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THERAPEUTIC RNA FOR SOLID TUMOR CANCERS

[0001] This application claims the benefit of priority to United States Provisional
Application No. 62/722,742, filed August 24, 2018 and European Patent Application No.
19305092.9, filed January 24, 2019; the contents of both of which are incorporated by
reference in their entireties.

[0002] This disclosure relates to the field of therapeutic RNA to treat solid tumors.
The National Cancer Institute defines solid tumors as abnormal masses of tissue that do not
normally contain cysts or liquid areas. Solid tumors include benign and malignant
(cancerous) sarcomas, carcinomas, and lymphomas, and can be physically located in any
tissue or organ including the brain, ovary, breast, colon, and other tissues. Cancer is often
divided into two main types: solid tumor cancer and hematological (blood) cancers. It is
estimated that more than 1.5 million cases of cancer are diagnosed in the United States each
year, and more than 500,000 people in the United States will die each year from cancer.
[0003] Solid tumor cancers are particularly difficult to treat. Current treatments
include surgery, radiotherapy, immunotherapy and chemotherapy. Surgery alone may be an
appropriate treatment for small localized tumors, but large invasive tumors and most
metastatic malignancies are usually unresectable by surgery. Other common treatments such
as radiotherapy and chemotherapy are associated with undesirable side effects and damage to
healthy cells.

[0004] While surgery and current therapies sometimes are able to kill the bulk of the
solid tumor, additional cells (including potentially cancer stem cells) may survive therapy.
These cells, over time, can form a new tumor leading to cancer recurrence. In spite of
multimodal conventional therapies, disease-free survival is less than 25% for many types of
solid tumors. Solid tumors that are resistant to multi-modal therapy or that have recurred
following therapy are even more difficult to treat, and long-term survival is less than 10%.
[0005] Disclosed herein are compositions, uses, and methods that can overcome
present shortcomings in treatment of solid tumors. Administration of therapeutic RNAs
disclosed herein can reduce tumor size, extend survival time, and/or protect against

metastasis and/or recurrence of the tumor.
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SUMMARY

Embodiment 1 is a composition or medical preparation comprising RNA
encoding an IL-12sc protein, RNA encoding an IL-15 sushi protein, and RNA encoding
an IFNo protein.

Embodiment 2 is the medical preparation or composition according to
embodiment 1, further comprising RNA encoding an FLT3-L protein.

Embodiment 3 is the composition according to embodiment 1 or 2.

Embodiment 4 is the medical preparation according to embodiment 1 or 2.

Embodiment 5 is the medical preparation or composition of any one of the preceding
embodiments, wherein the RNA is in aratio of 1:1:1 or 1:1:1:1, and optionally wherein the
ratio is validated by quantitative RT-PCR.

Embodiment 6 is the medical preparation or composition of any one of the preceding
embodiments, wherein the RNA integrity is greater than or equal to 70%.

Embodiment 7 is the medical preparation or composition of any one of the preceding
embodiments, wherein the medical preparation or composition comprises less than 250 ng
DNA per the total mg of nucleic acid present.

Embodiment 8 is the medical preparation or composition of any one of the preceding
embodiments, wherein the IFNa. protein is an IFNo2b protein.

Embodiment 9 is the medical preparation or composition of any one of the preceding
embodiments, wherein

the RN A encoding an IL-12sc protein comprises the nucleotide sequence of

SEQ ID NO: 17 or 18, or a nucleotide sequence having at least 99%, 98%, 97%, 96%,

95%, 90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 17 or 18;

and/or

the IL-12sc protein comprises the amino acid sequence of SEQ ID NO: 14, or
an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or

80% identity to the amino acid sequence of SEQ ID NO:14; and/or

the RNA encoding an IL-12sc protein comprises a nucleotide sequence having
at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the p40 portion of

IL-12sc (nucleotides 1-984 of SEQ ID NO: 17 or 18) and at least 99%, 98%, 97%,

96%, 95%, 90%, 85%, or 80% identity to the p30 portion of IL-12sc (nucleotides

1027-1623 of SEQ ID NO: 17 or 18) and further comprises nucleotides between the

p40 and p35 portions encoding a linker polypeptide.



WO 2020/041655 PCT/US2019/047819

Embodiment 10 is the medical preparation or composition of any one of the preceding
embodiments, wherein
the RNA encoding an IL-15 sushi protein comprises the nucleotide sequence of
SEQ ID NO: 26, or anucleotide sequence having at least 99%, 98%, 97%, 96%, 95%,
90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 26; and/or
the IL-15 sushi protein comprises the amino acid sequence of SEQ ID NO: 24,
or an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or
80% identity to the amino acid sequence of SEQ ID NO: 24; and/or
the RNA encoding an IL-15 sushi protein comprises a nucleotide sequence
having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the sushi
domain of IL-15 receptor alpha (nucleotides 1-321 of SEQ ID NO: 26) and at least
99%, 98%, 97%., 96%, 95%, 90%, 85%, or 80% identity to mature IL-15 (nucleotides
382-729 of SEQ ID NO: 26) and optionally further comprises nucleotides between the
sushi domain of IL-15 and the mature IL-15 encoding a linker polypeptide.
Embodiment 11 is the medical preparation or composition of any one of the preceding
embodiments, wherein
the RNA encoding an IFNa. protein comprises the nucleotide sequence of SEQ
ID NO: 22 or 23, or anucleotide sequence having at least 99%, 98%, 97%, 96%, 95%,
90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 22 or 23 and/or
the IFNa protein comprises the amino acid sequence of SEQ ID NO: 19, or an
amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80%
identity to the amino acid sequence of SEQ ID NO: 19.
Embodiment 12 is the medical preparation or composition of any one of embodiments
2-11, wherein
the RNA encoding an FLT3-L protein comprises the nucleotide sequence of
SEQ ID NO: 32, or anucleotide sequence having at least 99%, 98%, 97%, 96%, 95%,
90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 32; and/or
the FLT3-L protein comprises the amino acid sequence of SEQ ID NO: 30, or
an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or
80% identity to the amino acid sequence of SEQ ID NO: 30.
Embodiment 13 is the medical preparation or composition of any one of the preceding
embodiments, wherein at least one RN A comprises a modified nucleoside in place of at least

one uridine.
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Embodiment 14 is the medical preparation or composition of any one of the preceding
embodiments, wherein at least one RNA comprises a modified nucleoside in place of each
uridine.

Embodiment 15 is the medical preparation or composition of any one of the preceding
embodiments, wherein each RNA comprises a modified nucleoside in place of at least one
uridine.

Embodiment 16 is the medical preparation or composition of any one of the preceding
embodiments, wherein each RNA comprises a modified nucleoside in place of each uridine.

Embodiment 17 is the medical preparation or composition of any one of embodiments
13-16, wherein the modified nucleoside is independently selected from pseudouridine (),
N1-methyl-pseudouridine (m1y), and 5-methyl-uridine (m5U).

Embodiment 18 is the medical preparation or composition of any one of embodiments
13-17, wherein at least one RNA comprises more than one type of modified nucleoside,
wherein the modified nucleosides are independently selected from pseudouridine (y), N1-
methyl-pseudouridine (mly), and 5-methyl-uridine (m5U).

Embodiment 19 is the medical preparation or composition of embodiment 18, wherein
the modified nucleoside is N1-methyl-pseudouridine (m1y).

Embodiment 20 is the medical preparation or composition of any one of the preceding
embodiments, wherein at least one RNA comprises the 5° cap m2”?* CGppp(mi>-°)ApG or 3'-
O-Me-m’G(5")ppp(3"G.

Embodiment 21 is the medical preparation or composition of any one of the preceding
embodiments, wherein each RNA comprises the 5° cap mz2”*-OGppp(mi12-°)ApG or 3'-O-Me-
m’G(5")ppp(5")G.

Embodiment 22 is the medical preparation or composition of any one the preceding
embodiments, wherein at least one RNA comprises a 5° UTR comprising a nucleotide
sequence selected from the group consisting of SEQ ID NOs: 4 and 6, or a nucleotide
sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to a
nucleotide sequence selected from the group consisting of SEQ ID NOs: 4 and 6.

Embodiment 23 is the medical preparation or composition of any one of the preceding
embodiments, wherein each RNA comprises a 5> UTR comprising a nucleotide sequence
selected from the group consisting of SEQ ID NOs: 4 and 6, or a nucleotide sequence having
at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to a nucleotide sequence
selected from the group consisting of SEQ ID NOs: 4 and 6.



WO 2020/041655 PCT/US2019/047819

Embodiment 24 is the medical preparation or composition of any one of the preceding
embodiments, wherein at least one RNA comprises a 3° UTR comprising the nucleotide
sequence of SEQ ID NO: 8, or a nucleotide sequence having at least 99%, 98%, 97%, 96%,
95%, 90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 8.

Embodiment 25 is the medical preparation or composition of any one of the preceding
embodiments, wherein each RNA comprises a 3 UTR comprising the nucleotide sequence of
SEQ ID NO: 8, or anucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 8.

Embodiment 26 is the medical preparation or composition of any one of the preceding
embodiments, wherein at least one RNA comprises a poly-A tail.

Embodiment 27 is the medical preparation or composition of any one of the preceding
embodiments, wherein each RNA comprises a poly-A tail.

Embodiment 28 is the medical preparation or composition of embodiment 26 or 27,
wherein the poly-A tail comprises at least 100 nucleotides.

Embodiment 29 is the medical preparation or composition of any one of embodiments
26-28, wherein the poly-A tail comprises the poly-A tail shown in SEQ ID NO: 66.

Embodiment 30 is the medical preparation or composition of any one of the preceding
embodiments, wherein one or more RNA comprises:

a5’ cap comprising mz”>"OGppp(mi1>-°)ApG or 3'-0-Me-m’G(5")ppp(5)G:;
a 5> UTR comprising (i) a nucleotide sequence selected from the group

consisting of SEQ ID NOs: 4 and 6, or (ii) a nucleotide sequence having at least 99%,

98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to a nucleotide sequence selected

from the group consisting of SEQ ID NOs: 4 and 6;

a 3" UTR comprising (i) the nucleotide sequence of SEQ ID NO: 8, or (ii) a

nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80%

identity to the nucleotide sequence of SEQ ID NO:8; and

a poly-A tail comprising at least 100 nucleotides.

Embodiment 31 is the medical preparation or composition of embodiment 30, wherein
the poly-A tail comprises SEQ ID NO: 66.

Embodiment 32 is the medical preparation or composition of any one of the preceding

embodiments, which is a pharmaceutical composition comprising the RNAs.
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Embodiment 33 is the medical preparation or composition of embodiment 32, wherein
the pharmaceutical composition further comprises one or more pharmaceutically acceptable
carriers, diluents and/or excipients.

Embodiment 34 is the medical preparation or composition of any one of the preceding
embodiments, wherein the RNA is formulated as a liquid, formulated as a solid, or a
combination thereof.

Embodiment 35 is the medical preparation or composition of any one of the preceding
embodiments for pharmaceutical use.

Embodiment 36 is the medical preparation or composition of embodiment 35, wherein
the pharmaceutical use comprises a therapeutic or prophylactic treatment of a disease or
disorder.

Embodiment 37 is the medical preparation or composition of embodiment 36, wherein
the therapeutic or prophylactic treatment of a disease or disorder comprises treating or
preventing a solid tumor.

Embodiment 38 is the medical preparation or composition of embodiment 37, wherein
the solid tumor is a sarcoma, carcinoma, or lymphoma.

Embodiment 39 is the medical preparation or composition of any one of embodiments
37 or 38, wherein the solid tumor is in the lung, colon, ovary, cervix, uterus, peritoneum,
testicles, penis, tongue, lymph node, pancreas, bone, breast, prostate, soft tissue, connective
tissue, kidney, liver, brain, thyroid, or skin.

Embodiment 40 is the medical preparation or composition of any one of embodiments
37-39, wherein the solid tumor is an epithelial tumor, Hodgkin lymphoma (HL), non-Hodgkin
lymphoma, prostate tumor, ovarian tumor, renal cell tumor, gastrointestinal tract tumor,
hepatic tumor, colorectal tumor, tumor with vasculature, mesothelioma tumor, pancreatic
tumor, breast tumor, sarcoma tumor, lung tumor, colon tumor, brain tumor, melanoma tumor,
small cell lung tumor, neuroblastoma tumor, testicular tumor, carcinoma tumor,
adenocarcinoma tumor, glioma tumor, seminoma tumor, retinoblastoma, or osteosarcoma
tumor.

Embodiment 41 is the medical preparation or composition of any one of the preceding
embodiments, wherein the RNA is for intra-tumoral or peri-tumoral administration.

Embodiment 42 is the medical preparation or composition of any one of the preceding

embodiments, wherein the RNA is formulated for injection.
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Embodiment 43 is the medical preparation or composition of any one of the preceding
embodiments, which is for administration to a human.

Embodiment 44 is the medical preparation or composition of any one of embodiments
37-43, wherein treating or preventing the solid tumor comprises reducing the size of a tumor,
preventing the reoccurrence of cancer in remission, or preventing cancer metastasis in a
subject.

Embodiment 45 is the medical preparation or composition of any one of embodiments
36-44, wherein the therapeutic or prophylactic treatment of a disease or disorder further
comprises administering a further therapy.

Embodiment 46 is the medical preparation or composition of embodiment 45, wherein
the further therapy comprises one or more selected from the group consisting of: (i) surgery to
excise, resect, or debulk a tumor, (ii) immunotherapy, (iii) radiotherapy, and (iv)
chemotherapy.

Embodiment 47 is the medical preparation or composition of any one of embodiments
45-46, wherein the further therapy comprises administering a further therapeutic agent.

Embodiment 48 is the medical preparation or composition of embodiment 47, wherein
the further therapeutic agent is an anti-cancer therapeutic agent.

Embodiment 49 is the medical preparation or composition of embodiment 47 or 48,
wherein the further therapeutic agent is a checkpoint modulator.

Embodiment 50 is the medical preparation or composition of embodiment 49 wherein
the checkpoint modulator is an anti-PD1 antibody, an anti-CTLA-4 antibody, or a
combination of an anti-PD1 antibody and an anti-CTLA-4 antibody.

Embodiment 51 is a method for treating or reducing the likelihood of a solid tumor
comprising administering to a subject in need thereof a first RNA, wherein the first RNA
encodes an IL-12sc protein, an IL-15 sushi protein, an FLT3-L protein, or an IFNa protein
and the subject is further treated with additional RNA, wherein:

if the first RNA encodes an IL-12sc protein, then the additional RNA encodes
an IL-15 sushi protein, an IFNa protein, and a FLT3-L protein; or

if the first RNA encodes an IL-15 sushi protein, then the additional RNA
encodes an IL-12sc protein, an IFNa protein, and a FLT3-L protein; or

if the first RNA encodes an IFNg, protein, then the additional RNA encodes an
IL-15 sushi protein, an IL-12sc protein, and a FLT3-L protein; or
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if the first RNA encodes a FLT3-L protein, then the additional RNA encodes
an IL-15 sushi protein, an IFNa protein, and an IL-12sc protein; or

if the first RNA encodes an IL-12sc protein, then the additional RNA encodes
an IL-15 sushi protein and an IFNa protein; or

if the first RNA encodes an IL-15 sushi protein, then the additional RNA
encodes an IL-12sc protein and an IFNa. protein; or

if the first RNA encodes an IFNa protein, then the additional RNA encodes an

IL-15 sushi protein and an IL-12sc protein.

Embodiment 52 is a kit comprising the composition of any one of embodiments 1-50.

Embodiment 53 is the medical preparation of any one of embodiments 1-2 or 4-50,
wherein the medical preparation is a kit.

Embodiment 54 is the medical preparation of embodiment 53 or the kit of embodiment
52, wherein the RN As are in separate vials.

Embodiment 55 is the kit of any one of embodiments 52-54, further comprising
instructions for use of the composition for treating or preventing a solid tumor.

Embodiment 56 is RNA for use in a method for treating or preventing a solid tumor in
a subject, wherein the method comprises administering RNA encoding an IL-12sc protein,
RNA encoding an IL-15 sushi protein, and RNA encoding an IFNa, protein.

Embodiment 57 is use of RNA encoding an IL-12sc protein, RNA encoding an IL-15
sushi protein, and RNA encoding an IFNa protein for the treatment of solid tumor.

Embodiment 58 is the RN A or use of any one of embodiments 56-57, further
comprising RNA encoding an FLT3-L protein.

Embodiment 59 is the RN A or use of any one of embodiments 56-58, wherein the
RNAisin aratio of 1:1:1 or 1:1:1:1, and optionally wherein the ratio is validated by
quantitative RT-PCR.

Embodiment 60 is the RNA or use of any one of embodiments 56-59, wherein the
RNA integrity is greater than or equal to 70%.

Embodiment 61 is the RNA or use of any one of embodiments 56-60, wherein the
medical preparation or composition comprises less than 250 ng DNA per the total mg of
nucleic acid present.

Embodiment 62 is the RNA or use of any one of embodiments 56-61, wherein the
IFNa protein is an IFNo2b protein.

Embodiment 63 is the RNA or use of any one of embodiments 56-62, wherein
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the RNA encoding an IL-12sc protein comprises the nucleotide sequence of SEQ ID
NO: 17 or 18, or a nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 17 or 18 and/or
the IL-12sc protein comprises the amino acid sequence of SEQ ID NO: 14, or
an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%., or 80%
identity to the amino acid sequence of SEQ ID NO: 14; and/or
the RNA encoding an IL-12sc protein comprises a nucleotide sequence having
at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the p40 portion of IL-12sc
(nucleotides 1-984 of SEQ ID NO: 17 or 18) and at least 99%, 98%, 97%., 96%, 95%, 90%,
85%, or 80% identity to the p30 portion of IL-12sc (nucleotides 1027-1623 of SEQ ID NO: 17
or 18) and further comprises nucleotides between the p40 and p35 portions encoding a linker
polypeptide.
Embodiment 64 is the RNA or use of any one of embodiments 56-63, wherein
the RNA encoding an IL-15 sushi protein comprises the nucleotide sequence of
SEQ ID NO: 26, or a nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 26 and/or
the IL-15 sushi protein comprises the amino acid sequence of SEQ ID NO: 24,
or an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80%
identity to the amino acid sequence of SEQ ID NO: 24; and/or
the RNA encoding an IL-15 sushi protein comprises a nucleotide sequence
having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the sushi domain of
IL-15 receptor alpha (nucleotides 1-321 of SEQ ID NO: 26) and at least 99%, 98%, 97%,
96%, 95%, 90%, 85%, or 80% identity to mature IL-15 (nucleotides 382-729 of SEQ ID NO:
26) and optionally further comprises nucleotides between the sushi domain of IL-15 and the
mature IL-15 encoding a linker polypeptide.
Embodiment 65 is RNA or use of any one of embodiments 58-64, wherein
the RNA encoding an FLT3-L protein comprises the nucleotide sequence of
SEQ ID NO: 32, or a nucleotide sequence having at least 99%, 98%, 97%., 96%, 95%, 90%,
85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 32; and/or
the FLT3-L protein comprises the amino acid sequence of SEQ ID NO: 30, or
an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80%
identity to the amino acid sequence of SEQ ID NO: 30.
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Embodiment 66 is the RNA or use of any one of embodiments 56-65, wherein (i) the
RNA encoding an IFNa protein comprises the nucleotide sequence of SEQ ID NO: 22 or 23,
or a nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80%
identity to the nucleotide sequence of SEQ ID NO: 22 or 23 and/or (ii) the IFNa protein
comprises the amino acid sequence of SEQ ID NO: 19, or an amino acid sequence having at
least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the amino acid sequence of
SEQ ID NO: 19.

Embodiment 67 is the RNA or use of any one of embodiments 56-66, wherein at least
one RNA comprises a modified nucleoside in place of at least one uridine.

Embodiment 68 is the RNA or use of any one of embodiments 56-67, wherein at least
one RNA comprises a modified nucleoside in place of each uridine.

