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TITLE

Madified RNA Encoding VEGEF-A Polypeptides, Formulations, and Uses
Relating Thereto

1. FIELD

{001]  The disclosure relates to modified RNA molecules encoding VEGE-A
polypeptides and formulations comprising the modified RNA. Aspects of the disclosure
further relate to preparations and uses of formulations comprising the moditied RNA in
treating subjects suffering from diseases responsive to VEGF-A therapy.

2. BACKGROUND

(0021  Vascular endothelial growth factor A (VEGEF-A) pathways play a central
role in the control of cardiovascular physiological function in general, and arteriogenesis
in particular. VEGF-A’s roles include activation of nitric oxide {(NO) signaling, vascular
permeability, tumor angiogenesis, arteriogenesis, endothelial replication, and cell fate
switch for multipotent cardiovascular progenitors. While inhibition of VEGF-A pathways
via both small molecules and antibodies has become the standard of care in selected
forms of cancer and macular degeneration, it has remained challenging to unlock the
potential of sugmenting VEGF-A pathways for potential therapeutic effects that include
relaxing sinooth muscle, promoting new vessel formation, and potentially reversing the
defects in vascular response associated with diabetic vascular complications.

[003]  As such, a diverse number of methods have been attempted to aliow
clinically tractable approaches to control the spatial and temporal expression of VEGF-A
in target tissucs. However, each of the approaches has significant drawbacks: systemic

VEGF-A protein approaches can result in significant hypotension and VEGEF-A is rapidly
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degraded; viral encapsulated and naked VEGF-A DNA plasmids have limited temporal
conirol of protein expression and the efficiency of in vivo expression can be highly
variable and non-dose dependent; adenoviral vectors can activate the immune system;
and naked RNA is labile, has low levels of transfection, and also can trigger immune
activation. As a result, these limitations have restricied the applicability of VEGF-A as a
therapeutic platform.

{004]  In some previous studies, the in vivo use of therapeutic RNAs, e.g.,
5iRNAs, has been dependent on utilizing lipid-nanoparticles (LNPs) to protect the mRNA
from degradation as well as for efficient transfection. Furthermore, attempts to reach
therapeutic levels of RINAI therapy in organs other than liver have resulted in infusion
related hypersensitivity reactions as well as hepatotoxicity, thus limiting their use for
discase therapy in other organ systems (Rudin C. M. et al,, Clin. Cancer Res., (2004) 10,
7244-7251). In addition, other variants of these LNPs have been used clinically for
therapeutic uses in selected cases, but can cause dose-dependent tissue injury (Coelho T,
et al., N Engl J Med, (2013) 369, 819-829). Examples of such dose-dependent toxicity
effects of some lipid-based nucleic acid pharmaceutical formulations include infusion
related reactions such as dyspnea, hypoxia, rigors, back pain, hypotension, and liver
injury. Furthermore, while cationic lipids are typically included in lipid formulations of
RNA therapeutics, , e.g., siRNA, to improve RNA encapsulation and stability, some such
lipids may exhibit dose dependent toxicities, such as disraption of the integrity of a
membrane structure, cell Ivsis and necrosis, and/or alteration of the expression of
multiple genes in undesirable manner (Xue H.Y., Curr Pharm Des., (2015) 21(22):3140-
7). At preclinical and clinical levels, dose dependent systemic toxicities of lipoplexes

~
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have also been well-documented. Capture of lipoplexes by Kupfler cells in liver can
trigger inflammatory responses, which may inflict damages to liver and result in elevated
levels in major liver function indicators. Leukopenia and thrombocytopenia may also
occur (Zhang J., Adv Drug Deliv Rev,, {2005) 57(5):689-698). Moreover, lipofectamine
causes an bnmune/inflammatory response and cell death.

[005]  Accordingly, to avoid the potential immunogenicity of RNA and the
dose-dependent toxicities associated with some LNPs, there is a need for alternative, less
toxic formulations of moditied RNAs encoding VEGF-A polypeptides, to deliver the
modified RNAs at therapeutically appropriate levels in treating subjects suffering {rom
diseases responsive to VEGF-A therapy.

L SUMMARY

[006]  The disclosure relates to modified RNA meolecules encoding VEGHF-A
polypeptides and formulations comprising the modified RNA. Also disclosed are the
consequent benefits of VEGF-A modified RNA in these forraulations for protein
expression, producing therapeutics with less toxicity, and providing tools useful in
treating subjects suffering from discases responsive to VEGE-A therapy.

[007]  Certain embodiments of the present disclosure are summarized in the
following paragraphs. This list is only exemplary and not exhaustive of all of the
embodimenis provided by this disclosure.

{008] Embodiment 1. A composition comprising a modified RNA, preferably
the modified RNA of SEQ 1D NO: 1, encoding a VEGF-A polypeptide of SEQ HDNO: 2

and a buffer, preferably a citrate saline buffer, a phosphate-buffered saline (PBS) butter,

['5]
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or a tromethamine (THAM) buffer, wherein the buffer is substantially free of divalent cations; or a
composition comprising a modified mRNA encoding a VEGF-A polypeptide of SEQ ID NO: 2 and a
buffer, wherein the buffer is substantially free of divalent cations and the composition does not include
a lipid-based complex.

[009] Embodiment 2. A formulation comprising a pharmaceutically acceptable amount of a
modified RNA, preferably the modified RNA of SEQ ID NO: 1, encoding a VEGF-A polypeptide of
SEQ ID NO: 2 and a buffer, preferably a citrate saline buffer, a phosphate-buffered saline (PBS) buffer,
or a tromethamine (THAM) buffer, wherein the buffer is substantially free of divalent cations; or a
formulation comprising a pharmaceutically acceptable amount of a modified mRNA encoding a
VEGF-A polypeptide of SEQ ID NO: 2 and a buffer, wherein the buffer is substantially free of divalent
cations and the composition does not include a lipid-based complex.

[010] Embodiment 3. The formulation of embodiment 2, wherein said buffer substantially
free of divalent cations is a citrate saline buffer.

[011] Embodiment 4. The formulation of embodiment 3, wherein the citrate saline buffer is
substantially free of calcium and magnesium.

[012] Embodiment 5. The formulation of embodiment 3, wherein the citrate saline buffer
contains no calcium or magnesium.

[013] Embodiment 6. The formulation of embodiment 2, further comprising a
pharmaceutically acceptable excipient.

[014] Embodiment 7. The formulation of embodiment 6, wherein the pharmaceutically
acceptable excipient is chosen from a solvent, dispersion media, diluent, dispersion, suspension aid,
surface active agent, isotonic agent, thickening or emulsifying agent, preservative, core-shell
nanoparticles, polymer, peptide, protein, cell, hyaluronidase, and mixtures thereof.

[015] Embodiment 8. A method of treating a subject suffering from a disease responsive to

VEGF-A therapy, comprising administering to the subject the composition
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according to embodiment 1, and/or the formulation according to any one of embodiments
2-7.
[016] Embodiment 9. The method of embodiment 8, wherein the buffer that is

substantially free of divalent cations in said composition or formulation is a citrate saline

[017] Embodiment 10. The method of embodiment 9, wherein the citrate saline
buffer is substantially free of calcium and magnesium.

{018] Embodiment 11, The method of embodiment 9, wherein the citrate saline
buffer contains no calcium or maguesium.

(0191 Embodiment 12, The method of embodiment 8, wherein the formulation
further comprises a pharmaceutically acceptable excipient.

(0201 Embodiment 13, The method of embodiment 12, wherein the
pharmaceutically acceplable excipient is chosen from a solvent, dispersion media,
diluent, dispersion, suspension aid, surface active agent, isotonic agent, thickening or
ennlsifying agent, preservative, core~-shell nanoparticles, polymer, peptide, protein, cell,
hyaluronidase, and mixtures thereof,

(0211  Embodiment 14, The method of embodiment 8, wherein the disease is
chosen from heart failure with reduced or preserved ejection fraction, kadoey disease, a
disease involving skin grafling and tissue grafling, post-Ml cardiac dysfunction, ischemic
heart disease, a vascular injury from frauma or surgery, a skin ulcer including a diabetic
uleer, critical limb ischemia, pulmonary hypertension, and peripheral arterial discase.

(0221 Embodiment 15, The method of embodiment 8, wherein the disease is

heart failure with reduced or preserved ejection fraction.
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{023] Embodiment 16. The method of embodiment 8, wherein the disease i3
post-MI cardiac dysfunction.

[024] Embodiment 17. The method of embodiment 8, wherein the diseasc is
ischemic heart disease.

[023] Embodiment 18. The method of embodiment 8, whercin the disease is a
vascular injury from trauma or surgery.

[026] Embodiment 19. The method of embodiment 8, wherein the disease is a
skin ulcer including a diabetic ulcer.

0271 Embodiment 20. The method of embodiment &, wherein the disease is
critical Hmb ischemia.

[028] Embodiment 21. The method of embodiment &, wherein the disease is
pulmonary hypertension.

