sodium salt), 1-oleoyl-2-
hydroxy-sn-glycero-3-phospho-L-serine (sodium salt), 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-L-serine
(sodium salt) (POPS), 1-1-stearoyl-2-oleoyl-sn-glycero-3-phospho-L-serine (sodium salt), 1,2-dioleoyl-sn-
glycero-3-phospho-L-serine (sodium salt) (DOPS), 1,2-distearoyl-sn-glycero-3-phospho-L-serine (sodium
salt), 1,2-diphytanoyl-sn-glycero-3-phospho-L-serine (sodium salt), 1-O-hexadecanyl-2-O-(9Z-octadecenyl)-
sn-glycero-3-phosphoethanolamine, 1,2-distearoyl-sn-glycero-3-phosphatidylcholine or 1,2-distearoyl-sn-
glycero-3-phosphocholine (DSPC), 1,2-di-O-phytanyl-sn-glycero-3-phosphoethanolamine, 1-palmitoyl-2-
cholesterylhemisuccinoyl-sn-glycero-3-phosphocholine (PChemsPC), 1,2-dicholesterylhemisuccinoyl-sn-
glycero-3-phosphocholine  (DChemsPC), 2-((2,3-bis(oleoyloxy)propyl)dimethylammonio)ethyl hydrogen
phosphate (DOCP), 2-((2,3-bis(oleoyloxy)propyl)dimtheylammonio)ethyl ethyl phosphate (DOCPe), and 1-
O-octadecyl-2-O-methyl-sn-glycero-3-phosphocholine (Edelfosine), preferably wherein the phospholipid is
DSPC or DPhyPE, most preferably DPhyPE.

Embodiment 14. The lipid nanoparticle of any one of embodiment 9 to embodiment 13, wherein the lipid

nanoparticle further comprises a sterol or steroid, preferably selected from the group consisting of
cholesterol, cholesteryl hemisuccinate (CHEMS) and a derivate thereof, preferably wherein the lipid
nanoparticle further comprises cholesterol.

Embodiment 15. The lipid nanoparticle of any one of embodiment 9 to embodiment 14, wherein preferably the

lipid nanoparticle comprises
(i) anamount of 1, 2, 3,4, 5,6, 7, 8, 9, or 10 mol% of the polymer conjugated lipid of any one of
embodiment 1 to embodiment 8;
(i) preferably an amount of 5 mol% of the polymer conjugated lipid of any one of embodiment 1 to
embodiment 8,
(iii) also preferably an amount of 2.5 mol% of the polymer conjugated lipid of any one of
embodiment 1 to embodiment 8;

based upon a mol-percentage of the composition of 100% of all lipid components or excipients.
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Embodiment 15.1The lipid nanoparticle of any one of embodiment 9 to embodiment 14, wherein preferably the
lipid nanoparticle comprises
(i) an amount of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, or 1 mol% of the polymer conjugated lipid
of any one of embodiment 1 to embodiment 8,

based upon a mol-percentage of the composition of 100% of all lipid components or excipients.

Embodiment 16. The lipid nanoparticle of any one of embodiment 9 to embodiment 15, wherein the polymer

conjugated lipid is a PMOZ-lipid according to any one of embodiment 1 to embodiment 8.

Embodiment 17. The lipid nanoparticle of any one of embodiment 9 to embodiment 16, wherein the lipid
nanoparticle comprises excipients selected from ratios selected from the group consisting of
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(i) 59 mol% cationic or ionizable lipid, preferably one of the ionizable lipid structures of C1 to C24, more
preferably the ionizable lipid structure C24 or formula Il1-3 ((4-hydroxybutyl)azanediyl)bis (hexane-6,1-
diyl)bis(2-hexyldecanoate)), 29.3 mol% cholesterol, 10 mol% neutral lipid and 1.7 mol% of the polymer
conjugated lipid of any one of embodiment 1 to embodiment 8,

(ii) 59 mol% cationic or ionizable lipid, preferably one of the ionizable lipid structures of C1 to C24, more
preferably the ionizable lipid structure C24 or formula Il1-3 ((4-hydroxybutyl)azanediyl)bis (hexane-6,1-
diyl)bis(2-hexyldecanoate)), 28.5 mol% cholesterol, 10 mol% neutral lipid and 2.5 mol% of the polymer
conjugated lipid of any one of embodiment 1 to embodiment 8

(i) 59 mol% cationic or ionizable lipid, preferably one of the ionizable lipid structures of C1 to C24, more
preferably the ionizable lipid structure C24 or formula Il1-3 ((4-hydroxybutyl)azanediyl)bis (hexane-6,1-
diyl)bis(2-hexyldecanoate)), 28.3 mol% cholesterol, 10 mol% DSPC or DPhyPE, preferably DPhyPE,
1 mol% DHPC, and 2.5 mol% of the polymer conjugated lipid of any one of embodiment 1 to
embodiment 8;

(iv) 49 mol% cationic or ionizable lipid, preferably one of the ionizable lipid structures of C1 to C24, more
preferably the ionizable lipid structure C24 or formula Il1-3 ((4-hydroxybutyl)azanediyl)bis (hexane-6,1-
diyl)bis(2-hexyldecanoate)), 29.3 mol% cholesterol, 10 mol% DSPC or DPhyPE, preferably DPhyPE,
10 mol% DHPC, and 2.5 mol% of the polymer conjugated lipid of any one of embodiment 1 to
embodiment 8;

(v) 47.4 mol% cationic or ionizable lipid, preferably one of the ionizable lipid structures of C1 to C27,
more preferably the ionizable lipid structure C24 or formula I11-3 (((4-hydroxybutyl)azanediyl)bis(hexane-
6,1-diyl)bis(2-hexyldecanoate)), 40.9 mol% cholesterol, 10 mol% DSPC or DPhyPE, preferably DPhyPE,
and 1.7 mol% of the polymer conjugated lipid of any one of embodiment 1 to embodiment 8;

(vi) 47.4 mol% formula IlI-3 (((4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyldecanoate)),
40.1 mol% cholesterol, 10 mol% DSPC and 2.5 mol% of the polymer conjugated lipid of any one of
embodiment 1 to embodiment 8;

(vii) 47.4 mol% formula [1I-3 (((4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyldecanoate)),
40.9 mol% cholesterol, 10 mol% DSPC, and 1.7 mol% of the polymer conjugated lipid of any one of
embodiment 1 to embodiment 8;

(viii) 47.4 mol% formula I[lI-3 (((4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyldecanoate)),
40.1 mol% cholesterol, 10 mol% DSPC and 2.5 mol% 2-[(PMOZ)]n-N,N-ditetradecylacetamide];

(ix) 47.4 mol% formula IlI-3 (((4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyldecanoate)),
40.9 mol% cholesterol, 10 mol% DSPC and 1.7 mol% 2-[(PMOZ)]n-N,N-ditetradecylacetamide]; and

most preferably
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(x) 59 mol% C24, 28.5 mol% cholesterol, 10 mol% DPhyPE and 2.5 mol% “PMOZ 4",
wherein n of the polymer conjugated lipid has a mean value ranging from about 45 to about 55, preferably n
is about 50 or wherein n is selected such that the polymer moiety has an average molecular weight of about
4.2 kDa to about 4.4 kDa, or most preferably about 4.3 kDa.

Embodiment 18. The lipid nanoparticle of any one of embodiment 9 to embodiment 17, wherein the polymer
conjugated lipid of embodiment 1 to embodiment 8 inhibits aggregation of the lipid nanoparticles.

Embodiment 19. The lipid nanoparticle of any one of embodiment 9 to embodiment 18, further comprising a

biologically active ingredient.

Embodiment 20. The lipid nanoparticle of embodiment 19, wherein the biologically active ingredient is a nucleic
acid compound selected from the group consisting of RNA, an artificial mRNA, chemically modified or
unmodified messenger RNA (mMRNA) comprising at least one coding sequence, self-replicating RNA, circular
RNA, viral RNA, and replicon RNA; or any combination thereof, more preferably wherein the biologically active

ingredient is chemically modified mMRNA or chemically unmodified mRNA.

Embodiment 21. The lipid nanoparticle of any one of embodiment 9 to embodiment 20, wherein the mRNA is
associated with the lipid nanoparticle, preferably wherein the mRNA is encapsulated in the lipid nanoparticle.

Embodiment 22. The lipid nanoparticle of any one of embodiment 9 to embodiment 21, wherein the lipid
nanoparticles comprise the mRNA at an amount such as to achieve an N/P ratio in the range of about 5 to
about 20, more preferably about 10 to about 18, even more preferably about 12 to about 16, most preferably
about 14.

Embodiment 22a.The lipid nanoparticle of any one of embodiment 9 to embodiment 21, wherein the lipid
nanoparticles comprise the mRNA at an amount such as to achieve an N/P ratio in the range of about 5 to
about 15, more preferably about 8 to about 12, even more preferably about 9 to about 11, most preferably
about 10.

Embodiment 23. The lipid nanoparticle of any one of embodiment 9 to embodiment 22, wherein the lipid
nanoparticle is a sterile solid composition for reconstitution with a sterile liquid carrier, and wherein the lipid
nanoparticle further comprises one or more inactive ingredients selected from pH-modifying agents, bulking
agents, stabilizers, non-ionic surfactants and antioxidants, and wherein the sterile liquid carrier is an aqueous

carrier.

Embodiment 24. The lipid nanoparticle of any one of embodiment 9 to embodiment 23, wherein the lipid
nanoparticle is a sterile liquid composition, and wherein the lipid nanoparticles have a mean hydrodynamic
diameter as determined by dynamic laser scattering from about 50 nm to about 300 nm, or from about 60
nm to about 250 nm, or from about 60 nm to about 200 nm, or from about 70 to 200 nm, or from about 75
nm to about 160, or from about 85 nm to about 140 nm, or from about 90 nm to about 130 nm, or from about

50 nm to about 120 nm.
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Embodiment 25. The lipid nanoparticle of any one of embodiment 9 to embodiment 24, wherein the lipid
nanoparticles exhibit a zeta potential in the range of -50 mV to +50 mV, preferably in the range of -25 mV to
+25 mV, more preferably in the range of -10 mV to +10 mV, most preferably in the range of -5 mV to +5 mV.

Embodiment 26. The lipid nanoparticle of any one of embodiment 9 to embodiment 25, wherein the mRNA

compound is a mono-, bi-, or multicistronic mRNA.

Embodiment 27. The lipid nanoparticle of any one embodiment 9 to embodiment 26, wherein the mRNA
compound comprises at least one chemical modification.

Embodiment 28. The lipid nanoparticle of embodiment 27, wherein the chemical modification is selected from the
group consisting of base modifications, sugar modifications, backbone modifications and lipid modifications,
preferably wherein the chemical modification is a base modification, more preferably wherein the base
modification preferably is selected from the group consisting of pseudouridine (psi or ), N1-
methylpseudouridine (NTMPU, N1Mpsi or N1My), 1-ethylpseudouracil, 2-thiouracil (s2U), 4-thiouracil, 5-

methylcytosine, 5-methyluracil, 5-methoxyuracil, and any combination thereof.

Embodiment 29. The lipid nanoparticle of any one of embodiment 9 to embodiment 28, wherein the mRNA
compound comprises a coding region encoding a peptide or protein, wherein the coding region exhibits a

sequence modification.

Embodiment 30. The lipid nanoparticle of embodiment 29, wherein the sequence modification is selected from a
G/C content modification, a codon modification, a codon optimization or a C-optimization of the sequence;
preferably wherein, compared with the coding region of the corresponding wild-type mRNA, the
- G/C content of the coding region is increased;

- C content of the coding region is increased;
- codon usage in the coding region is adapted to the human codon usage; and/or
- codon adaptation index (CAl) is increased or maximized in the coding region.

Embodiment 31. The lipid nanoparticle of any one of embodiment 9 to embodiment 30, wherein the mRNA
compound further comprises
a) a 5'-CAP structure, preferably m7GpppN, more preferably CAP1 or m7G(5')ppp(5’)(2'OMeA)pG;
b) optionally at least one miRNA sequence, preferably wherein the microRNA binding site is for a microRNA
selected from the group consisting of miR-126, miR-142, miR-144, miR-146, miR-150, miR-155, miR-16,
miR-21, miR-223, miR-24, miR-27, miR-26a, or any combination thereof;
c) at least one 5-UTR element;
d) a coding sequence;
e) at least one 3'-UTR element;
f) at least one poly(A) sequence;
g) at least one poly(C) sequence;

or any combinations of these.

Embodiment 32. The lipid nanoparticle of any one of embodiment 9 to embodiment 31, wherein the least one
coding RNA comprises a 5'-CAP structure, preferably m7G, CAP0O, CAP1, CAP2, a modified CAPO or a
modified CAP1 structure.
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Embodiment 33. The lipid nanoparticle of any one of embodiment 9 to embodiment 32, wherein the at least one

coding RNA comprises at least one heterologous 5’-UTR and/or at least one heterologous 3'-UTR, preferably
wherein the at least one heterologous 5'-UTR comprises a nucleic acid sequence derived from a 5’-UTR of
a gene selected from HSD17B4, RPL32, ASAH1, ATP5A1, MP68, NDUFA4, NOSIP, RPL31, SLC7A3,
TUBB4B and UBQLNZ2, or from a homolog, a fragment or variant of any one of these genes; and/or
preferably wherein the at least one heterologous 3'-UTR comprises a nucleic acid sequence derived from a
3'-UTR of a gene selected from PSMB3, ALB7, alpha-globin, CASP1, COX6B1, GNAS, NDUFA1 and RPS9,
or from a homolog, a fragment or a variant of any one of these genes.

Embodiment 34. The lipid nanoparticle of any one of embodiment 9 to embodiment 33, wherein the at least one

coding RNA comprises a (i) HSD17B4 5'-UTR and a PSMB3 3'-UTR or (ii) a RPL32 5'-UTR and an ALB7
3'-UTR, preferably a mutated alpha-globin 3'-UTR (SEQ ID NO:11/12), more preferably a HSD17B4 §'-UTR
(SEQ ID NO:21/22) and a PSMB3 3'-UTR (SEQ ID NO:19/20).

Embodiment 35. The lipid nanoparticle of any one of embodiment 9 to embodiment 34, comprising the following

elements in the 5' to 3' direction:

a) a 5'-CAP structure, preferably selected from the group consisting of m7G(5’), m7G(5")ppp(5')(2 OMeA)pG
and m7G(5")ppp(5')(2'OMeG)pG;

b) a 5'-UTR element comprising a nucleic acid sequence derived from the 5'-UTR of a TOP gene, said
nucleic acid sequence preferably comprising an RNA sequence that corresponds to the nucleic acid
sequence according to SEQ ID NO:22, 24, 26, or a homolog, a fragment or a variant thereof, most preferably
according to SEQ ID NO:22 (HSD17B4);

c) at least one coding sequence;

d) a 3-UTR element comprising a nucleic acid sequence derived from an a-globin gene, said nucleic acid
sequence preferably comprising an RNA sequence that corresponds to the nucleic acid sequence according
to SEQ ID NO:6, 8, 10, 12, 14, 16, 18, 20, or a homolog, a fragment or a variant thereof; and/or a 3'-UTR
element comprising a nucleic acid sequence derived from an albumin gene, said nucleic acid sequence
preferably comprising an RNA sequence that corresponds to the nucleic acid sequence according to SEQ
ID NO:18, or a homolog, a fragment or a variant thereof, most preferably according to SEQ ID NO:20
(PSMB3);

€) optionally, at least one poly(A) sequence, preferably consisting of 10 to 200, 10 to 100, 40 to 80, or 50 to
70 adenosine nucleotides;

f) optionally, at least one poly(C) sequence, preferably consisting of 10 to 200, 10 to 100, 20 to 70, 20 to 60
or 10 to 40 cytosine nucleotides; and

g) optionally, at least one histone stem-loop, preferably comprising the RNA sequence according to SEQ ID
NO:4.

Embodiment 36. The lipid nanoparticle of any one of embodiment 9 to embodiment 35, wherein the biologically

active ingredient is
(a) an mRNA comprising at least one coding sequence encoding a peptide or protein, or a fragment or
variant thereof, wherein the peptide or protein is an antigen, wherein the antigen preferably is derived from
pathogenic antigens, tumor antigens, allergenic antigens or autoimmune self-antigens, or a fragment or
variant thereof; or
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(b) an mRNA comprising at least one coding sequence encoding a therapeutic protein, or a fragment or
variant thereof, wherein the therapeutic protein is selected from the group consisting of

(i) therapeutic proteins for use in the treatment of cancer or tumor diseases;

(i) therapeutic proteins for use in enzyme replacement therapy for the treatment of metabolic, endocrine

or amino acid disorders or for use in replacing an absent, deficient or mutated protein;

(i) therapeutic proteins for use in the treatment of blood disorders, diseases of the circulatory system,

diseases of the respiratory system, infectious diseases or immune deficiencies;

(iv) therapeutic proteins for use in hormone replacement therapy;

(v) therapeutic proteins for use in reprogramming somatic cells into pluri- or omnipotent stem cells;

(vi) therapeutic proteins for use as adjuvant or immunostimulation;

(vii) therapeutic proteins being a therapeutic antibody;

(viii) therapeutic proteins being a gene editing agent; and

(ix) therapeutic proteins for use in treating or preventing a liver disease selected from the group consisting

of liver fibrosis, liver cirrhosis and liver cancer;

preferably wherein the therapeutic protein is a therapeutic protein for use in the treatment of cancer or

tumor diseases.

Embodiment 37. The lipid nanoparticle of embodiment 36 subitem (a), wherein the at least one coding sequence

encoding a pathogenic antigen is selected from the group consisting of a bacterial, viral, fungal and protozoal

antigen.

Embodiment 38. The lipid nanoparticle of embodiment 37, wherein the at least one coding sequence encoding a

pathogenic antigen

(i) is derived from a SARS coronavirus 2 (SARS-CoV-2), nCoV-2019 coronavirus, SARS coronavirus (SARS-
CoV), Bunyavirales virus, Cytomegalovirus (CMV), Dengue viruses (DENV-1, DENV-2, DENV-3 and DENV-
4), Ebola virus, Epstein-Barr virus (EBV), Flavivirus, Hepatitis B virus (HBV), Herpes simplex virus (HSV),
Human immunodeficiency virus (HIV), Human metapneumovirus (HMPV), Human Papilloma virus (HPV),
Human parainfluenza viruses (HPIV), Influenza virus, extraintestinal pathogenic E. coli (EXPEC), Lassa
mammarenavirus (LASV), MERS coronavirus, Mycobacterium tuberculosis, Nipah virus, Norovirus, Rabies
virus, Respiratory Syncytial virus (RSV), Rhinovirus, Rota virus, Vaccinia virus, Yellow Fever virus (YFV),
Zika virus (ZIKV), Chlamydia trachomatis (i.e. bacterium chlamydia causing chlamydia), or Malaria parasite
(e.g. Plasmodium falciparum, Plasmodium vivax, Plasmodium malariae, or Plasmodium ovale); and/or

(ii) is derived from a structural protein, an accessory protein, or a replicase protein from a SARS coronavirus
2 (SARS-CoV-2), nCoV-2019 coronavirus, SARS coronavirus (SARS-CoV), or an immunogenic fragment or
immunogenic variant of any of these; and/or

(iii) is derived from a spike protein (S), an envelope protein (E), a membrane protein (M) or a nucleocapsid
protein (N) from a SARS coronavirus 2 (SARS-CoV-2), nCoV-2019 coronavirus, SARS coronavirus (SARS-
CoV), or an immunogenic fragment or immunogenic variant of any of these, preferably wherein the spike
protein (S) comprises or consists of spike protein fragment S1 or spike protein fragment S2, more preferably
spike protein fragment S1, or an immunogenic fragment or immunogenic variant thereof (e.g. receptor
binding domain (RBD), critical neutralisation domain (CND)); and/or

(iv) is derived from a pre-fusion stabilized spike protein (S) (S_stab) from a SARS coronavirus 2 (SARS-
CoV-2), nCoV-2019 coronavirus, SARS coronavirus (SARS-CoV) comprising at least one pre-fusion
stabilizing mutation.
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Embodiment 39. The lipid nanoparticle of any one of embodiment 9 to embodiment 38 for use
(i) in the treatment or prophylaxis of infectious diseases; cancer or tumor diseases, disorders or conditions;
liver diseases selected from the group consisting of liver fibrosis, liver cirrhosis and liver cancer; allergies;
or autoimmune disease; disorder or condition; and/or
(i) for use in enzyme replacement therapy for the treatment of metabolic or endocrine disorders or for use
in replacing an absent, deficient or mutated protein.

Embodiment 40. The lipid nanoparticle of any one of embodiment 9 to embodiment 39 for use in the treatment
or prophylaxis of infectious diseases.

Embodiment 41. The lipid nanoparticle of embodiment 9 to embodiment 40 comprising at least one coding RNA,
wherein said at least one coding RNA comprises at least one coding sequence encoding at least one peptide
or protein for use in treatment or prevention of a disease, disorder or condition, wherein said lipid
nanoparticle is administered via local or locoregional injection, infusion or implantation, in particular
intradermal, subcutaneous, intramuscular, intracameral, subconjunctival, suprachoroidal injection,
subretinal, subtenon, retrobulbar, topical, posterior juxtascleral administration, or intrapulmonal inhalation,
interstitial, locoregional, intravitreal, intratumoral, intralymphatic, intranodal, intra-articular, intrasynovial,
periarticular, intraperitoneal, intra-abdominal, intracardial, intralesional, intrapericardial, intraventricular,
intrapleural, perineural, intrathoracic, epidural, intradural, peridural, intrathecal, intramedullary, intracerebral,
intracavernous, intracorporus cavernosum, intraprostatic, intratesticular, intracartilaginous, intraosseous,
intradiscal, intraspinal, intracaudal, intrabursal, intragingival, intraovarian, intrauterine, intraocular,
periocular, periodontal, retrobulbar, subarachnoid, subconjunctival, suprachoroidal injection, infusion,
implantation, nasal, buccal, sublingual, otic or auricular, ophthalmic, conjunctival, vaginal, rectal,
intracervical, endosinusial, laryngeal, oropharyngeal, ureteral, urethral administration, more preferably said
lipid nanoparticle is administered intramuscularly, intravenously, intradermally, subcutaneously,

intratumorally, intranasally, or by inhalation, most preferably intramuscularly, to a subject in need thereof.