Embodiment 69 is the RNA or use of any one of embodiments 56-68, wherein each
RNA comprises a modified nucleoside in place of at least one uridine.

Embodiment 70 is the RNA or use of any one of embodiments 56-69, wherein each
RNA comprises a modified nucleoside in place of each uridine.

Embodiment 71 is the RN A or use of any one of embodiments 67-70, wherein the
modified nucleoside is independently selected from pseudouridine (y), N1-methyl-
pseudouridine (mly) and 5-methyl-uridine (m5U).

Embodiment 72 is the RNA of any one of embodiments 67-71, wherein at least one
RNA comprises more than one type of modified nucleoside, wherein the modified nucleosides
are independently selected from pseudouridine (y), N1-methyl-pseudouridine (m1ly), and 5-
methyl-uridine (m5U).

Embodiment 73 is the RNA or use of embodiment 72, wherein the modified
nucleoside is N1-methyl-pseudouridine (m1y).

Embodiment 74 is the RN A or use of any one of embodiments 56-73, wherein at least
one RNA comprises the 5° cap m27,3”-OGppp(m12°-0)ApG or 3'-O-Me-m7G(5)ppp(5)G.

Embodiment 75 is the RN A or use of any one of embodiments 56-75, wherein at each
RNA comprises the 5° cap m27,3°-OGppp(m12°-O)ApG or 3-O-Me-m7G(5)ppp(5)G.

Embodiment 76 is the RNA or use of any one of embodiments 56-75, wherein at least
one RNA comprises a 5° UTR comprising a nucleotide sequence selected from the group
consisting of SEQ ID NOs: 4 and 6, or a nucleotide sequence having at least 99%, 98%, 97%,
96%, 95%, 90%, 85%, or 80% identity to a nucleotide sequence selected from the group
consisting of SEQ ID NOs: 4 and 6.

10
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Embodiment 77 is the RNA or use of any one of embodiments 56-76, wherein each
RNA comprises a 5° UTR comprising a nucleotide sequence selected from the group
consisting of SEQ ID NOs: 4 and 6, or a nucleotide sequence having at least 99%, 98%, 97%,
96%, 95%, 90%, 85%, or 80% identity to a nucleotide sequence selected from the group
consisting of SEQ ID NOs: 4 and 6.
Embodiment 78 is the RNA or use of any one of embodiments 56-77, wherein at least
one RNA comprises a 3> UTR comprising the nucleotide sequence of SEQ ID NO: 8, or a
nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity
to the nucleotide sequence of SEQ ID NO: 8.
Embodiment 79 is the RNA or use of any one of embodiments 56-78, wherein each
RNA comprises a 3> UTR comprising the nucleotide sequence of SEQ ID NO: 8, or a
nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity
to the nucleotide sequence of SEQ ID NO: 8.
Embodiment 80 is the RNA or use of any one of embodiments 56-79, wherein at least
one RNA comprises a poly-A tail.
Embodiment 81 is the RNA or use of any one of embodiments 56-80, wherein each
RNA comprises a poly-A tail.
Embodiment 82 is the RNA or use of embodiment 80 or 81, wherein the poly-A tail
comprises at least 100 nucleotides.
Embodiment 83 is the RN A or use of any one of embodiments 80-82, wherein the
poly-A tail comprises the poly-A tail shown in SEQ ID NO: 66.
Embodiment 84 is the RNA or use of any one of embodiments 56-83, wherein one or
more RNA comprises:
a5’ cap comprising mz”3"-OGppp(mi12-°)ApG or 3'-0-Me-m’G(5")ppp(5)G:;
a 5> UTR comprising (i) a nucleotide sequence selected from the group
consisting of SEQ ID NOs: 4 and 6, or (ii) a nucleotide sequence having at least 99%,
98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to a nucleotide sequence selected
from the group consisting of SEQ ID NOs: 4 and 6;
a 3" UTR comprising (i) the nucleotide sequence of SEQ ID NO: 8, or (ii) a
nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80%
identity to the nucleotide sequence of SEQ ID NO:8; and

a poly-A tail comprising at least 100 nucleotides.

11



WO 2020/041655 PCT/US2019/047819

Embodiment 85 is the RNA or use of embodiment 84, wherein the poly-A tail
comprises SEQ ID NO: 66.

Embodiment 86 is the RNA or use of any one of embodiments 56-85, wherein the
method further comprises administering a further therapy.

Embodiment 87 is the RNA or use of embodiment 86, wherein the further therapy
comprises one or more selected from the group consisting of: (i) surgery to excise, resect, or
debulk a tumor, (i1) immunotherapy, (iii) radiotherapy, and (iv) chemotherapy.

Embodiment 88 is the RNA or use of embodiment 86 or 87, wherein the further
therapy comprises administering a further therapeutic agent.

Embodiment 89 is the RNA or use of embodiment 88, wherein the further therapeutic
agent is an anti-cancer therapeutic agent.

Embodiment 90 is the RNA or use of embodiment 86 or 87, wherein the further
therapeutic agent is a checkpoint modulator.

Embodiment 91 is the RNA or use of embodiment 90, wherein the checkpoint
modulator is an anti-PD1 antibody, an anti-CTLA-4 antibody, or a combination of an anti-
PD1 antibody and an anti-CTLA-4 antibody.

Embodiment 92 is the RN A or use of any one of embodiments 56-91, wherein the
solid tumor is a sarcoma, carcinoma, or lymphoma.

Embodiment 93 is the RN A or use of any one of embodiments 56-91, wherein the
solid tumor is in the lung, colon, ovary, cervix, uterus, peritoneum, testicles, penis, tongue,
lymph node, pancreas, bone, breast, prostate, soft tissue, connective tissue, kidney, liver,
brain, thyroid, or skin.

Embodiment 94 is the RN A or use of any one of embodiments 56-93, wherein the
solid tumor is an epithelial tumor, Hodgkin lymphoma (HL), non-Hodgkin lymphoma,
prostate tumor, ovarian tumor, renal cell tumor, gastrointestinal tract tumor, hepatic tumor,
colorectal tumor, tumor with vasculature, mesothelioma tumor, pancreatic tumor, breast
tumor, sarcoma tumor, lung tumor, colon tumor, brain tumor, melanoma tumor, small cell
lung tumor, neuroblastoma tumor, testicular tumor, carcinoma tumor, adenocarcinoma tumor,
glioma tumor, seminoma tumor, retinoblastoma, or osteosarcoma tumor.

Embodiment 95 is the RNA or use of any one of embodiments 56-94, wherein the
RNA is administered intra-tumorally or peri-tumorally.

Embodiment 96 is the RNA or use of any one of embodiments 56-95, wherein the

RNA is formulated for injection.
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Embodiment 97 is the RNA or use of any one of embodiments 86-96, wherein the
further therapeutic agent is administered systemically.

Embodiment 98 is the RNA or use of any one of embodiments 56-97, wherein the
subject is a human.

Embodiment 99 is the RNA or use of any one of embodiments 56-98, wherein the
RNAs are administered at the same time.

Embodiment 100 is the RNA or use of any one of embodiments 56-99, wherein the
RNAs are administered via injection, wherein the RN As are mixed together in liquid solution
prior to injection.

Embodiment 101 is the RNA or use of any one of embodiments 56-100, wherein the
RNAs are administered by administering a composition comprising a combination of the
RNAs.

Embodiment 102 is the RNA or use of any one of embodiments 56-100, wherein
treating or preventing a solid tumor comprises reducing the size of a tumor, preventing the
reoccurrence of cancer in remission, or preventing cancer metastasis in a subject.

Embodiment 103 is a composition or medical preparation comprising RNA encoding
an IL-12sc protein, RNA encoding an IL-15 sushi protein, RNA encoding an [FNa, protein,
and RN A encoding an FLT3-L protein.

Embodiment 104 is the composition according to embodiment 103.

Embodiment 105 is the medical preparation according to embodiment 103.

Embodiment 106 is the medical preparation or composition according to embodiments
103-105, wherein the RNA is in aratio of 1:1:1 or 1:1:1:1, and optionally wherein the ratio is
validated by quantitative RT-PCR.

Embodiment 107 is the medical preparation or composition according to embodiments
103-106, wherein the RNA integrity is greater than or equal to 70%.

Embodiment 108 is the medical preparation or composition according to embodiments
103-107, wherein the medical preparation or composition comprises less than 250 ng DNA
per the total mg of nucleic acid present.

Embodiment 109 is the medical preparation or composition according to embodiments
103-108, wherein the IFNa. protein is an IFNa2b protein.

Embodiment 110 is the medical preparation or composition according to embodiments

103-109, wherein
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the RN A encoding an IL-12sc protein comprises the nucleotide sequence of
SEQ ID NO: 17 or 18, or anucleotide sequence having at least 99%, 98%, 97%, 96%, 95%,
90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 17 or 18; and/or

the IL-12sc protein comprises the amino acid sequence of SEQ ID NO: 14, or
an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%., or 80%
identity to the amino acid sequence of SEQ ID NO:14; and/or

the RNA encoding an IL-12sc protein comprises a nucleotide sequence having
at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the p40 portion of IL-12sc
(nucleotides 1-984 of SEQ ID NO: 17 or 18) and at least 99%, 98%, 97%., 96%, 95%, 90%,
85%, or 80% identity to the p30 portion of IL-12sc (nucleotides 1027-1623 of SEQ ID NO: 17
or 18) and further comprises nucleotides between the p40 and p35 portions encoding a linker
polypeptide.

Embodiment 111 is the medical preparation or composition according to embodiments

103-110, wherein

the RNA encoding an IL-15 sushi protein comprises the nucleotide sequence of
SEQ ID NO: 26, or a nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 26; and/or

the IL-15 sushi protein comprises the amino acid sequence of SEQ ID NO: 24,
or an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80%
identity to the amino acid sequence of SEQ ID NO: 24; and/or

the RNA encoding an IL-15 sushi protein comprises a nucleotide sequence
having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the sushi domain of
IL-15 receptor alpha (nucleotides 1-321 of SEQ ID NO: 26) and at least 99%, 98%, 97%,
96%, 95%, 90%, 85%, or 80% identity to mature IL-15 (nucleotides 382-729 of SEQ ID NO:
26) and optionally further comprises nucleotides between the sushi domain of IL-15 and the
mature IL-15 encoding a linker polypeptide.

Embodiment 112 is the medical preparation or composition of according to

embodiments 103-111, wherein

the RNA encoding an IFNa. protein comprises the nucleotide sequence of SEQ
ID NO: 22 or 23, or a nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 22 or 23 and/or
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the IFNa protein comprises the amino acid sequence of SEQ ID NO: 19, or an
amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity
to the amino acid sequence of SEQ ID NO: 19.

Embodiment 113 is the medical preparation or composition according to embodiments

103-112, wherein

the RNA encoding an FLT3-L protein comprises the nucleotide sequence of
SEQ ID NO: 32, or a nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 32; and/or

the FLT3-L protein comprises the amino acid sequence of SEQ ID NO: 30, or
an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%., or 80%
identity to the amino acid sequence of SEQ ID NO: 30.

Embodiment 114 is the medical preparation or composition according to embodiments
103-113, which is a pharmaceutical composition comprising the RNAs.

Embodiment 115 is the medical preparation or composition of embodiment 114,
wherein the pharmaceutical composition further comprises one or more pharmaceutically
acceptable carriers, diluents and/or excipients.

Embodiment 116 is the medical preparation or composition according to embodiments
103-115, wherein the RNA is formulated as a liquid, formulated as a solid, or a combination
thereof.

Embodiment 117 is the medical preparation or composition according to embodiments
103-116, for pharmaceutical use.

Embodiment 118 is the medical preparation or composition according to embodiments
103-117, wherein the pharmaceutical use comprises a therapeutic or prophylactic treatment of
a disease or disorder.

Embodiment 119 is the medical preparation or composition according to embodiments
103-118, wherein the therapeutic or prophylactic treatment of a disease or disorder comprises
treating or preventing a solid tumor.

Embodiment 120 is the medical preparation or composition of embodiment 119,
wherein the solid tumor is a sarcoma, carcinoma, or lymphoma.

Embodiment 121 is the medical preparation or composition of according to
embodiments 119-120, wherein the solid tumor is in the lung, colon, ovary, cervix, uterus,
peritoneum, testicles, penis, tongue, lymph node, pancreas, bone, breast, prostate, soft tissue,

connective tissue, kidney, liver, brain, thyroid, or skin.
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Embodiment 122 is the medical preparation or composition of according to
embodiments 103-121, wherein the solid tumor is an epithelial tumor, Hodgkin lymphoma
(HL), non-Hodgkin lymphoma, prostate tumor, ovarian tumor, renal cell tumor,
gastrointestinal tract tumor, hepatic tumor, colorectal tumor, tumor with vasculature,
mesothelioma tumor, pancreatic tumor, breast tumor, sarcoma tumor, lung tumor, colon
tumor, brain tumor, melanoma tumor, small cell lung tumor, neuroblastoma tumor, testicular
tumor, carcinoma tumor, adenocarcinoma tumor, glioma tumor, seminoma tumor,
retinoblastoma, or osteosarcoma tumor.

Embodiment 123 is RNA for use in a method for treating or preventing a solid tumor
in a subject, wherein the method comprises administering RNA encoding an IL-12sc protein,
RNA encoding an IL-15 sushi protein, RNA encoding an IFNa protein, and RNA encoding a
FLT3-L protein.

Embodiment 124 is use of RNA encoding an IL-12sc protein, RNA encoding an IL-15
sushi protein, RNA encoding an IFNa protein, and RNA encoding an FLT3-L for the
treatment of solid tumor.

Embodiment 125 is a composition or medical preparation comprising RNA encoding
an IL-12sc protein, RNA encoding an IL-15 sushi protein, and RNA encoding an INFa,
protein (such as described herein) wherein

a. the RNA encoding an IL-12sc protein is not RNA encoding an IL-12sc protein

having at least 95% identity to the amino acid sequence of SEQ ID NO: 14,
and/or does not comprise nucleotides having at least 95% identity to the
nucleotides of SEQ ID NOs: 17 or 18;

b. the RNA encoding an IFNa2b protein is not RNA encoding an I[FNa2b protein
having at least 95% identity to the amino acid sequence of SEQ ID NO: 19, and/or does not
comprise nucleotides having at least 95% identity to the nucleotides of SEQ ID NOs: 22 or
23; and

C. the RNA encoding an IL-15 sushi protein is not RNA encoding an IL-15 sushi
protein having at least 95% identity to the amino acid sequence of SEQ ID NO: 24, and/or
does not comprise nucleotides having at least 95% identity to the nucleotides of SEQ ID NO:
26.

FIGURE LEGENDS

[0006] FIGS 1A — 1H show results of experiments where CT26 tumor bearing mice
were injected intratumorally with RNA (10 pg RNA/target or 40 pg of control RNA) on days
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12,15, 19 and 22 and individual tumor growth was monitored and plotted to day 35. FIG 1A
shows results from treatment with a mixture of RNA encoding IL-15 sushi, IL-12sc, GM-
CSF and IFNa. FIG 1B shows treatment with an RNA mixture of IL-15 sushi, IL-12sc and
IFNo (no GM-CSF). FIG 1C shows treatment with an RNA mixture of IL-15 sushi, GM-CSF
and IFNa (no IL-12sc). FIG 1D shows treatment with an RN A mixture of IL-12sc, GM-CSF
and IFNa (no IL-15 sushi). FIG 1E shows treatment with an RNA mixture of IL-15 sushi, IL-
12sc, and GM-CSF (no IFNa). FIG 1F shows treatment with control RNA encoding
luciferase. FIG 1G shows mean tumor volumes for each treatment group up to day 33. FIG
1H shows tumor growth repression to day 19 for each treatment group.

[0007] FIGS 2A — 2C show results of experiments where B16F10 tumor bearing mice
were injected intratumorally with RNA (2 ug RNA/target or 8 ug of control RNA) on day 11
and individual tumor growth was monitored and plotted to day 62. FIG 2A shows treatment
with an RNA mixture of IL-15 sushi, IL-12sc, GM-CSF, and IFNa; FIG 2C shows treatment
with an RNA mixture of IL-15 sushi, IL-12sc, and IFNa, (no GM-CSF); and FIG 2C shows
luciferase control.

[0008] FIGS 3A — 3E show results of experiments where CT26 tumor bearing mice
were injected intratumorally with RNA (5 ug RNA/target or 20 ug RNA control) on days 13,
16, 20, and 24 (A-B) or on day 11, 14, 17, and 21 (C-D) and individual tumor growth was
monitored and plotted to day 50. FIGs 3A and 3C show treatment with an RNA mixture of
IL-15 sushi, IL-12sc, IFNa, and FLT3-L. FIGs 3B and 3D show luciferase controls. FIG 3E
shows treatment with an RNA mixture of IL-15 sushi, IL-12sc, IFNa, and GM-CSF.

[0009] FIGS 4A — 4C show results of experiments where B16F10 tumor bearing mice
were injected intratumorally with RNA (2 ng RNA/target or 8 pug of control RNA) on day 11
and individual tumor growth was monitored and plotted to day 57. FIG 4A shows treatment
with an RNA mixture of IL-15 sushi, IL-12sc, IFNa, and GM-CSF; FIG 4B shows treatment
with an RNA mixture of IL-15 sushi, IL-12sc, IFNa, and FLT3-L; and FIG 4C shows
luciferase control.

[0010] FIGS 5A — 5B show results of experiments where B16F10 tumor bearing mice
were injected intratumorally with RNA (2 ug RNA/target or 8 pug of control RNA) and 7 days
following intratumoral injection the tumors were removed, dissociated and stained with a
panel of antibodies to assess intratumoral immune populations. The number of CD8+ T cells

and NK cells were enumerated for the different treatment groups.
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[0011] FIGS 6A — 6C show results of experiments where CT26 tumor bearing mice
were injected intratumorally with RNA (5 ug RNA/target or 20 pug of control RNA) and the
percentage of gp70-specific CD8+ T-cells in blood 19 and 31 days after treatment was
assessed. FIG 6A shows day 19 and FIG 6B show day 31 from the same experiment. In a
separate study of similar design gp70-specific CD8+ T-cells were assessed in the blood on

day 24 (FIG 6C).

DESCRIPTION OF THE SEQUENCES

[0012] Table 1 provides a listing of certain sequences referenced herein.
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DETAILED DESCRIPTION

1. Definitions

[0013] In some embodiments, the RNA comprises a modified nucleobase in place of at least
one (e.g., every) uridine. In some embodiments, the RNA comprises a Cap1 structure at the
5" end of the RNA. In some embodiments, the RNA comprises a modified nucleobase in
place of at least one (e.g., every) uridine and a Cap1 structure at the 5° end of the RNA. In
some embodiments, the 5° UTR comprises SEQ ID NOs: 4 or 6. In some embodiments, the
RNA has been processed to reduce double-stranded RNA (dsRNA), such as, for example, by
purification on cellulose (as described in the Examples and as known in the art), or via high
performance liquid chromatography (HPLC). The “Capl” structure may be generated after
in-vitro translation by enzymatic capping or during in-vitro translation (co-transcriptional
capping).

[0014] In some embodiments, the building block cap for modified RNA is as follows, which
is used when co-transcriptionally capping:

m2”3OGppp(m12 C)ApG (also sometimes referred to as m2’~ °G(5”)ppp(5 )m? CApG),
which has the following structure:

OH Q7 Ny

0P NN,
i PECNG: g
O3 ~
OH OH

[0015] Below is an exemplary Capl RNA after co-transcriptional capping, which comprises
RNA and m2”* OG(5")ppp(57)m> CApG:
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[0017] In some embodiments, the RNA is modified with “Cap0” structures generated during
in-vitro translation (co-transcriptional capping) using, in one embodiment, the cap analog

anti-reverse cap (ARCA Cap (m273 °G(5”)ppp(5°)G)) with the structure:

O
N. _,JJL
T
AAAAA - o j: N7 N,
T
OH OH

[0018] Below is an exemplary CapO RNA comprising RNA and mz” °G(5”)ppp(5")G:
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[0019] In some embodiments, the “Cap0” structures are generated during in-vitro translation
(co-transcriptional capping) using the cap analog Beta-S-ARCA (m2”> °G(5")ppSp(5)G)

with the structure:

\Q OH (fL
S 1
HoN. N ,;\E; o 10.“;:*__(3__;5_,@_,;;_0 o NS N
NS
HNC A .
E \ OR OH

[0020] Below is an exemplary Cap0 RNA comprising Beta-S-ARCA
(m2”-? OG(5)ppSp(5)G) and RNA.