[029]  Embodiment 22. The method of embodiment 8, wherein the disease is
peripheral arterial disease.

[030] Fmbodiment 23. The method of embodiment 8, wherein the corapostiion
or formulation is administered to the subject via intramuscular, tradermal,
subcutaneous, intracardiac, or epicardiac route, through a portal vein catheter, through a
coronary sinus catheter, and/or by direct administration into the area to be treated.

[031] Embodiment 24. The method of embodiment 8, wherein the composition
or formulation is administered to the subject intramuscularly.

[0321  Embodiment 25. The method of embodiment 8, wherein the composition

or formulation is administered to the subject intradermally.
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[033] Embodiment 26. The method of embodiment 8, wherein the composition
or formulation is administered to the subject subcutaneously.

[034] Embodiment 27. The method of embodiment 8, wherein the composition
or formulation is administered to the subject intracardially or epicardially, preferably at a
fixed-dosage in multiple administrations,

[035] Embodiment 28, The method of embodiment 8, wherein the composition
or formulation is administered to the subject through a portal vein catheter, preferably at
a fixed-dosage in multiple administrations.

[036]  Embodiment 29. The method of embodiment 8, wherein the composttion
or formulation is administered to the subject through a coronary sinus catheter, preferably
at a fixed-dosage in multiple administrations.

[037] Embodiment 30. The method of embodiment &, wherein the composition
or formulation is administered to the subject by direct administration into the area to be
treated, preferably at a fixed-dosage in multiple administrations.

{038] Embodiment 31. The method of embodiment 8, wherein the composition
or formulation comprises a concentration of the modified RNA of between 0.1 and 1
ug/ul, preferably formulated in citrate saline buffer.

[039] Embodiment 32. The method of embodiment 8, wherein the composition
or formulation comprises a concentration of the modified RNA of between 1 and 10
ng/pl, preferably formulated in citrate saline buffer,

[040] Embodiment 33. The method of embodiment 8, wherein the composition
or formulation comprises a concentration of the modified RNA of between 10 and 50

ng/pl., preferably formulated in citrate saline butfer.
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(0417 Embodiment 34. The method of embodiment 9, wherein the composition
or formulation with citrate saline buffer is less toxic to the subject than a lipid-based
composition or formulation.

(0421 Embodiment 35. A method for modulating a physiological processin a
marmmalian cell, tissue, or subject comprising contacting said mammalian cell, tissue, or
subject with the composition according to embodiment 1, and/or the formulation
according to any one of embodiments 2-7.

(043}  Embodiment 36. The method of embodiment 35, wherein the modulating
is chosen from inducing angiogenesis, stimulating vascular cell proliferation, increasing
proliferation and/or altering the fate of epicardial derived progenitor cells, upregulating
endothelialization, inducing cardiac regencration, increasing revascularization of tissue
grafts for wound healing, improving vascular function, increasing tissue perfusion and
new vessel formation, reducing scar tissue, and improving cardiac function.

[044] Embodiment 37. The method of embodiment 35, wherein the modulating
comprises inducing angiogenesis.

[045] Embodiment 38. The method of embodiment 35, wherein the modulating
comprises stimulating vascular cell proliferation.

{046] Embodiment 39. The method of embodiment 35, wherein the modulating
comprises increasing proliferation and/or altering the fate of epicardial derived progenitor
cells.

f047] Embodiment 40. The method of embodiment 35, wherein the modulating

comprises upregulating endothelialization.
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(04817 Embodiment 41. The method of embodiment 35, wherein the modulating
comprises inducing cardiac regeneration.

[0491 Embodiment 42. The method of embodiment 35, wherein the modulating
comprises increasing revascularization of tissue grafts for wound healing.

[050] Embodiment 43. The method of embodiment 35, wherein the modulating
comprises improving vascular function.

[051] Embodiment 44. The method of embodiment 35, wherein the modulating
comprises increasing tissue perfusion and new vessel formation.

[052] Embodiment 45. The method of embodiment 35, wherein the modulating
comprises reducing scar tissue.

[053] Embodiment 46. The method of embodiment 35, wherein the modulating
comprises irproving cardiac function.

[054] Embodiment 47. The method of embodiment 35, wherein the buffer that
is substantially free of divalent cations in said composition or formulation is a citrate
saline buffer.

{0551 Embodiment 48. The method of embodiment 47, wherein the citrate
saline buffer is substantially free of calcium and magnesium.

{056] Embodiment 49. The method of embodiment 47, wherein the citrate
saline buffer contains no calcium or magnesiun.

(0571 FEmbodiment 50, The method of embodiment 35, wherein the
composition or formulation comprises a concentration of the modified RNA of between

0.1 and 1 pg/nl, preferably formulated in citrate saline buffer.
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[058]  EBmbodiment 51. The method of embodiment 35, wherein the
composition or formulation comprises a concentration of the modified RNA of between |
and 10 pg/ul, preferably formulated in citrate saline buffer.

(0597  Embodiment 52. The method of embodiment 35, wherein the
composition or formulation comprises a concentration of the modified RINA of between
10 and 50 pg/pL, preferably formulated in citrate saline buffer.

(0607 Embodiment 53. A method for expressing VEGF-A in a mammalian cell
or lissue, comprising contacting said mammalian cell or tissue with the compostiion
according to embodiment T, and/or the formulation according to any one of embodiments
2-7.

[061] Embodiment 54, The method of embodiment 53, wherein the buffer that
is substantially free of divalent cations in said composition or formulation is a citrate
saline butfer.

[062] Embodiment 55. The method of embodiment 54, wherein the citrate
saline buffer is substantially free of caleium and magnesium.

[063] Embodiment 56. The method of embodiment 54, wherein the citrate
saline butfer contains no calcium or magnesium.

[064] Embodiment 57. The method of embodiment 53, wherein the
composition or formulation comprises a concentration of the modified RNA of between
0.1 and 1 ug/ul, preferably formulated in citrate saline buffer.

(0657 Embodiment 58. The method of embodiment 53, wherein the
composition or formulation comprises a concentration of the modified RNA of between |
and 10 ug/ul., preferably formulated in citrate saline buffer.

10
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[066] Embodiment 59. The method of embodiment 53, Whereiﬁ the
composition or formulation comprises a concentration of the modified RNA of between
10 and 5O pg/pul, preferably formulated in citrate saline buffer,

0671 Embodiment 60. A method of producing VEGF-A in a subject,
comprising administering to said subject the composition according to embodiment 1,
and/or the formulation according to any one of embodiments 2-7.

(0681  Embodiment 61. The method of embodiment 60, wherein the buffer that
is substantially free of divalent cations in said composition or formulation is a citrate
saline butfer.

[069] ‘mbodiment 62. The method of embodiment 61, wherein the citrate
saline buffer is substantially free of calcium and magnesium.

10701 Embodiment 63, The method of embodiment 61, wherein the citrate
saling buffer contains no calcium or magnesium.

{0711 Embodiment 64. The method of embodiment 60, wherein the
formulation further comprises a pharmaceutically acceptable excipient.

{0721 Embodiment 65. The method of embodiment 64, wherein the
pharmaceutically acceptable excipient is chosen from a solvent, dispersion media,
diluent, dispersion, suspension aid, surface active agent, isotonic agent, thickening or
emulsifying agent, preservative, core-shell nanoparticles, polymer, peptide, protein, cell,
hyaluronidase, and mixtures thereof.

{0731 Embodiment 66, The method of embodiment 60, wherein the subject is

suffering from a disease respounsive to VEGE-A therapy.

11
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[074] Embodiment 67. The method of emnbodiment 66, wherein the disease is
chosen from heart failure with reduced or preserved ejection fraction, kidney disease, a
disease involving skin grafting and tissue grafting, post-MI cardiac dysfunction, ischemic
heart disease, a vascular injury from trauma or surgery, a skin ulcer including a diabetic
ulcer, critical limb ischemia, pulmonary hypertension, and peripheral arterial disease.

[075] Embodiment 68. The method of embodiment 66, wherein the discase is
heart failure with reduced or preserved ejection fraction.

[076] Embodiment 69. The method of embodiment 66, wherein the disease is
post-MI cardiac dysfunction.

07717 Embodiment 70. The method of embodiment 66, wherein the discase 15
ischemic heart disease.

[078] Embodiment 71, The method of embodiment 66, wherein the discase 1s a
vascular injury from trauma or surgery.

(0791 Embodiment 72. The method of embodiment 66, wherein the disease is a
skin uleer including a diabetic ulcer.

0807  Embodiment 73. The method of embodiment 66, wherein the disease is
critical imb ischemia.

(0811 Embodiment 74. The method of embodiment 66, wherein the disease is
pulmonary hypertension.

08217 Embodiment 735. The method of embodiment 66, wherein the disease is
peripheral arterial disease.

[083]  Embodiment 76. The method of embodiment 60, wherein the
compostiion or formulation is administered to the subject via intramuscular, intradermal,

12
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subcutaneous, intracardiac, or epicardiac route, through a portal vein catheter, through a
coronary sirus catheter, and/or by direct administration into the area to be treated.