Embodiment 42. A kit or kit of parts, comprising any one of the lipid nanoparticle of embodiment 9 to embodiment
41, optionally comprising a liquid vehicle for solubilizing, and, optionally, technical instructions providing
information on administration and dosage of the components.

Embodiment 43. The lipid nanoparticle of any one of embodiment 9 to embodiment 41 or the kit or kit of parts of
embodiment 42 for use in in vivo drug delivery, preferably for use in delivering a nucleic acid, preferably an
mRNA.

Embodiment 44. The lipid nanoparticle of any one of embodiment 9 to embodiment 41 or the kit or kit of parts of
embodiment 43 for use as a medicament.

Embodiment 45. The lipid nanoparticle for use as a medicament according to embodiment 44, wherein the
medicament is for the prevention, prophylaxis, treatment and/or amelioration of a disease selected from
infectious diseases including viral, bacterial or protozoological infectious diseases, cancer or tumor
diseases, liver diseases, autoimmune diseases, allergies, monogenetic diseases including hereditary
diseases, genetic diseases in general, diseases which have a genetic inherited background and which are
typically caused by a defined gene defect and are inherited according to Mendel's laws; cardiovascular

diseases, neuronal diseases, diseases of the respiratory system, diseases of the digestive system, diseases



5

10

15

20

25

30

35

40

45

WO 2024/184500 PCT/EP2024/056128

213

of the skin, musculoskeletal disorders, disorders of the connective tissue, neoplasms, immune deficiencies,
endocrine, nutritional and metabolic diseases, eye diseases, ear diseases and diseases associated with a
peptide or protein deficiency.

Embodiment 46. The lipid nanoparticle for use as a medicament according to embodiment 44 or embodiment

45, wherein the medicament is a vaccine composition.

Embodiment 47. A vaccine composition comprising a lipid nanoparticle of any one of embodiment 9 to

embodiment 46 or a kit or kit of parts of embodiment 42 for use as a medicament, and/or for prevention,
prophylaxis, treatment and/or amelioration of a disease selected from infectious diseases including viral,
bacterial or protozoological infectious diseases, cancer or tumor diseases.

Embodiment 48. A method of treatment or prophylaxis of infectious diseases; cancer or tumor diseases, disorders

or conditions; liver diseases selected from the group consisting of liver fibrosis, liver cirrhosis and liver
cancer; allergies; or autoimmune disease; disorder or condition comprising the steps:

a) providing a lipid nanoparticle of any one of embodiment 9 to embodiment 45, comprising a
homopolymer moiety comprising at least one polyoxazoline (POZ) monomer, preferably the polymer
conjugated lipid according to any one of embodiment 1 to embodiment 8, the vaccine composition of
embodiment 47, or the kit or kit of parts of embodiment 42; and

b) applying or administering the mRNA, the lipid nanopatrticle, the vaccine composition or the kit or kit
of parts to a tissue or an organism.

Embodiment 49. A method for delivering mRNA encoding an antigen or a therapeutic peptide or protein to a

subject, the method comprising administering to a subject a lipid nanoparticle of any one of embodiments
1 to 33, wherein the mRNA encodes an antigen or a therapeutic peptide or protein, and wherein delivering
the mRNA to the subject is beneficial in treating or preventing a disease or disorder, preferably wherein the
subject is a mammal, more preferably wherein the subject is a human.

Embodiment 50. The method according to any one of embodiments embodiment 48 to embodiment 49, wherein

the mRNA, the lipid nanoparticle of any one of embodiment 9 to embodiment 48, the vaccine composition
of embodiment 47 or the kit or kit of parts of embodiment 42 is administered to the tissue or to the organism
by intravenous, intramuscular, subcutaneous, intradermal or intratumoral injection or any administration
route as disclosed in any preceding embodiment.

Embodiment 51. A method of inducing an immune response in a subject, the method comprising administering to

the subject the vaccine composition of embodiment 47 in an amount effective to produce an antigen-specific
immune response in the subject.

Embodiment 52. A pharmaceutical composition comprising a lipid nanoparticle of any one of embodiment 9 to

embodiment 48 or a kit or kit of parts of embodiment 42 or the vaccine composition of embodiment 47 for
use in vaccination and/or treatment of a subject comprising an effective dose of mRNA encoding a virus

antigen.

Embodiment 52.1A pharmaceutical composition comprising a lipid nanoparticle of any one of embodiment 9 to

embodiment 48 or a kit or kit of parts of embodiment 42 or the vaccine composition of embodiment 47 for
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use in vaccination and/or treatment of a subject comprising an effective dose of mMRNA encoding a cancer
antigen.

Embodiment 53. Use of a pharmaceutical composition according to embodiment 52 or a kit or kit of parts
according to embodiment 42 for (i) inducing an immune response, for (ii) inducing an antigen specific T-cell

response or preferably for (iii) inducing CD8+ T cells responses.

Embodiment 54. Use of the pharmaceutical composition of embodiment 52 for the prophylaxis of an infectious
disease or in the manufacture of a medicament for the prophylaxis of an infectious disease, wherein said

medicament preferably is a vaccine composition.

Embodiment 55. A method for preventing, ameliorating or treating a disease or condition in a subject in need
comprising administering to the subject a lipid nanoparticle of any one of embodiment 9 to embodiment
48, a pharmaceutical composition of embodiment 52 or a kit or kit of parts of embodiment 42.

Embodiment 56. The method of any one of the preceding method embodiments, wherein administration of the
lipid nanoparticle results in expression of the antigen encoded by mRNA in the lymphocytes of the subject.

Embodiment 57. A method of treating or preventing a disorder of any one of embodiments 36, 39, 41, 45, 48, or

49, wherein the disorder is an infection with coronavirus, or a disorder related to such an infection.

Embodiment 58. A method of treating or preventing a disorder of any one of embodiments 36, 39, 41, 45, 48, or
49, wherein the subject in need is a mammalian subject, preferably a human subject.

Embodiment 59. The method of any one of the preceding method embodiments, wherein the administration of
the lipid nanoparticle results in an antigen specific antibody response, preferably wherein the antigen specific
antibody response is measured by the presence of antigen-specific antibodies in serum.

Embodiment 60. The lipid nanoparticle of any one of embodiment 9 to embodiment 16, wherein the lipid
nanoparticle comprises excipients selected from ratios selected from the group consisting of
(i) 59 mol% cationic or ionizable lipid, preferably one of the ionizable lipid structures of C1 to C24, more
preferably the ionizable lipid structure C24 or formula 111-3 ((4-hydroxybutyl)azanediyl)bis (hexane-6,1-
diyl)bis(2-hexyldecanoate)), 29.3 mol% cholesterol, 10 mol% neutral lipid and 1.7 mol% of the polymer
conjugated lipid of any one of embodiment 1 to embodiment 8;
(i) 59 mol% cationic or ionizable lipid, preferably one of the ionizable lipid structures of C1 to C24, more
preferably the ionizable lipid structure C24 or formula IlI-3 ((4-hydroxybutyl)azanediyl)bis (hexane-6,1-
diyl)bis(2-hexyldecanoate)), 28.5 mol% cholesterol, 10 mol% neutral lipid and 2.5 mol% of the polymer
conjugated lipid of any one of embodiment 1 to embodiment 8;
(i) 59 mol% cationic or ionizable lipid, preferably one of the ionizable lipid structures of C1 to C24, more
preferably the ionizable lipid structure C24 or formula IlI-3 ((4-hydroxybutyl)azanediyl)bis (hexane-6,1-
diyl)bis(2-hexyldecanoate)), 28.3 mol% cholesterol, 10 mol% DSPC or DPhyPE, preferably DPhyPE,
1 mol% DHPC, and 2.5 mol% of the polymer conjugated lipid of any one of embodiment 1 to embodiment
8;
(iv) 49 mol% cationic or ionizable lipid, preferably one of the ionizable lipid structures of C1 to C24, more
preferably the ionizable lipid structure C24 or formula IlI-3 ((4-hydroxybutyl)azanediyl)bis (hexane-6,1-
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diyl)bis(2-hexyldecanoate)), 29.3 mol% cholesterol, 10 mol% DSPC or DPhyPE, preferably DPhyPE,
10 mol% DHPC, and 2.5 mol% of the polymer conjugated lipid of any one of embodiment 1 to embodiment
8;

(vi) 47.4 mol% cationic or ionizable lipid, preferably one of the ionizable lipid structures of C1 to C27, more
preferably the ionizable lipid structure C24 or formula 111-3 (((4-hydroxybutyl)azanediyl)bis(hexane-6,1-
diyl)bis(2-hexyldecanoate)), 40.9 mol% cholesterol, 10 mol% DSPC or DPhyPE, preferably DPhyPE, and
1.7 mol% of the polymer conjugated lipid of any one of embodiment 1 to embodiment 8;

(vi) 47.4 mol% cationic or ionizable lipid, preferably one of the ionizable lipid structures of C1 to C27, more
preferably the ionizable lipid structure C24 or formula 111-3 (((4-hydroxybutyl)azanediyl)bis(hexane-6,1-
diyl)bis(2-hexyldecanoate)), 40.1 mol% cholesterol, 10 mol% DSPC and 2.5 mol% of the polymer conjugated
lipid of any one of embodiment 1 to embodiment 8;

(vii) 47.4 mol% formula I11-3 (((4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyldecanoate)), 40.9
mol% cholesterol, 10 mol% DSPC, and 1.7 mol% of the polymer conjugated lipid of any one of embodiment
1 to embodiment 8;

(viii) 47.4 mol% formula 111-3 (((4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyldecanoate)), 40.1
mol% cholesterol, 10 mol% DSPC and 2.5 mol% 2-[(PMOZ)]n-N,N-ditetradecylacetamide];

(ix) 47.4 mol% formula I1II-3 (((4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyldecanoate)), 40.9
mol% cholesterol, 10 mol% DSPC and 1.7 mol% 2-[(PMOZ)]n-N,N-ditetradecylacetamide]; and most
preferably

(X) 59 mol% C24, 28.5 mol% cholesterol, 10 mol% DPhyPE and 2.5 mol% “PMOZ 4",

wherein n of the polymer conjugated lipid has a mean value ranging from about 45 to about 55, preferably n
is about 50 or wherein n is selected such that the polymer moiety has an average molecular weight of about
4.2 kDa to about 4.4 kDa, or most preferably about 4.3 kDa.

Embodiment 61. The lipid nanoparticle of any one of embodiment 9 to embodiment 16 or embodiment 60,

wherein the lipid nanoparticle comprises a neutral lipid or phospholipid having at least one alkyl chain with
a length of Cs, Cs, C7, Cs, Csg, C10, C11, C12, C13 Or C14, preferably with a length of Cs, C7, Cs, Cs, or C1o, more
preferably with a length of Ce, C7, Cs, most preferably with a length of C7, or further most preferably wherein
the lipid nanoparticle comprises a combination of two neutral lipids wherein the combination comprises a
neutral lipid or phospholipid having at least two alkyl chains, whereby each alkyl chain independently has a
length of preferably Cs, C7, Cs, Co, or C10, more preferably with a length of Cs, C7, Cs, most preferably with
a length of Cy, further most preferably a phospholipid selected from the group consisting of 05:0 PC (1,2-
dipentanoyl-sn-glycero-3-phosphocholine), 04:0 PC (1,2-dibutyryl-sn-glycero-3-phosphocholine), 06:0 PC
(DHPC, 1,2-dihexanoyl-sn-glycero-3-phosphocholine), 07:0 PC (DHPC, 1,2-diheptanoyl-sn-glycero-3-
phosphocholine), 08:0 PC (1,2-dioctanoyl-sn-glycero-3-phosphocholine), and 09:0 PC (1,2-dinonanoyl-sn-
glycero-3-phosphocholine), preferably 07:0 PC (DHPC, 1,2-diheptanoyl-sn-glycero-3-phosphocholine).

Embodiment 62. The lipid nanoparticle of any one of embodiment 9 to embodiment 16 or embodiment 60 to

embodiment 61, wherein the lipid nanoparticles comprise a neutral lipid or phospholipid having at least two
alkyl chains, whereby each alkyl chain independently has a length of Cs, Cs, C7, Cs, Ce, C10, C11, C12, C13 OF
C14, preferably with a length of Cs, C7, Cs, Cs, or C10, more preferably with a length of Cs, C7, Cs, most
preferably with a length of C7, or further most preferably wherein the lipid nanoparticle comprises a
combination of two neutral lipids wherein the combination comprises a neutral lipid or phospholipid having
at least two alkyl chains, whereby each alkyl chain independently has a length of preferably Cs, C7, Cs, Co,

or C10, more preferably with a length of Cs, C7, Cs, most preferably with a length of C7, further most preferably
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a phospholipid selected from the group consisting of 05:.0 PC (1,2-dipentanoyl-sn-glycero-3-
phosphocholine), 04:0 PC (1,2-dibutyryl-sn-glycero-3-phosphocholine), 06:0 PC (DHPC, 1,2-dihexanoyl-sn-
glycero-3-phosphocholine), 07:0 PC (DHPC, 1,2-diheptanoyl-sn-glycero-3-phosphocholine), 08:0 PC (1,2-
dioctanoyl-sn-glycero-3-phosphocholine), and 09:0 PC (1,2-dinonanoyl-sn-glycero-3-phosphocholine),
preferably 07:0 PC (DHPC, 1,2-diheptanoyl-sn-glycero-3-phosphocholine).

Embodiment 63. A lipid nanoparticle comprising a polymer conjugated lipid according to any one of embodiment
1 to embodiment 8, wherein the lipid nanoparticle has a lower PDI and/or lower size upon (i) freezing and
thawing or (i) freeze-drying (lypophilizing) and reconstitution, as compared to a control lipid nanoparticle
comprising a PEG-lipid instead said polymer conjugated lipid according to any one of embodiment 1 to

embodiment 8.

Embodiment 64. A method of making a frozen lipid nanoparticle of any one of embodiment 9 to embodiment 16
or embodiment 60 to embodiment 62 or a lipid nanoparticle comprising a polymer conjugated lipid
according to any one of embodiment 1 to embodiment 8, wherein the lipid nanoparticle upon thawing has
a lower PDI and/or lower size as compared to a control lipid nanoparticle comprising a PEG-lipid instead of
a polymer conjugated lipid according to any one of embodiment 1 to embodiment 8.

Embodiment 65. A method of making a Iyophilized lipid nanoparticle of any one of embodiment 9 to embodiment
16 or embodiment 60 to embodiment 62 or a lipid nanoparticle comprising a polymer conjugated lipid
according to any one of embodiment 1 to embodiment 8, wherein the lipid nanoparticle upon reconstitution
has a lower PDI and/or lower size as compared to a control lipid nanoparticle comprising a PEG-lipid instead
of a polymer conjugated lipid according to any one of embodiment 1 to embodiment 8.

Embodiment 66. An improved lyophilization process for the preparation of Iyophilized lipid nanoparticles of any one
of embodiment 9 to embodiment 16 or embodiment 60 to embodiment 62, said process comprising the
step of using a polymer conjugated lipid according to any one of embodiment 1 to embodiment 8 as
excipient instead of a PEG-lipid, wherein the lipid nanoparticle upon reconstitution has a lower PDI and/or
lower size as compared to a control lipid nanoparticle comprising a PEG-lipid instead of a polymer
conjugated lipid according to any one of embodiment 1 to embodiment 8.

Embodiment 67. A vaccine composition, comprising a lipid nanoparticle of any one of embodiment 9 to
embodiment 16 or embodiment 60 to embodiment 62 or a polymer conjugated lipid according to any one
of embodiment 1 to embodiment 8.

Embodiment 68. A vaccine composition or a lipid nanoparticle of any one of the preceding embodiments
comprising a polymer conjugated lipid according to any of the preceding embodiments, wherein the
formulation has an increase in LNP mean size of about 30%, 29%, 28%, 27%, 26%, 25%, 24%, 23%, 22%,
21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
1%, or less after one or more freeze/thaw cycles as compared to that prior to freeze/thaw cycles.

Embodiment 69. A vaccine composition or a lipid nanoparticle of any one of the preceding embodiments

comprising a polymer conjugated lipid according to any of the preceding embodiments, wherein the
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formulation has an increase in LNP mean size of about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or

less after one or more freeze/thaw cycles as compared to that prior to freeze/thaw cycles.

Embodiment 70. A vaccine composition or a lipid nanoparticle of any one of the preceding embodiments
comprising a polymer conjugated lipid according to any of the preceding embodiments, wherein the
formulation has an increase in LNP mean size of about 30%, 29%, 28%, 27%, 26%, 25%, 24%, 23%, 22%,
21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
1%, or less after Iyophilization as compared to that prior to lyophilization.

Embodiment 71. A vaccine composition or a lipid nanoparticle of any one of the preceding embodiments
comprising a polymer conjugated lipid according to any of the preceding embodiments, wherein the
formulation has an increase in LNP mean size of about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or

less after lyophilization as compared to that prior to lyophilization.

Embodiment 72. A vaccine composition or a lipid nanoparticle of any one of the preceding embodiments
comprising a polymer conjugated lipid according to any of the preceding embodiments, wherein the
formulation has an increase in LNP mean size of about 30%, 29%, 28%, 27%, 26%, 25%, 24%, 23%, 22%,
21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
1%, or less after dilution as compared to that prior to dilution.

Embodiment 73. A vaccine composition or a lipid nanoparticle of any one of the preceding embodiments
comprising a polymer conjugated lipid according to any of the preceding embodiments, wherein the
formulation has an increase in LNP mean size of about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or

less after dilution as compared to that prior to dilution.

Embodiment 74. A vaccine composition or a lipid nanoparticle of any one of the preceding embodiments
comprising a polymer conjugated lipid according to any of the preceding embodiments, wherein the
encapsulation efficiency of the formulation is substantially the same after storage at about 4 °C or lower for
at least one month.

Embodiment 75. A vaccine composition or a lipid nanoparticle of any one of the preceding embodiments
comprising a polymer conjugated lipid according to any of the preceding embodiments, wherein the LNP
mean size of the LNPs is substantially the same after storage at about 4 °C or lower for at least one month.

Fifth Set of Embodiments
Embodiment 1. A lipid nanoparticle comprising:

- about 45 mol% to about 65 mol% of an ionizable lipid, preferably an ionizable lipid according to formula (II)
R-A-RP formula (I1)
or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein
R? is selected from:
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RP® is selected from:
1
R
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N o R? 3
Ai\Rw;/ o g I\/N\ 2,0 R 4
R \"/ R
0 , © , or

Ais —S—;
R' is an ethanediyl or linear or unbranched alkanediyl having 2 to 3 carbon atoms;
RZ is an alkanediyl having 2 to 8 carbon atoms;
R3 is optional, and if present, is —R>~C(O)-0—, —R5-0-C(0)—, —R>~C(O)-NH-, —-R>~OC(0)-NH-
10 , or R°>~NH-C(0)O—;
R* is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12
to 36 carbon atoms is derived from tocopherol or tocotreinol;
RS is an alkanediyl having 1 to 6 carbon atoms;
X is a carbon atom bonded to a hydrogen atom (CH) or a nitrogen atom, preferably a carbon atom
15 bonded to a hydrogen atom (CH);
- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% of a phospholipid, preferably
a phospholipid selected from DSPC and DPhyPE, more preferably wherein the phospholipid is DPhyPE;
- about 2.5 mol% to about 5 mol%, preferably about 2.5 mol% of a phosphatidylserine, preferably DPhyPS;
- about 25 to about 45 mol% of a sterol, preferably cholesterol;
20 - less than about 1.5 mol%, preferably about 1 mol% of a polymer conjugated lipid, preferably of a PMOZ-
lipid, more preferably a PMOZ-lipid not comprising a sulphur group (-S-); and
- one or more nucleic acid, preferably an mRNA,;

more preferably characterized in that the ionizable lipid is
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(“CVL1" or C24).

Embodiment 2. A lipid nanoparticle comprising:

5 - about 45 mol% to about 65 mol% of an ionizable lipid, preferably an ionizable lipid according to formula (II)
Ra-A-RP formula (I1)
or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein
R? is selected from:
1
R
LL( \X/ﬁ
& N o R |\/ 3
- ~ ~ N O R
R R? \l’r R \Rz \"/ \R4
o © or
1
R
X
k/x o] R
\RZ/ Y \RA
10 o

RP® is selected from:

N, o, R /\ 3
;‘S\Rﬁ/ . e \R., k/x\ 2.0 R 4
R T R
s}

s or
1
R
R
I\/N O R3
\RE/ \n/ \R4
e}

Ais =S-,
15

R is an ethanediyl or linear or unbranched alkanediyl having 2 to 3 carbon atoms;
R2 is an alkanediyl having 2 to 8 carbon atoms;

R3 is optional, and if present, is =R>~C(O)—0—, -R5-0-C(0)—, —R>~C(O)-NH-, —=R>~0OC(0)-NH-
, or RS=NH-C(0)O-:
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R* is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12
to 36 carbon atoms is derived from tocopherol or tocotreinol;
RS is an alkanediyl having 1 to 6 carbon atoms;
X is a carbon atom bonded to a hydrogen atom (CH) or a nitrogen atom, preferably a carbon atom
5 bonded to a hydrogen atom (CH);
- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% of a phospholipid, preferably
selected from the group consisting of DSPC and DPhyPE, more preferably wherein the phospholipid is
DPhyPE;
- about 2.5 mol% to about 5 mol% of a phosphatidylserine, preferably DPhyPS, more preferably about 2.5
10 mol% DPhyPS;
- about 25 mol% to about 45 mol% of a sterol, preferably cholesterol,
- less than about 1.5 mol%, preferably about 1 mol% of a polymer conjugated lipid, preferably of a PMOZ-
lipid, preferably not comprising a sulphur group (-S-); and
- one or more nucleic acid, preferably an mRNA,;

15 preferably characterized in that the ionizable lipid is

(“CVL1-meta“ or C28).