[0021] The term “uracil,” as used herein, describes one of the nucleobases that can occur in

the nucleic acid of RNA. The structure of uracil is:
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[0022] The term “uridine,” as used herein, describes one of the nucleosides that can occur in

RNA. The structure of uridine is:

o
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[0024] Pseudo-UTP (pseudouridine 5°-triphosphate) has the following structure:

Q
HNT NH
O o) 0 ,

Rt ¥ T NP
O P Qe Qe P o (o ;
i . s - E - /‘C}’\ g
) o) o - §
OH O

[0025] “Pseudouridine™ is one example of a modified nucleoside that is an isomer of uridine,
where the uracil is attached to the pentose ring via a carbon-carbon bond instead of a

nitrogen-carbon glycosidic bond. Pseudouridine is described, for example, in Charette and

Gray, Life; 49:341-351 (2000).
[0026] Another exemplary modified nucleoside is N1-methylpseudouridine (m1Y¥), which

has the structure:
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[0027] N1-Methylpseudo-UTP has the following structure:
o

i
~ AN .
\N.‘ "-N%i
i i

i~ 3
N S

N o \:O

o8 ¥

O TOmETOTiTOM o,
G O G ¥ P
GH o

[0028] As used herein, the term "poly-A tail" or "poly-A sequence" refers to an uninterrupted
or interrupted sequence of adenylate residues which is typically located at the 3' end of an
RNA molecule. Poly-A tails or poly-A sequences are known to those of skill in the art and
may follow the 3 UTR in the RNAs described herein. An uninterrupted poly-A tail is
characterized by consecutive adenylate residues. In nature, an uninterrupted poly-A tail is
typical. RNAs disclosed herein can have a poly-A tail attached to the free 3' end of the RNA
by a template-independent RNA polymerase after transcription or a poly-A tail encoded by
DNA and transcribed by a template-dependent RNA polymerase.
[0029] Tt has been demonstrated that a poly-A tail of about 120 A nucleotides has a beneficial
influence on the levels of RNA in transfected eukaryotic cells, as well as on the levels of
protein that is translated from an open reading frame that is present upstream (5°) of the poly-
A tail (Holtkamp et al., 2006, Blood, vol. 108, pp. 4009-4017).
[0030] The poly-A tail may be of any length. In one embodiment, a poly-A tail comprises,
essentially consists of, or consists of at least 20, at least 30, at least 40, at least 80, or at least
100 and up to 500, up to 400, up to 300, up to 200, or up to 150 A nucleotides, and, in
particular, about 120 A nucleotides. In this context, “essentially consists of” means that most
nucleotides in the poly-A tail, typically at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% by number of
nucleotides in the poly-A tail are A nucleotides, but permits that remaining nucleotides are

nucleotides other than A nucleotides, such as U nucleotides (uridylate), G nucleotides
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(guanylate), or C nucleotides (cytidylate). In this context, “consists of ” means that all
nucleotides in the poly-A tail, i.e., 100% by number of nucleotides in the poly-A tail, are A
nucleotides. The term "A nucleotide" or "A" refers to adenylate.

[0031] In some embodiments, a poly-A tail is attached during RNA transcription, e.g., during
preparation of in vitro transcribed RNA, based on a DNA template comprising repeated dT
nucleotides (deoxythymidylate) in the strand complementary to the coding strand. The DNA
sequence encoding a poly-A tail (coding strand) is referred to as poly(A) cassette.

[0032] In some embodiments, the poly(A) cassette present in the coding strand of DNA
essentially consists of dA nucleotides but is interrupted by a random sequence of the four
nucleotides (dA, dC, dG, and dT). Such random sequence may be 5 to 50, 10 to 30, or 10 to
20 nucleotides in length. Such a cassette is disclosed in WO 2016/005324 A1, hereby
incorporated by reference. Any poly(A) cassette disclosed in WO 2016/005324 A1 may be
used in the present invention. A poly(A) cassette that essentially consists of dA nucleotides,
but is interrupted by a random sequence having an equal distribution of the four nucleotides
(dA, dC, dG, dT) and having a length of e.g. 5 to 50 nucleotides shows, on DNA level,
constant propagation of plasmid DNA in E.coli and is still associated, on RNA level, with the
beneficial properties with respect to supporting RNA stability and translational efficiency is
encompassed. Consequently, in some embodiments, the poly-A tail contained in an RNA
molecule described herein essentially consists of A nucleotides but is interrupted by a random
sequence of the four nucleotides (A, C, G, U). Such random sequence may be 5 to 50, 10 to
30, or 10 to 20 nucleotides in length.

[0033] In some embodiments, no nucleotides other than A nucleotides flank a poly-A tail at
its 3' end, i.e., the poly-A tail is not masked or followed at its 3' end by a nucleotide other
than A.

[0034] In some embodiments, a poly-A tail comprises the sequence:
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGCAUAUGACUAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAA (SEQ ID NO: 66), which is also shown in Table 1.

[0035] “RNA” and “mRNA” are used interchangeably herein.

[0036] “TFNa” is used generically herein to describe any interferon alpha Type I cytokine,
including IFNa2b and IFNa4. Any IFNo may be incorporated into the compositions and used
in the methods described herein.

[0037] The term “treatment,” as used herein, covers any administration or application of a

therapeutic for disease in a subject, and includes inhibiting the disease, arresting its

37



WO 2020/041655 PCT/US2019/047819

development, relieving one or more symptoms of the disease, curing the disease, or
preventing reoccurrence of the disease. For example, treatment of a solid tumor may
comprise alleviating symptoms of the solid tumor, decreasing the size of the solid tumor,
eliminating the solid tumor, reducing further growth of the tumor, or reducing or eliminating
recurrence of a solid tumor after treatment. Treatment may also be measured as a change in a
biomarker of effectiveness or in an imaging or radiographic measure.

[0038] The term “prevention,” as used herein, means inhibiting or arresting development of
cancer, including solid tumors, in a subject deemed to be cancer free.

[0039] “Metastasis” means the process by which cancer spreads from the place at which it
first arose as a primary tumor to other locations in the body.

[0040] The term “intra-tumorally,” as used herein, means into the tumor. For example, intra-
tumoral injection means injecting the therapeutic at any location that touches the tumor.
[0041] The term “peri-tumorally,” or “peri-tumoral,” as used herein, is an area that is about
2-mm wide and is adjacent to the invasive front of the tumor periphery. The peri-tumoral area

comprises host tissue. See, for example:

Faritumoral
RON-CANLORUS SrDa
o TrdmRay

% pefiphayy

%
H
19

[0042] ““Administering” means providing a pharmaceutical agent or composition to a subject,
and includes, but is not limited to, administering by a medical professional and self-
administering.

[0043] The disclosure describes nucleic acid sequences and amino acid sequences having a
certain degree of identity to a given nucleic acid sequence or amino acid sequence,
respectively (a reference sequence).

[0044] "Sequence identity" between two nucleic acid sequences indicates the percentage of
nucleotides that are identical between the sequences. "Sequence identity" between two amino
acid sequences indicates the percentage of amino acids that are identical between the

sequences.
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[0045] The terms "% identical", "% identity" or similar terms are intended to refer, in
particular, to the percentage of nucleotides or amino acids which are identical in an optimal
alignment between the sequences to be compared. Said percentage is purely statistical, and
the differences between the two sequences may be but are not necessarily randomly
distributed over the entire length of the sequences to be compared. Comparisons of two
sequences are usually carried out by comparing said sequences, after optimal alignment, with
respect to a segment or "window of comparison", in order to identify local regions of
corresponding sequences. The optimal alignment for a comparison may be carried out
manually or with the aid of the local homology algorithm by Smith and Waterman, 1981, Ads
App. Math. 2, 482, with the aid of the local homology algorithm by Neddleman and Wunsch,
1970, J. Mol. Biol. 48, 443, with the aid of the similarity search algorithm by Pearson and
Lipman, 1988, Proc. Natl Acad. Sci. USA 88, 2444, or with the aid of computer programs
using said algorithms (GAP, BESTFIT, FASTA, BLAST P, BLAST N and TFASTA in
Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Drive,
Madison, Wis.).

[0046] Percentage identity is obtained by determining the number of identical positions at
which the sequences to be compared correspond, dividing this number by the number of
positions compared (e.g., the number of positions in the reference sequence) and multiplying
this result by 100.

[0047] In some embodiments, the degree of identity is given for a region which is at least
about 50%, at least about 60%, at least about 70%, at least about 80%, at least about 90% or
about 100% of the entire length of the reference sequence. For example, if the reference
nucleic acid sequence consists of 200 nucleotides, the degree of identity is given for at least
about 100, at least about 120, at least about 140, at least about 160, at least about 180, or
about 200 nucleotides, in some embodiments in continuous nucleotides. In some
embodiments, the degree of identity is given for the entire length of the reference sequence.
[0048] Nucleic acid sequences or amino acid sequences having a particular degree of identity
to a given nucleic acid sequence or amino acid sequence, respectively, may have at least one
functional property of said given sequence, e.g., and in some instances, are functionally
equivalent to said given sequence. One important property includes the ability to act as a
cytokine, in particular when administered to a subject. In some embodiments, a nucleic acid
sequence or amino acid sequence having a particular degree of identity to a given nucleic

acid sequence or amino acid sequence is functionally equivalent to said given sequence.
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2. Compositions and Medical Preparations

[0049] In some embodiments, a composition or medical preparation comprising RNA
encoding an IL-12sc protein, RNA encoding an IL-15 sushi protein, and RNA encoding an
IFNa, protein is provided. In some instances, the medical preparation or composition further
comprises RNA encoding an FLT3-L protein.

[0050] In some embodiments, a composition comprising RNA encoding an IL-12sc protein,
RNA encoding an IL-15 sushi protein, and RNA encoding an IFNa protein is provided.
[0051] In some embodiments, a medical preparation comprising RNA encoding an IL-12sc
protein, RNA encoding an IL-15 sushi protein, and RNA encoding an IFNa, protein is
provided.

[0052] In some embodiments, a composition comprising RNA encoding an IL-12sc protein,
RNA encoding an IL-15 sushi protein, RNA encoding an IFNa protein, and an RNA
encoding an FLT3-L protein is provided.

[0053] In some embodiments, a medical preparation comprising RNA encoding an IL-12sc
protein, RNA encoding an IL-15 sushi protein, RNA encoding an IFNa protein, and an RNA
encoding an FLT3-L is provided.

[0054] In some embodiments, the medical preparation or composition comprises RNA
encoding an IL-12sc protein, RNA encoding an IL-15 sushi protein, RNA encoding an IFNa,
protein, and optionally RNA encoding FLT3-L, wherein the RNA is in a mass ratio of 1:1:1
or 1:1:1:1 (when FLT3-L is present), optionally wherein the ratio is validated by quantitative
RT-PCR or similar method. In some embodiments, the “RNA ratio” is determined by
quantitative RT-PCR or similar method. In some embodiments, the RNA ratio is determined
by 1) reverse transcribing the RNA mixture; and 2) quantifying each cDNA corresponding to
each RNA in the mixture by droplet digital PCR (e.g., via the method of Bio-Rad) using
Tagman-Probes. Based on the absolute count of positive events, the ratio of the individual
sequences and thus, RNAs within the mixture is determined.

[0055] In some embodiments, the medical preparation or composition comprises RNA
encoding an IL-12sc protein, RNA encoding an IL-15 sushi protein, RNA encoding an IFNa,
protein, and optionally RNA encoding FLT3-L, wherein the “RNA integrity” (i.e., percentage
of intact RNA), is greater than or equal to 70%. In some embodiments, RNA integrity is the
mass ratio percentage of full length RNA (i.e., non-degraded RNA) with respect to total RNA
(i.e., full length RNA and degraded RNA). In some embodiments, the RNA integrity is

determined using an Experion Automated Electrophoresis System (Bio-Rad) or similar
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technology. In some embodiments, the RNA integrity is greater than or equal to 70, 71, 72,
73,74, 75, 80, 85, 90, 95, 96, 97, 98, or 99%.

[0056] In some embodiments, each RNA in the composition or medical preparation is present
in a length such that it produces the protein it encodes. In some embodiments, each RNA in
the composition or medical preparation has an RNA integrity that maintains production of the
protein encoded by the RNA.

[0057] In some embodiments, the medical preparation or composition comprises RNA
encoding an IL-12sc protein, RNA encoding an IL-15 sushi protein, RNA encoding an IFNa,
protein, and optionally RNA encoding FLT3-L, wherein the medical preparation or
composition comprises less than 250 ng DNA per the total mg of nucleic acid present. In
some embodiment, the efficient removal of the DNA template is verified by qPCR or similar
technology that targets a region within the DNA template. The residual amount of DNA
template is then calculated based on a reference standard curve. In some embodiments, the
medical preparation or composition comprises less than 250, 240, 230, 220, 210, 200, 190,
180, 170, 160, 150, 140, 130, 120, 110, 100, 90, 80, 70, 60, 50, 45, 40, 35, 30, 25, 20, 15, 10,
5,4, 3,2, or 1 ng DNA per the total mg of nucleic acid present.

[0058] In some embodiments, at least 95% of the composition or medical preparation
comprises therapeutic RNA (e.g., RNA encoding therapeutic cytokines, checkpoint
inhibitors, and/or other RN A intended to be therapeutic).

[0059] In some embodiments, the quantity of each RNA in the composition and medical
preparation is enough to produce the protein it encodes.

[0060] In some embodiments, the quantity of each RNA in the composition and medical
preparation is in an amount that when administered intra- or peri-tumorally, it contributes to
the overall effect of treating or preventing a solid tumor cancer. That is, if an individual RNA
in the composition or medical preparation were omitted from the composition or medical
preparation, the treatment or prevention of solid tumor cancer would be reduced as compared
to the composition or medical preparation comprising the omitted RNA.

[0061] In some embodiments, the quantity of each RNA in the composition and medical
preparation is enough to produce in vitro biological effects essentially as follows:

The RNA is transfected into an appropriate cell line and the protein that the RNA
encodes is expressed. The protein can be isolated, and bioactivity measured essentially as
follows:

a) Activity of human IL-15 sushi can be determined by measuring proliferation of the

CTLL-2 cell line (Paxton RJ. 2001. Measurement of interleukin 15. Curr Protoc
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Immunol Chapter 6:Unit 6 22), which is a murine T-cell line growth-dependent on
cytokines, such as IL-2, IL-15 or other common receptor y-chain cytokine family
members.

b) Activity of human IL-12sc can be determined via the IL-12-specific HEK-Blue cell
line, HEK-Blue™ IL-12, which expresses alkaline phosphatase dependent on IL-12,
measuring alkaline phosphatase activity (Breivik L, Oftedal BE, Boe Wolff AS,
Bratland E, Orlova EM, Husebye ES. 2014. A novel cell-based assay for measuring
neutralizing autoantibodies against type I interferons in patients with autoimmune
polyendocrine syndrome type 1. Clin Immunol 153:220-227). The detection of the IL-
12 bioactivity is based on the activation of the STAT4 pathway via IL-12 as the HEK-
Blue™ IL-12 cells contain a STAT4-inducible SEAP (secreted embryonic alkaline
phosphatase) reporter system.

¢) Activity of human IFNo2b can be determined in IFNa-specific HEK-Blue cell line,
HEK-Blue™ IFN-o/p, which expresses alkaline phosphatase dependent on IFNa,
measuring alkaline phosphatase activity (Breivik et al.). The detection of the IFNu2b
activity is based on the activation of the JAK-STAT pathway via type I interferons as
the HEK-Blue™ IFN-a/B cells contain a JAK-STAT-inducible SEAP reporter system.

d) Activity of FLT3-L can be determined by measuring the induction of IL-6 production
in mouse myeloid leukemia M1 cells in the presence of mouse LIF recombinant
Protein using ELISA based quantification of IL-6.

[0062] For each embodiment, the RN As may be as described below and in Table 1.

A. Interleukin-12 single-chain (IL-12sc)

[0063] In some embodiments, a composition or medical preparation comprising RNA that
encodes interleukin-12 single-chain (IL-12sc) is provided. In some embodiments, the
interleukin-12 single-chain (IL-12sc) RNA is encoded by a DNA sequence encoding
interleukin-12 single-chain (IL-12sc) (e.g., SEQ ID NO: 14), which comprises IL-12 p40
(sometimes referred to as IL-12B; encoded by nucleotides 1-984 of SEQ ID NO: 15), a
linker, such as a GS linker, and IL-12 p35 (sometimes referred to as IL-12A; encoded by
nucleotides 1027-1623 of SEQ ID NO: 15). In some embodiments, the IL-12p40, linker, and
IL-12p35 are consecutive with no intervening nucleotides. An exemplary DNA sequence
encoding IL-12sc is provided in SEQ ID NO: 15. In some embodiments, the interleukin-12
single-chain (IL-12sc) RNA is provided at SEQ ID NO: 17 or 18, both of which encode the
protein of SEQ ID NO: 14. The RNA sequence of IL-12 p40 is shown at nucleotides 1-984 of
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SEQ ID NO: 17 or 18 and the RNA sequence of IL-12 p35 is shown at nucleotides 1027-
1623 of SEQ ID NO: 17 or 18.

[0064] The alignment of codon optimized IL-12 p40 to native IL-12 p40 is shown below,
where the “S” is native IL-12 p40 (NM_002187.2; nucleotides 1-984 of SEQ ID NO: 15) and
the “Q” is codon optimized IL-12 p40 (nucleotides 1-984 of SEQ ID NO: 16). The percent
identity is 77%.
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[0065] The alignment of codon optimized IL-12 p35 to native IL-12 p35 is shown below,
where the “S” is native IL-12 p35 (NM_00882.3; nucleotides 1027-1623 of SEQ ID NO: 15)
and the “Q” is codon optimized IL-12 p35 (nucleotides 1027-1623 of SEQ ID NO: 16). The

percent identity is 80%.

Qe TTCCCTOTTICCACOATARCAN 68
HoH o HR
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EhE N ii%_;.&?:i}iii%},% §§§§§§§§ N
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PEOPLIED B 3D B 00 T U E URIEREE 4] BE B S
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[0066] In some embodiments, the IL-12sc RNA is encoded by a codon-optimized DNA

sequence encoding IL-12sc. In some embodiments, the IL-12sc RNA is encoded by a codon-
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optimized DNA sequence encoding IL-12 p40. In some embodiments, the IL-12sc RNA is
encoded by a codon-optimized DNA sequence encoding IL-12 p35. In some embodiments,
the codon-optimized DNA sequence comprises or consists of SEQ ID NO: 16. In some
embodiments, the DNA sequence comprises a codon-optimized DN A sequence with 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identity to SEQ ID NO: 16. In some
embodiments, the codon-optimized DNA sequence encoding IL-12 p40 comprises the
nucleotides encoding the IL-12sc-p40 (nucleotides 1-984 of SEQ ID NO: 16). In some
embodiments, the codon-optimized DNA sequence encoding IL-12 p35 comprises the
nucleotides encoding the IL-12sc-p35 (nucleotides 1027-1623 of SEQ ID NO: 16). In some
embodiments, the codon-optimized DNA sequence encoding IL-12sc comprises the
nucleotides encoding the IL-12sc-p40 (nucleotides 1-984 of SEQ ID NO: 16) and -p35
(nucleotides 1027-1623 of SEQ ID NO: 16) portions of SEQ ID NO: 16 and further
comprises nucleotides between the p40 and p35 portions (e.g., nucleotides 985-1026 of SEQ
ID NO: 16) encoding a linker polypeptide connecting the p40 and p35 portions. Any linker
known to those of skill in the art may be used. The p40 portion may be 5° or 3’ to the p35
portion.