[084] Embodiment 77. The method of embodiment 60, wherein the
composition or formulation is administered to the subject intramuscularly.

{0851 Embodiment 78. The method of embodiment 60, wherein the
composition or formulation is administered to the subject intradermally.

[086] Embodiment 79. The method of embodiment 60, wherein the
composition or formulation is administered to the subject subcutanecusly.

[087] Embodiment 80. The method of embodiment 60, wherein the
composition or formulation is administered to the subject intracardially or epicardially,
preferably at a fixed-dosage in multiple administratious.

[088] Embodiment 81. The method of embodiment 60, wherein the
composition or formulation is administered to the subject through a portal vein catheter,
preferably at a fixed-dosage in multiple administrations.

[089] Embodiment 82. The method of embodiment 60, wherein the
composition or formulation is administered to the subject through a coronary sinus
catheter, preferably at a fixed-dosage in multiple administrations.

(0907 Embodiment 83. The method of embodiment 60, wherein the
composition or formulation is administered to the subject by direct administration into the
area to be freated, preferably at a fixed-dosage in multiple administrations.

(0911 Embodiment 84. The method of embodiment 60, wherein the
composition or formulation comprises a concentration of the modified RNA of between

0.1 and 1 pg/ukL, preferably formulated in citrate saline buffer.
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(09217  Embodiment 85, The method of embodiment 60, wherein the
composition or formulation comprises a concentration of the modified RINA of between |
and 10 ug/ul, preferably formulated in citrate saline buffer.

(0931 Embodiment 86. The method of embodiment 60, wherein the
composition or formulation comprises a concentration of the modified RNA of between
10 and 50 ug/pl., preferably formulated in eitrate saline buffer.

0941  Embodiment 87. A method for preparing a composition or formulation,
comprising combining a modified RNA, preferably the modified RNA of SEQ ID NO: |,
encoding a VEGF-A polypeptide of SEQ ID NO: 2 with a buffer, preferably a citrate
saline buffer, a phosphate-buffered saline (PBS) buffer, or a trometharine (THAM)
buffer into the composition or formulation, wherein the buffer is substantially free of
divalent cations, and wherein the composition or formulation is effective for treating a
subject suffering from a disease responsive to VEGF-A therapy,

0951 Embodiment 88. The method of embodiment 87, wherein the citrate
saline buffer is substantially free of calcium and magnesium.

{0961 Embodiment 89, The method of embodiment 87, wherein the citrate
saline buffer contains no calcium or magnesium,

{0971  Embodiment 90, The method of embodiment 87, wherein the
composition or formulation comprises a concentration of the modified RNA of between
0.1 and 1 pg/ul, preferably formulated in citrate saline butfer.

(0981 Embodiment 91. The method of embodiment 87, wherein the
composition or formulation comprises a concentration of the modified RNA of between 1
and 10 ug/pL, preferably formulated in citrate saline buffer,

i4
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[099] Embodiment 92. The method of embodiment 87, wherein the
composition or formulation comprises a concentration of the modificd RNA of between
10 and 50 pg/ul, preferably formulated in citrate saline buffer.

{0100] Embodiment 93. The method of embodiment 87, wherein the
composition or formulation with citrate saline buffer is less toxic to the subject than a
lipid-based composition or formulation.

[0101] Embodiment 94. A method of reducing toxicity of a VEGF-A treatment
in a subject, comprising formulating a modified RNA, preferably the modified RNA of
SEQ ID NO: 1, encoding a VEGF-A polypeptide of SEQ ID NO: 2 with a buifer,
preferably a citrate saline buffer, a phosphate-buffered saline (PBS) butter, or a
tromethamine (THAM) buffer into a composition or formulation, wherein the buffer is
substantially free of divalent cations.

(0102} Embodiment 95. The method of embodiment 94, wherein the citrate
saline butfer is substantially free of calciurn and magnesiom.

{0103] Embodiment 96. The method of embodiment 94, wherein the citrate
saline buffer contains no caleium or magnesium.

{0104] Embodiment 97. A nucleic acid sequence comprising an in vitro
transcription template for the generation of a modified RNA, preferably the modified
RNA of SEQ ID NO: 1, encoding a VEGF-A polypeptide of SEQ 1D NO: 2.

{01051 Embodiment 98, A method for increasing wound healing in a
mammalian tissue or a subject comprising contacling said mammalian tissue or subject
with the composition according to embodiment 1, and/or the formulation according to
any one of embodiments 2-7.

15
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[0106] Embodiment 99. A method for inducing neovascularization in a

mammalian tissue or a subject comprising contacting said marumalian tissue or subject
vith the composition according to embodiment 1, and/or the formulation according to
any one of embodiments 2-7.

[0107] Embodiment 100. A method for inducing angiogenesis in a mammalian
tissue or a subject comprising contacling said mammalian tissue or subject with the
composition according to embodiment 1, and/or the formulation according to any one of
embodiments 2-7.

[0108] Embodiment 101, A method for inducing vasedilation in a mammalian
tissue or a subject comprising contacting said mammalian tissue or subject with the
composition according to embodiment 1, and/or the formulation according to any one of
embodiments 2-7.

[0109] Embodiment 102. A method for inducing blood flow upregulation in a
mammalian tissue or a subject corprising contacting said mammalian tissue or subject
with the composition according to embodiment 1, and/or the formulation according to
any onc of embodiments 2-7.

[0110] Embodiment 103. A method for increasing capillary and/or arteriole
density in a mammalian tissue or a subject comprising contacling said mammalian tissue
or subject with the composition according to embodiment 1, and/or the formulation
according to any one of embodiments 2-7.

[0111] Embodiment 104, A method for attenuating fibrosis in a mammalian

tissue or a subject comprising contacting said mammalian tissue or subject with the
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composition according to embodiment 1, and/or the formulation according to any one of
embodiments 2-7.

4, DESCRIPTION OF DRAWINGS

[0112] Those of skill in the art will understand that the drawings, described
below, are for itlustrative purposes only. The drawings are not intended to limit the scope
of the present teachings in any way.

01137 FIGs. 1A and 1B: The strocture (FIG. 1A) and sequence (SEQ ID NO: 1,
FIG. IB) of the VEGF-A modified RNA used in the Examples.

[0114] FIGs. 24, 28, and 2C: Transfection of a higher dose of modified RNA
resulted in the production of more VEGF-A protein in human aortic smooth muscle cells
(FIG. 2A). A time course of VEGEF-A protein production after transfection with modified
RNA in human aortic smooth muscle ceils (FIG. 2B). VEGF-A protein production in
mouse cardiac fibroblasts (FIG. 2C, left panel) and pig endothelial cells (FIG. 2C, right
panel)} after transfection with modified RNA.

{0115] FIGs. 3A, 3B, and 3C: VEGF-A protein produced from VEGE-A
modified RNA induced phosphorylation of VEGFRZ in human endothelial cells (FIG.
3A) and activation of downsiream signaling pathways eNOS in human endothelial cells
(FIG. 3B) and Akt in mouse cardiac fibroblasts (F1G. 3C).

[0116] FIGs. 4A, 4B, and 4C: VEGF-A protein produced from VEGF-A
modified RNA affects several critical steps in the angiogenic process. VEGE-A protein
produced by VEGF-A modified RNA increased proliferation (FIG. 4A) and migration

(FIG. 4B) of cultured human endothelial cells. VEGF-A protein produced by VEGEF-A

fa—y
~d



WO 2017/214175 PCT/US2017/036188

modified RNA increased angiogenic sprout formation in 3D culture with beads coated
with endothelial cells (FIG. 4C),

{0117] FiGs. SA, 5B, and 5C: Images of angiogenic sprout formation from
beads coated with endothelial cells and treated with control media (FIG. 5A) or
conditioned media with modified RNA-produced VEGF-A (FIG. SB). Enlarged view of
angiogenic sprout formation from beads coated with endothelial cells and treated with
modified RNA-produced VEGF-A (FIG. 5C).

[0118] FIGs. 6A, 6B, and 6C: Comparison of X-gal staining indicative of -
galactosidase enzyme produced in mouse hearts following a 50 L intracardiac injection
of citrate saline (FIG. 6A), LacZ modified RNA formulated in lipofectamine {100 pg,
FIG. 6B) or in citrate saline buffer (150 pg, FIG. 6C).

[0119] FIG. 7: Assessment of luciferase protein produced 1 mouse hearts
following intracardiac injection of firefly luciferase modified RNA formulated in
Phosphate-Buffered Saline (PRS, n=3), Citrate Saline (C/8, n=06), or Tromethamine AKA
2-amino-2-(hydroxymethyl)-1,3-propanediol (THAM, n=3). PBS, /S and THAM
buffers (n=2/group) were used as negative control.