Embodiment 3. A lipid nanoparticle comprising:
20 - about 45 mol% to about 65 mol% of an ionizable lipid, preferably an ionizable lipid according to formula (Il)
Ra—A-RP formula (I1)
or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein
R? is selected from:
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R' is an ethanediyl or linear or unbranched alkanediyl having 2 to 3 carbon atoms;

RZ is an alkanediyl having 2 to 8 carbon atoms;

R3 is optional, and if present, is —R>~C(O)-0—, —R5-0-C(0)—, —R>~C(O)-NH-, —-R>~OC(0)-NH-
, or RS~NH-C(0)O—;

R* is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12
to 36 carbon atoms is derived from tocopherol or tocotreinol;

RS is an alkanediyl having 1 to 6 carbon atoms;

X is a carbon atom bonded to a hydrogen atom (CH) or a nitrogen atom, preferably a carbon atom
bonded to a hydrogen atom (CH);
about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% of a phospholipid, preferably
selected from the group consisting of DSPC and DPhyPE, more preferably wherein the phospholipid is
DPhyPE;
about 2.5 mol% to about 5 mol% of a phosphatidylserine, preferably DPhyPS, more preferably about 2.5
mol% DPhyPS;
about 25 to about 45 mol% of a sterol, preferably cholesterol;
less than about 1.5 mol%, preferably about 1 mol% of a polymer conjugated lipid, preferably of a PMOZ-
lipid, preferably not comprising a sulphur group (-S-); and
one or more nucleic acid, preferably an mRNA,;

preferably characterized in that the ionizable lipid is
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0]
0]
0O

(“CVL1-inverted” or C29).

Embodiment 4. The lipid nanoparticle of embodiment 1 comprising:

5 - about 45 mol% to about 65 mol% ionizable lipid, preferably an ionizable lipid according to formula (Il) as shown in
embodiment 1, more preferably CVL1 (C24), preferably about 49 mol% or about 59 mol% CVL1 (C24);

- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% DPhyPE, preferably about 5 mol%
DPhyPE or about 7.5 mol% DPhyPE, more preferably about 7.5 mol% DPhyPE;

- about 2.5 mol% phosphatidylserine, preferably DPhyPS;

10 - about 0.5 to about 1 mol% PMOZ-lipid, preferably comprising a linker group [linker] being (C(O)CH2CH2C(O)NH),
more preferably not comprising a sulphur group (-S-), even more preferably being (i) "PMOZ 4" with n = 50 i.e.
having 50 monomer repeats

\/\/\/\/\/\/\l 0 OY
N N ,{P\/ N \]\
N
0 H 50
(“PMOZ 4” with n = 50 i.e. having 50 monomer repeats); or
15 (i “PMOZ 4" with n = 115 i.e. having 115 monomer repeats
\/\/\/\/\M o OY
N N ,{f\/ N L
N
o H 115

(“PMOZ 4" with n = 115 i.e. having 115 monomer repeats);
- about 29 mol% to about 41 mol% sterol, preferably cholesterol; and
one or more nucleic acid, preferably an mRNA.
20
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Embodiment 5. The lipid nanoparticle of embodiment 2 comprising:

- about 45 mol% to about 65 mol% ionizable lipid, preferably an ionizable lipid according to formula (Il) as shown in
embodiment 2, more preferably CVL1-meta (C28), preferably about 49 mol% or about 59 mol% CVL1-meta
(C28);

5 - about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% DPhyPE, more preferably about 5
mol% DPhyPE or about 7.5 mol% DPhyPE;

- about 2.5 mol% or about 5 mol% phosphatidylserine, preferably DPhyPS;

- about 0.5 mol% to about 1 mol%, preferably about 1 mol% PMOZ-lipid, preferably comprising a linker group [linker]
being (C(O)CH2CH2C(O)NH), more preferably not comprising a sulphur group (-S-), even more preferably
10 being (i) "PMOZ 4” with n = 50 i.e. having 50 monomer repeats

W o OY
b

(“PMOZ 4" with n = 50 i.e. having 50 monomer repeats); or

(i) “PMOZ 4" with n = 115 i.e. having 115 monomer repeats

va

N

A

116

15 (“PMOZ 4" with n = 115 i.e. having 115 monomer repeats);
- about 29 mol% to about 41 mol% sterol, preferably cholesterol; and

one or more nucleic acid, preferably an mRNA.

Embodiment 6. The lipid nanoparticle of embodiment 3 comprising:

20 - about 45 mol% to about 65 mol% ionizable lipid, preferably an ionizable lipid according to formula (ll) as shown in
embodiment 3, more preferably CVL1-para (C29), preferably about 49 mol% or about 59 mol% CVL1-para
(C29), more preferably about 49 mol% CVL1-para (C29);

- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% DPhyPE, more preferably about 5
mol% DPhyPE or about 7.5 mol% DPhyPE, even more preferably about 7.5 mol% DPhyPE;
25 - about 2.5 mol% phosphatidylserine, preferably DPhyPS;
- about 0.5 mol% to about 1 mol%, preferably about 1 mol% PMOZ-lipid, preferably comprising a linker group [linker]

being (C(O)CH2CH2C(O)NH), more preferably not comprising a sulphur group (-S-), even more preferably
being (i) "PMOZ 4” with n = 50 i.e. having 50 monomer repeats
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A
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(“PMOZ 4" with n = 50 i.e. having 50 monomer repeats); or

O
N
O
(i) “PMOZ 4" with n = 115 i.e. having 115 monomer repeats
\/\/V\M o)
N
O

N

A

115

(“PMOZ 4" with n = 115 i.e. having 115 monomer repeats);
- about 29 mol% to about 41 mol% sterol, preferably cholesterol; and

one or more nucleic acid, preferably an mRNA.

Embodiment 7. The lipid nanoparticle of embodiment 1, comprising one or more nucleic acid, preferably an
mRNA and a lipid nanoparticle composition selected from the group consisting of

(i) 49 mol% C24, 40 mol% cholesterol, 7.5 mol% DPhyPE, 2.5 mol% DPhyPS, and 1 mol% PMOZ 4 with n =50 i.e.
having 50 monomer repeats;

(ii) 59 mol% C24, 30 mol% cholesterol, 7.5 mol% DPhyPE, 2.5 mol% DPhyPS, and 1 mol% PMOZ 4 with n = 50
i.e. having 50 monomer repeats;

(iiiy 49 mol% C24, 40.5 mol% cholesterol, 7.5 mol% DPhyPE, 2.5 mol% DPhyPS, and 0.5 mol% PMOZ 4 with n =
115 i.e. having 115 monomer repeats; and

(iv) 49 mol% C24, 40 mol% cholesterol, 7.5 mol% DPhyPE, 2.5 mol% DPhyPS, and 1 mol% PMOZ 4 withn =115
i.e. having 115 monomer repeats.

Embodiment 8. The lipid nanoparticle of embodiment 2, comprising one or more nucleic acid, preferably an
mRNA and a lipid nanoparticle composition selected from the group consisting of

(i) about 59 mol% C28, about 30 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and about
1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats; and

(ii) about 49 mol% C28, about 40 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and about
1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats.

Embodiment 9. The lipid nanoparticle of embodiment 3, comprising one or more nucleic acid, preferably an
mRNA and a lipid nanoparticle composition comprising about 49 mol% C29, about 40 mol% cholesterol,
about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and about 1 mol% PMOZ 4 with n = 50 i.e. having 50
monomer repeats.
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Embodiment 10. A lipid nanoparticle comprising:

- about 45 mol% to about 65 mol% of an ionizable lipid, preferably an ionizable lipid according to formula (II)
as shown in embodiment 1, more preferably C24, C28 or C29, most preferably C24;
- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% DPhyPE;
5 - about 2.5 mol% to about 5 mol% of a phosphatidylserine, preferably DPhyPS;
- about 25 mol% to about 45 mol% of a sterol, preferably cholesterol;
- about 1 mol% to about 2 mol% of a PEG-Ilipid, preferably DMG-PEG2000; and
- one or more nucleic acid, preferably an mRNA.

10 Embodiment 11. The lipid nanoparticle of embodiment 10, comprising one or more nucleic acid, preferably an
mRNA and a lipid nanoparticle composition selected from the group consisting of
(i) about 49 mol% C24, about 39.3 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS
and about 1.7 mol% DMG-PEG2000;
(ii) about 59 mol% C28, about 29.3 mol% cholesterol, about 5 mol% DPhyPE, about 5 mol% DPhyPS and
15 about 1.7 mol% DMG-PEG2000; and

(iiiy about 49 mol% C29, about 39.3 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS and
about 1.7 mol% DMG-PEG2000.

Sixth Set of Embodiments
20 Embodiment 1. A lipid nanoparticle comprising:

- about 45 mol% to about 65 mol% of an ionizable lipid, preferably an ionizable lipid according to formula (Il)
Ra_A-RP formula (I1)
or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein
R? is selected from:

M QO R?, /\l 3
:é\Rif i g I\/N\ 2.0 R 4
R R
Q

25 , o ) or

RP is selected from:

N o R /\I 3
;‘S\R,/ Rz/ - I\/N\ 2.0 R4
R \"/ R
(s}

, © , or
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Ais —-S—
R' is an ethanediyl or linear or unbranched alkanediyl having 2 to 3 carbon atoms;
R2 is an alkanediyl having 2 to 8 carbon atoms;
R3 is optional, and if present, is =R>~C(O)—-0—, -R5-0-C(0)—, —-R*~C(O)-NH-, =R>~0OC(0)-NH-
5 , or RS-NH-C(0)0O—;
R* is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12
to 36 carbon atoms is derived from tocopherol or tocotreinol;
R% is an alkanediyl having 1 to 6 carbon atoms;
X is a carbon atom bonded to a hydrogen atom (CH) or a nitrogen atom, preferably a carbon atom
10 bonded to a hydrogen atom (CH);
- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% of a phospholipid, preferably
a phospholipid selected from DSPC and DPhyPE, more preferably wherein the phospholipid is DPhyPE;
- about 1 mol% to about 6 mol%, preferably about 2.5 mol% to about 5 mol%, more preferably about 2.5
mol% of a phosphatidylserine, preferably DPhyPS;
15 - about 25 mol% to about 45 mol% of a sterol, preferably cholesterol;
- less than about 1.5 mol%, preferably about 1 mol% of a polymer conjugated lipid, preferably of a PMOZ-
lipid, more preferably a PMOZ-lipid not comprising a sulphur group (-S-); and
- one or more nucleic acid, preferably an mRNA.

20 Embodiment 2. The lipid nanoparticle according to embodiment 1, wherein the ionizable lipid is

(‘CVL1" or C24).

Embodiment 3. The lipid nanoparticle according to embodiment 1, wherein the ionizable lipid is
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(“CVL1-meta” or C28).

Embodiment 4. The lipid nanoparticle according to embodiment 1, wherein the ionizable lipid is

(“CVL1-inverted” or C29).

Embodiment 5. The lipid nanoparticle of any one of embodiment 1 to embodiment 4 comprising:
- about 45 mol% to about 65 mol% of the ionizable lipid, preferably about 49 mol% or about 59 mol% of the ionizable
10 lipid;
- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% of the phospholipid, preferably about
5 mol% or about 7.5 mol% of the phospholipid, more preferably about 7.5 mol% DPhyPE;
- about 2.5 mol% phosphatidylserine, preferably DPhyPS;

- about 0.5 mol% to about 1 mol%, preferably about 1 mol% of the PMOZ-lipid, preferably a PMOZ-lipid not
15 comprising a sulphur group (-S-), more preferably a PMOZ-lipid comprising a linker group [linker] being
(C(O)CH2CH2C(O)NH), even more preferably being (i) “PMOZ 4" with n = 50 i.e. having 50 monomer repeats
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(“PMOZ 4" with n = 50 i.e. having 50 monomer repeats); or

(i) “PMOZ 4" with n = 115 i.e. having 115 monomer repeats

\/\/\/\M

N

\[(_\)Cj\
0]
o) Y
’{'\/Nl\
N
0 115
5 (“PMOZ 4" with n = 115 i.e. having 115 monomer repeats);

- about 29 mol% to about 41 mol% sterol, preferably cholesterol; and

- one or more nucleic acid, preferably an mRNA.

Embodiment 6. The lipid nanoparticle of any one of embodiment 1 to embodiment 5 comprising:
10 - about 49 mol% or about 59 mol% of the ionizable lipid;

- about 5 mol% or about 7.5. mol% of DPhyPE;

- about 2.5 mol% or about 5 mol% phosphatidylserine, preferably DPhyPS;

- about 0.5 mol% to about 1 mol%, preferably about 1 mol% of a PMOZ-lipid, preferably a PMOZ-lipid not comprising
a sulphur group (-S-), more preferably a PMOZ-lipid comprising a linker group [linker] being
15 (C(O)CH2CH2C(O)NH), even more preferably being (i) “PMOZ 4” with n = 50 i.e. having 50 monomer repeats

(“PMOZ 4" with n = 50 i.e. having 50 monomer repeats); or

(i) “PMOZ 4" with n = 115 i.e. having 115 monomer repeats

A

20 (“PMOZ 4" with n = 115 i.e. having 115 monomer repeats);

- about 29 mol% to about 41 mol% cholesterol; and

- one or more nucleic acid, preferably an mRNA.



10

15

20

25

30

35

40

WO 2024/184500 PCT/EP2024/056128
229

Embodiment 7. The lipid nanoparticle of embodiment 2, wherein the lipid nanoparticle comprises one or more
nucleic acid, preferably an mRNA, and the lipid composition of the lipid nanoparticle is selected from the
group consisting of

(i) about 49 mol% C24, about 40 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS,

and about 1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats;

(i) about 59 mol% C24, about 30 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS,

and about 1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats;

(iiiy about 49 mol% C24, about 40.5 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol%
DPhyPS, and about 0.5 mol% PMOZ 4 with n = 115 i.e. having 115 monomer repeats; and

(iv) about 49 mol% C24, about 40 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS,
and about 1 mol% PMOZ 4 with n = 115 i.e. having 115 monomer repeats.

Embodiment 8. The lipid nanoparticle of embodiment 3, wherein the lipid nanoparticle comprises one or more
nucleic acid, preferably an mRNA, and the lipid composition of the lipid nanoparticle is selected from the
group consisting of

(i) about 59 mol% C28, about 30 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and about
1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats; and

(ii) about 49 mol% C28, about 40 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and about
1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats.

Embodiment 9. The lipid nanoparticle of embodiment 4, wherein the lipid nanoparticle comprises one or more
nucleic acid, preferably an mRNA, and about 49 mol% C29, about 40 mol% cholesterol, about 7.5 mol%
DPhyPE, about 2.5 mol% DPhyPS, and about 1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats.

Embodiment 10. A lipid nanoparticle comprising:

- about 45 mol% to about 65 mol% of an ionizable lipid, preferably an ionizable lipid according to formula (II)
as shown in embodiment 1, more preferably the ionizable lipid as shown in embodiment 2 (C24), the
jonizable lipid as shown in embodiment 3 (C28) or the ionizable lipid as shown in embodiment 4 (C29);

- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% DPhyPE;

- about 2.5 mol% to about 5 mol% of a phosphatidylserine, preferably DPhyPS;

- about 25 mol% to about 45 mol% of a sterol, preferably cholesterol,

- about 1 mol% to about 2 mol% of a PEG-lipid, preferably DMG-PEG2000; and

- one or more nucleic acid, preferably an mRNA.

Embodiment 11. The lipid nanoparticle of embodiment 10, wherein the lipid nanoparticle comprises one or more
nucleic acid, preferably an mRNA, and the lipid composition of the lipid nanoparticle is selected from the

group consisting of

(i) about 49 mol% C24, about 39.3 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS
and about 1.7 mol% DMG-PEG2000;
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(ii) about 59 mol% C28, about 29.3 mol% cholesterol, about 5 mol% DPhyPE, about 5 mol% DPhyPS and
about 1.7 mol% DMG-PEG2000; and

(iiiy about 49 mol% C29, about 39.3 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS
and about 1.7 mol% DMG-PEG2000.

Embodiment 12. The lipid nanoparticle according to any one of embodiment 1 to embodiment 11, wherein the
lipid nanoparticles comprise the mRNA at an amount such as to achieve an N/P ratio in the range of about
5 to about 20, more preferably about 10 to about 18, even more preferably about 12 to about 16, most

preferably about 14.

Embodiment 12a.The lipid nanoparticle according to any one of embodiment 1 to embodiment 11, wherein the
lipid nanoparticles comprise the mRNA at an amount such as to achieve an N/P ratio in the range of about 5 to
about 15, more preferably about 8 to about 12, even more preferably about 9 to about 11, most preferably about 10

Embodiment 13. The lipid nanoparticle according to any one of embodiment 1 to embodiment 12, wherein the
lipid nanoparticles have a lipid to mRNA weight ratio (m/m) in the range of about 20 to about 60, more
preferably about 30 to about 50, even more preferably about 40, about 41, about 42, about 43, about 44 or
about 45.

Embodiment 14. The lipid nanoparticle according to any one of embodiment 1 to embodiment 13, wherein the
nucleic acid is
(a) an mRNA comprising at least one coding sequence encoding a peptide or protein, or a fragment or
variant thereof, wherein the peptide or protein is an antigen, wherein the antigen preferably is derived from
tumor antigens, pathogenic antigens, allergenic antigens or autoimmune self-antigens, or a fragment or
variant thereof; or
(b) an mRNA comprising at least one coding sequence encoding a therapeutic protein, or a fragment or
variant thereof, wherein the therapeutic protein is selected from the group consisting of
(i) therapeutic proteins for use in the treatment of cancer or tumor diseases;
(i) therapeutic proteins for use in enzyme replacement therapy for the treatment of metabolic, endocrine
or amino acid disorders or for use in replacing an absent, deficient or mutated protein;
(i) therapeutic proteins for use in the treatment of blood disorders, diseases of the circulatory system,
diseases of the respiratory system, infectious diseases or immune deficiencies;
(iv) therapeutic proteins for use in hormone replacement therapy;
(v) therapeutic proteins for use in reprogramming somatic cells into pluri- or omnipotent stem cells;
(vi) therapeutic proteins for use as adjuvant or immunostimulation;
(vii) therapeutic proteins being a therapeutic antibody;
(viii) therapeutic proteins being a gene editing agent; and
(ix) therapeutic proteins for use in treating or preventing a liver disease selected from the group consisting
of liver fibrosis, liver cirrhosis and liver cancer;
preferably wherein the therapeutic protein is a therapeutic protein for use in the treatment of cancer or

tumor diseases.

Embodiment 15. The lipid nanoparticle according to any one of embodiment 1 to embodiment 14, wherein the

nucleic acid is



10

15

20

25

30

35

40

45

WO 2024/184500 PCT/EP2024/056128
231

(a) an mRNA comprising at least one coding sequence encoding a peptide or protein, or a fragment or
variant thereof, wherein the peptide or protein is an antigen, wherein the antigen preferably is derived from
a tumor antigen, or a fragment or variant thereof; or the mRNA comprises at least one coding sequence
encoding a therapeutic protein, or a fragment or variant thereof, wherein the therapeutic protein is a
therapeutic protein for use in the treatment of cancer or tumor diseases.

Embodiment 16. The lipid nanoparticle according to any one of embodiment 1 to embodiment 15, wherein the

nucleic acid is an mRNA encoding a tumor antigen.

Embodiment 17. The lipid nanoparticle according to any one of embodiment 1 to embodiment 16, wherein the
lipid nanoparticle is a sterile solid composition for reconstitution with a sterile liquid carrier, and wherein the
lipid nanoparticle further comprises one or more inactive ingredients selected from pH-modifying agents,
bulking agents, stabilizers, non-ionic surfactants and antioxidants, and wherein the sterile liquid carrier is an

aqueous carrier.

Embodiment 18. The lipid nanoparticle according to any one of embodiment 1 to embodiment 17, wherein the
lipid nanoparticle is a sterile liquid composition, and wherein the lipid nanoparticles have a mean
hydrodynamic diameter as determined by dynamic laser scattering from about 50 nm to about 300 nm, or
from about 60 nm to about 250 nm, or from about 60 nm to about 200 nm, or from about 70 to 200 nm, or
from about 75 nm to about 160, or from about 85 nm to about 140 nm, or from about 90 nm to about 130

nm, or from about 50 nm to about 120 nm.

Embodiment 19. The lipid nanoparticle according to any one of embodiment 1 to embodiment 18, wherein the
lipid nanoparticles exhibit a zeta potential in the range of -50 mV to +50 mV, preferably in the range of -25
mV to +25 mV, more preferably in the range of -10 mV to +10 mV, most preferably in the range of -5 mV to
+5 mV.

Embodiment 20. The lipid nanoparticle according to any one of embodiment 1 to embodiment 19, wherein the
mRNA compound is a mono-, bi-, or multicistronic mRNA.

Embodiment 21. The lipid nanoparticle according to any one of embodiment 1 to embodiment 20, wherein the
mRNA compound comprises a coding region encoding a peptide or protein, wherein the coding region
exhibits a sequence modification.

Embodiment 22. The lipid nanoparticle of embodiment 21, wherein the sequence modification is selected from a
G/C content modification, a codon modification, a codon optimization or a C-optimization of the sequence;
preferably wherein, compared with the coding region of the corresponding wild-type mRNA, the
- G/C content of the coding region is increased;

- C content of the coding region is increased;
- codon usage in the coding region is adapted to the human codon usage; and/or

- codon adaptation index (CAl) is increased or maximized in the coding region.