[0067] In some embodiments, the IL-12sc RNA comprises an RNA sequence that is, for
example, transcribed from a DNA sequence encoding IL-12sc. The RNA may also be
recombinantly produced. In some embodiments, the RNA sequence is transcribed from a
nucleotide sequence comprising SEQ ID NOs: 15 or 16. In some embodiments, the RNA
sequence comprises or consists of SEQ ID NOs: 17 or 18. In some embodiments, the RNA
sequence comprises or consists of an RNA sequence with 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99% identity to SEQ ID NOs: 17 or 18. In some embodiments, the RNA
sequence comprises the nucleotides encoding the IL-12sc-p40 (nucleotides 1-984 of SEQ ID
NOs: 17 or 18) and -p35 (nucleotides 1027-1623 of SEQ ID NOs: 17 or 18) portions of SEQ
ID NOs: 17 or 18. In some embodiments, the codon-optimized RNA sequence encoding IL-
12sc comprises the nucleotides encoding the IL-12sc-p40 (nucleotides 1-984 of SEQ ID NO:
18) and -p35 (nucleotides 1027-1623 of SEQ ID NO: 18) portions of SEQ ID NO: 18 and
further comprises nucleotides between the p40 and p35 portions encoding a linker
polypeptide connecting the p40 and p35 portions. Any linker known to those of skill in the art
may be used.

[0068] In some embodiments, one or more uridine in the IL-12sc RNA is replaced by a
modified nucleoside as described herein. In some embodiments, the modified nucleoside
replacing uridine is pseudouridine (), N1-methyl-pseudouridine (m'y) or 5-methyl-uridine
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(m’U). In some embodiments, the RNA comprises a modified nucleoside in place of each
uridine. In some embodiments, the modified nucleoside is N1-methyl-pseudouridine (m'y).
[0069] In some embodiments, the IL-12sc RNA comprises an altered nucleotide at the 5
end. In some embodiments, the RNA comprises a 5° cap. Any 5’ cap known in the art may be
used. In some embodiments, the 5° cap comprises a 5° to 5’ triphosphate linkage. In some
embodiments, the 5° cap comprises a 5” to 5” triphosphate linkage including thiophosphate
modification. In some embodiments, the 5° cap comprises a 2'-O or 3'-O-ribose-methylated
nucleotide. In some embodiments, the 5° cap comprises a modified guanosine nucleotide or
modified adenosine nucleotide. In some embodiments, the 5° cap comprises 7-
methylguanylate. In some embodiments, the 5° cap is Cap0 or Capl. Exemplary cap
structures include m7G(5 )ppp(57)G, m7,2 O-mG(5™)ppsp(57)G, m7G(5 )ppp(57)2° O-mG,
and m7,3' O-mG(5”)ppp(5°)2' O-mA.

[0070] In some embodiments, the IL-12sc RNA comprises a 5” untranslated region (UTR). In
some embodiments, the 5° UTR is upstream of the initiation codon. In some embodiments,
the 5 UTR regulates translation of the RNA. In some embodiments, the 5> UTR is a
stabilizing sequence. In some embodiments, the 5° UTR increases the half-life of RNA. Any
57 UTR known in the art may be used. In some embodiments, the 5° UTR RNA sequence is
transcribed from SEQ ID NOs: 3 or 5. In some embodiments, the 5 UTR RNA sequence
comprises or consists of SEQ ID NOs: 4 or 6. In some embodiments, the 5° UTR RNA
sequence is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to
SEQ ID NOs: 4 or 6.

[0071] In some embodiments, the IL-12sc RNA comprises a3” UTR. In some embodiments,
the 3° UTR follows the translation termination codon. In some embodiments, the 3> UTR
regulates polyadenylation, translation efficiency, localization, or stability of the RNA. In
some embodiments, the 3> UTR RNA sequence is transcribed from SEQ ID NO: 7. In some
embodiments, the 3> UTR RNA sequence comprises or consists of SEQ ID NO: 8. In some
embodiments, the 3> UTR RNA sequence is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99% identical to SEQ ID NO: 8.

[0072] In some embodiments, the IL-12sc RNA comprises both a5” UTR and a 3 UTR. In
some embodiments, the IL-12sc RNA comprises only a 5° UTR. In some embodiments, the
IL-12sc RNA comprises only a 3> UTR.

[0073] In some embodiments, the IL-12sc RNA comprises a poly-A tail. In some
embodiments, the RNA comprises a poly-A tail of at least about 25, at least about 30, at least

about 50 nucleotides, at least about 70 nucleotides, or at least about 100 nucleotides. In some
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embodiments, the poly-A tail comprises 200 or more nucleotides. In some embodiments, the
poly-A tail comprises or consists of SEQ ID NO: 60.

[0074] In some embodiments, the RNA comprises a 5” cap, a5” UTR, a nucleic acid
encoding I1L-12sc, a 3° UTR, and a poly-A tail, in that order.

[0075] In some embodiments, the IL-12sc RNA comprises a DNA sequence comprising or
consisting of a nucleic acid sequence that is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or 100% identical to SEQ ID NOs: 15 or 16 and at least 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NOs: 3 or 5.

[0076] In some embodiments, the IL-12sc RNA comprises an RNA sequence that is, for
example, transcribed from a DNA sequence comprising or consisting of a nucleic acid
sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NOs: 15 or 16 and at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99%, or 100% identical to SEQ ID NOs: 3 or 5. The RNA may also be recombinantly
produced. In some embodiments, one or more uridine in the IL-12sc RNA is replaced by a
modified nucleoside as described herein. In some embodiments, the modified nucleoside
replacing uridine is pseudouridine (), N1-methyl-pseudouridine (m'y) or 5-methyl-uridine
(m°U). In some embodiments, the RNA comprises a modified nucleoside in place of each
uridine. In some embodiments, the modified nucleoside is N1-methyl-pseudouridine (m'y).
[0077] In some embodiments, the IL-12sc RNA is encoded by a DNA sequence comprising
or consisting of a nucleic acid sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NOs: 15 or 16 and at least 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 7.

[0078] In some embodiments, the IL-12sc RNA comprises an RNA sequence that is, for
example, transcribed from a DNA sequence comprising or consisting of a nucleic acid
sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NOs: 15 or 16 and at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99%, or 100% identical to SEQ ID NO: 7. The RNA may also be recombinantly produced. In
some embodiments, one or more uridine in the IL-12sc RNA is replaced by a modified
nucleoside as described herein. In some embodiments, the modified nucleoside replacing
uridine is pseudouridine (y), N1-methyl-pseudouridine (m'y) or 5-methyl-uridine (m°U). In
some embodiments, the RNA comprises a modified nucleoside in place of each uridine. In
some embodiments, the modified nucleoside is N1-methyl-pseudouridine (m'y).

[0079] In some embodiments, the IL-12sc RNA comprises a DNA sequence comprising or

consisting of a nucleic acid sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
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98%, 99%, or 100% identical to SEQ ID NOs: 15 or 16; at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NOs: 3 or 5; and at least 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 7.
[0080] In some embodiments, the IL-12sc RNA comprises an RNA sequence that is, for
example, transcribed from a DNA sequence comprising or consisting of a nucleic acid
sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NOs: 15 or 16; at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to SEQ ID NOs: 3 or 3; and at least 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 7. The RNA may also be
recombinantly produced. In some embodiments, one or more uridine in the IL-12sc RNA is
replaced by a modified nucleoside as described herein. In some embodiments, the modified
nucleoside replacing uridine is pseudouridine (y), N1-methyl-pseudouridine (m'y) or 5-
methyl-uridine (m°U). In some embodiments, the RNA comprises a modified nucleoside in
place of each uridine. In some embodiments, the modified nucleoside is N1-methyl-
pseudouridine (m'y).

[0081] In some embodiments, the IL-12sc RNA comprises an RNA sequence comprising or
consisting of a nucleic acid sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NOs: 17 or 18; at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NOs: 4 or 6; and at least 70%,
75%., 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 8. In
some embodiments, one or more uridine in the IL-12sc RNA is replaced by a modified
nucleoside as described herein. In some embodiments, the modified nucleoside replacing

uridine is pseudouridine (y), N1-methyl-pseudouridine (m'y) or 5-methyl-uridine (m°U).

B. Interferon alpha (IFNa)

[0082] In some embodiments, a composition or medical preparation comprising RNA that
encodes interferon alpha (IFNa) is provided. In some embodiments, the interferon alpha
(IFNa) RNA is encoded by a DNA sequence encoding interferon alpha (IFNa) (e.g., SEQ ID
NO: 19). An exemplary DNA sequence encoding this IFNa is provided in SEQ ID NO: 20.
[0083] The alignment of codon optimized IFNa to native IFNa is shown below, where the
“S” is native IFNa (NM_000605.3; SEQ ID NO: 20) and the “Q” is codon optimized I[FNa
(SEQ ID NO: 21). The percent identity is 79%.

49



WO 2020/041655 PCT/US2019/047819

14 T ATRRCCC ISR TITIROCOT RO TCRTONC T TTRTGR IR, &3:?§\§o§5\3§\§¥{ LINT 68
PELEH S PTME L 4 MM L P B B
S 1 ATRGIUTTGACCT TG TT T AU TS THGEITCU TR THCTOARCTOIAAR TIAARCTGL 6t
Q B AETETCOGATHTGATE ff_\‘(.‘{{ ?\-‘m{ii"‘ﬂ{.é{ JOTORR-ATL ?a{&.\&k\n‘\p‘i{. CTERTRCT 118
P MU B i
S 63 TIRTG §§€ SIS TRATT TR TR O RCT RO TAK &is\&G{u{iYTi:& FGUY 3
Q T30 STTRRCACAGRTEAGRAGAST - TAGC - CTORTTRCOTRECT RTSGSCATRALTIL 377
Miiniih SHE I HHIHHH
S I3 CUTSRGACACA TRAGRRGAANTCY - LIPS T?h&ﬁ&ﬁkfﬁx&a&?&&iﬁ?? 3F?
§ ¥R &EG_’ZTY?‘{.fifﬂiffz&t\“:ﬁsi‘i&};&fﬁ‘{ L RATORGT §{T{Z&f§i§¢‘\§§{§-{§s\ﬁs\ ,«.-Q’?’e”i'i’l{f{:i}"ﬁ??& 23
PO BRI T i i
& 3178 SeATTTCICiAMGAREAETT TRGUAALCART T ARMAGGITG STCCUIGTLONT 239
& AN CACHAGATEATOCARUAGATUY FEASCUTC T TTUAR - CAAAG-AUAGCTURGEAGENT 298
PEOHIR ORI HH I IR 1 §§§§§ i1 B
L 238 LATQAGATRR TUARCABATCY FUABATC IO~ CABTRC ASARGACTUATCTRUTGLTY 285
{ 285 5\:(3»\?&"2{:&»&&!%(.% {y&ﬁk&&}? ¥C§$\&(&h&\{,¥\;isx‘§£}’§{>\& CETARCERIUING S
IR IR T Ny
S IGH GEGATRARSCICTICTAGAUAABTTETAACTRIRCTLTACL AL ARCTRARTRALITNG 355
& 356 ACRCATRLCTOATCRARGGRCT TG TRTCACTGRARTTRCRCT VA TOAMGRAGEALTTECA. 485
P §§§ PEE I BE PHIED O HEHD B RN
53 T ARGIC TR TR TR T S AGERG T ERO RO TOACARARAL TEDC TERTRAABRCEACTONS. 415
§2 2318 ‘f'i‘f:?{;{}{;§$§"}%§§&M$5?M'§'§"{{ ACAGARTASL “%’.?(.?MCQ_{ \‘Q*\{;{ WRARRTACTY 828
PEEHHII BREE DITULLEE SHEHE o PP msms i1
b3 A5 TIOTHTIGTSGAM TAL TTCUAWMGARTOITOTCTATCIRARAGAGAAGA A TACA &35
& 75 CACLATSTRCTTGRGARGTCRTRAGAGITGAANTEATRARATCLTINAGUCTAG - LACC. 53¢
$OHEERE B0 B O M BRI S LR
iS4 476 SCLCT TR TROGAGR T IO T CAARCASARATCATOAGRTL THITIC- TR 533
¢ $38 ?;m; ‘.{_iiﬁ\éﬁ‘i%?(i?ﬁ SHRARKE Am\?u 64
FEEH L b ng
LR b % 23 2 3
Sz B3 ASAUTTECAAGAASGTTTAAGMALTAANRAR Sod

[0084] In some embodiments, the IFNo, RNA is encoded by a codon-optimized DNA
sequence encoding IFNa. In some embodiments, the codon-optimized DNA sequence
comprises or consists of the nucleotides of SEQ ID NO: 21. In some embodiments, the DNA
sequence comprises or consists of a codon-optimized DNA sequence with 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, or 99% identity to SEQ ID NO: 21.

[0085] In some embodiments, the IFNo RNA comprises an RNA sequence that is, for
example, transcribed from a DNA sequence encoding IFNa. The RNA may also be
recombinantly produced. In some embodiments, the RNA sequence is transcribed from a
nucleotide sequence comprising SEQ ID NOs: 20 or 21. In some embodiments, the RNA
sequence comprises or consists of SEQ ID NOs: 22 or 23. In some embodiments, the RNA
sequence comprises or consists of an RNA sequence with 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99% identity to SEQ ID NOs: 22 or 23.
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[0086] In some embodiments, one or more uridine in the [IFNa RNA is replaced by a
modified nucleoside as described herein. In some embodiments, the modified nucleoside
replacing uridine is pseudouridine (), N1-methyl-pseudouridine (m'y) or 5-methyl-uridine
(m°U). In some embodiments, each uridine in the RNA is modified. In some embodiments,
each uridine in the RNA is modified with N1-methyl-pseudouridine (m'y).

[0087] In some embodiments, the IFNa, RNA comprises an altered nucleotide at the 5” end.
In some embodiments, the IFNa RNA comprises a 5° cap. Any 5 cap known in the art may
be used. In some embodiments, the 5° cap comprises a 5* to 5° triphosphate linkage. In some
embodiments, the 5° cap comprises a 5” to 5” triphosphate linkage including thiophosphate
modification. In some embodiments, the 5° cap comprises a 2'-O or 3'-O-ribose-methylated
nucleotide. In some embodiments, the 5° cap comprises a modified guanosine nucleotide or
modified adenosine nucleotide. In some embodiments, the 5° cap comprises 7-
methylguanylate. In some embodiments, the 5° cap is Cap0 or Capl. Exemplary cap
structures include m7G(5 ) ppp(5°)G, m7,2 O-mG(5™)ppsp(57)G, m7G(5)ppp(5°)2° O-mG
and m7,3' O-mG(5”)ppp(5°)2' O-mA.

[0088] In some embodiments, the IFNo, RNA comprises a 5 untranslated region (UTR). In
some embodiments, the 5° UTR is upstream of the initiation codon. In some embodiments,
the 5 UTR regulates translation of the RNA. In some embodiments, the 5> UTR is a
stabilizing sequence. In some embodiments, the 5° UTR increases the half-life of RNA. Any
57 UTR known in the art may be used. In some embodiments, the 5° UTR RNA sequence is
transcribed from a nucleotide sequence comprising SEQ ID NOs: 3 or 5. In some
embodiments, the 5° UTR RNA sequence comprises or consists of SEQ ID NOs: 4 or 6. In
some embodiments, the 5> UTR RNA sequence is at least 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99% identical to SEQ ID NOs: 4 or 6.

[0089] In some embodiments, the IFNo, RNA comprises a 3 UTR. In some embodiments,
the 3° UTR follows the translation termination codon. In some embodiments, the 3> UTR
regulates polyadenylation, translation efficiency, localization, or stability of the RNA. In
some embodiments, the 3> UTR RNA sequence is transcribed from a nucleotide sequence
comprising SEQ ID NO: 7. In some embodiments, the 3> UTR RNA sequence comprises or
consists of SEQ ID NO: 8. In some embodiments, the 3> UTR RNA sequence is at least 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 8.

[0090] In some embodiments, the IFNo, RNA comprises both a 5> UTR and a 3° UTR. In
some embodiments, the composition comprises only a 5 UTR. In some embodiments, the

composition comprises only a 3> UTR.
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[0091] In some embodiments, the IFNa, RNA comprises a poly-A tail. In some embodiments,
the IFNa RNA comprises a poly-A tail of at least about 25, at least about 30, at least about 50
nucleotides, at least about 70 nucleotides, or at least about 100 nucleotides. In some
embodiments, the poly-A tail comprises 200 or more nucleotides. In some embodiments, the
poly-A tail comprises or consists of SEQ ID NO: 66.

[0092] In some embodiments, the RNA comprises a 5” cap, a5” UTR, a nucleic acid
encoding IFNg, a 3” UTR, and a poly-A tail, in that order.

[0093] In some embodiments, the IFNa, RNA is encoded by a DNA sequence comprising or
consisting of a nucleic acid sequence that is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%., 98%, 99%, or 100% identical to SEQ ID NOs: 20 or 21 and at least 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NOs: 3 or 5.

[0094] In some embodiments, the IFNo RNA comprises an RNA sequence that is, for
example, transcribed from a DNA sequence comprising or consisting of a nucleic acid
sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NOs: 20 or 21 and at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%., 98%,
99%, or 100% identical to SEQ ID NOs: 3 or 5. The RNA may also be recombinantly
produced. In some embodiments, one or more uridine in the IFNo RN A is replaced by a
modified nucleoside as described herein. In some embodiments, the modified nucleoside
replacing uridine is pseudouridine (), N1-methyl-pseudouridine (m'y) or 5-methyl-uridine
(m°U). In some embodiments, the RNA comprises a modified nucleoside in place of each
uridine. In some embodiments, the modified nucleoside is N1-methyl-pseudouridine (m'y).
[0095] In some embodiments, the IFNa, RNA is encoded by a DNA sequence comprising or
consisting of a nucleic acid sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NOs: 20 or 21 and at least 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 7.

[0096] In some embodiments, the IFNo RNA comprises an RNA sequence that is, for
example, transcribed from a DNA sequence comprising or consisting of a nucleic acid
sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NOs: 20 or 21 and at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%., 98%,
99%, or 100% identical to SEQ ID NO: 7. In some embodiments, one or more uridine in the
IFNa RNA is replaced by a modified nucleoside as described herein. In some embodiments,
the modified nucleoside replacing uridine is pseudouridine (y), N1-methyl-pseudouridine

(mly) or 5-methyl-uridine (m°U). In some embodiments, the RNA comprises a modified
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nucleoside in place of each uridine. In some embodiments, the modified nucleoside is N1-
methyl-pseudouridine (my).

[0097] In some embodiments, the IFNa, RNA is encoded by a DNA sequence comprising or
consisting of a nucleic acid sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NOs: 20 or 21; at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NOs: 1, 3, or 5; and at least 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 7.
[0098] In some embodiments, the IFNo RNA comprises an RNA sequence that is, for
example, transcribed from a DNA sequence comprising or consisting of a nucleic acid
sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to SEQ ID NOs: 20 or 21; at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to SEQ ID NOs: 3 or 3; and at least 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 7. The RNA may also be
recombinantly produced. In some embodiments, one or more uridine in the [FNoa RNA is
replaced by a modified nucleoside as described herein. In some embodiments, the modified
nucleoside replacing uridine is pseudouridine (y), N1-methyl-pseudouridine (m'y) or 5-
methyl-uridine (m°U). In some embodiments, the RNA comprises a modified nucleoside in
place of each uridine. In some embodiments, the modified nucleoside is N1-methyl-
pseudouridine (m'y).In some embodiments, the composition comprises an RNA sequence
comprising or consisting of a nucleic acid sequence at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NOs: 22 or 23; at least 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NOs: 4 or 6; and
at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ
ID NO: 8. In some embodiments, one or more uridine in the IFNa RNA is replaced by a
modified nucleoside as described herein. In some embodiments, the modified nucleoside
replacing uridine is pseudouridine (), N1-methyl-pseudouridine (m'y) or 5-methyl-uridine
(m’U).