{01201 FiGs. 8BA, BB, 8C, and 8D: Cardiac levels of VEGF-A protein at different
time points following intracardiac injection of 15 pg {circles), 150 ug (squares) or 1800
ug (triangles) of citrate saline-formulated VEGF-A modified RINA in naive rats (FIG,
§A). Comparison of left ventricular ejection fraction and infarct size (as % of left
ventricular mass) in rats subjected to myocardial infarction and intracardially injected
with citrate/saline or VEGF-A modified RNA (150 or 1800 pg formulated in

citrate/saline). Ejection fraction (FIG. 8B) and infarct size (FIG. 8C) were assessed by
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cardiac magnetic resonance imaging § days after the induction of infarction and injection.
Levels of cardiac troponin I {Tnl) in venous blood drawn from rats one day after
induction of myocardial infarction and intracardially injected with citrate/saline or
YVEGF-A modified RNA formulated in citrate/saline (FIG. D).

(01217 FIGs. 9A and 9B: Representative samples harvested from the left
ventricular free wall in Gotiingen mini pigs epicardially injected with Lac¥ modified
RNA (100 pg at 3 separate injection sites). The tissue was harvested 6 hours after the
injection and X-gal stained for 18 hours. The left sample shows staining in tissue injected
with LacZ modified RNA formulated in lipofectamine (FIG. 9A) and the right sample
tissue injected with LacZ modified RNA formulated in citrate/saline (FIG. 9B),
respectively.

(01221 FIG. 10 Human VEGE-A protein in pig left ventricular tissue saraples 6
hours following epicardial injection of varying doses of VEGF-A modified RNA in the
Géttingen mini pig.

[0123] FlGs. T1A, 118, 11C, 1D, HIE, 11F and 11 G: LacZ and luciferase
modified RNA cardiac transfection and translation in a citrate saline buffer. 75 pg of
Lac/, modified RNA injected into the mouse heart with a citrate saline buffer. Production
of B-galactosidase was found in approximately 10% of the left veniricle of the hearts
(representative images in FIG. 11 A, FIG. 11C, and FIG. 11D). Enlarged view of X-gal
staining showing production of B-galactosidase in the heart after injection of LacZ
modified RNA (FIG. 118). Luciferase modified RNA injected into heart. RNA in situ
hybridization with hiciferase probe revealed presence of luciferase modified RNA in the

myocardium at the site of injection (FIG. 11E). Enlarged view of RNA in situ
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hybridization with luciferase probe showing presence of luciferase modified RNA (FIG.
11F). Immunchistochemistry revealed uciferase protein expression in the myocardium at
the site of injection after injection of luciferase moditied RNA (FIG. 11G).

[0124] FIGs. 124, 12B, and 12C: VEGF-A protein expression after modified
RNA injection to the heart with citrate/saline buffer is saturable and has similar
pharmacokinetics across multiple species. VEGF-A protein pharmacokinetics after single
cardiac injections of VEGF-A modified RNA formulated in citrate saline butfer (NTB} vs
lipofectamine {(LNP) in the mouse over 72 hours (FIG. 12A}. Cross-species comparison
of VEGF-A protein levels following increasing dosing of VEGF-A modified RNA in
ctirate saline (F1G. 12B). Rat pharmacokinetics of VEGF-A protein produced by
increasing doses of VEGF-A modified RNA. Area under the curve (AUC) measurements
for VEGF-A protein produced at 72 hours (FI1G. 120},

{01251 FIGs. 13A and 13B: Assessment of human VEGF-A protein production
following intracardiac injection of human VEGF-A modified RNA tn the mouse, rat and
pig. Magnitude and time profiles (0 to 72 hours in FIG, 13A; and € to 192 hours in FIG.
13B) of VEGF-A protein produced in the mouse (filled squares), rat (filled stars) and pig
{filled circles) heart following an intracardiac injection of 100 pg VEGF-A modified
RNA formulated in ciirate/saline. Shown are geometric means£SD,

01261 FIG. 14: Effects of human VEGF-A modified RNA and recombinant
human VEGF-A on left ventricular gjection fraction (EF) in mini pigs subjected to
myocardial infarction. Scrial assessments of EF were carried out before (BF) and after
{AF) a permanent occlusion of the left antevior descending coronary artery. A separate

group of pigs were subjected 1o a sham procedure without coronary occlusion (open
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circles, m=5). Subsequent assessment of EF were then carried out at the time of study
drug injection 7 days after the occlusion (713 AF} and once more 2 months later (2 MO
AF). At 713 AF, the pigs were randomised to receive 20 epicardial injections (100 gL
gach) of either citrate/saline (filled squares, n=8) or VEGF-A modified RNA at a total
dose of 1 mg (filled circles, n=8) or 10 mg (filled triangles, n=8)} or recormbinant human
VEGF-A protein formulated in self-assembling nanofibers (fitled diamonds, n=5),
respectively. *; P<0.035 vs the citrate/saline control group at 2 MO AF, **; P<0.01 vs the
citrate/saline control group at 2 MO AF, 1; P<0.001 comparing change from 7 D AF until
2 MO AF, 1 P<0.0001 comparing change from 7 D AF until 2 MO AF.

(0127] FIG. 15: Effects of human VEGF-A modified RNA and recombinant
human VEGF-A on maximal left ventricular pressure development over time (dP/dt max)
in mini pigs subjected to myocardial infarction. Mini pigs were subjected to a permanent
occlusion of the left anterior descending coronary artery to induce myocardial infarction,
A separate group of pigs were subjected to a sham procedure without coronary occlusion
{open circles, n=5). Seven days later, infarcted pigs were randomised to a blinded
epicardial injection of citrate/saline vehicle (2 mL, filled squares), 1 mg (filled circles) or
10 myg (filled iriangles) VEGE-A modified RNA or recombinant human VEGEF-A protein
{200 ng) formulated in self-assembling nancfibers (filled diamonds). The dose/volume
was administered as 20 separate injections {100 pl each) at the peri-infarct area. Left
ventricular function was measured invasively 2 months after the injection. Shown are
individual data and meansSEM.

[0128] FIG. 16: Effects of human VEGF-A modified RNA and recombinant
human VEGE-A on minumal left ventricular pressure development over time (dP/dt min}
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in mini pigs subjected to myocardial infarction, Mini pigs were subjected to a permanent
occlusion of the left anterior descending coronary artery to induce myocardial infarction.
A separate group of pigs were subjected to a sham procedure without coronary occlusion
{open circles, n=5). Seven days later, infarcted pigs were randomised to a blinded
epicardial injection of citrate/saline vehicle (2 mL, filled squares), 1 mg (filled circles) or
10 mg (filled triangles) VEGEF-A modified RNA or recombinant human VEGE-A protein
(200 ng) formulated in self-assembling nanofibers (filled diarsonds). The dose/volume
was administered as 20 separate injections (100 pl. each) at the peri-infarct area. Lelt
ventricular function was measured invasively 2 months after the injection. Shown are
individual data and means=5EM,

[0129] FIG. 17: Effects of human VEGF-A modified RNA and recombinant
human VEGFEF-A on systelic function (inotropy, ESPVR) in mini pigs subjected to
myocardial infarction. Mini pigs were subjected to a permanent occlusion of the left
arttertor descending coronary artery to induce myocardial infarction. A separate group of
pigs were subjected to a sham procedure without coronary occlusion (open circles, n=5).
Seven days later, infarcted pigs were randomised to a blinded epicardial injection of
citrate/saline vehicle (2 mL, filled squares), | mg (filled circles) or 10 mg (filled
triangles) VEGF-A modified RNA or recombinant human VEGF-A protein (200 ng)
formulated in self-assembling nanofibers (filled diamonds). The dose/volume was
administered as 20 separate injections (100 uL cach) at the peri-infarct area. Left
ventricular function was measured invasively 2 months afier the injection. Shown are

individual data and means=SEM.
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0130} FIG. 18: Bifects of human VEGF-A modified RNA and recombinant
human VEGF-A on diastolic function (compliance, EDPVR} in mini pigs subjecied to
myocardial infarction. Mini pigs were subjected to a permanent occlusion of the left
anterior descending coronary artery to induce myocardial infarction. A separate group of
pigs were subjected to a sham procedure without coronary occlusion {open circles, n=3).
Seven days later, infarcted pigs were randomised to a blinded epicardial injection of
citrate/saline vehicle (2 mi, filled squares), I mg (filled circles) or 10 mg (filled
triangles) VEGF-A modified RNA or recombinant human VEGEF-A protein (200 ng)
formulated in seif-assembling nanofibers (filled diamonds). The dose/volume was
administered as 20 separate injections (100 pl each) at the peri-infarct area. Left
ventricular function was measured invasively Z months after the injection. Shown are
individual data and means£5EM.

o1 3 11 FIG. 19: Effects of human VEGF-A modified RNA and recombinant
human VEGF-A on preload recruitable stroke work (PRSW) in mini pigs subjected to
myocardial infarction. Mini pigs were subjected to a permanent occlusion of the left
anterior descending coronary artery to induce myocardial infarction. A separate group of
pigs were subjected to a sham procedure without coronary occlusion {open circles, n=5).
Seven days later, infarcted pigs were randomised to a blinded epicardial injection of
citrate/saline vehicle (2 mL, filled squares), 1 mg (filled circles) or 10 mg (filled
triangles) VEGF-A modified RNA or recombinant human VEGF-A protein (200 ng)
formulated in self-assembling nanofibers (filled diamonds). The dose/volume was

adroinistered as 20 separate injections {100 uL each) at the peri-infarct arca. Left
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ventricular function was measured invasively 2 months after the injection. Shown are
individual data and means+5EM.