Embodiment 23. The lipid nanoparticle according to any one of embodiment 1 to embodiment 22, wherein the
mRNA compound further comprises
a) a 5'-CAP structure, preferably m7GpppN, more preferably CAP1 or m7G(5)ppp(5’)(2'OMeA)pG;
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b) optionally at least one miRNA sequence, preferably wherein the microRNA binding site is for a microRNA
selected from the group consisting of miR-126, miR-142, miR-144, miR-146, miR-150, miR-155, miR-16,
miR-21, miR-223, miR-24, miR-27, miR-26a, or any combination thereof;

c) at least one 5-UTR element;

d) a coding sequence;

e) at least one 3'-UTR element;

f) at least one poly(A) sequence;

@) at least one poly(C) sequence;

or any combinations of these.

Embodiment 24. The lipid nanoparticle according to any one of embodiment 1 to embodiment 23, wherein the
least one coding RNA comprises a 5'-CAP structure, preferably m7G, CAP0O, CAP1, CAP2, a modified CAPO
or a modified CAP1 structure.

Embodiment 25. The lipid nanoparticle according to any one of embodiment 1 to embodiment 24, wherein the at
least one coding RNA comprises at least one heterologous 5'-UTR and/or at least one heterologous 3'-UTR,
preferably wherein the at least one heterologous 5'-UTR comprises a nucleic acid sequence derived from a
5'-UTR of a gene selected from HSD17B4, RPL32, ASAH1, ATP5A1, MP68, NDUFA4, NOSIP, RPL31,
SLC7A3, TUBB4B and UBQLN2, or from a homolog, a fragment or variant of any one of these genes; and/or
preferably wherein the at least one heterologous 3'-UTR comprises a nucleic acid sequence derived from a
3'-UTR of a gene selected from PSMB3, ALB7, alpha-globin, CASP1, COX6B1, GNAS, NDUFA1 and RPS9,
or from a homolog, a fragment, or a variant of any one of these genes.

Embodiment 26. The lipid nanoparticle according to any one of embodiment 1 to embodiment 25, wherein the at
least one coding RNA comprises a (i) HSD17B4 §'-UTR and a PSMB3 3'-UTR, more preferably a HSD17B4
5'-UTR (SEQ ID NO:12, SEQ ID NO:13) and a PSMB3 3’-UTR (SEQ ID NO: 46, SEQ ID NO:47).

Embodiment 27. The lipid nanoparticle of any one embodiment 1 to embodiment 26, wherein the mRNA
comprises no chemical modification, preferably no base modification, more preferably no base modification
selected from the group consisting of pseudouridine (psi or y), N1-methylpseudouridine (N1MPU, N1Mpsi
or N1My), 1-ethylpseudouracil, 2-thiouracil (s2U), 4-thiouracil, 5-methylcytosine, 5-methyluracil, 5-
methoxyuracil, most preferably no N1-methylpseudouridine (N1TMPU, N1Mpsi or N1My) modification.

Embodiment 28. The lipid nanoparticle of any one embodiment 1 to embodiment 26, wherein the mRNA
compound comprises at least one chemical modification.

Embodiment 29. The lipid nanoparticle of embodiment 28, wherein the chemical modification is selected from the
group consisting of base modifications, sugar modifications, backbone modifications and lipid modifications,
preferably wherein the chemical modification is a base modification, more preferably wherein the base
modification is selected from the group consisting of pseudouridine (psi or g), N1-methylpseudouridine
(NTMPU, N1Mpsi or N1Mw), 1-ethylpseudouracil, 2-thiouracil (s2U), 4-thiouracil, 5-methylcytosine, 5-
methyluracil, 5-methoxyuracil, most preferably wherein the chemical modification is N1-methylpseudouridine
(N1MPU, N1Mpsi or NTMy).
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Embodiment 30. A pharmaceutical composition comprising one or more lipid nanoparticles as defined in any one
of embodiment 1 to embodiment 29 and an acceptable pharmaceutical carrier, preferably for use in human
or veterinary medicine, more preferably for use in the prophylaxis or treatment of cancer or infectious
diseases in a subject.

Embodiment 31. The pharmaceutical composition of embodiment 30 or the lipid nanoparticle according to any
one of embodiment 1 to embodiment 29 for use as a medicament, wherein the medicament is a

prophylactic or therapeutic vaccine.

Embodiment 32. The pharmaceutical composition according to any one of embodiment 30 to embodiment 31 or
the lipid nanoparticle according to any one of embodiment 1 to embodiment 29 for use as a medicament,

wherein the subject is a vertebrate, preferably a mammal.

Embodiment 33. The pharmaceutical composition according to any one of embodiment 30 to embodiment 32 or
the lipid nanoparticle according to any one of embodiment 1 to embodiment 29 for use as a medicament,
wherein the medicament is useful in treating an infectious disease or a tumor.

Embodiment 34. A kit or kit of parts, comprising any one of the lipid nanoparticle according to embodiment 1 to
embodiment 29, or the pharmaceutical composition according to any one of embodiment 30 to
embodiment 33, optionally comprising a liquid vehicle for solubilizing, and, optionally, technical instructions
providing information on administration and dosage of the components.

35. A method of inducing an antigen-specific immune response in a subject, the method comprising
administering to the subject the lipid nanoparticle according to any one of embodiment 1 to embodiment
29, the pharmaceutical composition according to any one of embodiment 30 to embodiment 33, or the kit
or kit of parts of embodiment 34 in an amount effective to produce an antigen-specific immune response in

the subject.

Embodiment 36. A method for preventing, ameliorating or treating a disease or condition in a subject in need,
preferably a cancer disease, comprising administering to the subject the lipid nanoparticle according to any
one of embodiment 1 to embodiment 29, the pharmaceutical composition according to any one of
embodiment 30 to embodiment 33, or the kit or kit of parts of embodiment 34.

Embodiment 37. The method according to any one of embodiment 35 to embodiment 36, wherein administration
of the lipid nanoparticle, the pharmaceutical composition or the kit or kit of parts results in expression of the
antigen encoded by mRNA in the lymphocytes of the subject, or in the spleen, axiliary, popliteal, inguinal
lymph nodes, non-draining lymph nodes and/or draining lymph nodes.

Embodiment 38. The method according to any one of embodiment 35 to embodiment 37, wherein the antigen-
specific immune response comprises a (i) T cell response, (i) a B cell response, (i) a CD4 T cell immune
response, (iv) a CD8 T cell immune response and/or (v) an antigen specific antibody response, wherein the
antigen specific antibody response is measured by the presence of antigen-specific antibodies in serum,
preferably wherein the antigen-specific immune response comprises a combination of two or more antigen-

specific immune responses selected from the group consisting of (i), (ii), (iii), (iv) and (v).
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Embodiment 39. The method according to any one of embodiment 35 to embodiment 38, wherein lipid
nanoparticle according to any one of embodiments 1 to embodiment 29, the pharmaceutical composition
according to any one of embodiment 30 to embodiment 33, or the kit or kit of parts of embodiment 34 is

5 administered intravenous, intramuscular, intradermal, or intratumoral, more preferably intravenous or
intramuscular, most preferably intramuscular.

Embodiment 40. A method of treatment or preventing a disorder, wherein the method comprises applying or

administering to a subject in need the lipid nanoparticle according to any one of embodiments 1 to

10 embodiment 29, the pharmaceutical composition according to any one of embodiment 30 to embodiment

33, or the kit or kit of parts of embodiment 34, wherein preferably the administration or applying is

subcutaneous, intravenous, intramuscular, intra-articular, intra-synovial, intranasal, oral, intrasternal,

intrathecal, intrahepatic, intralesional, intracranial, transdermal, intradermal, intrapulmonal, intraperitoneal,

intracardial, intraarterial, intraocular, intravitreal, subretinal, intranodal, or intratumoral, preferably

15 intramuscular, intradermal, intravenous, or intratumoral, more preferably intravenous or intramuscular, most
preferably intramuscular.



10

15

20

25

30

35

40

WO 2024/184500 PCT/EP2024/056128
235

EXAMPLES

In the following section, particular examples illustrating various embodiments and aspects of the invention are
presented. The present invention, however, is not limited in scope by the exemplified embodiments, which are
intended as illustrations of single aspects of the invention only, and methods which are functionally equivalent are
within the scope of the invention. Indeed, various modifications ofthe invention in addition to those described herein
will become readily apparent to those skilled in the art from the foregoing description, accompanying figures and
the examples below. All such modifications fall within the scope of the claims as disclosed herein.

Example 1: Generation of RNA constructs

To prepare the RNA constructs, DNA sequences encoding the desired proteins as listed below (i.e. Trp2) were
prepared and used for subsequent RNA in vitro transcription, wherein the DNA sequences were prepared by
optionally modifying the wild type coding sequence (CDS) by introducing a GC optimized CDS. Sequences were
introduced into a plasmid vector comprising the motifs described below (UTR sequences, a stretch of adenosines,
optionally a histone stem-loop structure, and optionally a stretch of 30 cytosines). The obtained plasmid DNA was
transformed and propagated in bacteria using common protocols and plasmid DNA was extracted, purified,
enzymatically linearized using a restriction enzyme and used for DNA dependent RNA in vitro transcription using
T7 RNA polymerase in the presence of a nucleotide mixture (ATP/GTP/CTP/UTP) and cap analogue (e.g.,
m7GpppG or m7G(5')ppp(5')(2'OMeA)pG or m7G(5')ppp(5')(2'OMeG)pG)) under suitable buffer conditions. The
obtained RNA was purified using RP-HPLC (PureMessenger®; according to WO2008077592) and used for further
experimentation. The obtained mMRNA was enzymatically polyadenylated using a commercial polyadenylation kit.

The following RNA constructs which are described in the following were used in the experiments of the working
examples:

i) mRNA coding for Trp2-full length mRNA Trp2 + PADRE as a helper Epitope: Trp2 mRNA comprised a 5'-
UTR from HSD17B4 (SEQ ID NO:12, SEQ ID NO:13), a 3'-UTR from PSMB3 (SEQ ID NO: 46, SEQ ID NO:47),
100x adenosine at the 3'-terminal end (polyA-tail); and a histone stem-loop. The mRNA comprised a CleanCap®
cap structure, resulting in SEQ ID NO:80;

Example 2: Synthesis of lipids

Lipids mentioned in the working examples and specification were successfully synthesised by methods which are
routine for a skilled person with good purity. Purity and structural identity of the synthesized lipids was confirmed
by the methods detailed herein below. The following details for analytical methods are applicable for all lipids shown
in the working examples section, e.g. C24, C28, C29 and “PMOZ 4”:

1. "H-NMR
400 MHz "H-NMR spectra were recorded on a Bruker Avance (NEQ)-400 ultrashield NMR spectrometer and
are reported in ppm using TMS (0.00 ppm) as an internal standard.
LCMS
LCMS22
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Instrument: Agilent 1260 Infinity I, 1260 G7112B Bin. Pump, 1260 G7167A Multisampler, 1260 MCT
G7116A Column Comp. 1260 G7115A DAD (210, 220 and 210-320 nm), PDA (210-320 nm), G6130B MSD
(ESI pos/neg), Alltech 3300 ELSD (Neb temp. 50°C, gassflow 1.3 mi/min).
Method C4_40-98_SC: Column: Waters C4 BEH (50x2.1mm 3.5y), Flow: 1 ml/min, Column temp.: 40°C,
Eluent A: 0.1% Formic acid in Water, Eluent B: 0.1% Formic acid in Acetonitrile, Gradient: t=0 min 5% B,
t=0.05 min 40% B, t=2.5 min 98% B, t=4 min 98% B, Postrun: 1.5 min. MSD (ESI pos/neg) mass range 100-
1000.
Method C4_40-98_TFA_M1500: Column: Waters C4 BEH (50x2.1mm 3.5u), Flow: 1 ml/min, Column temp.:
40°C, Eluent A: 0.1% TFA in Water, Eluent B: 0.1% TFA in Acetonitrile, Gradient: t=0 min 5% B, t=0.05 min
40% B, t=3.5 min 98% B, t=8 min 98% B, Postrun: 3 min. MSD (ESI pos/neg) mass range 100-1500.

4, LCMS27
Instrument: Agilent 1260 Infinity I, 1260 G7112B Bin. Pump, 1260 G7167A Multisampler, 1290 MCT
G7116B Column Comp. 1260 G7115A DAD (210, 220 and 210-320 nm), PDA (210-320 nm), G6130B MSD
(ESI pos/neg).
Method C4_05-98_6min_3000P: Column: Waters C4 BEH (50x2.1mm 3.5y), Flow: 0.8 ml/min, Column
temp.: 40°C, Eluent A: 0.1% Formic acid in Water, Eluent B: 0.1% Formic acid in Acetonitrile, Gradient: =0
min 5% B, t=4 min 98% B, t=6 min 98% B, Postrun: 2 min. MSD (ESI pos/neg) mass range 300-3000.
Method SC_Acid: Column: Xselect CSH C18 (30x2.1mm 3.5u), Flow: 1 ml/min, Column temp.: 40°C, Eluent
A: 0.1% Formic acid in Water, Eluent B: 0.1% Formic acid in Acetonitrile, Gradient: t=0 min 5% B, t=1.6 min
98% B, t=3 min 98% B, Postrun: 1.3 min. MSD (ESI pos/neg) mass range 90-1500.
Method C4_40-98_AN_TFA: Column: Waters C4 BEH (50x2.1mm 3.5u), Flow: 1 ml/min, Column temp.:
40°C, Eluent A: 0.1% TFA in Water, Eluent B: 0.1% TFA in Acetonitrile, Gradient: t=0 min 5% B, t=0.05 min
40% B, t=3.5 min 98% B, t=8 min 98% B, Postrun: 3 min. MSD (ESI pos/neg) mass range 90-1500.

Example 3: Synthesis of lipid C24 (bis((R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-
6-yl) 0,0'-(((thiobis(ethane-2,1-diyl))bis(piperidine-1,4-diyl))bis(ethane-2,1-diyl)) disuccinate
dihydrochloride (VitE-C4DE-Pip-S))

Overview for synthesis of lipid C24:
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Experiment: FRKI14-078 - Synthesis of dimethyl 2,2'-((2,2'-thiobis(acetyl))bis(piperidine-1,4-diyl))diacetate
(3)

Under nitrogen atmosphere, 2-(7-Aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate
(HATU, 29.5 g, 78 mmol) was added to a stirred, water cooled suspension of 2,2"-thiodiacetic acid (1, 5.56 g, 37
mmol), 4-piperidineethanol (2, 10 g, 74.3 mmol) and triethylamine (12.86 mL, 93.0 mmol) in N,N-dimethylformamide
(dry, 185 mL). After stirring overnight, the solvent was removed in vacuo. The residue was dissolved in chloroform
(150 mL) and the resulting white precipitate was filtered off. The filtrate was washed with a mixture of brine and
water (1:1, 250 mL) and the aqueous phase was extracted with chloroform (3 x 50 mL). The combined organics
were concentrated under reduced pressure. The residue was purified by flash column chromatography (silica, 10%
(7 M ammonia in methanol) in dichloromethane) to give dimethyl 2,2'-((2,2'-thiobis(acetyl))bis(piperidine-1,4-
diyl))diacetate (3, 9.89 g, 72%) as a colorless oil. '"H NMR (400 MHz, chloroform-d) & 4.55 (d, J = 13.2 Hz, 2H), 3.85
(d, J=13.6 Hz, 2H), 3.71 (t, J =6.5 Hz, 4H), 3.55-3.43 (m, 4H), 3.06 (id, J=13.2, 2.4 Hz, 2H), 2.59 (id, J =12.9,
2.4 Hz, 2H), 1.83 — 1.48 (m, 12H), 1.32 — 1.06 (m, 4H).

Experiment: RERU57-154 - Synthesis of 2,2'{((thiobis(ethane-2,1-diyl))bis(piperidine-1,4-diyl))bis(ethan-1-ol)
4)

Under a nitrogen atmosphere at 0 °C, a solution of dimethyl 2,2'-((2,2'-thiobis(acetyl))bis(piperidine-1,4-
diyl))diacetate (3, 5.74 g, 13.40 mmol) in tetrahydrofuran (dry, 110 mL) was added dropwise to a stirred solution of
lithium aluminium hydride (4.0 M in diethylether, 16.75 mL, 67.0 mmol) in tetrahydrofuran (dry, 115 mL). After the
addition was completed, the reaction mixture was heated at 65 °C. After 2 hours, the reaction mixture was allowed
to cool to room temperature and stirred overnight. Then, the mixture was cooled to 0 °C and water (2.51 mL),
followed by aqueous NaOH (2 M, 5.02 mL), followed by water (5.02 mL) were added dropwise. The mixture was
warmed to room temperature and stirred for 15 minutes. The solids were filtered over a thin pad of Celite and the
filter cake was rinsed with tetrahydrofuran (2x 20 mL). The combined filtrates were concentrated to dryness under
reduced pressure. The residue was purified by flash column chromatography (silica, 2.5% to 10% (7 M ammonia in
methanol) in dichloromethane) to give 2,2'-((thiobis(ethane-2,1-diyl))bis(piperidine-1,4-diyl))bis(ethan-1-ol) (4, 2.82
g, 61%) as a colorless oil. "H NMR (400 MHz, chloroform-d) & 3.69 (t, J = 6.6 Hz, 4H), 2.95 — 2.85 (m, 4H), 2.71 -
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2.62 (m, 4H), 2.59 — 2.51 (m, 4H), 1.97 (td, J = 11.7, 2.5 Hz, 4H), 1.75 — 1.64 (m, 4H), 1.58 — 1.36 (m, 8H), 1.35 —
1.20 (m, 4H).

Experiment: RERU57-094 + RERU57-112 - Synthesis of bis((R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-
trimethyltridecyl)chroman-6-yl) O,0'(((thiobis(ethane-2,1-diyl))bis(piperidine-1,4-diyl))bis(ethane-2,1-diyl))
disuccinate dihydrochloride (VitE-C4DE-Pip-S-2HCI).

Under a nitrogen atmosphere, D-a-tocopherol succinate (6.41 g, 12.07 mmol), followed by N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDCI, 2.94 g, 15.36 mmol) and 4-dimethylaminopyridine
(0.268 g, 2.194 mmol) were added to a stirred solution of 2,2'-((thiobis(ethane-2,1-diyl))bis(piperidine-1,4-
diyl))bis(ethan-1-ol) (4, 1.89 g, 5.49 mmol) in dichloromethane (100 mL). After overnight stirring, the reaction mixture
was combined with that of 2 smaller scale preparations (0.377 and 0.261 mmol) and concentrated to dryness under
reduced pressure. The residue was partioned between n-heptane (225 mL) and acetonitrile (225 mL). The aceto-
nitrile layer was separated and extracted with n-heptane (150 mL). The combined n-heptane layers were washed
with acetontrile (100 mL) and concentrated under reduced pressure. The residue was purified by flash column
chromatography (silica, 0.5% to 8.5% (7 M ammonia in methanol) in dichloromethane) to give bis((R)-2,5,7,8-tetra-
methyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-yl) O,0'-(((thiobis(ethane-2,1-diyl))bis(piperidine-1,4-di-
yl))bis(ethane-2,1-diyl)) disuccinate (5.50 g, 65%) as a colorless oil. A 4.50 g (3.28 mmol) quantity of this material
was dissolved in #butanol (112.5 mL) and aqueous HCI (14.46 mL, 0.50 M, 7.23 mmol) was added dropwise while
stirring. The resulting solution was frozen in liquid nitrogen and lyophilized to give bis((R)-2,5,7,8-tetramethyl-2-
((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-yl) O,O'-(((thiobis(ethane-2,1-diyl))bis(piperidine-1,4-diyl))bis(ethane-
2 ,1-diyl)) disuccinate dihydrochloride (VitE-C4DE-Pip-S-2HCI, 4.83 g, quant.) as a pale amorphous solid. "H NMR
(400 MHz, methanol-ds) 8 4.21 (t, J = 6.1 Hz, 4H), 3.62 — 3.43 (m, 4H), 3.39 — 3.20 (m, 8H), 3.03 — 2.80 (m, 8H),
2.77 - 2.67 (m, 4H), 2.67 — 2.56 (m, 4H), 2.08 (s, 6H), 2.04 — 1.89 (m, 16H), 1.88 — 1.00 (m, 62H), 0.94 — 0.78 (m,
24H). LCMS: 99.5%, RT = 4.15 min., (M-2CI")>* = 686 (Method C4_05-98_6min_3000P).

Example 4: Synthesis of lipid C28 (bis((R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-
6-yl) O,0'-(((thiobis(ethane-2,1-diyl))bis(piperidine-1,3-diyl))bis(ethane-2,1-diyl)) disuccinate (VitE-C4DE-
meta-Pip-S))

Overview for synthesis of lipid C28:
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Experiment: FRKI14-140 - Synthesis of 2,2'-thiobis(1-(3-(2-hydroxyethyl)piperidin-1-yl)ethan-1-one) (3).
Under nitrogen atmosphere, 2-(7-Aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate
(HATU, 1.868 g, 4.91 mmol) was added to a stirred suspension of 2,2'-thiodiacetic acid (1, 351 mg, 2.34 mmol), 2-
(3-piperidyl)ethanol hydrochloric acid salt (2, 787 mg, 4.75 mmol) and triethylamine (1.952 mL, 14.04 mmol) in N,N-
dimethylformamide (dry, 15 mL). After stirring over the weekend, the solvent was removed in vacuo. The residue
was dissolved in chloroform (5 mL) and washed with a mixture of brine and water (1:1, 5 mL). The water layer was
extracted with chloroform (5 mL) and the combined organics were concentrated under reduced pressure. The
residue was purified by flash column chromatography (silica, 10% (7 M ammonia in methanol) in dichloromethane)
to give 2,2'-thiobis(1-(3-(2-hydroxyethyl)piperidin-1-yl)ethan-1-one) (3, 593 mg, 68%) as a yellow oil. LCMS: 98.5%,
RT =1.71 min., (M+H)" = 373 (Method C4_40-98_SC).