C. Interleukin 15 (IL-15) sushi

[0099] In some embodiments, a composition or medical preparation comprising RNA that
encodes interleukin 15 (IL-15) sushi is provided. As used herein, the term “IL-15 sushi”
describes a construct comprising the soluble interleukin 15 (IL-15) receptor alpha sushi
domain and mature interleukin alpha (IL-15) as a fusion protein. In some embodiments, the

IL-15 sushi RNA is encoded by a DNA sequence encoding IL-15 sushi (SEQ ID NO: 24),
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which comprises the soluble IL-15 receptor alpha chain (sushi) followed by a glycine-serine
(GS) linker followed by the mature sequence of IL-15. The DNA sequence encoding this IL-
15 sushi is provided in SEQ ID NO: 25.

[00100] In some embodiments, the IL-15 sushi RNA is an RNA sequence that is, for
example, transcribed from a DNA sequence encoding IL-15 sushi. The RNA may also be
recombinantly produced. In some embodiments, the RNA sequence is transcribed from a
nucleotide sequence comprising SEQ ID NO: 25. In some embodiments, the nucleotides
encoding the linker may be completely absent or replaced in part or in whole with any
nucleotides encoding a suitable linker. In some embodiments, the RNA sequence comprises
or consists of SEQ ID NO: 26. In some embodiments, the RNA sequence comprises an RNA
sequence with 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identity to SEQ
ID NO: 26. In some embodiments, the DNA or RNA sequence encoding IL-15 sushi
comprises the nucleotides encoding the sushi domain of IL-15 receptor alpha (e.g., nucleotide
1-321 of SEQ ID NOs: 25 or 26) and mature IL-15 (e.g., nucleotide 382-729 of SEQ ID NO:
25 or 26). In some embodiments, the DNA or RNA sequence encoding IL-15 sushi comprises
the nucleotides encoding the sushi domain of IL-15 receptor alpha (e.g., nucleotide 1-321 of
SEQ ID NOs: 25 or 26) and mature IL-15 (e.g., nucleotide 382-729 of SEQ ID NOs: 25 or
26) and further comprises nucleotides between these portions encoding a linker polypeptide
connecting the portions. In some embodiments, the linker comprises nucleotides 322-381 of
SEQ ID Nos: 25 or 26. Any linker known to those of skill in the art may be used.

[00101] In some embodiments, one or more uridine in the IL-15 sushi RNA is replaced
by a modified nucleoside as described herein. In some embodiments, the modified nucleoside
replacing uridine is pseudouridine (y), N1-methyl-pseudouridine (m'y) or 5-methyl-uridine
(m°U). In some embodiments, the RNA comprises a modified nucleoside in place of each
uridine. In some embodiments, the modified nucleoside is N1-methyl-pseudouridine (m'y).
[00102] In some embodiments, the IL-15 sushi RNA comprises an altered nucleotide at
the 5° end. In some embodiments, the IL-15 sushi RNA comprises a 5° cap. Any 5’ cap
known in the art may be used. In some embodiments, the 5° cap comprises a5 to 5’
triphosphate linkage. In some embodiments, the 5° cap comprises a 5 to 5 triphosphate
linkage including thiophosphate modification. In some embodiments, the 5° cap comprises a
2'-0 or 3'-O-tibose-methylated nucleotide. In some embodiments, the 5° cap comprises a
modified guanosine nucleotide or modified adenosine nucleotide. In some embodiments, the

57 cap comprises 7-methylguanylate. In some embodiments, the 5’ cap is CapO0 or Capl.
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Exemplary cap structures include m7G(5”)ppp(5)G, m7,2" O-mG(5 )ppsp(5°)G.,
m7G(5")ppp(57)2' O-mG and m7,3’ O-mG(5 )ppp(57)2' O-mA.

[00103] In some embodiments, the IL-15 sushi RNA comprises a 5” untranslated
region (UTR). In some embodiments, the 5 UTR is upstream of the initiation codon. In some
embodiments, the 5° UTR regulates translation of the RNA. In some embodiments, the 5
UTR is a stabilizing sequence. In some embodiments, the 5° UTR increases the half-life of
RNA. Any 5° UTR known in the art may be used. In some embodiments, the 5> UTR RNA
sequence is transcribed from SEQ ID NOs: 3 or 5. In some embodiments, the 5> UTR RNA
sequence comprises or consists of SEQ ID NOs: 4 or 6. In some embodiments, the 5° UTR
RNA sequence is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
identical to SEQ ID NOs: 4 or 6.

[00104] In some embodiments, the IL-15 sushi RNA comprises a 3° UTR. In some
embodiments, the 3° UTR follows the translation termination codon. In some embodiments,
the 3° UTR regulates polyadenylation, translation efficiency, localization, or stability of the
RNA. In some embodiments, the 3° UTR RNA sequence is transcribed from SEQ ID NO: 7.
In some embodiments, the 3° UTR RNA sequence comprises or consists of SEQ ID NO: 8. In
some embodiments, the 3> UTR RNA sequence is at least 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99% identical to SEQ ID NO: 8.

[00105] In some embodiments, the IL-15 sushi RNA comprises both a 5> UTR and a 3’
UTR. In some embodiments, the IL-15 sushi RNA comprises only a 5 UTR. In some
embodiments, the IL-15 sushi RNA comprises only a 3 UTR.

[00106] In some embodiments, the IL-15 sushi RNA comprises a poly-A tail. In some
embodiments, the RNA comprises a poly-A tail of at least about 25, at least about 30, at least
about 50 nucleotides, at least about 70 nucleotides, or at least about 100 nucleotides. In some
embodiments, the poly-A tail comprises 200 or more nucleotides. In some embodiments, the
poly-A tail comprises or consists of SEQ ID NO: 66.

[00107] In some embodiments, the RNA comprises a 5* cap, a 5 UTR, anucleic acid
encoding IL-15 sushi, a 3° UTR, and a poly-A tail, in that order.

[00108] In some embodiments, the IL-15 sushi RNA is encoded by a DNA sequence
comprising or consisting of a nucleic acid sequence that is at least 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 25 and at least 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NOs: 3 or
5.
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[00109] In some embodiments, the IL-15 sushi RNA comprises an RNA sequence that
is, for example, transcribed from a DNA sequence comprising or consisting of a nucleic acid
sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to SEQ ID NO: 25 and at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
100% identical to SEQ ID NOs: 3 or 5. The RNA may also be recombinantly produced. In
some embodiments, one or more uridine in the [IFNa RNA is replaced by a modified
nucleoside as described herein. In some embodiments, the modified nucleoside replacing
uridine is pseudouridine (y), N1-methyl-pseudouridine (m'y) or 5-methyl-uridine (m°U). In
some embodiments, the RNA comprises a modified nucleoside in place of each uridine. In
some embodiments, the modified nucleoside is N1-methyl-pseudouridine (m'y).
[00110] In some embodiments, the IL-15 sushi RNA comprises a DNA sequence
comprising or consisting of a nucleic acid sequence at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 25 and at least 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 7.
[00111] In some embodiments, the IL-15 sushi RNA comprises an RNA sequence that
is, for example, transcribed from a DNA sequence comprising or consisting of a nucleic acid
sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NO: 25 and at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
100% identical to SEQ ID NO: 7. The RNA may also be recombinantly produced. In some
embodiments, one or more uridine in the IFNa RNA is replaced by a modified nucleoside as
described herein. In some embodiments, the modified nucleoside replacing uridine is
pseudouridine (), N1-methyl-pseudouridine (m'y) or 5-methyl-uridine (m°U). In some
embodiments, the RNA comprises a modified nucleoside in place of each uridine. In some
embodiments, the modified nucleoside is N1-methyl-pseudouridine (m'y).
[00112] In some embodiments, the IL-15 sushi RNA comprises a DNA sequence
comprising or consisting of a nucleic acid sequence at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 25; at least 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NOs: 3 or 5; and at
least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 7.
[00113] In some embodiments, the IL-15 sushi RNA comprises an RNA sequence that
is, for example, transcribed from a DNA sequence comprising or consisting of a nucleic acid
sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NO: 25; at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
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100% identical to SEQ ID NOs: 3 or 5; and at least 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%., 98%, 99%, or 100% identical to SEQ ID NO: 7. In some embodiments, one or more
uridine in the IFNo RNA is replaced by a modified nucleoside as described herein. In some
embodiments, the modified nucleoside replacing uridine is pseudouridine (y), N1-methyl-
pseudouridine (m'y) or 5-methyl-uridine (m>U). In some embodiments, the RNA comprises a
modified nucleoside in place of each uridine. In some embodiments, the modified nucleoside
is N1-methyl-pseudouridine (m'y).

[00114] In some embodiments, the IL-15 sushi RNA comprises an RNA sequence
comprising or consisting of a nucleic acid sequence at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 26; at least 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NOs: 4 or 6; and at
least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 8. In some embodiments, one or more uridine in the IFNo RNA is replaced by a
modified nucleoside as described herein. In some embodiments, the modified nucleoside
replacing uridine is pseudouridine (y), N1-methyl-pseudouridine (m'y) or 5-methyl-uridine

(m’U).

D. Fms Related Tyrosine Kinase 3 Ligand (FLT3-L)

[00115] In some embodiments, a composition or medical preparation comprising RNA
that encodes Fms Related Tyrosine Kinase 3 Ligand (FLT3-L) is administered. In some
embodiments, the FLT3-L RNA is encoded by a DNA sequence encoding FLT3-L (e.g., SEQ
ID NO: 31).

[00116] In some embodiments, the FLT3-L RNA comprises an RNA sequence that is,
for example, transcribed from a DNA sequence encoding FLT3-L. In some embodiments, the
RNA sequence is transcribed from SEQ ID NO: 31. The RNA may also be recombinantly
produced. In some embodiments, the RNA sequence comprises or consists of SEQ ID NO:
32. In some embodiments, the RNA sequence comprises an RNA sequence with 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identity to SEQ ID NOs: 32.

[00117] In some embodiments, one or more uridine in the FLT3-L RNA is replaced by
a modified nucleoside as described herein. In some embodiments, the modified nucleoside
replacing uridine is pseudouridine (y), N1-methyl-pseudouridine (m'y) or 5-methyl-uridine
(m°U). In some embodiments, the RNA comprises a modified nucleoside in place of each
uridine. In some embodiments, the modified nucleoside is N1-methyl-pseudouridine (m'y).

In some embodiments, the FLT3-L RNA comprises an altered nucleotide at the 5 end. In
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some embodiments, the RNA comprises a 5 cap. Any 5° cap known in the art may be used.
In some embodiments, the 5° cap comprises a 5’ to 5” triphosphate linkage. In some
embodiments, the 5° cap comprises a 5” to 5” triphosphate linkage including thiophosphate
modification. In some embodiments, the 5° cap comprises a 2'-O or 3'-O-ribose-methylated
nucleotide. In some embodiments, the 5° cap comprises a modified guanosine nucleotide or
modified adenosine nucleotide. In some embodiments, the 5° cap comprises 7-
methylguanylate. In some embodiments, the 5° cap is Cap0 or Capl. Exemplary cap
structures include m7G(5 ) ppp(5°)G, m7,2 O-mG(5™)ppsp(57)G, m7G(5)ppp(5°)2° O-mG
and m7,3' O-mG(5”)ppp(5°)2' O-mA.

[00118] In some embodiments, the FLT3-L RNA comprises a 5” untranslated region
(UTR). In some embodiments, the 5° UTR is upstream of the initiation codon. In some
embodiments, the 5° UTR regulates translation of the RNA. In some embodiments, the 5
UTR is a stabilizing sequence. In some embodiments, the 5° UTR increases the half-life of
RNA. Any 5° UTR known in the art may be used. In some embodiments, the 5> UTR RNA
sequence is transcribed from SEQ ID NOs: 3 or 5. In some embodiments, the 5> UTR RNA
sequence comprises or consists of SEQ ID NOs: 4 or 6. In some embodiments, the 5° UTR
RNA sequence is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
identical to SEQ ID NOs: 4 or 6.

[00119] In some embodiments, the FLT3-L RNA comprises a 3° UTR. In some
embodiments, the 3° UTR follows the translation termination codon. In some embodiments,
the 3° UTR regulates polyadenylation, translation efficiency, localization, or stability of the
RNA. In some embodiments, the 3° UTR RNA sequence is transcribed from SEQ ID NO: 7.
In some embodiments, the 3° UTR RNA sequence comprises or consists of SEQ ID NO: 8. In
some embodiments, the 3> UTR RNA sequence is at least 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99% identical to SEQ ID NO: 8.

[00120] In some embodiments, the FLT3-L RNA comprises both a 5> UTR and a 3’
UTR. In some embodiments, the RNA comprises only a 5> UTR. In some embodiments, the
composition comprises only a 3> UTR.

[00121] In some embodiments, the FLT3-L RNA comprises a poly-A tail. In some
embodiments, the RNA comprises a poly-A tail of at least about 25, at least about 30, at least
about 50 nucleotides, at least about 70 nucleotides, or at least about 100 nucleotides. In some
embodiments, the poly-A tail comprises 200 or more nucleotides. In some embodiments, the

poly-A tail comprises or consists of SEQ ID NO: 66.
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[00122] In some embodiments, the FLT3-L RNA comprises a5’ cap, a 5> UTR,
nucleotides encoding FLT3-L, a3” UTR, and a poly-A tail, in that order.
[00123] In some embodiments, the FLT3-L RNA is encoded by a DNA sequence

comprising or consisting of a nucleic acid sequence that is at least 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 31 and at least 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NOs: 3 or
5.
[00124] In some embodiments, the FLT3-L RNA comprises an RNA sequence that is,
for example, transcribed from a DNA sequence comprising or consisting of a nucleic acid
sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NO: 31 and at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
100% identical to SEQ ID NOs: 3 or 5. The RNA may also be recombinantly produced. In
some embodiments, one or more uridine in the FLT3-L RNA is replaced by a modified
nucleoside as described herein. In some embodiments, the modified nucleoside replacing
uridine is pseudouridine (y), N1-methyl-pseudouridine (m!y) or 5-methyl-uridine (m°U). In
some embodiments, the RNA comprises a modified nucleoside in place of each uridine. In
some embodiments, the modified nucleoside is N1-methyl-pseudouridine (m'y).
[00125] In some embodiments, the FLT3-L RNA is encoded by a DNA sequence
comprising or consisting of a nucleic acid sequence at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 31 and at least 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 7.
[00126] In some embodiments, the FLT3-L RNA comprises an RNA sequence that is,
for example, transcribed from a DNA sequence comprising or consisting of a nucleic acid
sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NO: 32 and at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
100% identical to SEQ ID NO: 7. The RNA may also be recombinantly produced. In some
embodiments, one or more uridine in the FLT3-L RNA is replaced by a modified nucleoside
as described herein. In some embodiments, the modified nucleoside replacing uridine is
pseudouridine (), N1-methyl-pseudouridine (m'y) or 5-methyl-uridine (m°U). In some
embodiments, the RNA comprises a modified nucleoside in place of each uridine. In some
embodiments, the modified nucleoside is N1-methyl-pseudouridine (m'yy).
[00127] In some embodiments, the FLT3-L RNA comprises a DNA sequence
comprising or consisting of a nucleic acid sequence at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 31; at least 70%, 75%, 80%,
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85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NOs: 3 or 5; and at
least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 7.

[00128] In some embodiments, the FLT3-L RNA comprises an RNA sequence that is,
for example, transcribed from a DNA sequence comprising or consisting of a nucleic acid
sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to SEQ ID NO: 32; at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%., 98%, 99%, or
100% identical to SEQ ID NOs: 3 or 5; and at least 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or 100% identical to SEQ ID NO: 7. The RNA may also be recombinantly
produced. In some embodiments, one or more uridine in the FLT3-L RNA is replaced by a
modified nucleoside as described herein. In some embodiments, the modified nucleoside
replacing uridine is pseudouridine (), N1-methyl-pseudouridine (m'y) or 5-methyl-uridine
(m°U). In some embodiments, the RNA comprises a modified nucleoside in place of each
uridine. In some embodiments, the modified nucleoside is N1-methyl-pseudouridine (m'y).
[00129] In some embodiments, the FLT3-L RNA comprises an RNA sequence
comprising or consisting of a nucleic acid sequence at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 32; at least 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NOs: 4 or 6; and at
least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 8. In some embodiments, one or more uridine in the FLT3-L RNA is replaced by a
modified nucleoside as described herein. In some embodiments, the modified nucleoside
replacing uridine is pseudouridine (), N1-methyl-pseudouridine (m'y) or 5-methyl-uridine

(m°U).

E. Modified RNA

[00130] Each of the RN As described herein may be modified in any way known to
those of skill in the art. In some embodiments, each RNA is modified as follows:

s amodified nucleobase in place of each uridine;

s aCapl structure at the 5 end of the RNA.
[00131] In some embodiments, the 5° UTR comprises SEQ ID NOs: 4 or 6. In some
embodiments, the RNA has been processed to reduce double-stranded RNA (dsRNA) as
described above. The “Capl” structure may be generated after in-vitro translation by

enzymatic capping or during in-vitro translation (co-transcriptional capping).
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[00132] In some embodiments, one or more uridine in the RNA is replaced by a
modified nucleoside. In some embodiments, the modified nucleoside is a modified uridine.
[00133] In some embodiments, the modified uridine replacing uridine is pseudouridine
(y), N1-methyl-pseudouridine (m1y), or 5-methyl-uridine (m5U).
[00134] In some embodiments, one or more cytosine, adenine or guanine in the RNA
is replaced by modified nucleobase(s). In one embodiment, the modified nucleobase
replacing cytosine is 5-methylcytosine (m>C). In another embodiment, the modified
nucleobase replacing adenine is N®-methyladenine (m®A). In another embodiment, any other
modified nucleobase known in the art for reducing the immunogenicity of the molecule can
be used.
[00135] The modified nucleoside replacing one or more uridine in the RNA may be
any one or more of 3-methyl-uridine (m?U), 5-methoxy-uridine (mo>U), 5-aza-uridine, 6-aza-
uridine, 2-thio-5-aza-uridine, 2-thio-uridine (s*U), 4-thio-uridine (s*U), 4-thio-pseudouridine,
2-thio-pseudouridine, 5-hydroxy-uridine (ho’U), 5-aminoallyl-uridine, 5-halo-uridine (e.g., 5-
iodo-uridineor 5-bromo-uridine), uridine 5-oxyacetic acid (cmo°U), uridine 5-oxyacetic acid
methyl ester (memo’U), 5-carboxy methyl-uridine (cm>U), 1-carboxymethyl-pseudouridine,
5-carboxyhydroxymethyl-uridine (chm®U), 5-carboxyhydroxymethyl-uridine methyl ester
(mchm?U), 5-methoxycarbonylmethyl-uridine (mem°U), 5-methoxycarbonylmethyl-2-thio-
uridine (mcm’s?U), 5-aminomethyl-2-thio-uridine (nm’s?U), 5-methylaminomethyl-uridine
(mnm?U), 1-ethyl-pseudouridine, 5-methylaminomethyl-2-thio-uridine (mnm’s2U), 5-
methylaminomethyl-2-seleno-uridine (mnm’se’U), 5-carbamoylmethyl-uridine (ncm’U), 5-
carboxymethylaminomethyl-uridine (cmnm’U), 5-carboxymethylaminomethyl-2-thio-uridine
(cmnm’s?U), 5-propynyl-uridine, 1-propynyl-pseudouridine, 5-taurinomethyl-uridine (tm’U),
1-taurinomethyl-pseudouridine, 5-taurinomethyl-2-thio-uridine(tm5s2U), 1-taurinomethyl-4-
thio-pseudouridine), 5-methyl-2-thio-uridine (m’s>U), 1-methyl-4-thio-pseudouridine
(m's*y), 4-thio-1-methyl-pseudouridine, 3-methyl-pseudouridine (m?y), 2-thio-1-methyl-
pseudouridine, 1-methyl-1-deaza-pseudouridine, 2-thio-1-methyl-1-deaza-pseudouridine,
dihydrouridine (D), dihydropseudouridine, 5,6-dihydrouridine, 5-methyl-dihydrouridine
(m°D), 2-thio-dihydrouridine, 2-thio-dihydropseudouridine, 2-methoxy-uridine, 2-methoxy-
4-thio-uridine, 4-methoxy-pseudouridine, 4-methoxy-2-thio-pseudouridine, N1-methyl-
pseudouridine, 3-(3-amino-3-carboxypropyl)uridine (acp’U), 1-methyl-3-(3-amino-3-
carboxypropyl)pseudouridine (acp? ), 5-(isopentenylaminomethyl)uridine (inm°U), 5-
(isopentenylaminomethyl)-2-thio-uridine (inm’s?U), a-thio-uridine, 2'-O-methyl-uridine
(Um), 5,2'-O-dimethyl-uridine (m*Um), 2'-O-methyl-pseudouridine (ym), 2-thio-2'-O-
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methyl-uridine (s?Um), 5-methoxy carbonylmethyl-2'-O-methyl-uridine (mcm*Um), 5-
carbamoylmethyl-2'-O-methyl-uridine (ncm>Um), 5-carboxymethylaminomethyl-2'-O-
methyl-uridine (cmnm>Um), 3,2'-O-dimethyl-uridine (m*Um), 5-(isopentenylaminomethyl)-
2'-O-methyl-uridine (inm>Um), 1-thio-uridine, deoxythymidine, 2'-F-ara-uridine, 2'-F-
uridine, 2’-OH-ara-uridine, 5-(2-carbomethoxyvinyl) uridine, 5-[3-(1-E-

propenylamino)uridine, or any other modified uridine known in the art.