[01321 FIGs. 20A, 20B and 20C: Effects of human VEGF-A modified RNA and
recombinant human VEGF-A on infarci size in mini pigs subjected to myocardial
infarction. Infarct size presented as global left ventricular infarct size (slices 2, 3, 4 and 3,
FIG. 20A), mid left ventricular infarct size (slices 3 and 4, F1G. 20B) and mid-most left
ventricular infarct size (slice 4, panel FIG. 20C) in mini pigs epicardially injected with
citrate/saline (filled squares) or 1 mg (filled circles) or 10 myg (filled triangles)

VEGE-A modified RNA or recombinant human VEGEF-A protein {200 ng) formulated in
self-assembling nanofibers (filled diarnonds). The injection was given 7 days atler the
induction of myocardial infarction through a permanent occlusion of the left anterior
descending coronary artery. Infarct size was measured 2 months afier the injection.
Shown are means+SEM.

[0133] FIG. 21: Body masses of mice during Trial | in Example 14. The body
mass of each mouse was recorded at each imaging time point. Data presented are
means:=SEM, black bar; vehicle single injected, hatched bar; vehicle double injected,
grey bar; VEGF-A modified RNA single injected, lined bar; VEGF-A modified RNA
double injected, *; p< 0.0S for double vs single injected vehicle.

(0134} FIG. 22: Fasted and fed blood ghicose measurements of mice in Trial 1
in Example 14. At Day 0, blood glucose was measured after a four hour fasting period.
At Day 18, fed blood glucose was measured. Data presented are means£5SEM, black bar;

vehicle single injected, hatched bar; vehicle double injected, grey bar; VEGE-A modified
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RINA single injected, lined bar; VEGF-A modified RNA double injected, *; p< 0.05 for
VEGP-A modified RNA single injected vs vehicle single injected.

(01351 FIG. 23: Wound healing curve for Trial 1 in Example 14, The average
normalized open wound area of the median values from three observers are plotted
against days post surgery. Data presented are meanstSEM, *p<0.05 for VEGF-A
modified RNA double injection {open square) vs vehicle single (filled cirele) and double
{open circle) injected respectively at day 6 and VEGF-A modified RNA double injection
vs. vehicle double injection at day 10, respectively. Filled square; VEGF-A modified
RNA single injected.

[0136] FIG. 24: Cubic spline interpolation of wound healing curve from Trial |

in Example 14. A cubic spline interpolation was constructed 1o approximate time to 25%,

(2]

0%, and 75% closure as evidenced by the horizontal dashed gray lines. Data presented
are means of normalized open wound areas of the median values from three observers. ¢
p<0.03 for VEGF-A modified RNA double injection (open square) vs vehicle single
injection {filled circle) #; p<0.05 for VEGF-A modified RNA double injection vs vehicle
double injection {open circle). Filled square; VEGF-A meodified RNA single injected.
[0137] FIG. 25: Percent wound healing between time points in Trial T in
Example 14. The average percent of wound closure was calculated between each time
point using normalized wound area data. Data presented are means=SEM; *p<0.05 for
higher average percent wound closure for VEGF-A modified RINA double injection
{lined bar) vs vehicle double (hatched bar) and single injection (black bar) respectively
for day 3 to 6 and for lower average wound closure for VEGF-A modified RNA single

injection (grey bar) vs, vehicle double and single injection for day 10 to 13, respectively.
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[0138] FIG. 26: Representative images of hematoxylin- and eosin-stained
seciions of wounds in Trial 1 in Example 14. A vehicle single injected, B; vehicle double
injected, C; VEGF-A modified RNA single injected, D; VEGF-A moditied RNA double
injected.

(01397 FIG. 27: Representative images of CD31 stained sections of wounds in
Trial 1 in Example 14. Arrowheads indicate arcas of strong CD31 staining. A} Single
vehicle, B) Double vehicle, C) Single VEGEF-A modified RNA, D} Double VEGF-A
modified RNA.

[0140] FIG. 28: Quantification of CD31 staining in Trial 1 in Example 14,
Panels A to D are representative acquired images and Panels E to H are representative
thresholded images of CD31 positive staining (brown channel). A and E; Single vehicle,
B and F; Double vehicle, C and G; single VEGF-A modified RNA, D and H; double
VEGF-A modified RNA, I; Quantification of percent area of CD31 staining (area
covered by black pixels). Black bar; vehicle single injected, hatched bar; vehicle double
injected, grey bar; VEGF-A modified RNA single injected, lined bar; VEGF-A modified
RNA double injected.

(0141} FIG. 29: Downstream VEGF signalling analysis with Western blot (Trial
1) in Example 14. Top pancl; pAKT and AKT blots of Day 18 samples {from mice
receiving a single dose of vehicle on Day 0, double dose of vehicle on Days 0 and 3,
single dose of VEGTF-A modified RNA on Day 0, and double dose of VEGF-A modified
RNA on Days 0 and 3. Bottom panel; Quantified ratio of pAKT/AKT shows no statistical

difference between treatment groups. Left bar; single vehicle injection, left middle bar;

o
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double vehicle injection, right middle bar; single VEGF-A modified RNA injection, right
bar; double VEGF-A modified RNA injection.

[0142] FIG. 30: Western blot analysis of pVEGFRZ, VEGFRZ and VEGF-A in
harvested mouse wounds at Day 18 from Trial 1 in Example 14, Top panel; pVEGEFRZ,
VEGFR?Z, and VEGFA blots of Day 18 samples from mice receiving a single dose of
vehicle on Day 0, double dose of vehicle on Days § and 3, single dose of VEGF-A
modified RNA on Day 0, and double dose of VEGF-A modified RNA on Days § and 3.
Bottom panel; Quantified ratio of pVEGFR2/VEGEFR2 show no statistical difference
between treatment groups. Left bar; single vehicle injection, left middle bar; double
vehicle injection, right middle bar; single VEGF-A modified RNA injection, right bar;
double VEGF-A modified RNA injection.

{01431 FIG. 31: Body masses of mice during Trial 2 in Example 14. The body
mass of each mouse was recorded at each imaging time point. Data presented are
means+SEM. Left bar; vehicle double injected, right bar: VEGF-A modified RNA double
injected.

[0144] FIG. 32: Fasted and fed blood glucose in mice in Trial 2 in Example 14.
At Day 0, blood glucose was measured after a four-hour fasting period. At Day 18, fed
blood glucose was measured. Data presented are means=SEM, Leit bar; vehicle double
injected, right bar: VEGF-A modified RNA double injected.

[0145] FIG. 33: Schematic of in vivo application of oxygen-sensitive
nanoparticles. A) Application of nanoparticles within the full thickness skin wound.
Upon excitation, the nanoparticles emit strong room temperature tluorescence (B} and
sirong oxygen-dependent phosphorescence (C). A ratiometric image is constructed of the
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ratio between fluorescence and phosphorescence to report the relative level of oxygen
within the wound bed (D).

10146] FIG. 34: Ratiometric images of relative oxygenation levels within
wound beds in Trial 2 in Example 14, Representative brightficld and ratiometric images
for double vehicle (top half) and double VEGF-A modified RNA (bottom half) treated
wounds for cach time poeint. The wound border is outlined in black,

[0147] FIG. 35: Quantification of oxygenation via irnage analysis of
fluorescence and phosphorescence from the oxygen-sensitive nanoparticles in the wound
bed. The mean gray value of each raw fluorescence to phosphorescence image was
caleulated for the wound bed. Data presented are means+SEM, *p< (.05 for mean Gray
value for VEGF-A modified RNA double injection (right bar} vs vehicle double injection
{left bar).

[0148] FIG. 36: Wound healing curve for Trial 2 in Example 14. The average
normalized open wound area of the median values from three independent observers are
plotied against days post surgery, Data presented are means+=SEM, *p<0.05 for lower
open wound area for VEGF-A modified RNA double injection (open square) vs vehicle
double injection {open circle), respectively at day 6. Area under the curve was for vehicle
double injection 641.31 and for VEGF-A modified RNA double injection 604.35,
respectively.

{01491 FIG. 37: Cubic spline interpolation of wound healing curve from Trial 2
in Example 14. A cubic spline interpolation was constructed to approximate time to 25%,
50%, and 75% closure as evidenced by the gray dashed line. Data presented are means of
normalized open wound areas of the median values from three observers. #; p< 0.03 for
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VEGE-A modified RNA double injection {open square) vs double vehicle injection {open
cirele).