Experiment: FRKI14-146 - Synthesis of 2,2'-((thiobis(ethane-2,1-diyl))bis(piperidine-1,3-diyl))bis(ethan-1-ol)
(4).

Under nitrogen atmosphere at 0 °C, lithium aluminium hydride (2.4 M in tetrahydrofuran, 3.69 mL, 8.85 mmol) was
added dropwise to a stirring solution of 2,2'-thiobis(1-(3-(2-hydroxyethyl)piperidin-1-yl)ethan-1-one) (3, 593 mg,
1.59 mmol) (coevaporated twice from tetrahydrofuran before use) in tetrahydrofuran (dry, 17 mL). After the addition
was complete, the cooling bath was removed and the mixture was allowed to stir over the weekend. Then, the
reaction mixture was diluted with dichloromethane (5 mL) and Na2SO4-10H20 was added until gas evolution
ceased. The mixture was further diluted with chloroform (5 mL) and methanol (2 mL), Na2SOs was added, and then
the mixture was filtered off. The filter cake was rinsed with chloroform and methanol and the combined filtrates were
concentrated under reduced pressure. The residue was taken up in dichloromethane (30 mL) and the insoluble
material filtered off. The filtrate was concentrated under reduced pressure to give 2,2'-((thiobis(ethane-2,1-
diyl))bis(piperidine-1,3-diyl))bis(ethan-1-ol) (4, 498 mg, 91%) as a yellow oil. '"H NMR (400 MHz, chloroform-d) &
3.78 — 3.58 (m, 4H), 2.90 — 2.46 (m, 8H), 2.16 — 0.63 (m, 24H). LCMS: 99.4%, RT = 0.36 min., (M+H)" = 345
(Method C4_40-98_SC).
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Experiment: FRKI14-152 - Synthesis of bis((R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-
trimethyltridecyl)chroman-6-yl) O,0'-(((thiobis(ethane-2,1-diyl))bis(piperidine-1,3-diyl))bis(ethane-2,1-diyl))
disuccinate (VitE-C4DE-meta-Pip-S).

Under a nitrogen atmosphere, 4-dimethylaminopyridine (35.5 mg, 0.290 mmol), N-(3-dimethylaminopropyl)-N\'-
ethylcarbodiimide hydrochloride (EDCI, 389 mg, 2.032 mmol), followed by D-a-tocopherol succinate (770 mg, 1.451
mmol) were added to a stirring solution of 2,2'-((thiobis(ethane-2,1-diyl))bis(piperidine-1,3-diyl))bis(ethan-1-ol) (4,
216 mg, 0.627 mmol) in dichloromethane (7 mL). After stirring overnight, the reaction mixture was concentrated
under reduced pressure. The residue was partitioned between a mixture of n-heptane (10 mL) and acetonitrile (10
mL). The acetonitrile layer was separated and extracted with n-heptane (3x 5 mL). The combined n-heptane layers
were washed with acetonitrile (5 mL) and concentrated under reduced pressure. The residue was purified by flash
column chromatography (silica, 0% to 10% (7 M ammonia in methanol) in dichloromethane) to give bis((R)-2,5,7,8-
tetramethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-yl)  O,0'-(((thiobis(ethane-2,1-diyl))bis(piperidine-1,3-
diyl))bis(ethane-2,1-diyl)) disuccinate (VitE-C4DE-meta-Pip-S, 256 mg, 26%) as a yellow oil. '"H NMR (400 MHz,
chloroform-d) 6 4.14 (t, J = 6.8 Hz, 4H), 2.92 (dd, J= 7.5, 6.2 Hz, 4H), 2.87 — 2.78 (m, 4H), 2.74 (t, J = 6.9 Hz, 4H),
2.69 — 2.62 (m, 4H), 2.62 — 2.50 (m, 8H), 2.08 (s, 6H), 2.01 (s, 6H), 1.97 (s, 6H), 1.96 — 1.87 (M, 2H), 1.85 — 1.62
(m, 12H), 1.62 - 1.46 (m, 20H), 1.46 — 0.99 (m, 34H), 0.96 — 0.79 (M, 26H). LCMS: 99.2%, RT = 0.36 min., (M+2H)2*
=686 (Method C4_40-98_TFA_M1500).

Example 5: Synthesis of lipid C29 (bis((R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-
6-yl) O,0'-(((thiobis(ethane-2,1-diyl))bis(piperidine-4,1-diyl))bis(ethane-2,1-diyl)) disuccinate (VitE-C4DE-
inverted Pip-S))

Overview for synthesis of lipid C29:
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Experiment: RERU58-008

Synthesis of di-tert-butyl 4,4'-(thiobis(ethane-2,1-diyl))bis(piperidine-1-carboxylate) (2).

Water (112.5 mL), followed by sodium sulfide nonahydrate (3.29 g, 13.70 mmol) were added to a stirred solution of
tert-butyl 4-(2-bromoethyl)piperidine-1-carboxylate (1, 8.01 g, 27.4 mmol) in ethanol (12.5 mL). The reaction mixture
was bubbled through with argon gas for 5 minutes, and heated under argon atmosphere at 55 °C for 6 days. After
cooling to room temperature, the mixture was diluted with aqueous NaOH (1 M, 50 mL) and extracted with dichloro-
methane (2x 50 mL and 2x 35 mL). The combined organics were dried on Na2SO4 and solvent removed under
reduced pressure. The residue was purified by flash column chromatography (silica, 0 to 40% ethyl acetate in n-
heptane) to give di-tert-butyl 4,4'-(thiobis(ethane-2,1-diyl))bis(piperidine-1-carboxylate) (2, 2.63 g, 42%) as a color-
less oil. "H NMR (400 MHz, chloroform-d) & 4.08 (br s, 4H), 2.68 (t, J = 12.6 Hz, 4H), 2.53 (t, J = 7.2 Hz, 4H), 1.71
—1.59 (m, 4H), 1.58 — 1.48 (m, 6H), 1.45 (s, 18H), 1.17 — 1.01 (m, 4H). LCMS: 99.0%, RT = 2.37 min., (M+Na)* =
479 (Method SC_Acid).

Experiment: RERU58-011

Synthesis of bis(2-(piperidin-4-yl)ethyl)sulfane dihydrochloride (3).

Hydrochloric acid (4 M in 1,4-dioxane, 8.64 mL, 34.6 mmol) was added to a stirred solution of di-tert-butyl 4,4'-
(thiobis(ethane-2,1-diyl))bis(piperidine-1-carboxylate) (2, 2.63 g, 5.76 mmol) in 1,4-dioxane (8.5 mL). After stirring
for 24 hours, the reaction mixture was concentrated to dryness under reduced pressure to give bis(2-(piperidin-4-
yhethyl)sulfane dihydrochloride (3, 1.90 g, assumed quantitative) as a white solid. "H NMR (400 MHz, methanol-
dq) 6 3.37 (dt, J=12.9, 3.6 Hz, 4H), 2.96 (td, J = 13.0, 3.1 Hz, 4H), 2.63 — 2.55 (m, 4H), 2.00 — 1.91 (m, 4H), 1.83
—1.68 (m, 2H), 1.59 (q, J = 7.2 Hz, 4H), 1.44 — 1.31 (m, 4H).

Experiment: RERU58-013

Synthesis of 1,1'-((thiobis(ethane-2,1-diyl))bis(piperidine-4,1-diyl))bis(2-hydroxyethan-1-one) (4).
N-(3-dimethylaminopropyl)-N-ethylcarbodiimide  hydrochloride (EDCI, 265 g, 13.83 mmol) and 1-
hydroxybenzotriazole hydrate (HOBt, 0.176 g, 1.153 mmol) were added simultaneously to a stirred suspension of
bis(2-(piperidin-4-yl)ethyl)sulfane dihydrochloride (3, 1.90 g, 5.76 mmol), N,N-diisopropylethylamine (3.01 mL,
17.29 mmol), and glycolic acid (0.828 mL, 13.83 mmol) in N,N-Dimethylformamide (dry, 40 mL). After stirring for 4
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hours, the reaction mixture was partitioned between water (160 mL) and ethyl acetate (250 mL). The water layer
was extracted again with ethyl acetate (2x 50 mL). The combined organics were washed with brine (3x 50 mL),
dried on NazSO4 and solvent removed under reduced pressure. The residue was purified by flash column
chromatography (silica, 0 to 6.6% methanol in dichloromethane) to give 1,1'-((thiobis(ethane-2,1-
diyl))bis(piperidine-4,1-diyl))bis(2-hydroxyethan-1-one) (4, 1.086 g, 50%) as a colorless oil. "H NMR (400 MHz,
chloroform-d) 8 4.63 — 4.52 (m, 2H), 4.14 (s, 4H), 3.53 — 3.42 (m, 2H), 3.02 - 2.91 (m, 2H), 2.68 (td, J = 13.1, 2.9
Hz, 2H), 2.54 (t, J = 7.5 Hz, 4H), 1.83 — 1.74 (m, 4H), 1.73 — 1.61 (m, 2H), 1.60 — 1.50 (m, 4H), 1.21 — 1.05 (m, 4H).
LCMS: 96.2%, RT = 1.57 min., (M+H)* = 373 (Method SC_Acid).

Experiment: RERU58-015

Synthesis of 2,2'-((thiobis(ethane-2,1-diyl))bis(piperidine-4,1-diyl))bis(ethan-1-ol) (5).

Under nitrogen atmosphere at 0 °C, a solution of 1,1'-((thiobis(ethane-2,1-diyl))bis(piperidine-4,1-diyl))bis(2-
hydroxyethan-1-one) (4, 1.086 g, 2.97 mmol) in tetrahydrofuran (dry, 30 mL) was added dropwise over 5 minutes
to a solution of lithium aluminium hydride (4.0 M in diethylether, 3.72 mL, 14.87 mmol) in tetrahydrofuran (dry, 15
mL). After the addition was complete, the cooling bath was removed and the reaction mixture was warmed to 60
°C. After 3 hours, the reaction mixture was cooled to room temperature and placed in a water bath. Water (0.57
mL), followed by aqueous NaOH (2 M, 1.14 mL), followed by water (1.14 mL) were added dropwise. After stirring
for 5 minutes, Na>SO4 was added, and after stirring for another 5 minutes, the solids were filtered over a thin pad
of Celite. The filter cake was rinsed with tetrahydrofuran (dry, 2x 15 mL) and the combined filtrates were
concentrated to dryness under reduced pressure to give 2,2'-((thiobis(ethane-2,1-diyl))bis(piperidine-4,1-
diyl))bis(ethan-1-ol) (5, 863 mg, 84%) as a colorless oil which was used as such. "TH NMR (400 MHz, chloroform-d)
53.78-3.71 (m, 2H), 3.59 (t, J = 5.5 Hz, 4H), 2.93 — 2.83 (m, 4H), 2.57 — 2.46 (m, 8H), 2.04 (td, J=11.7, 2.5 Hz,
4H), 1.89 = 1.79 (m, 2H), 1.74 - 1.63 (m, 4H), 1.58 — 1.47 (m, 4H), 1.47 — 1.33 (m, 2H), 1.31 = 1.15 (m, 4H).

Experiment: RERU58-016

Synthesis of bis((R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-yl) 0,0'-
(((thiobis(ethane-2,1-diyl))bis(piperidine-4,1-diyl))bis(ethane-2,1-diyl)) disuccinate (VitE-C4DE-inverted Pip-
S).

Under a nitrogen atmosphere, 4-dimethylaminopyridine (30.4 mg, 0.249 mmol) and N-(3-dimethylaminopropyl)-N\'-
ethylcarbodiimide hydrochloride (EDCI, 1.337 g, 6.97 mmol) were added simultaneously to a stirring solution of D-
a-tocopherol succinate (3.172 g, 5.98 mmol) and 2,2'-((thiobis(ethane-2,1-diyl))bis(piperidine-4,1-diyl))bis(ethan-1-
ol) (5, 975 mg, 2.490 mmol) in dichloromethane (dry, 20 mL). After stirring overnight, the reaction mixture was
concentrated to dryness under reduced pressure. The residue was partitioned between acetonitrile (100 mL) and
n-heptane (100 mL). The acetonitrile layer was separated and extracted with n-heptane (50 mL). The combined n-
heptane layers were concentrated to dryness under reduced pressure. The residue was purified by flash column
chromatography (silica, 0 to 6% (7 M ammonia in methanol) in dichloromethane) to give bis((R)-2,5,7,8-tetramethyl-
2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-yl) O,0'-(((thiobis(ethane-2,1-diyl))bis(piperidine-4,1-di-
y))bis(ethane-2,1-diyl)) disuccinate (VitE-C4DE-inverted Pip-S, 1.63 g, 48%) as a colorless oil. "TH NMR (400 MHz,
chloroform-d) & 4.24 (t, J = 6.1 Hz, 4H), 2.98 — 2.85 (m, 8H), 2.77 (dd, J = 7.5, 6.1 Hz, 4H), 2.60 (dt, J=14.4,6.5
Hz, 8H), 2.55 — 2.46 (m, 4H), 2.08 (s, 6H), 2.06 — 1.94 (m, 4H), 2.01 (s, 6H), 1.97 (s, 6H), 1.86 — 1.71 (m, 4H), 1.70
—1.58 (m, 6H), 1.58 — 1.47 (m, 10H), 1.47 — 0.97 (m, 36H), 0.90 — 0.80 (m, 24H). LCMS: 97.8%, RT = 3.46 min.,
(M+H)* = 1370 (Method C4_40-98_AN_TFA).

Example 6: Synthesis of polymer conjugated lipids (e.g. “PMOZ 4”)
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“PMOZ 4" as used herein throughout in the examples section has the structure of:
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["PMOZ 4"] with n = 50 i.e. having 50 monomer repeats.
5 Summarized, “PMOZ 4" with n = 50 i.e. having 50 monomer repeats was synthesized as follows:

Step 1 (synthesis of PMOZ-polymer):

O
N
H
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10 Thereafter, 0.5 g of di(tetradecyl)amine (1) was reacted with succinic anhydride (2) to afford 563 mg (90%) of amide
(3). 312 mg of this material was reacted with 2.10 g of PMOz polymer (4) from step 1.

Step 2:
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Alternatively, “PMOZ 4” with n = 50 i.e. having 50 monomer repeats was synthesized as follows:

20 1.
SN o Qﬁ/
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C14-C4DA-PMelx{30]-Me
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Synthesis of 4-(ditetradecylamino)-4-oxobutanoic acid (1).

Succinic anhydride (0.518 g, 5.17 mmol), followed by triethylamine (0.719 mL, 5.17 mmol) were added to a stirred
solution of ditetradecylamine (1.06 g, 2.59 mmol) in dichloromethane (50 mL). After stirring for 16 hours, the reaction
mixture was washed with aqueous HCI (1 M, 30 + 15 mL), brine (15 mL), dried over Na2SQOs, and concentrated
under reduced pressure. The residue was purified by flash column chromatography (silica, 0 to 6% methanol in
dichloromethane) to give 4-(ditetradecylamino)-4-oxobutanoic acid (1, 1.125 g, 85%) as an amorphous white solid.
"H-NMR (400 MHz, chloroform-d) & 3.36 — 3.27 (m, 2H), 3.27 — 3.19 (m, 2H), 2.69 (s, 4H), 1.63 — 1.46 (m, 4H),
1.41-1.17 (m, 44H), 0.88 (t, J = 6.8 Hz, 6H).

Synthesis of C14-C4DA-PMeOXx(50)-Me.

Under N2 atmosphere, 4-(ditetradecylamino)-4-oxobutanoic acid (1, 0.262 g, 0.513 mmol), followed by 2-(7-aza-
1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HATU, 0.236 g, 0.621 mmol) was added
to a stirred solution of Me-PMeOx(50)-NHz (Ultroxa, 2.00 g, 0.467 mmol) and triethylamine (0.108 mL, 0.775 mmol)
in N,N-dimethylformamide (dry, 15 mL). After 16 hours, extra quantities of triethylamine (0.108 mL, 0.775 mmol),
followed by 2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HATU, 0.115 g,
0.303 mmol) were added and stirring was continued for another day. Then, the reaction mixture was purified by
preparative reverse phase HPLC (XBridge BEH300 C4 10u Prep 30x150 mm, OBD CI) to give C14-C4DA-
PMeOx(50)-Me (1.230 g, 55%) as a white solid after lyophilisation of the product containing fractions. "H-NMR (400
MHz, DMSO-ds)  8.08 (t, J = 5.6 Hz, 1H), 3.62 — 3.07 (m, 200H), 2.98 (d, J=4.5 Hz, 1H), 2.94 (d, J= 3.5 Hz, 1H),
2.81 (d, J=6.1 Hz, 1H), 2.34-2.24 (m, 1H), 2.20-1.84 (m, 150H), 1.84-1.77 (m, 3H), 1.51-1.45 (m, 2H), 1.45-1.33
(m, 2H), 1.33-1.13 (m, 44H), 0.89-0.81 (m, 6H). LCMS: >95%, RT = 3.72 min, polymer m/z mass patterns observed
for z=3, 4, 5 and 6 (Method C4_05-98_6min_3000p).

Similarly, “PMOZ 4" with n = 115 i.e. having 115 monomer repeats, was synthesized in an analog fashion, wherein
in Step 4 a polymer with 115 units was used. For all lipids, purity and structural identity of the lipids was confirmed
as above.

“PMOZ 4” with n = 50 i.e. having 50 monomer repeats: 1H-NMR (400 MHz, DMSO-d6) & 8.08 (t, J = 5.6 Hz, 1H),
3,62 — 3.07 (M, 200H), 2.98 (d, J = 4.5 Hz, 1H), 2.94 (d, J = 3.5 Hz, 1H), 2.81 (d, J = 6.1 Hz, 1H), 2.34-2.24 (m,
1H), 2.20-1.84 (m, 150H), 1.84-1.77 (m, 3H), 1.51-1.45 (m, 2H), 1.45-1.33 (m, 2H), 1.33-1.13 (m, 44H), 0.89 - 0.81
(m, 6H).

“PMOZ 4” with n = 115 i.e. having 115 monomer repeats: LCMS (C4_05-98_6min_3000p) Rt=3.567 min, p>95%
(no clear polymer related mass patterns observed; mass out of detector range). "H-NMR (400 MHz, DMSO-ds+D20)
5 3.64 — 3.02 (m, 460H), 3.00-2.92 (m, 1H), 2.84 — 2.78 (m, 1H), 2.51 — 2.44 (m, 1H), 2.35-2.24 (m, 1H), 2.19—
1.86 (m, 345H), 1.86 — 1.76 (m, 3H), 1.57 — 1.45 (m, 2H), 1.45 - 1.34 (m,2H), 1.32-1.15 (m, 44H), 0.85 (, J=6.7
Hz, 6H).
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Example 7: Preparation of LNPs using the NanoAssemblr™ microfluidic system

LNPs used in the working examples were prepared using the NanoAssemblr™ microfluidic system (Precision

NanoSystems Inc., Vancouver, BC) according to standard protocols which enables controlled, bottom-up, molecular

self-assembly of nanoparticles via custom-engineered microfluidic mixing chips that enable millisecond mixing of

nanoparticle components at a nanolitre scale. For preparation of lipid nanoparticle compositions, the following

excipients / lipids were used:

(i) ionizable lipids as described herein above and as indicated in the respective working example;

(ii) cholesterol (Avanti Polar Lipids; Alabaster, AL) as indicated in the respective working example;

(iiiy neutral lipid / phospholipid “DPhyPE" (Avanti Polar Lipids; Alabaster, AL) as indicated in the respective working

example;

(iv) phosphatidylserine DPhyPS (Avanti Polar Lipids; Alabaster, AL, 850408P) as indicated in the respective working
example; and

(v) polymer conjugated lipids as indicated in the working example (i.e. PMOZ-lipid (“PMOZ 4" as indicated) or DMG-
PEG 2000 (Avanti Polar Lipids; Alabaster, AL))

The lipids were solubilized in alcoholic solution (ethanol) according to standard procedures. In detail, LNPs were
prepared by mixing appropriate volumes of lipid stock solutions for cholesterol, DPhyPE, DPhyPS and polymer
conjugated lipid in ethanol buffer (20 mg/ml in EtOH); lipids C24, C28 and C29 were solubilized in 30 mg/ml t-
butanol and added to the ethanol premix of lipids. Subsequently, this ethanol mix of lipids was combined with an
aqueous phase (50 mM sodium acetate, pH 4.0) containing appropriate amounts of mRNA as indicated herein in
the working examples (for Trp2-LNPs mRNA was present at a concentration of 1 g/l). Briefly, mRNA as indicated
in the following working examples, was diluted to 0.05 to 0.2 mg/ml in 50 mM acetate buffer, pH 4. Syringe pumps
were installed into inlet parts of the NanoAssemblr™ (Precision NanoSystems Inc., Vancouver, BC) and used to
mix the ethanolic lipid solution with the mRNA aqueous solution at a ratio of about 1:5 to 1:3 (vol/vol) with total flow
rates from about 14 mi/min to about 18 ml/min. The ethanol was then removed and the external buffer replaced
with PBS/sucrose buffer (pH 7.4, 75 mM NaCl, 10 mM phosphate, 150 mM sucrose) by dialysis (Slide-A-Lyzer™
Dialysis Cassettes, ThermoFisher). Finally, the lipid nanoparticles were filtered through a 0.2 ym pore sterile filter.

Lipid nanoparticle particle diameter size was from about 90 nm to about 140 nm as determined by quasi-elastic
light scattering using a Malvern Zetasizer Nano (Malvern Instruments Ltd.; Malvern, UK). For other ionizable lipid
compounds mentioned in the present specification, the formulation process is similar. For all LNPs, the ethanol was
then removed and buffer replaced by 10 mM PBS, pH 7.4 comprising 9% sucrose.