3. Therapeutic Methods

[00136] The compositions and medical preparations provided herein may be used in
methods, e.g., therapeutic methods. In some embodiments, the compositions, medical
preparations, and RNA are administered to humans.

[00137] In some embodiments, the invention comprises the use of a composition or
medical preparation in therapeutic methods, wherein the therapeutic method is for treating
solid tumors, and wherein the composition or medical preparation comprises RNA, wherein
the RNA consists of RNA encoding IFNa, RNA encoding IL-15 sushi, RNA encoding IL-
12sc, and RNA encoding FLT3-L.

[00138] In some embodiments, the invention comprises the use of a composition or
medical preparation in therapeutic methods, wherein the therapeutic method is for treating
solid tumors, and wherein the composition or medical preparation comprises RNA, wherein
the RNA consists of RNA encoding IFNa, RNA encoding IL-15 sushi, and RNA encoding
IL-12sc.

[00139] In some embodiments, the composition or medical preparation for use in
therapeutic methods comprises RNA encoding IL-12sc protein and further comprising RNA
selected from RNA encoding IFNa protein and RNA encoding IL-15 sushi protein.

[00140] In some embodiments, the composition or medical preparation for use in
therapeutic methods comprises RNA encoding IL-15 sushi and further comprising RNA
encoding IFNa protein and RNA encoding IL-12sc protein.

[00141] In some embodiments, the composition or medical preparation for use in
therapeutic methods comprises RNA encoding IFNa protein and further comprising RNA
encoding IL-12sc and RNA encoding IL-15 sushi.

[00142] In some embodiments, the composition or medical preparation for use in
therapeutic methods comprises RNA encoding FLT3-L and one or more of RNA encoding

IL-12sc, RNA encoding IL-15 sushi, and RNA encoding IFNo.
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[00143] In some embodiments, the medical preparation or composition described
herein is for pharmaceutical use. In some embodiments, the pharmaceutical use comprises a
therapeutic or prophylactic treatment of a disease or disorder. In some instances, the
therapeutic or prophylactic treatment of a disease or disorder comprises treating or preventing
a solid tumor.

[00144] In some embodiments, the solid tumor is a sarcoma, carcinoma, or lymphoma.
[00145] In some instances, the solid tumor is in the lung, colon, ovary, cervix, uterus,
peritoneum, testicles, penis, tongue, lymph node, pancreas, bone, breast, prostate, soft tissue,
connective tissue, kidney, liver, brain, thyroid, or skin.

[00146] In some embodiments, the solid tumor is an epithelial tumor, Hodgkin
lymphoma (HL), non-Hodgkin lymphoma, prostate tumor, ovarian tumor, renal cell tumor,
gastrointestinal tract tumor, hepatic tumor, colorectal tumor, tumor with vasculature,
mesothelioma tumor, pancreatic tumor, breast tumor, sarcoma tumor, lung tumor, colon
tumor, brain tumor, melanoma tumor, small cell lung tumor, neuroblastoma tumor, testicular
tumor, carcinoma tumor, adenocarcinoma tumor, glioma tumor, seminoma tumor,
retinoblastoma, or osteosarcoma tumor.

[00147] In some embodiments, the RNAs are administered as a 1:1:1, or 1:1:1:1 ratio
based on equal RNA mass. For example, 20 pg of IL-15-sushi, 20 pg of IL-12sc, 20 pg of
IFNa and optionally 20 ug FLT3-L.

[00148] In some embodiments, the medical preparation or composition described
herein is for pharmaceutical use and is administered to a subject with another therapy. In
some embodiments, the other therapy is an anti-PD1 antibody, an anti-CTLA4 antibody, or a
combination of an anti-PD1 antibody and anti-CTLA4 antibody.

[00149] In some embodiments, the anti-PD1 antibody is a chimeric, humanized or
human antibody. In some embodiments, the anti-PD-1 antibody is isolated and/or
recombinant. Examples of anti-PD-1 antibodies are nivolumab, pembrolizumab, cemiplimab,
MEDI0O608 (formerly AMP-514; see, e.g., WO 2012/145493 and U.S. Patent No. 9,205,148),
PDROO1 (see, e.g., WO 2015/112900), PF-06801591 (see, e.g., WO 2016/092419), BGB-
A317 (see, e.g., WO 2015/035606).

[00150] In some embodiments, the anti-PD-1 antibody is one of those disclosed in WO
2015/112800 (such as those referred to as HIM7789N, HIM7799N, HIM7800N,
H2M7780N, H2M7788N, H2M7790N, H2M7791N, H2M7794N, H2M7795N, H2M7796N,
H2M7798N, H4HO019P, H4xH9034P2, H4xH9035P2, H4xH9037P2, H4xH9045P2,
H4xH9048P2, H4H9057P2, HAH9068P2, H4xHO119P2, H4xH9120P2, H4xH9128P2,
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H4xH9135P2, H4xH9145P2, H4xH8992P, H4xH8999P and H4xH9008P in Table 1 of the
PCT publication, and those referred to as H4H7798N, H4H7795N2, H4H9008P and
H4H9048P2 in Table 3 of the PCT publication). The disclosure of WO 2015/112800 is

incorporated by reference herein in its entirety. For example, the antibodies disclosed in WO

2015/112800 and related antibodies, including antibodies and antigen-binding fragments

having the CDRs, VH and VL sequences, or heavy and light chain sequences disclosed in

that PCT publication, as well as antibodies and antigen-binding fragments binding to the

same PD-1 epitope as the antibodies disclosed in that PCT publication, can be used in

conjunction with the RNA compositions of the present invention to treat and/or prevent

cancer.

[00151]

In some embodiments, the anti-PD-1 antibody may comprise the heavy and

light chain amino acid sequences shown below as SEQ ID NOs: 79 and 80, respectively; the

VH and VL sequences in SEQ ID NOs: 87 and 88 (shown in italics), or one or more (e.g., all

six) CDRs in SEQ ID NOs: 79 and 80 (shown in bold boxes). In some embodiments, an

antibody comprising the following CDRs is encompassed:

HCDR1 = GFTFSNFG (SEQ ID NO: 81)
HCDR2 = ISGGGRDT (SEQ ID NO: 82)
HCDR3 = VKWGNIYFDY (SEQ ID NO: 83)
LCDR1 = LSINTF (SEQ ID NO: 84)
LCDR2 = AAS (SEQ ID NO: 85)

LCDR3 = QQSSNTPFT (SEQ ID NO: 86).

[00152]

An exemplary antibody comprising a heavy chain comprising the VH and VL

sequences in SEQ ID NOs: 87 and 88 (shown in italics) is the fully human anti-PD-1
antibody known as REGN2810 (cemiplimab).

[00153]

EVOLLESGGV
ADSVKGRFTI
KGPSVEFPLAP
SLSSVVIVPS
PPKPKDTLMI
SVLTVLHQDW
SLTCLVKGEY
SCSVMHEALH

HCDR1 =
HCDR2
HCDR3 =

[00154]

LVOPGGSLRL
SRDNSKNTLY
CSRSTSESTA
SSLGTKTYTC
SRTPEVTCVV
LNGKEYKCKV
PSDIAVEWES
NHYTQKSLSL

GFTFSNFG (SEQ ID NO:
ISGGGRDT
VKWGNIYFDY

(SEQ

(SEQ ID NO:

Anti-PD-1 Mab heavy chain

SCAAS|IGFTF'S NFaMTWVRQA PGKGLEWVSG |ISGGGRDIIYF

LOMNSLKGED
ALGCLVKDYF
NVDHKPSNTK
VDVSQEDPEV
SNKGLPSSIE
NGQPENNYKT
SLGK

81)

ID NO: 82)

Anti-PD-1 Mab light chain

TAVYYqVKWG NIYFDYIWGOG

PEPVTVSWNS GALTSGVHTE
VDKRVESKYG PPCPPCPAPE
QFNWYVDGVE VHNAKTKPRE
KTISKAKGQP REPQVYTLPP
TPPVLDSDGS FEFLYSRLTVD

(SEQ ID NO:79)

83)
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DIOMTQSPSS LSASVGDSIT ITCRASLSIN TETLNWYQQKP GKAPNLLI@SLHGGVPS
RFSGSGSGTD FTLTIRTLQP EDFATYYqQQ SSNTPFZ]FGP GTVVDFRRTV AAPSVFEIFPP
SDEQLKSGTA SVVCLLNNFEY PREAKVOQWKV DNALQSGNSQ ESVTEQDSKD STYSLSSTLT
LSKADYEKHK VYACEVTHQG LSSPVTKSFN RGEC (SEQ ID NO:80)

LCDR1 = LSINTF (SEQ ID NO: 84)

LCDR2 =AAS (SEQ ID NO: 85)
LCDR3 = QQ SSNTPFT (SEQ ID NO: 86)

[00155] In some embodiments, the RNAs may be delivered via injection into the tumor
(e.g., intratumorally), near the tumor (peri-tumorally), or near the site of a tumor removal,
and the antibody may be delivered in the same manner or systemically, such as, for example,
enteral or parenteral, including, via injection, infusion, and implantation. Administration may
be simultaneous or sequential. If sequential, administration can be in any order and at any
appropriate time interval known to those of skill in the art.
[00156] In some embodiments, therapeutic RNA compositions are delivered directly
into the tumor, or near the tumor or the site of tumor removal together with another therapy.
In some embodiments, therapeutic RNA compositions are delivered directly into the tumor,
or near the tumor or site of tumor removal while another agent is delivered systemically.

sfeskesk
[00157] This description and exemplary embodiments should not be taken as limiting.
For the purposes of this specification and appended claims, unless otherwise indicated, all
numbers expressing quantities, percentages, or proportions, and other numerical values used
in the specification and claims, are to be understood as being modified in all instances by the
term “about,” to the extent they are not already so modified. “About” indicates a degree of
variation that does not substantially affect the properties of the described subject matter, e.g.,
within 10%, 5%, 2%, or 1%. Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the following specification and attached claims are approximations
that may vary depending upon the desired properties sought to be obtained. At the very least,
and not as an attempt to limit the application of the doctrine of equivalents to the scope of the
claims, each numerical parameter should at least be construed in light of the number of
reported significant digits and by applying ordinary rounding techniques.
[00158] It is noted that, as used in this specification and the appended claims, the
singular forms “a,” “an,” and “the,” and any singular use of any word, include plural referents
unless expressly and unequivocally limited to one referent. As used herein, the term

“include” and its grammatical variants are intended to be non-limiting, such that recitation of
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items 1n a list 1s not to the exclusion of other like items that can be substituted or added to the

listed items.

EXAMPLES

[00159] The following examples are provided to illustrate certain disclosed

embodiments and are not to be construed as limiting the scope of this disclosure in any way.

Example 1 —Materials and Methods

[00160] B16F10 tumor model: Female C57BL/6J mice (Jackson Laboratory; Bar
Harbor, ME), 6-8 weeks-old and weighing between 17.0 and 20.9 g were acclimated for at
least three days prior to study enrollment. Mice had free access to food (Harlan 2916 rodent
diet, Massachusetts, USA) and sterile water and housed on 12 hours light/dark cycle at 22°C
+ 2°C with a relative humidity of 55% + 15%. B16F10 cells were obtained from the
American Type Culture Collection (ATCC) (Manassas, Virginia USA) (Cat No. CRL-6475)
and cultured in Dulbecco's Modified Eagle's Medium (DMEM) (Life technologies, Cat No.
11995) supplemented with 10% heat inactivated Fetal Bovine Serum (HI FBS) (Life
technologies, Cat No. 10082-147) in 5% CO2 at 37°C. The cells were harvested using 0.25%
Trypsin-EDTA (Life technologies, Cat No. 25200-056), resuspended in Dulbecco's
phosphate-buffered saline (DPBS) (Life technologies, Cat No. 14190-144), and 0.5 x 10"6
cells/200 ul per mouse subcutaneously (SC) implanted into the right flank of female
C57BL/6J mice.

[00161] Tumor monitoring: B16F10 tumors were measured with a caliper twice
weekly until final sacrifice. When a tumor size reached approximately 2000 mm? or there
were animal health issues (20% area of a tumor ulcerated), animals were euthanized. Tumor
regression was defined as i) tumor volume < 20 mm3 at the end of the study or ii) TF/T° < 1,
where the TT equals the final tumor volume and T° equals tumor volume on the day of the
first intratumoral RNA injection.

[00162] CT26 tumor model: For studies utilizing the CT26 tumor model, female
Balb/c Rj mice (Janvier, Genest-St.-sle, France), 6-8 weeks of age, with a weight between 17
and 24 g, were acclimated for at least six days prior to study enrollment. Mice had free access
to food (ssniff M-Z autoclavable Soest, Germany) and sterile water and housed on 12 hours
light/dark cycle at 22°C + 2°C with a relative humidity of 55% + 10%. CT26 cells were
obtained from the (ATCC® CRL-2638™) and cultured in Roswell Park Memorial Institute
medium (RPMI) 1640 Medium, GlutaMAX™ (Life technologies, Cat No. 61870-044)
supplemented with 10% Fetal Bovine Serum (FBS) (Biochrom, Cat No. S 0115) in 5% CO2
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at 37°C. The cells were harvested using StemPro® Accutase® Cell Dissociation Reagent
(Life technologies, Cat No. A1110501), resuspended in DPBS (Life technologies, Cat No.
14190-169), and 0.5 x 1076 cells/100 ul per mouse SC implanted into the right shaven flank
of female Balb/c Rj mice. Intratumoral RNA injections were initiated 11-15 days after
inoculation of the tumors. Tumor growth in the CT26 tumor model was assessed by caliper
measurements every 2-3 days and is expressed as the product of the perpendicular diameters
using the following formula: a2*b/2 where b is the longer of the two diameters (a<b).

[00163] Gp70-reactive CD8+ cells: In addition to tumor growth, gp70-reactive CD8+
T-cells were measured in blood where indicated. Blood samples were taken using EDTA-
coated tubes. 100 uL of blood was transferred to FACS tubes and antibody mixture was
added containing T-Select H-2LLd MuL'V gp70 Tetramer-SPSYVYHQF-APC (MBL (TS-M-
521-2), 4 uL for 100 uL blood), anti-CD8a FITC (life technologies (MCD801), 1 uL for 100
uL blood)) and anti-CD45 V500 (BD (561487), 1 uL for 100 uL blood)). After 20 min
incubation at room temperature Blood Lysis Buffer (BD (349202), 300 pL per tube) was
added and incubated for further 6 min. Then samples were washed twice with PBS-EDTA
buffer. FACS samples were analyzed on a FACS Canto II flow cytometer.

[00164] RNA modification: Unless stated otherwise, all RNA was modified as
follows. Synthetic DNA fragments coding for the gene of interest were cloned into a common
starting vector, comprising a 5°-UTR (corresponding in some cases to the Tobacco Etch Viral
leader sequences TEV, SEQ ID NO: 3), a 3° UTR consisting of two elements called F and I
(corresponding is some cases to SEQ ID NO: 7), and a poly(A)-tail of 110 nucleotides in total
(A30-Linker-A70 structure; SEQ ID NO: 60). Linearization of plasmid DNA was performed
downstream of the poly(dA:dT) with a class IIS restriction enzyme to generate a template
with no additional nucleotide beyond the poly(dA:dT) (see Holtkamp et al., Blood
108(13):4009-172006 (2006)). Linearized plasmid DNA was subjected to in vitro
transcription with T7 RNA polymerase (Thermo Fisher) as previously described (see
Grudzien-Nogalska E et al., Methods Mol Biol. 969:55-72 (2013)) in the presence of 7.5 mM
ATP, CTP, GTP, and N1-methyl-pseudouridinetriphosphate. RNA was then purified using
magnetic particles (Berensmeier 2006), and subsequently Capl structure was enzymatically
introduced using a commercially available system based on the Vaccinia virus capping
enzyme (NEB) and addition of RNA Cap 2’-O-methyltransferase (NEB). Afterwards, the
RNA was subjected to a further purification procedure by Cellulose-based chromatography to
remove double-stranded RNA impurities (see Day PR et al, Phytopathology 67:1393 (1977);
Morris TJ et al., Phytopathology 69:854-858 (1979); and Castillo A et al., Virol J. 8:38
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(2011)). RNA concentration and quality were assessed spectrophotometry and analyzed by
capillary gel electrophoresis systems, respectively. Presence of dsSRNA was assessed in a
Northwestern dot-blot assay using dsRNA-specific J2 mAb (English & Scientific Consulting)
as described in Karikoé et al. Nucleic Acids Res. 39(21):e142 (2011).

[00165] Preparation of RNA for in vivo studies: The respective RNA mixtures were
prepared for in vivo studies by mixing equal quantities (micrograms) of RNA in water at 2X
the intended dose. RN As injected into mice were the mouse versions of the RNAs described
in Table 1 except for FLT3-L, where SEQ ID NO: 65 was used (human FLT3-L with murine
optimized secretion sequence). In some instances, the RNA mixture was frozen at -80C until
the day of intratumoral injection. On the day of injection, RN A was thawed and mixed with
an equal volume of 2X sterile Ringer’s solution. In other instances, the RNA mixture was
freshly prepared and diluted in Ringer solution to a final concentration of 1X RNA/Ringer
solution. In both instances, the resulting 1 X RNA/Ringer solution was used for intratumoral
injection.