01501 FIG. 38: Percent wound healing between time points in Trial 2 in
Fxample 14. The average percent of wound closure was calenlated between each fime
point using normalized wound area data. Data presented are meansSEM; *p<0.05 for
higher average percent wound closure for VEGF-A meodified RNA double injection (right
bar} vs vehicle double injection (left bar) for day 3-6.

(01511 FIG. 39: Photoacoustic microscopy of vasenlar responses to high-dose
VEGP-A modified RNA in the mouse ear. First row; vascular structure: second row; sO;
{%); third row; blood {low speed (mm/s). Dashed circle; injection site. Arrows in row 3,
vessels with significantly upregulated blood flow. Labels on top of first row indicate time
from intradermal injection of VEGF-A modified RNA (100 pg).

{0152} FIG. 40: Neovessel formation and angiogenesis in the mouse ear
intradermally injected with a high-dose VEGF-A modified RNA. Zoomed-in images of

AY

neovessels (labelled by arrows, second row) and angiogenesis in the ear of mouse
intradermally injected with 100 pg VEGF-A modified RNA. Region zoomed in is
indicated by dash square in the first row. Labels on top of first row indicate time from
intradermal injection of VEGEF-A modified RNA (100 pg).

[01533] FIG. 41 Photoacoustic microscopy of vascular responses to Jow-dose
VEGF-A modified RNA in the mouse ear. First row; vascular structure; second row; st
(%); third row; blood flow speed (mny/s). Dashed circle; injection site. Labels on top of

2

first row indicate time from intradermal injection of VEGF-A meodified RNA (10 ug).
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[0154] FIG. 42: Photoacoustic microscopy of vascular responses to human
recombinant VEGF-A protein in the mouse ear. First row; vascular structure; second row,
sO3 (%); third row; blood flow speed (mm/s). Dashed circle; injection site. Labels on top
of first row indicate time from intradermal injection of the human recombinant VEGE-A
protein (1 pg). Vessels with obvious flow upregulation are indicated with arrows in third
row.

[0155] FIG. 43: Photoacoustic microscopy of vascular responses to citrate/saline
in the mouse ear. First row; vascular structure; second row; sO; (%); third row; blood
flow speed {mm/s). Dashed circle; injection site. Labels on top of first row indicate time
from intradermal injection of citrate/saline (10 pL).

[0156] FIG. 44: Effects of VEGF-A modified RNA, human recombinant VEGE-
A protein, and citrate/saline on vascular responses in the mouse ear. Quantitative analysis
of the acute and long-term vascular responses (vessel diameter, left panel, and volumetric
blood flow, right panel) induced by the intradermal injection of VEGF-A modified RNA
(100 pg, filled squares), human recombinant VEGF-A protein (I ug, filled triangles) or
citrate/saline (10 pL, tilled circles) in the mouse ear. Values shown are means£5D,
n=3/group.

[0157] FIG. 45: Influence on microvascular flow and oxygen saturation
following injection of VEGF-A modified RNA in the mouse ear. VEGF-A modified
RINNA (100 ug) was intradermally injected in the mouse ear. Microvascular flow (panel A)
and oxygen saturation {panel B) were agsessed before injection (baseline) and 7 days

later,
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[0158] FIG. 46: Influence on microvascular flow and oxygen saturation
following injection of recombinant human VEGF-A protein in the mouse car,
Recombinant human VEGF-A protein (1 pg) was intradermally injected in the mouse ear;
Microvascular flow (panel A) and oxygen saturation (panel B) were assessed before
injection (baseline) and 7 days later.

(11591 FIG. 47 Influence on microvascular flow and oxygen saturation
following injection of citrate/saline vehicle in the mouse car. Citrate/saline vehicle (10
ul) was intradermally injected in the mouse car. Microvascular flow (panel A) and
oxygen saturation (panel B) were assessed before injection (baseline) and 7 days later.

01601 FIG. 48A and FIG. 48B: The experimental design for Example 16 is
illustrated in FIG. 48A. Placement of VEGF-A wodified RNA injections for Example 16
is illustrated in FIG. 48B.

{31611 FIG. 49: Human VEGF-A concentrations in microdialysis eluates from
rabbits intradermally injected with VEGF-A modified RNA. Concentrations of human
VEGF-A in eluates from 100 kDa microdialysis probes intradermally inserted in the
rabbit hind leg. Values presented are meantSEM. Microdialysis was started at =0 h and
four id injections of VEGF-A modified RNA injections {50 pg each) were given at =1 h.
Dotted line indicates Lower Limit of Quantification (LLOG, 33.4 pg/mL). Two probes
were inserted 1n each rabbit, n=4 rabbits.

[0162] FIG. S0A, FIG. 50B, and FIG. 50C: Effects on capillary density (FIG.
50A), arteriole density (FIG. S0B), and fibrosis (FIG. 50C) following intracardiac
injection of human VEGF-A modified RNA in pigs subjected to myocardial infarction in
vive. Mind pigs were subjected to permanent ligation of the left anterior descending
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coronary artery and 7 days later epicardially injected with VEGEF-A modified RNA
(1 mg, filled grey bar (n=8), or 10 mg, haiched bar (n=8}) or citrate/saline {(filled black
bar, n=8). A separate group of animals underwent a sham procedure {coronary artery not
ligated and epicardial injections not given {open bar, n=5). Two months after the ligation,
the animals were terminated and cardiac tissue harvested for assessment of capiilary
density (FIG. 530A) in the peri~-infarct (border) zone. Shown are means+53EM. *; P<0.05
and ***; P<0.001 vs the citrate/saline-treated animals (one-way ANOVA and Dunueil’s
post test). In FIG, 50B, two months after the ligation, the animals were terminated and
cardiac tissue harvested for assessment of arteriole density in the peri-infarct (border)
zoue, Shown are meanstSEM, **; P<0.0 vs the citrate/saline -treated animals {one-way
ANOVA and Dunnett’s post test). In FIG. 50C, two months after the ligation, the animals
were terminated and cardiac tissue harvested for assessment of fibrosis (coliagen
deposition) remote from the infarcted area. Shown are means+SEM. *; P<0.05 and *¥;
P<0.01 vs the citrate/saline -treated animals {one-way ANOVA and Dunnett’s post test).

{01631 FIG. 51: Time profile of human VEGF-A protein production after
VEGF-A modified RNA transfection in human aoriic smooth muscle cells (hAoSMC,
open circles) and in urnan cardiomyocytes derived from induced pluripotent cells (hiPS-
CM, filled triangles). Data shown are meanstSEM.

{01641 FIG. 52A and FIG. 528 FIG. 52A illustrates immunohistochemistry of
Wilms tumor | transcription factor (Wt-1} as a marker of Epicardium-Derived Cells
(EPDC) in the normal non-infarcted mouse heart {(control) and in héaris subjected to
permanent occlusion of the left anterior descending coronary artery for 3, 7 or 14 days

before tissue harvesting. Arrows indicate Wi-1 expression, FIG. 528 itlustrates scoring of
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occurrence of Wi-17 cells in the normal non-infarcted mouse heart (control) and in hearts
subjected to permanent occlusion of the left anterior descending coronary artery for 3,7
or 14 days before tissue harvesting, MI; Myocardial lnfarction. *; P<0.03, **¥; P<0.001
vs Control, n=3-3 within cach study group.

5 DETAILED DESCRIPTION

{01651 All references referred to are incorporated herein by reference in their
entireties.

[0166] Many modifications and other embodiments of the disclosures set forth
herein will come to mind to one skilled in the art to which these disclosures pertain
having the benefit of the teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that the disclosures are not to be
limited to the specific embodiments disclosed and that modifications and other
embodiments are intended to be included within the scope of the appended claims.
Although specific terrs are employed herein, they are used in g generic and descriptive
sense only and not for purposes of limitation.

[0167] Units, prefixes and symbols may be denoted in their 81 accepted form.
Unless otherwise indicated, nucleic acids are written lefi to right in 5' to 3" orientation;
amino acid sequences are written left to right in amino to carboxy orientation,
respectively. Nurmneric ranges are inclusive of the numbers defining the range. Amino
acids may be referred to herein by either their commonly known three letter symbols or
by the one-letier symbols recommended by the IUPAC-IUB Biochemical Nomenclature

Commission. Nucleotides, likewise, may be referred to by their commonly accepted
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single-letter codes. The terms defined below are more fully defined by reference to the
specification as a whole.