Example 8: Further mouse immunization with Trp2 mRNA formulated in LNPs comprising different polymer
conjugated lipids and DPhyPS

For evaluating lipid nanoparticles of the invention in a cancer therapy setting, Trp2 encoding mRNA (SEQ ID NO:80)
was formulated into the lipid nanoparticle compositions as detailed in Table Ex-8A.

Table Ex-8A: Summary / overview of lipid nanoparticle compositions of the present working example; reference to

the ionizable or respectively ionizable lipids as disclosed in Table 1 or the specification above is made herein

mol-percentages for
LNP No. |Excipients
excipients [mol%]
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LNP1 C29 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn=50 |49:385:75:25:25

LNP1 was adjusted to an N/P ratio (lipid to mRNA mol ratio) of 14. The total lipid/mRNA mass ratio (m/m) for LNP1
comprising Trp2 mRNA was 46.5.

For vaccination, the resulting LNP formulations were applied to female C57BL/6 mice on days 0, day 7 and day 21
intramuscularly (i.m.; musculus tibialis) with doses of mRNA, formulations, and control groups as shown in the
tabular vaccination scheme of Table Ex-8B. A negative control group received PBS buffer only.

Table Ex-8B: Vaccination scheme of Example 8 (Formulation as indicated in Table Ex-8A, i.e. Group No. 1
received LNP1 formulation i.e. C29 : cholesterol : DPhyPE : DPhyPS : PMOZ 4 with n = 50 with the following mol%
ratios: 49:38.5:7.5:2.5:2.5)

mRNA Treatment
Group | No. of mice i Formulation | Dose | Route Volume
(mRNA encoding)

mRNA encoding Trp2
1 5 LNP1 1ug i.m. 1x25pl
(SEQ ID NO:80)

Analysis:

Blood samples were collected 8h after the first vaccination and 18h after the second vaccination. Mice were
terminated at day 21, spleens were collected for analyses (intracellular cytokine staining ICS / tumor-associated
antigens TAA i.e. T cell activation analysis) and serum was collected for analysis in an antibody ELISA.

Subsequently it was assayed for the T cell response (polyfunctional CD107a+ CD8+ T cells and polyfunctional
CD4+ T cells), i.e. spleen samples were re-stimulated with a Trp2 immunodominant epitope, i.e. Tyrosinase-related
protein 2 (Trp2 ID, 180-188, purchasable from GenScript) peptide according to SEQ ID NO:1 or paragraph [0065]
as disclosed in W0O2020176984 and a combinatorial library of Trp2 12-mer peptides. CD107a is considered to be
a marker for degranulations and cytotoxic CD8 cells; IFNg and TNFa are considered to be markers for activation.
Further, re-stimulation was performed with a PADRE epitope, i.e. according to SEQ ID NO:4 in WO2003075951. A
DMSO group served as control; assays were performed as described before and as known in the art.

Results:

Vaccination with Trp2 mRNA formulated in LNP1 comprising DPhyPS, C29 and PMOZ 4 with n = 50 showed a very
decent increase in the response of different cytokines, especially IFNa, IFNb and/or IFNg, but also induction of e.g.
KC (CXCL1); IP10 (CXCL10); MCP-1 (CCL2); RANTES (CCLS5); IL-1b; IL-6; IL-10; IL-12p70; TNFa; and/or GM-
CSF (data not shown).

Furthermore, it was apparent, that vaccination with LNP1 formulated Trp2 mRNA led to a very decent percentage
of (i) IFNy+ TNFa+ CD107a+ of CD8+ T cells (polyfunctional CD107a+ CD8+ T cells) and (ji) IFNy+ TNFa+ CD4+
T cells (polyfunctional CD4+ T cells), as apparent from Figure 1. As apparent from the above, the lipid nanoparticles
lead to increased levels of different cytokines, preferably IFNa and/or IFNb after prime and/or boost vaccination and
by this high immune responses could be triggered. Therefore, the present lipid nanoparticles are highly suitable for

cancer therapy settings.
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Example 9: Further mouse immunization with Trp2 mRNA formulated in LNPs comprising different polymer

conjugated lipids and DPhyPS

For evaluating different LNPs in a cancer therapy setting, Trp2 encoding mRNA (SEQ ID NO:80) was formulated
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into different LNPs. The corresponding lipid nanoparticle compositions are detailed in Table Ex-9A.

Table Ex-9A: Summary / overview of lipid nanoparticle compositions of the present working example; reference to

the ionizable or respectively ionizable lipids as disclosed in Table 1 or the specification above is made herein

LNP No. | Excipients mol-percentages for
excipients [mol%)]

LNP1 C24 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" with n = 50 49:385:75:25:25

LNP2 C24 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn=50 |49:38.5:5:5:25

LNP3 C24 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn=50 |49:393:75:25:17

LNP4 C24 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn=50 |49:40:75:25:1

LNP5 C24 : cholesterol : DPhyPE : DPhyPS : DMG-PEG2000 49:393:75:25:17

LNP6 C28 : cholesterol : DPhyPE : DPhyPS : DMG-PEG2000 59:29.3:5:5:1.7

LNP7 C29 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn=50 |49:38.5:75:25:25

Buffer

LNP1 to LNP7 were adjusted to an N/P ratio (lipid to mRNA mol ratio) of 14. The total lipid/mRNA mass ratio (m/m)

for Trp2 mRNA comprising LNPs was 48.1; 49.5; 46.1; 44.7; 44 .4; 40,3; and 39,6 for LNP1 to LNP7.

For vaccination, the resulting LNP formulations were applied to female C57BL/6 mice on days 0, day 7 and day 21
intramuscularly (i.m.; musculus tibialis) with doses of mRNA, formulations, and control groups as shown in the

tabular vaccination scheme of Table Ex-9B. A negative control group received PBS buffer only.

Table Ex-9B: Vaccination scheme of Example 9 (Formulation as indicated in Table Ex-9A, i.e. Group No. 1

received LNP1 formulation)




10

15

20

25

WO 2024/184500 PCT/EP2024/056128
248

mRNA Treatment
Group | No. of mice i Formulation | Dose | Route Volume
(mRNA encoding)

mRNA encoding Trp2
1 5 LNP1 1ug i.m. 1x25ul
(SEQ ID NO:80)

mRNA encoding Trp2 )
2 5 LNP2 1ug i.m. 1x25l
(SEQ ID NO:80)

mRNA encoding Trp2 i
3 5 LNP3 1ug i.m. 1x25ul
(SEQ ID NO:80)

mRNA encoding Trp2
4 5 LNP4 1ug i.m. 1x25ul
(SEQ ID NO:80)

mRNA encoding Trp2 i
5 5 LNP5 1ug i.m. 1x25ul
(SEQ ID NO:80)

mRNA encoding Trp2
6 5 LNP6 1ug i.m. 1x25ul
(SEQ ID NO:80)

mRNA encoding Trp2

7 5 LNP7 1ug i.m. 1x25ul
(SEQ ID NO:80)
buffer 5 i.m. 1x25ul
Analysis:

Blood samples were collected 8h after the first vaccination and 18h after the second vaccination. Mice were
terminated at day 21, spleens were collected for analyses (intracellular cytokine staining ICS / tumor-associated

antigens TAA i.e. T cell activation analysis) and serum was collected for analysis in an antibody ELISA.

Subsequently it was assayed for the T cell response (polyfunctional CD107a+ CD8+ T cells and polyfunctional
CD4+ T cells), i.e. spleen samples were re-stimulated with a Trp2 immunodominant epitope, i.e. Tyrosinase-related
protein 2 (TRP2, 180-188, purchasable from GenScript) peptide according to SEQ ID NO:1 or paragraph [0065] as
disclosed in W02020176984 and a combinatorial library of Trp2 12-mer peptides. CD107a is considered to be a
marker for degranulations and cytotoxic CD8 cells; IFNg and TNFa are considered to be markers for activation. A

DMSO group served as control; assays were performed as described before and as known in the art.

Endpoint titers of antibodies (I9G2) directed against Trp2 were measured via antibody ELISA according to standard
techniques. l.e. ELISA plates were coated with DCT (the Trp2 approved HGNC symbol is dopachrome tautomerase
(DCT)); coated plates were incubated using respective serum dilutions, and binding of specific antibodies to the
respective peptide were detected using biotinylated isotype specific anti-mouse detection antibodies followed by
streptavidin-HRP (horseradish peroxidase) with Amplex™ Red Reagent as substrate.

Results:

Vaccination with LNP formulated Trp2 mRNA showed an increase in the response of several cytokines, especially
IFNa, IFNb and/or IFNg, but also IFNg; KC (CXCL1); IP10 (CXCL10); MCP-1 (CCL2); RANTES (CCL5); IL-1b; IL-
6; IL-10; IL-12p70; TNFa; and/or GM-CSF levels [full data set not shown].

Furthermore, it was apparent, that vaccination with formulated Trp2 mRNA led to a very decent percentage of (i)
IFNy+ TNFa+ CD107a+ of CD8+ T cells (polyfunctional and activated cytotoxic CD8+ T cells) and (ji) IFNy+ TNFa+
CD4+ T cells (polyfunctional CD4+ T cells), especially for groups with lower content of polymer conjugated lipid
(PMOZ-lipid) and groups with ionizable lipids C28 and C29 as apparent in Figure 2. As apparent from the above,
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the lipid nanoparticles lead to increased levels of different cytokines, preferably IFNa and/or IFNb after prime and/or

boost vaccination and by this high immune responses could be triggered.

Especially groups with lower content of polymer conjugated lipid (PMOZ-lipid), i.e. Group 4 (mean level of 106 pg/mli
IFNa after 8h), showed higher IFNa levels as when compared to groups with a higher content (Group 1 or Group 2,
i.e. both with mean levels of 43 pg/ml IFNa after 8h), which then led to very high immune responses. The same was
true for IFNg (Group 4 mean level of 8.18 pg/ml IFNg after 8h), Group 1 or Group 2 with mean levels of 2.93 pg/ml
or 2.5 pg/ml IFNg after 8h)). Therefore, the present lipid nanoparticles as used were deemed to be highly suitable
for cancer therapy settings.

Example 10: Further mouse immunization with Trp2 mRNA formulated in LNPs comprising different

polymer conjugated lipids and DPhyPS

For evaluating different LNPs in a cancer therapy setting, Trp2 encoding mRNA (SEQ ID NO:80) was formulated
into the different LNPs. The corresponding lipid nanoparticle compositions are detailed in Table Ex-10A.

Table Ex-10A: Summary / overview of lipid nanoparticle compositions of the present working example; reference

to the ionizable or respectively ionizable lipids as disclosed in Table 1 or the specification above is made herein

mol-percentages for excipients
LNP No. Excipients

[mol%]
LNP1 C24 : cholesterol : DPhyPE : “PMOZ 4" with n = 50 49:38.5:10:25
LNP2 C24 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn=50 |49:38.5:8:2:25

buffer group |PBS

N/P ratio for LNP1 was 10 and 14 for LNP2 (lipid to mRNA mol ratio). The total lipid/mRNA mass ratio (m/m) for
Trp2 mRNA comprising LNPs was 32.4 for LNP1 and 46.3 for LNP2.

For vaccination, the resulting LNP formulations were applied to female C57BL/6 mice on days 0, day 7 and day 21
intramuscularly (i.m.; musculus tibialis) with doses of mRNA, formulations, and control groups as shown in the
tabular vaccination scheme of Table Ex-10B. A negative control group received PBS buffer only.

Table Ex-10B: Vaccination scheme of Example 10 (Formulation as indicated in Table Ex-10A, i.e. Group No. 1
received LNP1 formulation i.e. C24 : cholesterol : DPhyPE : “PMOZ 4" with n = 50 with the following mol% ratios:
49 :38.5:10: 2.5; Group 2 received LNP2 formulation i.e. C24 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" with
n = 50 with the following mol% ratios: 49:38.5:8:2:2.5)

i mRNA Treatment i
Group | No. of mice i Formulation | Dose | Route Volume
(mRNA encoding)
1 5 mRNA encoding Trp2 LNP1 1ug i.m. 1x25ul
2 5 (SEQ ID NO:80) LNP2 1ug i.m. 1x25ul
5 PBS buffer group i.m. 1x25ul

Analysis:
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Blood samples were collected 8h after the first vaccination and 18h after the second vaccination. Mice were
terminated at day 21, spleens were collected for analyses (intracellular cytokine staining ICS / tumor-associated
antigens TAA i.e. T cell activation analysis) and serum was collected for analysis in an antibody ELISA.

Subsequently it was assayed for the T cell response (polyfunctional CD107a+ CD8+ T cells and polyfunctional
CD4+ T cells), i.e. spleen samples were re-stimulated with a Trp2 immunodominant epitope, i.e. Tyrosinase-related
protein 2 (TRP2, 180-188, purchasable from GenScript) peptide according to SEQ ID NO:1 or paragraph [0065] as
disclosed in WO2020176984 and a combinatorial library of Trp2 12-mer peptides (Life Technologies GmbH).
CD107a is considered to be a marker for degranulations and cytotoxic CD8 cells; IFNg and TNFa are considered
to be markers for activation. A DMSO group served as control; assays were performed as described before and as
known in the art.

Endpoint titers of antibodies (IgG2) directed against Trp2 were measured via antibody ELISA according to standard
techniques. l.e. ELISA plates were coated with DCT (the Trp2 approved HGNC symbol is dopachrome tautomerase
(DCT)); coated plates were incubated using respective serum dilutions, and binding of specific antibodies to the
respective peptide were detected using biotinylated isotype specific anti-mouse detection antibodies followed by

streptavidin-HRP (horseradish peroxidase) with Amplex™ Red Reagent as substrate.

Results:

Results: after peptide restimulation with a Trp2 immunodominant epitope, it was clearly apparent from Figure 3A
that LNPs comprising DPhyPS (filled squares, group 2, LNP2) showed a significantly higher CD8T cell response as
when compared to LNPs not comprising DPhyPS (open circles, group 1, LNP1). Furthermore, it was clearly
apparent from Figure 3B that LNPs comprising DPhyPS (filled squares, group 2, LNP2) showed significantly higher
lgG2a endpoint titers as when compared to LNPs not comprising DPhyPS (open circles, group 1, LNP1). As
apparent from the above, the lipid nanoparticles lead to increased levels of different cytokines, preferably IFNa
and/or IFNDb after prime and/or boost vaccination and by this, high immune responses could be triggered. Therefore,
the present lipid nanoparticles are highly suitable for cancer therapy settings.

Example 11: Further mouse immunization with Trp2 mRNA formulated in LNPs comprising different

polymer conjugated lipids and DPhyP$S

For evaluating different LNPs in a cancer therapy setting, Trp2 encoding mRNA (SEQ ID NO:80) was formulated
into the different LNPs. The corresponding lipid nanoparticle compositions are detailed in Table Ex-11A.

Table Ex-11A: Summary / overview of lipid nanoparticle compositions of the present working example; reference

to the ionizable or respectively ionizable lipids as disclosed in Table 1 or the specification above is made herein

mol-percentages for
LNP No. |Excipients
excipients [mol%]

LNP1 C24 : cholesterol : DPhyPE : DPhyPS : DMG-PEG2000 49:393:75:25:17

LNP2 C24 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn=50 |49:40:75:25:1

LNP3 C24 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn=50 |59:30:7.5:2.5:1

LNP4 C24 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn =115 |49:40.5:75:25:05
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LNP5 C24 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn =115 |49:40:75:25:1
LNP6 C28 : cholesterol : DPhyPE : DPhyPS : DMG-PEG2000 59:29.3:5:5:1.7
LNP7 C28 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn=50 |59:30:5:5:1
LNP8 C28 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn=50 |49:40:75:25:1
LNP9 C29 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn=50 |49:40:75:25:1
LNP10 | C29: cholesterol : DPhyPE : DPhyPS : DMG-PEG2000 49:393:75:25:17

LNP1 to LNP10 were adjusted to an N/P ratio (lipid to mRNA mol ratio) of 14. The total lipid/mRNA mass ratio (m/m)
for Trp2 mRNA comprising LNPs was 44.8 for LNP1; 45.2 for LNP2; 41.3 for LNP3; 45.4 for LNP4; 47.7 for LNP5;
40.3 for LNP6; 40.6 for LNP7; 43.5 for LNP8; 43.5 for LNP9; and 43.2 for LNP10.

Biophysical characterization of Trp2 lipid nanoparticle compositions

Each LNP used in the working examples of the present invention was characterized in terms of particle size,
zeta potential, encapsulation efficiency / %-encapsulation (EE), and mRNA content. The mean diameter and
zeta potential of the LNPs after dialysis was as determined by dynamic light scattering and Laser Doppler
Microelectrophoresis, respectively using a Malvern Zetasizer Nano (Malvern Instruments Ltd.; Malvern, UK);
results see Table Ex-11B. Zeta potential was measured in the present working example as well as in other
working examples shown herein preferably in 0.1N PBS at pH 7.5. Encapsulation efficiency (EE [%]) was
calculated by the following equation: %-encapsulation = (Ft - Fi)/Ft x 100; whereby Fi = free unencapsulated
RNA as determined by addition of RiboGreen (Molecular Probes, Eugene, OR, USA) to the LNP aliquot and
Ft = total content RNA content measured by adding RiboGreen (Molecular Probes, Eugene, OR, USA) to
fluorescence value = Fi) to an aliquot of lysed LNP achieved by incubation with 0.25% Triton X-100. The
zeta potential was in accordance with typical neutral values (-7 to +7 mV, or preferably from -7 to 0 mV) and
LNPs showed a high average encapsulation efficiency (EE%) of about 98% (data not shown).

Table Ex-11B: Summary / overview of sizes and PDIs of Trp2 mRNA comprising lipid nanoparticle

compositions of the working examples

Size PDI
(100 ug/ml) | (100 pg/mi)
NP1 57 0,06
NP2 55 0,08
NP3 61 0,09
NP4 62 0,02
LNP5 48 0,02
LNP6 74 0,05
LNP7 81 0,06
LNP8 92 0,18
LNP9 92 0,09
LNP10 83 0,06

In another experiment for evaluating the biophysical properties, LNP1 to LNP10 from the present working

example were diluted from 100 pg/ml to 40 pg/ml and subjected to one freeze-thaw cycle. Size
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measurements showed increased sizes of approximately 53% for LNPs comprising PEG (i.e. LNP1, LNP86,
LNP10), but only a size increase of approximately 22% for LNPs comprising PMOZ as polymer conjugated
lipid (i.e. LNP2 to LNP5, LNP7 to LNP9) [data not shown]. Therefore, as apparent, LNPs comprising PMOZ
as polymer conjugated lipids behaved superior as compared to LNPs comprising PEG lipids as polymer
conjugated lipids upon dilution and freeze-thaw with regard to biophysical assessment.

For vaccination, the resulting LNP formulations were applied to female C57BL/6 mice on days 0, day 7 and day 21
intramuscularly (i.m.; musculus tibialis) with doses of mRNA, formulations, and control groups as shown in the
tabular vaccination scheme of Table Ex-11C. A negative control group received PBS buffer only.

Table Ex-11C: Vaccination scheme of Example 11 (Formulation as indicated in Table Ex-11A, i.e. Group No. 1
received LNP1 formulation i.e. C24 : cholesterol : DPhyPE . DPhyPS : DMG-PEG2000 with the following mol%
ratios: 49 : 39.3 :7.5: 2.5 : 1.7, Group 2 received LNP2 formulation i.e. C24 . cholesterol : DPhyPE : DPhyPS :
“PMOZ 4" with n = 50 with the following mol% ratios: 49 : 40 : 7.5: 2.5 : 1 et cetera)

Group | No. of mice MRNA Treatment Formulation | Dose | Route Volume
(mRNA encoding)

1 5 LNP1 1ug i.m. 1x25ul
2 5 LNP2 1ug i.m. 1x25ul
3 5 LNP3 1ug i.m. 1x25ul
4 5 LNP4 1ug i.m. 1x25ul
5 5 mRNA encoding Trp2 LNP5 1ug i.m. 1x25ul
6 5 (SEQ ID NO:80) LNP6 1ug i.m. 1x25ul
7 5 LNP7 1ug i.m. 1x25ul
8 5 LNP8 1ug i.m. 1x25ul
9 5 LNP9 1ug i.m. 1x25ul
10 5 LNP10 1ug i.m. 1x25ul

Analysis:

Blood samples were collected 8h after the first vaccination and 18h after the second vaccination. Mice were
terminated at day 21, spleens were collected for analyses (intracellular cytokine staining ICS / tumor-associated
antigens TAA i.e. T cell activation analysis) and serum was collected for analysis in an antibody ELISA.

Subsequently it was assayed for the T cell response (polyfunctional CD107a+ CD8+ T cells and polyfunctional
CD4+ T cells), i.e. spleen samples were re-stimulated with a Trp2 immunodominant epitope, i.e. Tyrosinase-related
protein 2 (TRP2, 180-188, purchasable from GenScript) peptide according to SEQ ID NO:1 or paragraph [0065] as
disclosed in WO2020176984 and a combinatorial library of Trp2 12-mer peptides (Life Technologies GmbH).
CD107a is considered to be a marker for degranulations and cytotoxic CD8 cells; IFNg and TNFa are considered
to be markers for activation. A DMSO group served as control; assays were performed as described before and as
known in the art.