Example 2 —Combination of three RNAs reduce tumor volume in vivo

We previously tested the effect of a cytokine RNA mixture comprising different
combinations of three RNAs in CT26 tumor bearing mice as described above. Tumors treated
with four injections of RNA (10 ug RNA/target) encoding IL-15 sushi, IL-12sc, GM-CSF
and IFNa induced regression in 10 of 10 treated tumors (FIG 1A; Table 2 (Tables and
Figures represent the same data; tables provide raw data)). Tumors treated with the 3-
combination RNA mixtures of i) IL-15 sushi, IL-12sc and IFNa (no GM-CSF), ii) IL-15
sushi, GM-CSF and IFNa (no IL-12sc¢), iii) IL-12sc, GM-CSF and IFNa (no IL-15 sushi),
and iv) IL-15 sushi, IL-12sc, and GM-CSF (no I[FNa) resulted in regression of 8 out of 10
(IL-15 sushi, IL-12sc and IFNo (no GM-CSF; FIG 1B; Table 3), 6 out of 10 (IL-15 sushi,
GM-CSF and IFNa (no IL-12sc; FIG 1C; Table 4), 8 out of 10 (IL-12sc, GM-CSF and IFNo
(no IL-15 sushi; FIG 1D; Table 5), 7 out of 10 (IL-15 sushi, IL-12sc, and GM-CSF (no IFNq;
FIG 1E; Table 6). No tumors treated with control RNA (40 ug RNA injected at each
treatment) displayed tumor regression (FIG 1F; Table 7). To analyze tumor growth kinetics,
mean tumor volumes were calculated for each treatment group up to day 33 (FIG 1G). Tumor
growth repression T/C (Tumor/Control based on mean tumor volume) was plotted to day 19

(FIG 1H) for each of the treatment groups.
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[00166] Table 2 (corresponding to FIG 1A). Values = tumor size mm?
day Animal: 1 2 3 4 5 6 7 8 9| 10
11 18 18 | 40 135| 32| 18 13.5 32 32| 40
13 32 18 | 32 18| 32| 18 18 18 32| 32
16 32 13.5 6 135| 32| 18 32 32 32 6
19 13.5 4 4 4| 32 6 13.5 13.5 13.5 4
22 13.5 4 1 4| 32 6 6 13.5 6 4
26 6 4 1 4| 18 4 6 6 4 4
29 4 4 1 1 18 1 6 4 0 4
33 4 4 0 0 6 0 4 4 0 4
[00167] Table 3 (corresponding to FIG 1B). Values = tumor size mm?
day Animal 1 2 3| 4 5 6 7 8 9 10
11 18 32 18 | 40 | 135 18 18 40 32 18
13 18 32 40 | 40 | 13.5 18 | 13.5 40 | 62.5 18
16 18 | 13.5 |1 22.5(40| 13.5 | 135 6 108 | 171.5 | 135
19 6 18 | 32 6| 13.5 4 108 196 4
22 13.5 6 18 | 18 4 (135 411715 405 4
26 6 4 6| 6 4 6 4 288 405 1
29 4 1 6| 4 1 6 1 600 567 1
33 0 0 41 0 0 4 0| 1352 | 1152 0
[00168] Table 4 (corresponding to FIG 1C). Values = tumor size mm?
day Animal 1 2 3 4 5 6 7 8 9| 10
11 40 32 18 | 13.5 32 40 | 13.5 18 18 | 18
13 62.5 32 18 | 13.5 40 40 | 13.5 18 | 13.5 | 40
16 196 32| 32 18 | 62.5 75 | 135 18 6| 75
19 405 18 | 32| 135 40 75 6 | 13.5 4| 75
22 726 | 13.5 | 40 6 [ 62.5 196 6 | 13.5 11| 108
26 1470 4| 48 4 32| 288 4 9 11| 126
29 1800 41126 1 6 | 550 1 1 0| 196
33 0| 196 0 4 | 1470 0 0 0| 288
[00169] Table 5 (corresponding to FIG 1D). Values = tumor size mm?
day | Animall 2 3 4 5 6 7 8 9 10
11 13.5 18 32 32 40 18 32 40 18 13.5
13 13.5 32 32 32 40 18 32 32 13.5 13.5
16 4 32 32 32 62.5 13.5 18 18 13.5 40
19 4 13.5 13.5 13.5 75 6 13.5 13.5 18 126
22 4 18 13.5 18 108 6 13.5 13.5 18 600
26 1 6 13.5 13.5 126 4 6 4 13.5 1028.5
29 1 4 4 4 108 4 4 4 6 1764
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| 33| 0| 1 | 4| al 75 1| 1| 1| 1| 1764
[00170] Table 6 (corresponding to FIG 1E). Values = tumor size mm?
day Animal 1 2 3 4 5 6| 7| 8 9|10
11 135 | 13.5 32 32 40 32 (18|18 | 18|40
13 135 | 13.5 32 18 | 62.5 40 | 32|18 | 40|40
16 6 6 18 | 13.5 75 108 | 32 (40 | 126 | 40
19 4 4 (135 6| 126 126 | 40 | 40 | 196 | 40
22 4 1 6 4 126 11715 32|32 | 256 | 32
26 4 1 6 4| 108 | 1715 |18 | 32 | 288 | 18
29 1 0 1 1875 196 | 6| 6320 6
33 0 0 0 0 40 162 | 4| 1|352| 4
[00171] Table 7 (corresponding to FIG 1F). Values = tumor size mm?
day Animal 1 2 3 4 5 6 7 8 9 10
11 32| 135 40 40 18 18 13.5 18 18 40
13 40 | 13.5 48 | 108 18 18 32 32 32 75
16 40 18| 126 | 196 18 75 126 32 108 | 62.5
19 75 75| 196 | 288 18 | 108 | 220.5 | 62.5 | 220.5 | 62.5
22 171.5| 288 | 288 | 500 75 | 288 486 | 108 352 | 62.5
26 288 | 726 | 550 | 936 171.5| 500 (907.5| 144 |907.5| 62.5
29 665.5 | 1568 | 1372 | 1568 | 364.5 | 1372 | 1764 | 288 | 1296 | 256
33 1470 1372 1372 1470
[00172] In a separate experiment using the B16F10 tumor model, anti-tumor activity of

the 4-combination RNA mixture of IL-15 sushi, IL-12s¢c, GM-CSF and IFNo was compared

to the 3-combination mixture of IL-15 sushi, IL-12sc, and IFNa. Mice received a single RNA

injection intratumorally on day 11. Treatment with the 4-combination cytokine RNA mixture

that encoded IL-15 sushi, IL-12sc, GM-CSF and IFNa resulted in tumor regression in 6 out

of 10 mice (FIG 2A). Tumors treated with the 3-combination RNA mixture of IL-15 sushi,
IL-12sc, and IFNa, (no GM-CSF) had tumor regression in 8 out of 10 mice (FIG 2B), while

no tumor regression was noted for mice treated with control RNA encoding luciferase (FIG

2C).

Example 3 —Combination of four RNAs reduce tumor volume and promotes immune

[00173]

responses in vivo

A 4-cytokine mixture of RNAs encoding IL-15 sushi, IL-12sc, IFNa, and

FLT3-L was injected into CT26 tumor bearing mice on days 13, 16, 20 and 24 and tumor

growth was monitored to day 50 (5 ug RNA/target and 20 pg of control RNA). As shown in
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Figure 3, intratumoral injection of a combination of four RNAs encoding IL-15 sushi, IL-
12sc, IFNa, and FLT3-L induced tumor regression in 4 out of the 10 mice (FIG 3A), while
mice treated with a control RNA encoding luciferase displayed tumor regression in 1 of 10
animals (FIG 3B). These data were confirmed in a repeat study of similar design. In the
repeat experiment, a mixture of cytokine RNA encoding IL-15 sushi, IL-12sc, IFNo, and
FLT3-L (5 pg RNA/target and 20 pg of control RNA injected on days 11, 14, 17 and 21) led
to tumor regression in 9 of 11 mice (FIG 3C), while treatment with control RNA encoding
luciferase displayed tumor regression in 1 of 11 mice (FIG 3D). Mice treated with a mixture
of cytokine RNA encoding IL-15 sushi, IL-12sc, [FNa, and GM-CSF displayed tumor
regression in 2 of 10 animals (FIG 3E).

[00174] In a separate experiment utilizing the B16F10 tumor model, a mixture of
RNAs encoding IL-15 sushi, IL-12sc, IFNa, and GM-CSF (FIG 4A); IL-15 sushi, IL-12sc,
IFNa, and FLT3-L (FIG 4B); or control RNA encoding luciferase (FIG 4C) (2 ug
RNA/target and 8 pg of control RNA) was injected once into B16F 10 tumor bearing mice on
day 11 and tumor growth was monitored to day 57. As shown in Figure 4, intratumoral
injection of a combination of four RNAs encoding IL-15 sushi, IL-12sc, IFNa, and GM-CSF
induced tumor regression in 7 out of the 10 mice (FIG 4A), intratumoral injection of a
combination of four RNAs encoding IL-15 sushi, IL-12sc, IFNg, and FLT3-L induced tumor
regression in 6 out of the 10 mice (FIG 4B), while mice treated with a control RNA encoding
luciferase displayed tumor regression in 0 of 10 animals (FIG 4C).

[00175] B16F10 tumor bearing mice received single injection of RNA (2 ug
RNA/target or 8 ug of control RNA) and 7 days following intratumoral injection the tumors
were removed, dissociated and stained with a panel of antibodies to assess intratumoral
immune populations. The number of CD8+ T cells and NK cells were enumerated for the
different treatment groups. Results are shown in FIGs 5A and 5B.

[00176] Mice bearing a single CT26 tumor received four intratumoral injections of a
cytokine RN A mixture of 1) IL-15 sushi, GM-CSF, IFNa, and IL-12sc; 2) IL-15 sushi,
FLT3L, IFNa, and IL-12sc; or 3) control RNA encoding luciferase on days 13, 16, 20, 24 (5
ug RNA/target per injection and 20 ug RNA per control injection). Blood was collected 19
and 31 days after first intratumoral RNA administration and T cells specific for the gp70
tumor antigen were quantified by flow cytometry. Frequency of T cells specific for the gp70
tumor antigen in blood were strongly increased in mice upon intratumoral injection of RNA
cytokines compared to mice that had received control RNA (FIGs. 6A (day 19) and 6B (day
31)). On day 31, frequencies of gp70-specifc T cells were higher for the FLT3L containing
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mixture compared to the GM-CSF containing mixture (FIG 6B). In a separate experiment, a
mixture of cytokine RNA IL-15 sushi, IL-12sc, [IFNa, and FLT3-L led to strongly increased
frequency of gp70-specifc T cells compared to control RNA on day 24 (FIG 6C).
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We claim:

1.

A composition or medical preparation comprising RNA encoding an IL-12sc protein,

RNA encoding an IL-15 sushi protein, and RNA encoding an [FNa protein.

The medical preparation or composition according to claim 1, further comprising

RNA encoding an FLT3-L protein.

The composition according to claim 1 or claim 2.

The medical preparation according to claim 1 or claim 2.

The medical preparation or composition of any one of claims 1-4, wherein the RNA is

inaratio of 1:1:1 or 1:1:1:1, and wherein the ratio is validated by quantitative RT-

PCR.

The medical preparation or composition of any one of claims 1-5, wherein the RNA

integrity is greater than or equal to 70%.

The medical preparation or composition of any one of claims 1-6, wherein the

medical preparation or composition comprises less than 250 ng DNA per the total mg

of nucleic acid present.

The medical preparation or composition of any one of claims 1-7, wherein the I[FNa

protein is an [IFNa2b protein.

The medical preparation or composition of any one of claims 1-8, wherein

® the RNA encoding an IL-12sc protein comprises the nucleotide sequence of
SEQ ID NO: 17 or 18, or anucleotide sequence having at least 99%, 98%,
97%, 96%, 95%, 90%, 85%, or 80% identity to the nucleotide sequence of
SEQID NO: 17 or 18; and/or

(i)  the IL-12sc protein comprises the amino acid sequence of SEQ ID NO: 14, or
an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the amino acid sequence of SEQ ID NO:14; and/or

(iii)  the RNA encoding an IL-12sc protein comprises a nucleotide sequence having
at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the p40
portion of IL-12sc (nucleotides 1-984 of SEQ ID NO: 17 or 18) and at least
99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the p30 portion of
IL-12sc (nucleotides 1027-1623 of SEQ ID NO: 17 or 18) and further
comprises nucleotides between the p40 and p35 portions encoding a linker

polypeptide.

10. The medical preparation or composition of any one of claims 1-9, wherein
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(1)

(i)

(iif)

the RNA encoding an IL-15 sushi protein comprises the nucleotide sequence
of SEQ ID NO: 26, or a nucleotide sequence having at least 99%, 98%, 97%,
96%, 95%, 90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID
NO: 26; and/or

the IL-15 sushi protein comprises the amino acid sequence of SEQ ID NO: 24,
or an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the amino acid sequence of SEQ ID NO: 24; and/or
the RNA encoding an IL-15 sushi protein comprises a nucleotide sequence
having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the
sushi domain of IL-15 receptor alpha (nucleotides 1-321 of SEQ ID NO: 26)
and at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to mature
IL-15 (nucleotides 382-729 of SEQ ID NO: 26) and optionally further
comprises nucleotides between the sushi domain of IL-15 and the mature IL-

15 encoding a linker polypeptide.

11. The medical preparation or composition of any one of claims 1-10, wherein

(1)

(i)

the RNA encoding an IFNa protein comprises the nucleotide sequence of SEQ
ID NO: 22 or 23, or a nucleotide sequence having at least 99%, 98%, 97%,
96%, 95%, 90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID
NO: 22 or 23 and/or

the IFNa protein comprises the amino acid sequence of SEQ ID NO: 19, or an
amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%,
or 80% identity to the amino acid sequence of SEQ ID NO: 19.

12. The medical preparation or composition of any one of claims 2-11, wherein

(1)

(i)

the RNA encoding an FLT3-L protein comprises the nucleotide sequence of
SEQ ID NO: 32, or a nucleotide sequence having at least 99%, 98%, 97%,
96%, 95%, 90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID
NO: 32; and/or

the FLT3-L protein comprises the amino acid sequence of SEQ ID NO: 30, or
an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the amino acid sequence of SEQ ID NO: 30.

13. The medical preparation or composition of any one of claims 1-12, wherein at least

one RNA comprises a modified nucleoside in place of at least one uridine.

14. The medical preparation or composition of any one of claims 1-13, wherein at least

one RNA comprises a modified nucleoside in place of each uridine.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

The medical preparation or composition of any one of claims 1-14, wherein each
RNA comprises a modified nucleoside in place of at least one uridine.

The medical preparation or composition of any one of claims 1-15, wherein each
RNA comprises a modified nucleoside in place of each uridine.

The medical preparation or composition of any one of claims 13-16, wherein the
modified nucleoside is independently selected from pseudouridine (), N1-methyl-
pseudouridine (mly), and 5-methyl-uridine (m5U).

The medical preparation or composition of any one of claims 13-17, wherein at least
one RNA comprises more than one type of modified nucleoside, wherein the modified
nucleosides are independently selected from pseudouridine (), N1-methyl-
pseudouridine (mly), and 5-methyl-uridine (m5U).

The medical preparation or composition of claim 18, wherein the modified nucleoside
is N1-methyl-pseudouridine (m1y).

The medical preparation or composition of claims 1-19, wherein at least one RNA
comprises the 5° cap m2”CGppp(m1>-C)ApG or 3"-0-Me-m’G(5")ppp(5")G.

The medical preparation or composition of claims 1-20, wherein each RNA comprises
the 5° cap m2”“OGppp(mi1>-°)ApG or 3'-0-Me-m’G(5")ppp(5")G.

The medical preparation or composition of claims 1-21, wherein at least one RNA
comprises a 5> UTR comprising a nucleotide sequence selected from the group
consisting of SEQ ID NOs: 4 and 6, or a nucleotide sequence having at least 99%,
98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to a nucleotide sequence selected
from the group consisting of SEQ ID NOs: 4 and 6.

The medical preparation or composition of any one of claims 1-22, wherein each
RNA comprises a 5° UTR comprising a nucleotide sequence selected from the group
consisting of SEQ ID NOs: 4 and 6, or a nucleotide sequence having at least 99%,
98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to a nucleotide sequence selected
from the group consisting of SEQ ID NOs: 4 and 6.

The medical preparation or composition of any one of claims 1-23, wherein at least
one RNA comprises a 3> UTR comprising the nucleotide sequence of SEQ ID NO: 8,
or a nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or
80% identity to the nucleotide sequence of SEQ ID NO: 8.

The medical preparation or composition of any one of claims 1-24, wherein each

RNA comprises a3 UTR comprising the nucleotide sequence of SEQ ID NO: 8, or a
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26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80%
identity to the nucleotide sequence of SEQ ID NO: 8.
The medical preparation or composition of any one of the preceding claims, wherein
at least one RNA comprises a poly-A tail.
The medical preparation or composition of any one of claims 1-25, wherein each
RNA comprises a poly-A tail.
The medical preparation or composition of claim 26 or 27, wherein the poly-A tail
comprises at least 100 nucleotides.
The medical preparation or composition of any one of claims 26-28, wherein the poly-
A tail comprises the poly-A tail shown in SEQ ID NO: 66.
The medical preparation or composition of any one of claims 1-29wherein one or
more RNA comprises:
a. a5’ cap comprising mz’* “OGppp(mi>-©)ApG or 3'-0-Me-m’G(5")ppp(5"G;
b. a5 UTR comprising (i) a nucleotide sequence selected from the group
consisting of SEQ ID NOs: 4 and 6, or (i1) a nucleotide sequence having at
least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to a nucleotide
sequence selected from the group consisting of SEQ ID NOs: 4 and 6;
¢. a3’ UTR comprising (i) the nucleotide sequence of SEQ ID NO: 8, or (ii) a
nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or
80% identity to the nucleotide sequence of SEQ ID NO:8; and
d. apoly-A tail comprising at least 100 nucleotides.
The medical preparation or composition of claim 30, wherein the poly-A tail
comprises SEQ ID NO: 66.
The medical preparation or composition of any one of claims 1-31, which is a
pharmaceutical composition comprising the RN As.
The medical preparation or composition of claim 32, wherein the pharmaceutical
composition further comprises one or more pharmaceutically acceptable carriers,
diluents and/or excipients.
The medical preparation or composition of any one of claims 1-33, wherein the RNA
is formulated as a liquid, formulated as a solid, or a combination thereof.
The medical preparation or composition of any one of claims 1-34for pharmaceutical
use.
The medical preparation or composition of claim 35, wherein the pharmaceutical use

comprises a therapeutic or prophylactic treatment of a disease or disorder.
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37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

The medical preparation or composition of claim 36, wherein the therapeutic or
prophylactic treatment of a disease or disorder comprises treating or preventing a
solid tumor.

The medical preparation or composition of claim 37, wherein the solid tumor is a
sarcoma, carcinoma, or lymphoma.

The medical preparation or composition of any one of claims 37 or 38, wherein the
solid tumor is in the lung, colon, ovary, cervix, uterus, peritoneum, testicles, penis,
tongue, lymph node, pancreas, bone, breast, prostate, soft tissue, connective tissue,
kidney, liver, brain, thyroid, or skin.

The medical preparation or composition of any one of claims 37-39, wherein the solid
tumor is an epithelial tumor, Hodgkin lymphoma (HL), non-Hodgkin lymphoma,
prostate tumor, ovarian tumor, renal cell tumor, gastrointestinal tract tumor, hepatic
tumor, colorectal tumor, tumor with vasculature, mesothelioma tumor, pancreatic
tumor, breast tumor, sarcoma tumor, lung tumor, colon tumor, brain tumor, melanoma
tumor, small cell lung tumor, neuroblastoma tumor, testicular tumor, carcinoma
tumor, adenocarcinoma tumor, glioma tumor, seminoma tumor, retinoblastoma, or
osteosarcoma tumor.

The medical preparation or composition of any one of claims 1-40, wherein the RNA
is for intra-tumoral or peri-tumoral administration.

The medical preparation or composition of any one of claims 1-41, wherein the RNA
is formulated for injection.

The medical preparation or composition of any one of claims 1-42, wherein the RNA
is for administration to a human.