5.1, Definitions

[0168] Unless specifically defined otherwise, all techuical and scientific terms
used herein have the same meaning as commonly understood by one of ordinary skill in
the art to which this disclosure belongs. Unless mentioned otherwise, the technigues
emaployed or contemplated herein are standard methodologies well known to one of
ordinary skill in the art. The practice of the present disclosure will employ, unless
otherwise indicated, conventional technigues of microbiclogy, tissue culture, molecular
biology, cheruistry, biochemistry and recombinant DNA technology, which are within the
skill of the art. The materials, methods and examples are tlustrative only and not
limiting. The following is presented by way of tllustration and is not intended to limit the
scope of the disclosure,

[0169] In some embodiments, the numerical parameters set forth in the
specification (into which the claims are incorporated in their entirety) are approximations
that can vary depending upon the desired properties sought to be obtained by a particular
embodiment. In some embodiments, the nurmerical parameters should be construed in
light of the number of reported significant digits and by applying ordinary rounding
technigues. Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of some embodiments of the present disclosure are approximations, the
numerical values set forth in the specific examples are reported as precisely as
practicable. The numerical values presented in some embodiments of the present
disclosure may contain certain errors necessarily resulting from the standard deviation
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found in their respective testing measurements. The recitation of ranges of values herein
is merely intended to serve as a shorthand method of referring individually to each
separate value falling within the range. Unless otherwise indicated herein, each individual
value is incorporated inlo the specification as if it were individually recited herein.

(01701 For convenience, certain terms employed in the entire application
{including the specification, examples, and appandéd claims) are collected here. Unless
defined otherwise, all technical and scientific terms used herein have the same meaning
as commeonly understood by one of ordinary skill in the art to which this disclosure
belongs,

{01711 As used herein, the term “administering” refers to the placement of a
pharmaceutical compeosition or a pharmaceutical formulation comprising at least one
modified RNA, into a subject by a method or route that results in at least partial
localization of the pharmaceutical composition or the pharmaceutical formulation, at a
desired site or tissue location. In some embodiments, the pharmaceutical composition or
the pharmaceutical formulation comprising modifiecd RNA can be administered by any
appropriate route that resulis in effective freatment in the subject, i.e. administration
results in delivery to a desired location or tissue in the subject where at least a portion of
the protein expressed by the modified RNA is located at a desired target tissue or target
cell location.

{0172] Administration can be intramuscular, transarterial, intraperitoneal,
intravenous, intraarterial, subcutaneous, infraventricular, intradermal, intracardiac,
epicardiac, through a portal vein catheler, through a coronary sinus catheter, and/or direct

administration into the area to be treated. Pharmaceutical compositions are specially
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formulated for each route of administration resulting in administration-specific
pharmaceutical formulations,

[0173] The term “composition” used herein is generally understood to mean a
combination of at least two parts or elements that make up something. For example, a
composition as used herein usually comprises at least a polynucleotide, primary construct
or modified RNA according to the disclosure and a suitable carrier or excipient.

{0174] The terms “comprise,” “have” and “include” are open-ended linking
verbs. Any forms or tenses of one or more of these verbs, such as “comprises,”
“comprising,” “has,” “having,” “includes” and “including,” are also open-ended. For

53 4¢l

example, any method that “comprises,” “has” or “includes” one or more steps is not
limited to possessing only those one or more steps and can also cover other unlisted steps.
Simifarly, any composition that “comprises,” “has” or “includes” one or more features is
not limited to possessing only those one or more features and can cover other unlisted
features. All methods described hercin can be performed in any suitable order unless
otherwise indicated herein or otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language (e.g. “such as”) provided with respect to certain
embodiments herein is intended merely to better illuminate the present disclosure and
does not pose a limitation on the scope of the present disclosure otherwise claimed. No
language in the specification should be construed as indicating any non-claimed element

as essential to the practice of the present disclosure.

017571 The term “consisting essentially of” limits the scope of a claim to the

characteristic(s)” of the claimed invention. fn re Herz, 337 F.2d 549, 551-52, 190 USPQ

s
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461, 463 (CCPA 1976) (emphasis in original) (Prior art hydraulic fluid required a
dispersant which appellants argued was excluded from claims limited to a functional fluid
“consisting essentially of” certain components.

[0176] The term “consisting of” refers to compositions, methods, and respective
components thereof as described herein, which are exclasive of any element not recited in
that description of the embodiment.

[01771 The terms “disease” or “disorder” are used interchangeably herein, and
refers to any alternation in state of the body or of some of the organs, interrupting or
disturbing the performance of the functions and/or causing symptoms such as discomfort,
dysfunction, distress, or even death to the person afflicted or those in contact with a
person. A discase or disorder can also related to a distemper, ailing, ailment, malady,
sickness, iliness, complaint, indisposiiion, or affection,

[0178] As used herein, the term “disease responsive to VEGE-A therapy” refers
to a disorder that shows improvement of one or more symptoms or clinical markers after
administration of a pharmaceutical composition or a pharmaceutical formulation
comprising VEGF-A protein or an agent capable of producing VEGFE-A protein, such as
the modified RNA disclosed herein. Alternatively, a disease is “responsive” to VEGF-A
therapy if the progression of the disease is reduced or halted with the adminisiration ol a
pharmaceutical composition or a pharmaceutical formulation comprising VEGE-A
protein or an agent capable of producing VEGF-A protein. Beueficial or desired clinical
results include, but are not limited to, alleviation of one or more symptom(s},

diminishment of extent of disease, stabilized {i.e., not worsening) state of disease, delay

[
~d



WO 2017/214175 PCT/US2017/036188

or slowing of disease progression, amelioration or palliation of the disease state, and
remission {whether partial or total).

[0179] As used herein, the term “divalent cation” refers to an ionic species with
a positive valence of 2. For example, a magnesium ion, Mg, and a calcium ion, Ca®'are
divalent cations.

[0180] A “dosage form” is the physical form in which a drug (for example, a
modified RNA) is produced and dispensed, such as a tablet {coated, delayed release,
dispersible, etc.), a capsule, an ointment, or an injectable (powder, solution).

[0181] The phrase “drug product” means a finished dosage form, for example,
tablet, capsule, solution, etc., that contains an active drug ingredient (for example, a
modified RNA) generally, but not necessarily, in association with inactive ingredients.

[0182] The term “effective amount” as used herein refers fo the amount of
therapeutic agent {for example, a modified RNA), pharmaceutical composition, or

pharmaceutical formulation, sufficient to reduce at least one or more symptom(s) of the

k4

disecase or disorder, or o provide the desired effect. For example, it can be the amount
that effects a therapeutically or prophylactically significant reduction m a symptom or
clinical marker associated with a cardiac dysfunction or other disorder when administered
1o a typical subject who has a cardiovascnlar condition, or other disease or disorder.

01831 As used herein, “expression” of a nucleic acid sequence refers to one or
more of the following events: {1} production of an RNA template from a DNA sequence
{e.g., by transcription); (2) processing of an RNA transcript (e.z., by splicing, editing, 5’
cap formation, and/or 3’ end processing); (3) translation of an RNA into a polypeptide or
protein; and (4) post-translational modification of a polypeptide or protein,
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[0184] The termn “formulation” or “pharmaceutical formulation” as used herein
refers to a type of composition that comprises a pharmaceutical mixture or solution
containing an active pharruaceutical ingredient (for example, a modified RNA), together
with pharmaceutically acceptable carriers/diluents/excipients suitable to be administered
to a mammal (g.g., a human in need thereof) via a particular route of administration. For
example, a “formulation” as used herein can be specifically formulated to include
sujtable delivery agents and/or other pharmaceutically acceptable carriers for
administration via one or more of a number of routes, such as via intramuscular,
intradermal, subcutancous, or infracardiac route, through a portal vein catheter, through a
coronary sinus catheter, and/or by direct administration juto the area to be treated. A
“formulation” can therefore be undersiood 1o be a composition specially formulated for a
particular route of administration. Formulations can be the compositions present in a
particular dosage form.

{01851 As used herein, the term “modified RNA” refers to RNA molecules
containing one, two, or more than two nucleoside modifications comparing to adenosine
(A) (2R3 R 45,5R)-2~(6-amino-9 H-purin-9-y1)-5-(hydroxymethyl joxolane-3,4-diol),
guanosine (G) (2-Amine-9-{3,4-dihydroxy-5-(hydroxymethyloxelan-2-y1}-3 H-purin-6-
one), cytidine (C) (4-amino-1-[3,4-dihydroxy-5-(hydroxymethyljtetrahydrofuran-2-yi]
pyrimidin-2-one), and uridine (U) (1-[(3R,45,58)-3 4-dihydroxy-5-
(hydroxymethyloxolan-2-yljpyrimidine-2,4-dione), or compared to AME, GMP, CMP,
and UMP, in RNA molecules, or a portion thereof. Non-limiting examples of nucleoside
modifications are provided elsewhere in this specification. Where the nucleotide

sequence of a particular claimed RNA is otherwise identical to the sequence of a
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naturally-existing RNA molecule, the modified RNA is understood to be an RNA
molecule with at least one modification different from those existing in the natural
counterpart. The difference can be either in the chemical change to the
rcleoside/nucieotide or in the position of that change within the sequence. In one
embodiment, the modified RNA is modified messenger RNA (or “modified mRNA”).