Endpoint titers of antibodies (IgG2) directed against Trp2 were measured via antibody ELISA according to standard
techniques. |.e. ELISA plates were coated with DCT (the Trp2 approved HGNC symbol is dopachrome tautomerase
(DCT)); coated plates were incubated using respective serum dilutions, and binding of specific antibodies to the
respective peptide were detected using biotinylated isotype specific anti-mouse detection antibodies followed by
streptavidin-HRP (horseradish peroxidase) with Amplex™ Red Reagent as substrate.
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Results:

Vaccination with LNP formulated Trp2 mRNA showed an increase in the response of IFNa; IFNb; IFNg; KC
(CXCL1); IP10 (CXCL10); MCP-1 (CCL2); RANTES (CCL5); IL-1b; IL-6; IL-10; IL-12p70; TNFa; and/or GM-CSF
levels. Furthermore, it was apparent that vaccination with LNP formulated Trp2 mRNA led to a high CD8 T cell
response and a high humoral response, measured in IgG1 and/or IgG2a/lgG2al[b] titers. Furthermore, it was
apparent, that vaccination with LNP formulated Trp2 mRNA led to a high percentage of (i) IFNy+ TNFa+ CD107a+
of CD8+ T cells (Polyfunctional and activated cytotoxic CD8* T cells), (i) IFNy+TNFa+ CD107a+ Tem of CD8+ cells
(polyfunctional and activated cytotoxic CD8+ Tem cells), (i) IFNy+ TNFa+ CD4+ T cells (Polyfunctional and
activated CD4 T cells), and/or (iv) IFNy+TNFa+ TEM of CD4+ cells (Polyfunctional and activated CD4 Tem cells),
either after prime and/or after 15t and/or 2™ boost vaccination. As apparent from the above, the lipid nanoparticles
led to increased levels of different cytokines, preferably IFNa and/or IFNb after prime and/or boost vaccination and
by this high immune responses could be triggered. Therefore, the present lipid nanoparticles were highly suitable

for cancer therapy settings.

Example 12: Immunogenicity of phosphatidylserine comprising PMOZ-LNPs after cancer antigen
vaccination (Trp2) using intramuscular administration

To analyse the immunogenicity of LNPs according to Table Ex-12A, a cancer antigen (Trp2) plus PADRE as helper
epitope encoding mRNA was produced according to the procedures described above, yielding a cancer antigen
encoding mMRNA comprising CleanCap, a HSD17B4 5’-UTR, a PSMB3 3'-UTR and a polyA tail of 100x adenosines
at the 3'-terminal end and a histone stem-loop (i.e. Trp2 encoding mRNA (SEQ ID NO:80).

For vaccination, the resulting formulations according to Table Ex-12A comprising above-described cancer antigen
encoding mRNA were applied to 7-8 weeks old female C57BL/6 mice on days 0, day 7 and day 14 intramuscularly
(i.m.; musculus tibialis) with doses of mMRNA, formulations, and control groups as shown in the tabular vaccination
scheme of Table Ex-12C. A negative control group received PBS buffer only.

Table Ex-12A: Summary / overview of lipid nanoparticle compositions of the present working example; reference

to the ionizable or respectively ionizable lipids as disclosed in Table 1 or the specification above is made herein

mol-percentages for
LNP No. |Excipients
excipients [mol%]

LNP1 C24 : cholesterol : DPhyPE : DPhyPS : DMG-PEG2000 49:393:75:25:1.7

LNP2 C24 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn=50 |49:40:75:25:1

LNP3 C24 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn=115 |49:405:75:25:05

LNP4 C28 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4" withn=50 |49:40:75:2.5:1

All LNPs were adjusted to an N/P ratio (lipid to mRNA mol ratio) of 14. The total lipid/mRNA mass ratio (m/m) for
Trp2 mRNA comprising LNPs was 44.8 for LNP1; 45.2 for LNP2; 45.4 for LNP3; 43.5 for LNP4.

Biophysical characterization of Trp2 lipid nanoparticle compositions

Each LNP used in the working examples of the present invention was characterized in terms of particle size,
zeta potential, encapsulation efficiency / %-encapsulation (EE), and mRNA content. The mean diameter and
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zeta potential of the LNPs after dialysis was as determined by dynamic light scattering and Laser Doppler
Microelectrophoresis, respectively using a Malvern Zetasizer Nano (Malvern Instruments Ltd.; Malvern, UK);
results see Table Ex-12B. Encapsulation efficiency (EE [%]) was calculated by the following equation: %-
encapsulation = (Ft - Fi)/Ft x 100; whereby Fi = free unencapsulated RNA as determined by addition of
RiboGreen (Molecular Probes, Eugene, OR, USA) to the LNP aliquot and Ft = total content RNA content
measured by adding RiboGreen (Molecular Probes, Eugene, OR, USA) to fluorescence value = Fi) to an
aliquot of lysed LNP achieved by incubation with 0.25% Triton X-100. The zeta potential was in accordance
with typical neutral values (-7 to +7 mV, or preferably from -7 to 0 mV) and LNPs showed a high average
encapsulation efficiency (EE%) of about 98% (data not shown).

Table Ex-12B: Summary / overview of sizes and PDIs of Trp2 mRNA comprising lipid nanoparticle

compositions of the working examples

Size PDI
(100 pg/ml) | (100 pg/mi)
LNP1 60 0,08
NP2 57 0,13
NP3 63 0,02
NP4 96 0,16

In another experiment for evaluating the biophysical properties, LNP1 to LNP10 from the present working example
were diluted from 100 ug/ml to 40 pg/ml and subjected to one freeze-thaw cycle. Size measurements showed
increased sizes of approximately 53% for LNPs comprising PEG (i.e. LNP1, LNP6, LNP10), but only a size increase
of approximately 10-20% for LNPs comprising PMOZ as polymer conjugated lipid (i.e. LNP2 to LNP5, LNP7 to
LNP9), while LNPs comprising PEG-lipids experienced a size increase of up to 60-80% [data not shown]. Therefore,
as apparent, LNPs comprising PMOZ as polymer conjugated lipids behaved superior as compared to LNPs
comprising PEG lipids as polymer conjugated lipids upon dilution and freeze-thaw with regard to biophysical
assessment.

Table Ex-12C: Composition and formulation details; further reference is made to descriptions of LNP1 to LNP10 in

Table Ex-12A where the mol%-ratios of the compositions are described

mRNA LNP details see Table Ex-12A mRNA Route / Dosing
Group
Dose [ug] encoding volume [day]
C24 : cholesterol : DPhyPE : )
LNP1 1 im./1x25ypl | 0,7, 14

DPhyPS : DMG-PEG2000

C24 : cholesterol : DPhyPE : )
LNP2 1 ) im./1x25ul | 0,7, 14
DPhyPS : “PMOZ 4" with n = 50

Trp2

C24 : cholesterol : DPhyPE :
LNP3 1 im./1x25pl | 0,7, 14
DPhyPS : “PMOZ 4” with n = 115

C28 : cholesterol : DPhyPE :

LNP4 1 im./1x25pl | 0,7, 14
DPhyPS : “PMOZ 4" with n = 50
C24 : cholesterol : DPhyPE : buffer
PBS - im./1x25ul | 0,7, 14
DPhyPS : DMG-PEG2000 control

8h after the first and 18h after the second vaccination, serum samples were taken for an analysis of cytokine levels
in the serum of mice immunized with cancer antigen encoding mRNA formulated with LNPs via Cytometric Bead
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Array (CBA) assay. Said CBA assay was performed with said serum samples with the following
cytokines/chemokines included in the array: IFN-alpha, IFN-gamma, IFN-beta, RANTES, IP-10, MIG, MCP-1, MIP-
1a, MIP-18, RANTES, IL-12p70, IL-6, IL-10, TNF, IL-1B, GM-CSF, and TNF. Furthermore, the level of IFN-alpha in
the serum was determined by ELISA according to standard protocols.

21 days after the first mMRNA administration, mice were sacrificed, and blood/serum and organ samples (spleen)
were collected for further analysis. Spleen samples taken at day 21 were re-stimulated with a cancer antigen peptide
library and assayed for the T cell response (CD4 and CD8), i.e. CD4 T cell immune response (IFN-gamma/TNF-
alpha producing CD4 T cells) and CD8 T cell immune response (IFN-gamma/TNF-alpha producing CD8 T cells and
CD107+ IFN-gamma producing CD8 T cells); induction of antigen-specific T cells was determined using intracellular
cytokine staining (ICS). Assays were performed as described before. Specifically in this regard, cancer antigen-
specific cellular responses in splenocyte samples obtained in this step were measured as cancer antigen-specific
T cell activation. This was analyzed by intracellular cytokine staining and subsequent analysis by flow cytometry
according to standard protocols as follows: splenocytes were stimulated with a specific cancer antigen peptide
cocktail in the presence of anti-CD107a (Biolegend, San Diego, USA) and anti-CD28 (BD Biosciences, San Jose,
USA). Unstimulated splenocytes were treated the same way but were not supplemented with the peptide cocktail.
Additional controls were splenocytes stimulated with PMA/ionomycin (no anti-CD28; PMA and ionomycin from
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) (positive control) and splenocytes which are left unstained by
fluorophore-conjugated antibodies (negative control). After the stimulation procedure, splenocytes were stained

with surface and intracellular, fluorophore-conjugated antibodies and analysed by flow cytometry.

Results for determination of efficacy of lipid nanoparticle formulations by measuring Immunogenicity (intracellular

cytokine staining ICS):

It is apparent from Figure 4 and Figure 5 that CD8 T cell responses were high, in ranges of 3% to 9% of IFNy+
TNFa+ CD8+ T cells or respecitively IFNy+ TNFa+ CD107a+ CD8+ T cells. Responses were higher for LNP
formulations comprising PMOZ as polymer conjugated lipid. Further, it was apparent from Figure 6 that levels of
polyfunctional and activated cytotoxic CD8+ Tem cells were high, in ranges of 2% to 8% (IFNy+TNFa+ CD107a+
TEM of CD8+ cells). Again, responses were higher for LNP formulations comprising PMOZ as polymer conjugated
lipid. Also, for CD4+ T-cells, it was apparent from Figure 7 that the inventive LNP formulations led to high values
of 5% to 10% positive levels of IFNy+ TNFa+ of CD4+ T cells. Lastly, measurements of different cytokines,
chemokines and interleukins as well as GM-CSF and TNF as described above indicated favorable immune
responses after 8h and 18h after administration of the inventive LNP formulations (data not shown). Regarding in
vivo biodistribution, in a parallel experiment with similar lipid nanoparticles and PpLuc it was found that the inventive
LNPs distributed after intramuscular injection (M. tibialis) preferably into lymph nodes and muscle tissue (i.e. the
site of injection (SOI); data not shown). Biodistribution experiments were performed with LNPs as described above
comprising C24 : cholesterol : DPhyPE : DPhyPS : “PMOZ 4” with n = 50 (mol%: 49 :40:7.5:2.5:1). Thus, the
inventive formulations localized strongly to lymph nodes where they transfected dendritic cells. As lymph nodes and
dendritic cells are an important part of the immune system and the immunological function is related thereto, the
inventive lipid nanoparticles appeared to be very helpful for generating potent immune responses to mRNA encoded

antigens.
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Example P1 [prophetic]: Prophylactic vaccine - Inmunogenicity of phosphatidylserine comprising PMOZ-
LNPs after RABV-G vaccination using intramuscular administration

To analyse the immunogenicity of LNPs according to Table Ex-P1, RABV-G (Rabies virus glycoprotein) mRNA was
produced according to the procedures described above, yielding a RABV-G mRNA comprising CleanCap, a
HSD17B4 5'-UTR, a PSMB3 3'-UTR and a polyA tail.

7 weeks old female Balb/C mice (n=8 for each group of Table Ex-P1) are injected intramuscularly at day 0 and day
21 with the formulations according to Table Ex-11A comprising above-described RABV-G mRNA.

Table Ex-P1: Composition and formulation details; further reference is made to descriptions of LNP1 to LNP10 in

Table Ex-11A where the mol%-ratios of the compositions are described

mRNA
Group | mRNA Dose [ug] . Route / volume Dosing [day]
encoding
LNP1 1 i.m./ 1x25 pl 0,21
LNP2 1 i.m./1x25 pl 0,21
LNP3 1 i.m./ 1x25 pl 0,21
LNP4 1 i.m./ 1x25 pl 0,21
RABV-G (Rabies
LNP5 1 ) i.m./ 1x25 pl 0,21
virus
LNP6 1 i.m./ 1x25 pl 0,21
glycoprotein)
LNP7 1 i.m./ 1x25 pl 0, 21
LNP8 1 i.m./ 1x25 l 0, 21
LNP9 1 i.m./ 1x25 pl 0, 21
LNP10 1 i.m./ 1x25 pl 0, 21
buffer control w/o
PBS - i.m./ 1x25 pl 0, 21
mRNA

For determining the levels of antibody against the rabies virus in serum, a classical virus neutralization test is
performed (Fluorescent Antibody Virus Neutralization (FAVN) assay) for the groups of Table Ex-P1.

28 days afterthe first mMRNA administration, mice are sacrificed and blood and organ samples (spleen) are collected
for further analysis. In this regard, rabies virus glycoprotein (RABV-G)-specific cellular responses in splenocyte
samples obtained in this step are measured as RABV-G-specific T cell activation. This is analyzed by intracellular
cytokine staining and subsequent analysis by flow cytometry according to standard protocols as follows:
splenocytes are stimulated with a RABV-G peptide cocktail in the presence of anti-CD107a (Biolegend, San Diego,
USA) and anti-CD28 (BD Biosciences, San Jose, USA). Unstimulated splenocytes are treated the same way but
are not supplemented with the peptide cocktail. Additional controls are splenocytes stimulated with PMA/ionomycin
(no anti-CD28; PMA and ionomycin from Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) (positive control) and
splenocytes which are left unstained by fluorophore-conjugated antibodies (negative control). After the stimulation
procedure, splenocytes are stained with surface and intracellular, fluorophore-conjugated antibodies and analysed
by flow cytometry.

Serum samples are also taken on day 21 prior to the boost, wherein the serum samples at day 21 are analyzed for
Virus neutralizing antibodies (VNA) analysis via FAVN assay. Further, serum samples are taken 18h after first
application of the formulation for an early analysis of cytokine levels in the serum of mice immunized with RABV-G-
encoding mRNA formulated with LNPs.
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For said immunogenicity assays, the VNT is measured as described before, i.e. anti-rabies virus neutralizing titers
(VNTSs) in serum are analyzed by the Eurovir® Hygiene-Labor GmbH, Germany, using the FAVN assay and the
Standard Challenge Virus CVS-11 according to WHO protocol.

A CBA assay is performed with serum samples drawn from mice 18 h after immunization with LNP-formulated
antigen-encoding mRNA with the following cytokines/chemokines included in the array: MIG, MCP-1, MIP-1a, MIP-
18, RANTES, IL-12p70, IL-6, TNF, IL-1B, IFN-gamma. Furthermore, the level of IFN-alpha in the serum is
determined by ELISA according to standard protocols.

Furthermore, for the groups of Table Ex-P1, the spleen samples taken at day 28 are re-stimulated with a RABV-G
peptide library and assayed for the T cell response (CD4 and CD8), i.e. CD4 T cell immune response (IFN-
gamma/TNF-alpha producing CD4 T cells) and CD8 T cell immune response (IFN-gamma/TNF-alpha producing
CD8 T cells and CD107+ IFN-gamma producing CD8 T cells); induction of antigen-specific T cells is determined

using intracellular cytokine staining (ICS). Assays are performed as described before.

Example P2 [prophetic]: Immunogenicity of phosphatidylserine comprising PMOZ-LNPs after cancer
antigen vaccination using intramuscular administration

To analyse the immunogenicity of LNPs according to Table Ex-P2, a cancer antigen encoding mRNA was produced
according to the procedures described above, yielding a cancer antigen encoding mRNA comprising CleanCap, a
HSD17B4 5'-UTR, a PSMB3 3'-UTR and a polyA tail.

7 weeks old female Balb/C mice (n=8 for each group of Table Ex-P2) are injected intramuscularly at day 0, 7 and
day 21 with the formulations according to Table Ex-11A comprising above-described cancer antigen encoding

mRNA.

Table Ex-P2: Composition and formulation details; further reference is made to descriptions of LNP1 to LNP10 in

Table Ex-11A where the mol%-ratios of the compositions are described

mRNA
Group | mRNA Dose [ug] . Route / volume Dosing [day]
encoding
LNP1 1 i.m./1x25 pl 0,7,21
LNP2 1 i.m./1x25 pl 0,7,21
LNP3 1 i.m./1x25 pl 0,7,21
LNP4 1 i.m./1x25 pl 0,7,21
LNP5 1 i.m./1x25 pl 0,7,21
cancer antigen
LNP6 1 i.m./1x25 pl 0,7,21
LNP7 1 i.m./1x25 pl 0,7,21
LNP8 1 i.m./1x25 pl 0,7,21
LNP9 1 i.m./1x25 pl 0,7,21
LNP10 1 i.m./1x25 pl 0,7,21
buffer control w/o ) 0,7, 21
PBS - i.m./1x25 pl
mRNA
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28 days afterthe first mRNA administration, mice are sacrificed and blood and organ samples (spleen) are collected
for further analysis. In this regard, cancer antigen-specific cellular responses in splenocyte samples obtained in this
step are measured as cancer antigen-specific T cell activation. This is analyzed by intracellular cytokine staining
and subsequent analysis by flow cytometry according to standard protocols as follows: splenocytes are stimulated
with a specific cancer antigen peptide cocktail in the presence of anti-CD107a (Biolegend, San Diego, USA) and
anti-CD28 (BD Biosciences, San Jose, USA). Unstimulated splenocytes are treated the same way but are not
supplemented with the peptide cocktail. Additional controls are splenocytes stimulated with PMA/ionomycin (no
anti-CD28; PMA and ionomycin from Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) (positive control) and
splenocytes which are left unstained by fluorophore-conjugated antibodies (negative control). After the stimulation
procedure, splenocytes are stained with surface and intracellular, fluorophore-conjugated antibodies and analysed
by flow cytometry.

Further, serum samples are taken 18h after first application of the formulation for an early analysis of cytokine levels
in the serum of mice immunized with cancer antigen encoding mRNA formulated with LNPs.

A CBA assay is performed with serum samples drawn from mice 18 h after immunization with LNP-formulated
antigen-encoding mRNA with the following cytokines/chemokines included in the array: MIG, MCP-1, MIP-1a, MIP-
18, RANTES, IL-12p70, IL-6, TNF, IL-18, IFN-gamma. Furthermore, the level of IFN-alpha in the serum is
determined by ELISA according to standard protocols.

Furthermore, for the groups of Table Ex-P2, the spleen samples taken at day 28 are re-stimulated with a cancer
antigen peptide library and assayed for the T cell response (CD4 and CD8), i.e. CD4 T cell immune response (IFN-
gamma/TNF-alpha producing CD4 T cells) and CD8 T cell immune response (IFN-gamma/TNF-alpha producing
CD8 T cells and CD107+ IFN-gamma producing CD8 T cells); induction of antigen-specific T cells is determined

using intracellular cytokine staining (ICS). Assays are performed as described before.
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CLAIMS

1. A lipid nanoparticle comprising:
- about 45 mol% to about 65 mol% of an ionizable lipid, preferably an ionizable lipid according to formula (II)
5 Ra-A-RP formula (I1)
or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein
R2 is selected from:

N 0 R /\l 3
&R’/ Rz/ N \\Rfl I\/N\ 2.0 Ra_4
R \"/ R
¢}

10 RP is selected from:

N, o, RS /\ 3
;KR‘/ o g I\/N\ 2.0 RO 4
R \"/ R
o

Ais -5
R is an ethanediyl or linear or unbranched alkanediyl having 2 to 3 carbon atoms;
15 R? is an alkanediyl having 2 to 8 carbon atoms;
R3 is optional, and if present, is —=R°-C(QO)~0—, —R5-0-C(0)—, —R*~C(O)~NH-, —-R5-0OC(0)-NH-
, or R°%~NH-C(0)0—;
R# is a lipophilic substituent with 12 to 36 carbon atoms, wherein the lipophilic substituent with 12
to 36 carbon atoms is derived from tocopherol or tocotreinol;
20 R is an alkanediyl having 1 to 6 carbon atoms;
X is a carbon atom bonded to a hydrogen atom (CH) or a nitrogen atom, preferably a carbon atom
bonded to a hydrogen atom (CH);
- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% of a phospholipid, preferably
a phospholipid selected from DSPC and DPhyPE, more preferably wherein the phospholipid is DPhyPE;
25 - about 1 mol% to about 6 mol%, preferably about 2.5 mol% to about 5 mol%, more preferably about 2.5
mol% of a phosphatidylserine, preferably DPhyPS;
- about 25 mol% to about 45 mol% of a sterol, preferably cholesterol;
- less than about 1.5 mol%, preferably about 1 mol% of a polymer conjugated lipid, preferably of a PMOZ-
lipid, more preferably a PMOZ-lipid not comprising a sulphur group (-S-); and
30 - one or more nucleic acid, preferably an mRNA.
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The lipid nanoparticle according to claim 1, wherein the ionizable lipid is

(“CVL1" or C24).

3.

The lipid nanoparticle according to claim 1, wherein the ionizable lipid is

(‘CVL1-meta” or C28).

4.

The lipid nanoparticle according to claim 1, wherein the ionizable lipid is

PCT/EP2024/056128
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(“CVL1-inverted” or C29).