The medical preparation or composition of any one of claims 37-43, wherein treating
or preventing the solid tumor comprises reducing the size of a tumor, preventing the
reoccurrence of cancer in remission, or preventing cancer metastasis in a subject.
The medical preparation or composition of any one of claims 36-44, wherein the
therapeutic or prophylactic treatment of a disease or disorder further comprises
administering a further therapy.

The medical preparation or composition of claim 45, wherein the further therapy
comprises one or more selected from the group consisting of: (i) surgery to excise,
resect, or debulk a tumor, (ii) immunotherapy, (iii) radiotherapy, and (iv)

chemotherapy.
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47. The medical preparation or composition of any one of claims 45-46, wherein the

further therapy comprises administering a further therapeutic agent.

48. The medical preparation or composition of claim 47, wherein the further therapeutic

agent is an anti-cancer therapeutic agent.

49. The medical preparation or composition of claim 47 or 48, wherein the further

therapeutic agent is a checkpoint modulator.

50. The medical preparation or composition of claim 49 wherein the checkpoint

modulator is an anti-PD1 antibody, an anti-CTLA-4 antibody, or a combination of an

anti-PD1 antibody and an anti-CTLA-4 antibody.

51. A method for treating or reducing the likelihood of a solid tumor comprising

administering to a subject in need thereof a first RNA, wherein the first RN A encodes

an IL-12sc protein, an IL-15 sushi protein, an FLT3-L protein, or an IFNa, protein and

the subject is further treated with additional RNA, wherein:

a.

if the first RNA encodes an IL-12sc protein, then the additional RNA
comprises RNA encoding an IL-15 sushi protein, RNA encoding an IFNa.
protein, RNA encoding and a FLT3-L protein; or

if the first RNA encodes an IL-15 sushi protein, then the additional RNA
comprises RNA encoding an IL-12sc protein, RNA encoding an IFNa protein,
and RNA encoding a FLT3-L protein; or

if the first RNA encodes an IFNg, protein, then the additional RNA comprises
RNA encoding an IL-15 sushi protein, RNA encoding an IL-12sc protein, and
RNA encoding a FLT3-L protein; or

if the first RNA encodes a FLT3-L protein, then the additional RNA
comprises RNA encoding an IL-15 sushi protein, RNA encoding an IFNa.
protein, and RNA encoding an IL-12sc protein; or

if the first RNA encodes an IL-12sc protein, then the additional RNA
comprises RNA encoding an IL-15 sushi protein and RNA encoding an IFNa.
protein; or

if the first RNA encodes an IL-15 sushi protein, then the additional RNA
comprises RNA encoding an IL-12sc protein and RNA encoding an [FNa
protein; or

if the first RNA encodes an IFNg, protein, then the additional RNA comprises
RNA encoding an IL-15 sushi protein and RNA encoding an IL-12sc protein.

52. A kit comprising the composition of any one of claims 1-50.
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53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

The medical preparation of any one of claims 1-2 or 4-50, wherein the medical

preparation is a kit.

The medical preparation of claim 53 or the kit of claim 52, wherein the RNAs are in

separate vials.

The kit of any one of claims 52-54, further comprising instructions for use of the

composition for treating or preventing a solid tumor.

RNA for use in a method for treating or preventing a solid tumor in a subject, wherein

the method comprises administering RNA encoding an IL-12sc protein, RNA

encoding an IL-15 sushi protein, and RNA encoding an IFNa protein.

Use of RNA encoding an IL-12sc protein, RNA encoding an IL-15 sushi protein, and

RNA encoding an IFNa protein for the treatment of solid tumor.

The RNA or use of any one of claims 56-57, further comprising RNA encoding an

FLT3-L protein.

The RNA or use of any one of claims 56-58, wherein the RNA is in aratio of 1:1:1 or

1:1:1:1, and wherein the ratio is validated by quantitative RT-PCR.

The RNA or use of any one of claims 56-59, wherein the RNA integrity is greater

than or equal to 70%.

The RNA or use of any one of claims 56-60, wherein the medical preparation or

composition comprises less than 250 ng DNA per the total mg of nucleic acid present.

The RNA or use of any one of claims 56-61, wherein the IFNa protein is an [IFNa2b

protein.

The RNA or use of any one of claims 56-62, wherein

® the RNA encoding an IL-12sc protein comprises the nucleotide sequence of
SEQ ID NO: 17 or 18, or anucleotide sequence having at least 99%, 98%,
97%, 96%, 95%, 90%, 85%, or 80% identity to the nucleotide sequence of
SEQID NO: 17 or 18 and/or

(i)  the IL-12sc protein comprises the amino acid sequence of SEQ ID NO: 14, or
an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the amino acid sequence of SEQ ID NO: 14; and/or

(iii)  the RNA encoding an IL-12sc protein comprises a nucleotide sequence having
at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the p40
portion of IL-12sc (nucleotides 1-984 of SEQ ID NO: 17 or 18) and at least
99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the p30 portion of
IL-12sc (nucleotides 1027-1623 of SEQ ID NO: 17 or 18) and further
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comprises nucleotides between the p40 and p35 portions encoding a linker

polypeptide.

64. The RNA or use of any one of claims 56-63, wherein

(1)

(i)

(iif)

the RNA encoding an IL-15 sushi protein comprises the nucleotide sequence
of SEQ ID NO: 26, or a nucleotide sequence having at least 99%, 98%, 97%,
96%, 95%, 90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID
NO: 26 and/or

the IL-15 sushi protein comprises the amino acid sequence of SEQ ID NO: 24,
or an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the amino acid sequence of SEQ ID NO: 24; and/or
the RNA encoding an IL-15 sushi protein comprises a nucleotide sequence
having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the
sushi domain of IL-15 receptor alpha (nucleotides 1-321 of SEQ ID NO: 26)
and at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to mature
IL-15 (nucleotides 382-729 of SEQ ID NO: 26) and optionally further
comprises nucleotides between the sushi domain of IL-15 and the mature IL-

15 encoding a linker polypeptide.

65. The RNA or use of any one of claims 58-64, wherein

(1)

(i)

the RNA encoding an FLT3-L protein comprises the nucleotide sequence of
SEQ ID NO: 32, or a nucleotide sequence having at least 99%, 98%, 97%,
96%, 95%, 90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID
NO: 32; and/or

the FLT3-L protein comprises the amino acid sequence of SEQ ID NO: 30, or
an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the amino acid sequence of SEQ ID NO: 30.

66. The RNA or use of any one of claims 56-65, wherein

(1)

(i)

the RNA encoding an IFNa protein comprises the nucleotide sequence of SEQ
ID NO: 22 or 23, or a nucleotide sequence having at least 99%, 98%, 97%,
96%, 95%, 90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID
NO: 22 or 23 and/or

the IFNa protein comprises the amino acid sequence of SEQ ID NO: 19, or an
amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%,
or 80% identity to the amino acid sequence of SEQ ID NO: 19.
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67.

63.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

The RNA or use of any one of claims 56-66, wherein at least one RNA comprises a
modified nucleoside in place of at least one uridine.

The RNA or use of any one of claims 56-67, wherein at least one RNA comprises a
modified nucleoside in place of each uridine.

The RNA or use of any one of claims 56-68, wherein each RNA comprises a modified
nucleoside in place of at least one uridine.

The RNA or use of any one of claims 56-69, wherein each RNA comprises a modified
nucleoside in place of each uridine.

The RNA or use of any one of claims 67-70, wherein the modified nucleoside is
independently selected from pseudouridine (y), N1-methyl-pseudouridine (m1y) and
5-methyl-uridine (m5U).

The RNA of any one of claims 67-71, wherein at least one RNA comprises more than
one type of modified nucleoside, wherein the modified nucleosides are independently
selected from pseudouridine (), N1-methyl-pseudouridine (mly), and 5-methyl-
uridine (m5U).

The RNA or use of claim 72, wherein the modified nucleoside is N1-methyl-
pseudouridine (m1y).

The RNA or use of any one of claims 56-73, wherein at least one RNA comprises the
57 cap m27,3’-OGppp(m12°-0O)ApG or 3'-O-Me-m7G(5)ppp(5")G.

The RNA or use of any one of claims 56-73, wherein at each RNA comprises the 5°
cap m27,3’-OGppp(m12°-0)ApG or 3'-O-Me-m7G(5")ppp(5")G.

The RNA or use of any one of claims 56-75, wherein at least one RNA comprises a 5’
UTR comprising a nucleotide sequence selected from the group consisting of SEQ ID
NOs: 4 and 6, or a nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%,
90%, 85%, or 80% identity to a nucleotide sequence selected from the group
consisting of SEQ ID NOs: 4 and 6.

The RNA or use of any one of claims 56-76, wherein each RNA comprises a 5> UTR
comprising a nucleotide sequence selected from the group consisting of SEQ ID NOs:
4 and 6, or a nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to a nucleotide sequence selected from the group consisting of
SEQ ID NOs: 4 and 6.

The RNA or use of any one of claims 56-77, wherein at least one RNA comprises a 3’

UTR comprising the nucleotide sequence of SEQ ID NO: 8, or a nucleotide sequence
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79.

30.

31.

32.

33.

34.

85.
36.

37.

38.

having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the
nucleotide sequence of SEQ ID NO: 8.
The RNA or use of any one of claims 56-78, wherein each RNA comprises a 3> UTR
comprising the nucleotide sequence of SEQ ID NO: 8, or a nucleotide sequence
having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the
nucleotide sequence of SEQ ID NO: 8.
The RNA or use of any one of claims 56-79, wherein at least one RNA comprises a
poly-A tail.
The RNA or use of any one of claims 56-80, wherein each RNA comprises a poly-A
tail.
The RNA or use of claim 80 or 81, wherein the poly-A tail comprises at least 100
nucleotides.
The RNA or use of any one of claims 80-82, wherein the poly-A tail comprises the
poly-A tail shown in SEQ ID NO: 66.
The RNA or use of any one of claims 56-83, wherein one or more RNA comprises:
a. a5’ cap comprising m2”* “OGppp(mi1>°)ApG or 3'-0O-Me-
m’G(5")ppp(5")G:
b. a5’ UTR comprising (i) a nucleotide sequence selected from the group
consisting of SEQ ID NOs: 4 and 6, or (ii) a nucleotide sequence having at
least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to a
nucleotide sequence selected from the group consisting of SEQ ID NOs: 4
and 6;
¢. a3 UTR comprising (i) the nucleotide sequence of SEQ ID NO: 8, or (i1)
a nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the nucleotide sequence of SEQ ID NO:8; and
d. apoly-A tail comprising at least 100 nucleotides.
The RNA or use of claim 84, wherein the poly-A tail comprises SEQ ID NO: 66.
The RNA or use of any one of claims 56-85, wherein the method further comprises
administering a further therapy.
The RNA or use of claim 86, wherein the further therapy comprises one or more
selected from the group consisting of: (i) surgery to excise, resect, or debulk a tumor,
(i1) immunotherapy, (iii) radiotherapy, and (iv) chemotherapy.
The RNA or use of claim 86 or 87, wherein the further therapy comprises

administering a further therapeutic agent.
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39.

90.

91.

92.

93.

94.

9s.

96.

97.

98.
99.

100.

101.

The RNA or use of claim 88, wherein the further therapeutic agent is an anti-cancer
therapeutic agent.

The RNA or use of claim 86 or 87, wherein the further therapeutic agent is a
checkpoint modulator.

The RNA or use of claim 90, wherein the checkpoint modulator is an anti-PD1
antibody, an anti-CTLA-4 antibody, or a combination of an anti-PD1 antibody and an
anti-CTLA-4 antibody.

The RNA or use of any one of claims 56-91, wherein the solid tumor is a sarcoma,
carcinoma, or lymphoma.

The RNA or use of any one of claims 56-91, wherein the solid tumor is in the lung,
colon, ovary, cervix, uterus, peritoneum, testicles, penis, tongue, lymph node,
pancreas, bone, breast, prostate, soft tissue, connective tissue, kidney, liver, brain,
thyroid, or skin.

The RNA or use of any one of claims 56-93, wherein the solid tumor is an epithelial
tumor, Hodgkin lymphoma (HL), non-Hodgkin lymphoma, prostate tumor, ovarian
tumor, renal cell tumor, gastrointestinal tract tumor, hepatic tumor, colorectal tumor,
tumor with vasculature, mesothelioma tumor, pancreatic tumor, breast tumor, sarcoma
tumor, lung tumor, colon tumor, brain tumor, melanoma tumor, small cell lung tumor,
neuroblastoma tumor, testicular tumor, carcinoma tumor, adenocarcinoma tumor,
glioma tumor, seminoma tumor, retinoblastoma, or osteosarcoma tumor.

The RNA or use of any one of claims 56-94, wherein the RNA is administered intra-
tumorally or peri-tumorally.

The RNA or use of any one of claims 56-95, wherein the RNA is formulated for
injection.

The RNA or use of any one of claims 86-96, wherein the further therapeutic agent is
administered systemically.

The RNA or use of any one of claims 56-97, wherein the subject is a human.

The RNA or use of any one of claims 56-98, wherein the RNAs are administered at
the same time.

The RNA or use of any one of claims 56-99, wherein the RNAs are
administered via injection, wherein the RNAs are mixed together in liquid solution
prior to injection.

The RNA or use of any one of claims 56-100, wherein the RN As are

administered by administering a composition comprising a combination of the RNAs.
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102. The RNA or use of any one of claims 56-100, wherein treating or preventing a
solid tumor comprises reducing the size of a tumor, preventing the reoccurrence of
cancer in remission, or preventing cancer metastasis in a subject.

103. A composition or medical preparation comprising RNA encoding an IL-12sc
protein, RNA encoding an IL-15 sushi protein, RNA encoding an IFNa protein, and
RNA encoding an FLT3-L protein.

104. The composition according to claim 103.
105. The medical preparation according to claim 103,
106. The medical preparation or composition according to claims 103-105, wherein

the RNA isin aratio of 1:1:1 or 1:1:1:1, and wherein the ratio is validated by
quantitative RT-PCR.

107. The medical preparation or composition according to claims 103-106, wherein
the RNA integrity is greater than or equal to 70%.

108. The medical preparation or composition according to claims 103-107, wherein
the medical preparation or composition comprises less than 250 ng DNA per the total
mg of nucleic acid present.

109. The medical preparation or composition according to claims 103-108, wherein
the IFNa protein is an [IFNa2b protein.

110. The medical preparation or composition according to claims 103-109, wherein

) the RN A encoding an IL-12sc protein comprises the nucleotide
sequence of SEQ ID NO: 17 or 18, or anucleotide sequence having at
least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the
nucleotide sequence of SEQ ID NO: 17 or 18; and/or

(i)  the IL-12sc protein comprises the amino acid sequence of SEQ ID NO:
14, or an amino acid sequence having at least 99%, 98%, 97%, 96%,
95%, 90%, 85%, or 80% identity to the amino acid sequence of SEQ
ID NO:14; and/or

(iii)  the RNA encoding an IL-12sc protein comprises a nucleotide sequence
having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity
to the p40 portion of IL-12sc (nucleotides 1-984 of SEQ ID NO: 17 or
18) and at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80%
identity to the p30 portion of IL-12sc (nucleotides 1027-1623 of SEQ
ID NO: 17 or 18) and further comprises nucleotides between the p40
and p35 portions encoding a linker polypeptide.
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111.

112.

113.

(1)

(i)

(iif)

wherein

(1)

(i)

(1)

(i)
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The medical preparation or composition according to claims 103-110, wherein

the RN A encoding an IL-15 sushi protein comprises the nucleotide
sequence of SEQ ID NO: 26, or a nucleotide sequence having at least
99%, 98%, 97%., 96%, 95%, 90%, 85%, or 80% identity to the
nucleotide sequence of SEQ ID NO: 26; and/or

the IL-15 sushi protein comprises the amino acid sequence of SEQ ID
NO: 24, or an amino acid sequence having at least 99%, 98%, 97%,
96%, 95%, 90%, 85%, or 80% identity to the amino acid sequence of
SEQ ID NO: 24; and/or

the RN A encoding an IL-15 sushi protein comprises a nucleotide
sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or
80% identity to the sushi domain of IL-15 receptor alpha (nucleotides
1-321 of SEQ ID NO: 26) and at least 99%, 98%, 97%, 96%, 95%,
90%, 85%, or 80% identity to mature IL-15 (nucleotides 382-729 of
SEQ ID NO: 26) and optionally further comprises nucleotides between
the sushi domain of IL-15 and the mature IL-15 encoding a linker

polypeptide.

The medical preparation or composition of according to claims 103-111,

the RNA encoding an IFNa protein comprises the nucleotide sequence
of SEQ ID NO: 22 or 23, or anucleotide sequence having at least 99%,
98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the nucleotide
sequence of SEQ ID NO: 22 or 23 and/or

the IFNa protein comprises the amino acid sequence of SEQ ID NO:
19, or an amino acid sequence having at least 99%, 98%, 97%, 96%,
95%, 90%, 85%, or 80% identity to the amino acid sequence of SEQ
ID NO: 19.

The medical preparation or composition according to claims 103-112, wherein

the RNA encoding an FLT3-L protein comprises the nucleotide
sequence of SEQ ID NO: 32, or anucleotide sequence having at least
99%, 98%, 97%., 96%, 95%, 90%, 85%, or 80% identity to the
nucleotide sequence of SEQ ID NO: 32; and/or

the FLT3-L protein comprises the amino acid sequence of SEQ ID

NO: 30, or an amino acid sequence having at least 99%, 98%, 97%,
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96%, 95%, 90%, 85%, or 80% identity to the amino acid sequence of
SEQ ID NO: 30.

114. The medical preparation or composition according to claims 103-113, which is
a pharmaceutical composition comprising the RNAs.

115. The medical preparation or composition of claim 114, wherein the
pharmaceutical composition further comprises one or more pharmaceutically
acceptable carriers, diluents and/or excipients.

116. The medical preparation or composition according to claims 103-115, wherein
the RNA is formulated as a liquid, formulated as a solid, or a combination thereof.

117. The medical preparation or composition according to claims 103-116, for
pharmaceutical use.

118. The medical preparation or composition according to claims 103-117, wherein
the pharmaceutical use comprises a therapeutic or prophylactic treatment of a disease
or disorder.

119. The medical preparation or composition according to claims 103-118, wherein
the therapeutic or prophylactic treatment of a disease or disorder comprises treating or
preventing a solid tumor.

120. The medical preparation or composition of claim 119, wherein the solid tumor
is a sarcoma, carcinoma, or lymphoma.

121. The medical preparation or composition of according to claims 119-120,
wherein the solid tumor is in the lung, colon, ovary, cervix, uterus, peritoneum,
testicles, penis, tongue, lymph node, pancreas, bone, breast, prostate, soft tissue,
connective tissue, kidney, liver, brain, thyroid, or skin.

122, The medical preparation or composition of according to claims 103-121,
wherein the solid tumor is an epithelial tumor, Hodgkin lymphoma (HL), non-
Hodgkin lymphoma, prostate tumor, ovarian tumor, renal cell tumor, gastrointestinal
tract tumor, hepatic tumor, colorectal tumor, tumor with vasculature, mesothelioma
tumor, pancreatic tumor, breast tumor, sarcoma tumor, lung tumor, colon tumor, brain
tumor, melanoma tumor, small cell lung tumor, neuroblastoma tumor, testicular
tumor, carcinoma tumor, adenocarcinoma tumor, glioma tumor, seminoma tumor,

retinoblastoma, or osteosarcoma tumor.

123. RNA for use in a method for treating or preventing a solid tumor in a subject,

wherein the method comprises administering RNA encoding an IL-12sc protein, RNA
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encoding an IL-15 sushi protein, RNA encoding an IFNa protein, and RNA encoding

a FLT3-L protein.
124. Use of RNA encoding an IL-12sc protein, RNA encoding an IL-15 sushi

protein, RNA encoding an IFNa protein, and RNA encoding an FLT3-L for the

treatment of solid tumor.
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