5. The lipid nanoparticle of any one of claim 1 to claim 4 comprising:

- about 45 mol% to about 65 mol% of the ionizable lipid, preferably about 49 mol% or about 59 mol% of the ionizable
lipid;

- about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% of the phospholipid, preferably about
5 mol% or about 7.5 mol% of the phospholipid, more preferably about 7.5 mol% DPhyPE;

- about 2.5 mol% phosphatidylserine, preferably DPhyPS;

- about 0.5 mol% to about 1 mol%, preferably about 1 mol% of the PMOZ-lipid, preferably a PMOZ-lipid not
comprising a sulphur group (-S-), more preferably a PMOZ-lipid comprising a linker group [linker] being
(C(O)CH2CH2C(O)NH), even more preferably being (i) “PMOZ 4" with n = 50 i.e. having 50 monomer repeats

(“PMOZ 4" with n = 50 i.e. having 50 monomer repeats); or

(i) “PMOZ 4" with n = 115 i.e. having 115 monomer repeats

O

(“PMOZ 4" with n = 115 i.e. having 115 monomer repeats);
- about 29 mol% to about 41 mol% sterol, preferably cholesterol; and

- one or more nucleic acid, preferably an mRNA.
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6. The lipid nanoparticle of any one of claim 1 to claim 5 comprising:
- about 49 mol% or about 59 mol% of the ionizable lipid;

- about 5 mol% or about 7.5. mol% of DPhyPE;

- about 2.5 mol% or about 5 mol% phosphatidylserine, preferably DPhyPS;

5 - about 0.5 mol% to about 1 mol%, preferably about 1 mol% of a PMOZ-lipid, preferably a PMOZ-lipid not comprising
a sulphur group (-S-), more preferably a PMOZ-lipid comprising a linker group [linker] being
(C(O)CH2CH2C(O)NH), even more preferably being (i) “PMOZ 4* with n = 50 i.e. having 50 monomer repeats

NN NN o OY
b

(“PMOZ 4" with n = 50 i.e. having 50 monomer repeats); or
10 (i) “PMOZ 4" with n = 115 i.e. having 115 monomer repeats

VWVM

N

A

115

(“PMOZ 4” with n = 115 i.e. having 115 monomer repeats);
- about 29 mol% to about 41 mol% cholesterol; and
- one or more nucleic acid, preferably an mRNA.
15
7. The lipid nanoparticle of claim 2, wherein the lipid nanoparticle comprises one or more nucleic acid,
preferably an mRNA, and the lipid composition of the lipid nanoparticle is selected from the group consisting
of
(i) about 49 mol% C24, about 40 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS,
20 and about 1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats;
(i) about 59 mol% C24, about 30 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS,
and about 1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats;
(i) about 49 mol% C24, about 40.5 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol%
DPhyPS, and about 0.5 mol% PMOZ 4 with n = 115 i.e. having 115 monomer repeats;
25 (iv) about 49 mol% C24, about 40 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS,
and about 1 mol% PMOZ 4 with n = 115 i.e. having 115 monomer repeats;
most preferred the lipid nanoparticle of claim 2, wherein the lipid nanoparticle comprises one or more
nucleic acid, preferably an mRNA, and the lipid composition of the lipid nanoparticle of the lipid
nanoparticle is about 49 mol% C24, about 40 mol% cholesterol, about 7.5 mol% DPhyPE, about
30 2.5 mol% DPhyPS, and about 1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats
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The lipid nanoparticle of claim 3, wherein the lipid nanoparticle comprises one or more nucleic acid,
preferably an mRNA, and the lipid composition of the lipid nanoparticle is selected from the group consisting
of

(i) about 59 mol% C24, about 30 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and about

1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats; and

(ii) about 49 mol% C24, about 40 mol% cholesterol, about 7.5 mol% DPhyPE, about 2.5 mol% DPhyPS, and about

1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats,

most preferred the lipid nanoparticle of claim 3, wherein the lipid nanoparticle comprises one or more nucleic acid,

preferably an mRNA, and the lipid composition is about 49 mol% C24, about 40 mol% cholesterol, about 7.5 mol%
DPhyPE, about 2.5 mol% DPhyPS, and about 1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer repeats.

10.

11.

12.

13.

14.

The lipid nanopatrticle of any one of claim 4 to claim 8, wherein the lipid nanoparticle comprises one or
more nucleic acid, preferably an mRNA, and about 49 mol% C24, about 40 mol% cholesterol, about 7.5
mol% DPhyPE, about 2.5 mol% DPhyPS, and about 1 mol% PMOZ 4 with n = 50 i.e. having 50 monomer
repeats.

A lipid nanoparticle comprising:
about 45 mol% to about 55 mol% of an ionizable lipid, preferably an ionizable lipid according to formula (1)
as shown in claim 1, more preferably the ionizable lipid as shown in claim 2 (C24);
about 4 mol% to about 15 mol%, preferably about 4 mol% to about 9 mol% DPhyPE;
about 1.5 mol% to about 3.5 mol% of a phosphatidylserine, preferably DPhyPS;
about 35 mol% to about 45 mol% of a sterol, preferably cholesterol,
about 0.5 mol% to about 1.5 mol% “PMOZ 4”; and
one or more nucleic acid, preferably an mRNA.

The lipid nanoparticle of claim 10 comprising:

about 48 mol% to about 50 mol%, preferably about 49 mol% ionizable lipid C24;

about 6.5 mol% to about 8.5 mol%, preferably about 7.5 mol% DPhyPE;

about 1.5 mol% to about 3.5 mol%, preferably about 2.5 mol% of a phosphatidylserine, preferably DPhyPS;
about 35 mol% to about 45 mol%, preferably about 40 mol% of a sterol, preferably cholesterol;

about 0.5 mol% to about 1.5 mol%, preferably about 1 mol% “PMOZ 4”; and

one or more nucleic acid, preferably an mRNA.

The lipid nanoparticle according to any one of claim 1 to claim 11, wherein the lipid nanoparticles comprise

the mRNA at an amount such as to achieve an N/P ratio in the range of about 5 to about 15, more preferably

about 8 to about 12, even more preferably about 9 to about 11, most preferably about 10.
The lipid nanoparticle according to any one of claim 1 to claim 12, wherein the lipid nanoparticles have a

lipid to MRNA weight ratio (m/m) in the range of about 20 to about 60, more preferably about 30 to about 50,
even more preferably about 40, about 41, about 42, about 43, about 44 or about 45.

The lipid nanoparticle according to any one of claim 1 to claim 13, wherein the nucleic acid is
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(a) an mRNA comprising at least one coding sequence encoding a peptide or protein, or a fragment or
variant thereof, wherein the peptide or protein is an antigen, wherein the antigen preferably is derived from
tumor antigens, pathogenic antigens, allergenic antigens or autoimmune self-antigens, or a fragment or
variant thereof; or
(b) an mRNA comprising at least one coding sequence encoding a therapeutic protein, or a fragment or
variant thereof, wherein the therapeutic protein is selected from the group consisting of

(i) therapeutic proteins for use in the treatment of cancer or tumor diseases;

(i) therapeutic proteins for use in enzyme replacement therapy for the treatment of metabolic, endocrine

or amino acid disorders or for use in replacing an absent, deficient or mutated protein;

(iii) therapeutic proteins for use in the treatment of blood disorders, diseases of the circulatory system,

diseases of the respiratory system, infectious diseases or immune deficiencies;

(iv) therapeutic proteins for use in hormone replacement therapy;

(v) therapeutic proteins for use in reprogramming somatic cells into pluri- or omnipotent stem cells;

(vi) therapeutic proteins for use as adjuvant or immunostimulation;

(vii) therapeutic proteins being a therapeutic antibody;

(viii) therapeutic proteins being a gene editing agent; and

(ix) therapeutic proteins for use in treating or preventing a liver disease selected from the group consisting

of liver fibrosis, liver cirrhosis and liver cancer;

preferably wherein the therapeutic protein is a therapeutic protein for use in the treatment of cancer or
tumor diseases.

The lipid nanoparticle according to any one of claim 1 to claim 14, wherein the nucleic acid is

(a) an mRNA comprising at least one coding sequence encoding a peptide or protein, or a fragment or
variant thereof, wherein the peptide or protein is an antigen, wherein the antigen preferably is derived from
a tumor antigen, or a fragment or variant thereof;, or the mRNA comprises at least one coding sequence
encoding a therapeutic protein, or a fragment or variant thereof, wherein the therapeutic protein is a

therapeutic protein for use in the treatment of cancer or tumor diseases.

The lipid nanoparticle according to any one of claim 1 to claim 15, wherein the nucleic acid is an mRNA

encoding a tumor antigen.

The lipid nanoparticle according to any one of claim 1 to claim 16, wherein the lipid nanoparticle is a sterile
solid composition for reconstitution with a sterile liquid carrier, and wherein the lipid nanoparticle further
comprises one or more inactive ingredients selected from pH-modifying agents, bulking agents, stabilizers,
non-ionic surfactants and antioxidants, and wherein the sterile liquid carrier is an aqueous carrier.

The lipid nanoparticle according to any one of claim 1 to claim 17, wherein the lipid nanoparticle is a sterile
liquid composition, and wherein the lipid nanoparticles have a mean hydrodynamic diameter as determined
by dynamic laser scattering from about 50 nm to about 300 nm, or from about 60 nm to about 250 nm, or
from about 60 nm to about 200 nm, or from about 70 to 200 nm, or from about 75 nm to about 160, or from
about 85 nm to about 140 nm, or from about 90 nm to about 130 nm, or from about 50 nm to about 120 nm.
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The lipid nanoparticle according to any one of claim 1 to claim 18, wherein the lipid nanoparticles exhibit a
zeta potential in the range of -50 mV to +50 mV, preferably in the range of -25 mV to +25 mV, more preferably
in the range of -10 mV to +10 mV, most preferably in the range of -5 mV to +5 mV.

The lipid nanoparticle according to any one of claim 1 to claim 19, wherein the mRNA compound is a mono-

, bi-, or multicistronic mRNA.

The lipid nanoparticle according to any one of claim 1 to claim 20, wherein the mRNA compound comprises
a coding region encoding a peptide or protein, wherein the coding region exhibits a sequence modification.

The lipid nanoparticle of claim 21, wherein the sequence modification is selected from a G/C content
modification, a codon modification, a codon optimization or a C-optimization of the sequence; preferably
wherein, compared with the coding region of the corresponding wild-type mRNA, the

- G/C content of the coding region is increased;

- C content of the coding region is increased;

- codon usage in the coding region is adapted to the human codon usage; and/or

- codon adaptation index (CAl) is increased or maximized in the coding region.

The lipid nanoparticle according to any one of claim 1 to claim 22, wherein the mRNA compound further
comprises

a) a 5'-CAP structure, preferably m7GpppN, more preferably CAP1 or m7G(5')ppp(5’)(2'OMeA)pG;

b) optionally at least one miRNA sequence, preferably wherein the microRNA binding site is for a microRNA
selected from the group consisting of miR-126, miR-142, miR-144, miR-146, miR-150, miR-155, miR-16,
miR-21, miR-223, miR-24, miR-27, miR-26a, or any combination thereof;

c) at least one 5-UTR element;

d) a coding sequence;

e) at least one 3'-UTR element;

f) at least one poly(A) sequence;

@) at least one poly(C) sequence;

or any combinations of these.

The lipid nanoparticle according to any one of claim 1 to claim 23, wherein the least one coding RNA
comprises a 5'-CAP structure, preferably m7G, CAPO, CAP1, CAP2, a modified CAPO or a modified CAP1
structure.

The lipid nanoparticle according to any one of claim 1 to claim 24, wherein the at least one coding RNA
comprises at least one heterologous 5’-UTR and/or at least one heterologous 3'-UTR, preferably wherein
the at least one heterologous 5'-UTR comprises a nucleic acid sequence derived from a 5'-UTR of a gene
selected from HSD17B4, RPL32, ASAH1, ATP5A1, MP68, NDUFA4, NOSIP, RPL31, SLC7A3, TUBB4B
and UBQLN2, or from a homolog, a fragment or variant of any one of these genes; and/or

preferably wherein the at least one heterologous 3'-UTR comprises a nucleic acid sequence derived from a
3'-UTR of a gene selected from PSMB3, ALB7, alpha-globin, CASP1, COX6B1, GNAS, NDUFA1 and RPS9,
or from a homolog, a fragment, or a variant of any one of these genes.
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The lipid nanoparticle according to any one of claim 1 to claim 25, wherein the at least one coding RNA
comprises a (i) HSD17B4 5'-UTR and a PSMB3 3'-UTR, more preferably a HSD17B4 5'-UTR (SEQ ID
NO:12, SEQ ID NO:13) and a PSMB3 3'-UTR (SEQ ID NO: 46, SEQ ID NO:47).

The lipid nanoparticle of any one claim 1 to claim 26, wherein the mRNA comprises no chemical
modification, preferably no base modification, more preferably no base modification selected from the group
consisting of pseudouridine (psi or ), N1-methylpseudouridine (N1TMPU, N1Mpsi or N1My), 1-
ethylpseudouracil, 2-thiouracil (s2U), 4-thiouracil, 5-methylcytosine, 5-methyluracil, 5-methoxyuracil, most
preferably no N1-methylpseudouridine (N1MPU, N1Mpsi or N1My) modification.

The lipid nanoparticle of any one claim 1 to claim 26, wherein the mRNA compound comprises at least one

chemical modification.

The lipid nanoparticle of claim 28, wherein the chemical modification is selected from the group consisting
of base modifications, sugar modifications, backbone modifications and lipid modifications, preferably
wherein the chemical modification is a base modification, more preferably wherein the base modification is
selected from the group consisting of pseudouridine (psi or y), N1-methylpseudouridine (N1TMPU, N1Mpsi
or N1My), 1-ethylpseudouracil, 2-thiouracil (s2U), 4-thiouracil, 5-methylcytosine, 5-methyluracil, 5-
methoxyuracil, most preferably wherein the chemical modification is N1-methylpseudouridine (N1MPU,
N1Mpsi or N1Mwy).

A pharmaceutical composition comprising one or more lipid nanoparticles as defined in any one of claim 1
to claim 29 and an acceptable pharmaceutical carrier, preferably for use in human or veterinary medicine,
more preferably for use in the prophylaxis or treatment of cancer or infectious diseases in a subject, most
preferably for use in the prophylaxis or treatment of cancer diseases in a subject.

The pharmaceutical composition of claim 30 or the lipid nanoparticle according to any one of claim 1 to
claim 29 for use as a medicament, wherein the medicament is a prophylactic or therapeutic vaccine.

The pharmaceutical composition according to any one of claim 30 to claim 31 or the lipid nanoparticle
according to any one of claim 1 to claim 29 for use as a medicament, wherein the subject is a vertebrate,
preferably a mammal.

The pharmaceutical composition according to any one of claim 30 to claim 32 or the lipid nanopatrticle
according to any one of claim 1 to claim 29 for use as a medicament, wherein the medicament is useful in
treating an infectious disease, a cancer disease or a tumor, preferably wherein the medicament is useful in

treating a cancer disease or a tumor.

A kit or kit of parts, comprising any one of the lipid nanoparticle according to claim 1 to claim 29, or the
pharmaceutical composition according to any one of claim 30 to claim 33, optionally comprising a liquid
vehicle for solubilizing, and, optionally, technical instructions providing information on administration and

dosage of the components.

A method of inducing an antigen-specific immune response in a subject, the method comprising
administering to the subject the lipid nanoparticle according to any one of claim 1 to claim 29, the
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pharmaceutical composition according to any one of claim 30 to claim 33, or the kit or kit of parts of claim
34 in an amount effective to produce an antigen-specific immune response in the subject.

A method for preventing, ameliorating or treating a disease or condition in a subject in need, preferably a
cancer disease, comprising administering to the subject the lipid nanoparticle according to any one of claim
1 to claim 29, the pharmaceutical composition according to any one of claim 30 to claim 33, or the kit or
kit of parts of claim 34.

The method according to any one of claim 35 to claim 36, wherein administration of the lipid nanoparticle,
the pharmaceutical composition or the kit or kit of parts results in expression of the antigen encoded by
mRNA in the lymphocytes of the subject, orin the spleen and/or lymph nodes.

The method according to any one of claim 35 to claim 37, wherein the antigen-specific immune response
comprises a (i) T cell response, (ii) a B cell response, (iii) a CD4 T cell immune response, (iv) a CD8 T cell
immune response and/or (v) an antigen specific antibody response, wherein the antigen specific antibody
response is measured by the presence of antigen-specific antibodies in serum, preferably wherein the
antigen-specific immune response comprises a combination of two or more antigen-specific immune
responses selected from the group consisting of (i), (ii), (iii), (iv) and (v).

The method according to any one of claim 35 to claim 38, wherein lipid nanoparticle according to any one
of claims 1 to claim 29, the pharmaceutical composition according to any one of claim 30 to claim 33, or
the kit or kit of parts of claim 34 is administered intravenous, intramuscular, intradermal, or intratumoral,
more preferably intravenous or intramuscular, most preferably intramuscular.

A method of treatment or preventing a disorder, wherein the method comprises applying or administering to
a subject in need the lipid nanoparticle according to any one of claims 1 to claim 29, the pharmaceutical
composition according to any one of claim 30 to claim 33, or the kit or kit of parts of claim 34, wherein
preferably the administration or applying is subcutaneous, intravenous, intramuscular, intra-articular, intra-
synovial, intranasal, oral, intrasternal, intrathecal, intrahepatic, intralesional, intracranial, transdermal,
intradermal, intrapulmonal, intraperitoneal, intracardial, intraarterial, intraocular, intravitreal, subretinal,
intranodal, or intratumoral, preferably intramuscular, intradermal, intravenous, or intratumoral, more

preferably intravenous or intramuscular, most preferably intramuscular.

The lipid nanoparticle according to any one of claims 1 to claim 29, a pharmaceutical composition according

to any one of claim 30 to claim 33, or a kit or kit of parts of claim 34 for use as medicament.

The lipid nanoparticle according to any one of claims 1 to claim 29, a pharmaceutical composition according
to any one of claim 30 to claim 33, or a kit or kit of parts of claim 34 for use in the prevention or treatment
of cancer, autoimmune diseases, infectious diseases, allergies, or protein deficiency disorders, preferably
for use in the prevention or treatment of a cancer disease.

An ionizable lipid according to the following structure
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(“CVL1-meta“ or C28).

or according to the following structure

(“CVL1-inverted” or C29).

44, A method of synthesizing the ionizable lipid C28 or the ionizable lipid C29, according to scheme 1 for C28
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45, A lipid nanoparticle comprising according to any one of claim 1 to claim 29, wherein the lipid nanoparticle
has a lower PDI and/or lower size upon (i) freezing and thawing or (ii) freeze-drying (lypophilizing) and
reconstitution, as compared to a control lipid nanoparticle comprising a PEG-lipid instead of a PMOZ
comprising polymer conjugated lipid as shown in any one of claim 1 to claim 29.
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A method of making a frozen lipid nanoparticle according to any one of claim 1 to claim 29, wherein the
lipid nanoparticle upon thawing has a lower PDI and/or lower size as compared to a control lipid nanoparticle
comprising a PEG-lipid instead of a polymer conjugated lipid as shown in any one of claim 1 to claim 29.

A method of making a lyophilized lipid nanoparticle according to any one of claim 1 to claim 29, wherein
the lipid nanoparticle upon reconstitution has a lower PDI and/or lower size as compared to a control lipid
nanoparticle comprising a PEG-lipid instead of a polymer conjugated lipid as shown in any one of claim 1
to claim 29.

An improved lyophilization process for the preparation of lyophilized lipid nanoparticles according to any one
of claim 1 to claim 29, said process comprising the step of using a PMOZ comprising polymer conjugated
lipid as shown in any one of claim 1 to claim 29as excipient instead of a PEG-Ilipid, wherein the lipid
nanoparticle upon reconstitution has a lower PDI and/or lower size as compared to a control lipid
nanoparticle comprising a PEG-lipid instead of a PMOZ comprising polymer conjugated lipid as shown in
any one of claim 1 to claim 29.

A method of inducing interferon (IFN) production, the method comprising administering to a subject in need
the lipid nanoparticle according to any one of claims 1 to claim 29, a pharmaceutical composition according
to any one of claim 30 to claim 33, or a kit or kit of parts of claim 34, whereby IFN production is increased

following administration.

The method of claim 49, comprising: administering to a subject in need the lipid nanoparticle according to
any one of claims 1 to claim 29, a pharmaceutical composition according to any one of claim 30 to claim
33, or a kit or kit of parts of claim 34, in an amount sufficient to induce an immune response in the subject,
preferably wherein the immune response involves the production of cytokines, more preferably wherein the

immune response involves modulation of a type | IFN, type Il IFN, and/or type Il IFN.

The method of any one of claim 49 to claim 50, comprising: administering to a subject in need the lipid
nanoparticle according to any one of claims 1 to claim 29, a pharmaceutical composition according to any
one of claim 30 to claim 33, or a kit or kit of parts of claim 34, in an amount sufficient to induce an immune
response in the subject, preferably wherein the immune response involves the production of type | IFN, more
preferably wherein the immune response involves modulation of IFN is IFNa, IFNb, IFNe, IFNKk or IFN, most
preferably IFNa and/or IFNb.

The method of any one of claim 49 to claim 51, comprising: administering to a subject in need the lipid
nanoparticle according to any one of claims 1 to claim 29, a pharmaceutical composition according to any
one of claim 30 to claim 33, or a kit or kit of parts of claim 34, wherein after administration RNA
accumulation and/or RNA expression in the spleen and/or lymph nodes occurs.

A vaccine composition comprising a lipid nanoparticle according to any one of claims 1 to claim 29, wherein
the lipid nanoparticle has an increase in LNP mean size of about 30%, 29%, 28%, 27%, 26%, 25%, 24%,
23%, 22%, 21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%,
3%, 2%, 1%, or less, preferably of about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or less after one or
more freeze/thaw cycles as compared to that prior to freeze/thaw cycles.
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A vaccine composition comprising a lipid nanoparticle according to any one of claims 1 to claim 29, wherein
the formulation has an increase in LNP mean size of about 30%, 29%, 28%, 27%, 26%, 25%, 24%, 23%,
22%, 21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2%, 1%, or less, preferably of about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, orless after lyophilization
as compared to that prior to lyophilization.

A vaccine composition comprising a lipid nanoparticle according to any one of claims 1 to claim 29, wherein
the formulation has an increase in LNP mean size of about 30%, 29%, 28%, 27%, 26%, 25%, 24%, 23%,
22%, 21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2%, 1%, or less, preferably of about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or less after dilution as

compared to that prior to dilution.

A vaccine composition comprising a lipid nanoparticle according to any one of claims 1 to claim 29, wherein
the encapsulation efficiency of the formulation is substantially the same after storage at about 4 °C or lower
for at least about one month, about two months, about three months, about four months, about five months,

about six months or longer.

A vaccine composition comprising a lipid nanoparticle according to any one of claims 1 to claim 29, wherein
the LNP mean size of the LNPs is substantially the same after storage at about 4 °C or lower for at least
about one month, about two months, about three months, about four months, about five months, about six
months or longer.