[0186] As used herein, the term “modulating a physiological process” refers to a
regulation of diverse functions and physical or chemical operations of living organisms
and their parts, such as cells or tissues. For example, for physiological processes where
YVEGF-A plays central roles, the modulation may include inducing angiogenesis,
stimulating vascular cell protiferation, increasing proliferation and/or altering the fate of
epicardial derived progenitor cells, upregulating endothelialization, inducing cardiac
regeneration, increasing revascularization of tissue grafis for wound healing, Iroproving
vascular function, increasing tissue perfusion and new vessel formation, reducing scar
tissue, increasing preload recruitable stroke work (PRSW), increasing maximal pressure
development, increasing inotropic function, increasing left ventricle gjection fraction
{(LVEF), decreasing levels of biomarkers associated with cardiac dysfunction {e.g., NT-
proBNP, BNP, hsTnT and heTnl}, reducing infarct size, reducing fibrosis of cardiac
tissue and/or improving cardiac function.

[0187] As used herein, the term “nucleic acid,” in its broadest sense, includes
any compound and/or substance that comprises a polymer of nucleotides livked via a
phosphodiester bond. These polymers are often referred o as oligonucleotides or
polynuclectides, depending on the size. The terms “polynucieotide sequence” and
“nucleotide sequence” are also used interchangeably herein.
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[0188] The phrase “gharmaceutically acceptable” is erployed herein to refer to
those compounds, materials, compositions, and/or dosage forms which are, within the
scope of sound medical judgment, suitable for use in contact with the tissues of human
beings and animals without excessive toxicity, irritation, allergic response, or other
problem or complication, commensurate with a reasonable benefit/risk ratio. Drug-
approval agencies (e.g., EMA, US-FDA) provide guidance and approve pharmaceutically
acceptable compounds, materials, compositions, and/or dosage forms. Examples can be
listed in Pharmacopeias.

101891 The phrase “pharmaceutically acceptable excipient” is employed herein
to refer to a pharmaceutically acceptable material chosen from a solvent, dispersion
media, diluent, dispersion, suspension aid, surface active agent, isotonic agent, thickening
or emulsifying agent, preservative, core-shell nanoparticles, polymer, peptide, protein,
cell, hyaluronidase, and mixtures thereof. In some embodiments, the solvent is an
agueous solvent,

[0190] As used herein, “polypeptide” means a polymer of amino acid residues
{natural or unnatural} Hinked together most often by peptide bonds. The term, as used
herein, refers to proteins, polypeptides, and peptides of any size, structure, or function. A
polypeptide may be a single molecule or may be a multi~-molecular complex such asa
dimer, trimner or tetramer. They may also comprise single chain or multichain
polypeptides such as antibodies or insulin and may be associated or linked. Most
commonly disulfide linkages are found in multichain polypeptides, The term polypeptide
may also apply to amino acid polymers in which one or more amino acid yesidues are an
artificial chemical analogue of a corresponding naturally occurring amino acid.
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i0191] As used herein, “protein” is a polymer consisting essentially of any of
the 20 amino acids. Although “polypeptide” is often used in reference to relatively large
polypeptides, and “peptide” is ofien used in reference to small polypeptides, usage of
these terms in the art overlaps and is varied. The terms “peptide{s)”, “protein{s)” and
“polypeptide(s)” arc sometime used interchangeably herein.

{0192] The term “recornbinant,” as used herein, means that a protein is derived
from a prokaryotic or eukaryotic expression system through the use of a nucleic acid that
has been genetically manipulated by the introduction of a “heterologous nucleic acid” or
the alteration of a native nucleic acid.

[0193] The term “statistically significant” or “significantly” refers to statistical
significance. The term refers to statistical evidence that there is a difference. It can be
defined as the probability of making a decision to reject the null hypothesis when the null
hypothesis is actually true. The decision is often made using the p-value. Any other
measure of significant significance that is well-known in the art can be used.

[0194] The terms “subject” and “individual” are used interchangeably herein,
and refer to an animal, for example a human, to whom freatiment, including prophylactic
treatment, with methods and compositions described herein, is or are provided. For
treatment of those conditions or disease states which are specific for a specific animal
such as a human subject, the term “subject” refers to that specific animal.

[0195] The term “substantially free of” refers to a condition in which a
composition or formulation has no significant amounts of specific elements. For example,
a composition or formulation “substantially free of” divalent cations contains hitle or no

divalent cations.
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[0196] As used herein, a subject or individual who is “suffering from” a disease,
disorder, and/or condition has been diagnosed with or displays one or more symptoms of
a disease, disorder, and/or condition. In some embaodimeuts, a subject may be at risk of
suffering from a disease, disorder and/or condition.

[0197] The term “tissue” refers to a group or layer of similarly specialized cells
which together perform cerlain special functions. The term “tissue-specific” refers to a
source or defining characteristic of cells from a specific tissue,

[0198] As used herein, the terms “treat” or “treatment” or “treating” refers to
therapeutic treatment, wherein the object is to prevent or slow the development of the
disease, such as slow down the development of a cardiac disorder, or reducing at least
one adverse effect or symptom of a vascular condition, disease or disorder, such as, any
disorder characterized by insufficient or undesired cardiac function.

[01991 It should be understood that this disclosure is not limited to the particular
methodology, protocols, and reagents, etc., described herein and as such can vary, The
terminology used herein is for the purpose of describing particular embodiments only,
and is not intended to Hmit the scope of the present disclosure, which is defined solely by
the claims.

5.2, Moditied RNA Encoding VEGF-A Polypeptides

[0200] Itis of great interest in the fields of therapeutics, diagnostics, reagents
and for biological assays to be able to deliver a nucleic acid, ¢.g., a ribonucleic acid
(RNA) inside a cell, whether in vitro, in vivo, in situ, or ex vivo, such as o cause
intracellular translation of the nucleic acid and production of an encoded polypeptide of

interest,
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[0201] Naturally occurring RNAs are syunthesized from four basic
ribonucleotides: ATP, CTP, UTP and GTP, but may contain post-transcriptionally
maodified nucleotides. Further, approximately one hundred different nucleoside
modifications have been identified in RNA (Rozenski, I, Crain, P, and McCloskey, 1.,
The RNA Modification Database: 1999 update, Nucl Acids Res, (1999) 27: 196-187).

[0202] According to the present disclosure, these RNAs are preferably modified
as to avoid the deficiencies of other RNA molecules of the art (e.g., activating the innate
immune response and rapid degradation upon administration). Hence, these
polynucleotides are referred to as modified RNA. In some embodiments, the modified
RNA avoids the innate immune response upon administration to a subject. In some
embodiments, the half-life of the modified RNA is extended compared to an unmodified
RNA.

[0203] In preferred embodiments, the RNA molecule is a messenger RNA
(mRNA). As used herein, the term “messenger RNA” (mRNA) refers to any
polynucleotide that encodes a polypeptide of interest and that is capable of being
translated to produce the encoded polypeptide of interest in vitro, in vive, in situ or ex
vivo.

(02041 As depicted in FIG 1A, traditionally, the basic components of an mRNA
molecule include at least a coding region, a 5’ untranslated region (UTR), a 3’
unttranslated region (UTR), a 5° cap and a poly-(A) tail. Building on this wild type
modular structure, the present disclosure expands the scope of functionality of traditional
mBNA molecules by providing polynucleotides or primary RNA counstructs which

M.}
\

maintain a modular organization, but which comprise one or more structural and/or
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chemical modifications or alterations that impart useful properties to the polynucieotide
including, in some erabodiments, the lack of a substantial induction of the innate immune
response of a cell into which the polynucleotide is infroduced.

[0205] The modified RNAs can include any useful modification relative to the
standard RNA nucleotide chain, such as to the sugar, the nucleobase (e.g., one or more
modifications of a nucleobase, such as by replacing or substituting an atom of a
pyrimidine nucleobase with optionally substituted amino, optionally substituted thiol,
optionally substituted alkyl (e.g., methyl or ethyl), or halo (¢.g., chloro or fluoro), or the
internucleoside Hinkage (e.g., one or more modification to the phosphodiester backbone).
The modified RNAs can optionally include other agents {e.g., RNAi-inducing agents,
RNAI agents, siRNA, shRNA, miRNA, antisense RNA, ribozymes, catalytic DNA,
tRNA, RNA that induce triple helix formation, aptamers, vectors, efc.).

[0206] U.S. Patent Application Publication No. 2014/0073687 discloses
exemplary modified RNAs with several useful modifications, for example, at least one or
more modified nucleosides chosen from S-methyleytidine (SmC), Né-methyladenosine
(m6A), 3,2°-O-dimethyluridine (m41)}, 2-thiouridine (s21), 27 fluorouridine,
pseudouridine, 27-O-methyluridine (Um), 27 deoxy uridine (27 dUJ}, 4-thiouridine (s4U),
S-methyluriding (m51), 2°-O-methyladenosine (m6A), N6,2°-0O-dimethyladenosine
(m6Am), N6,N6,2"-O-trimethyladenosine (m62Am), 2°-O-methyleytidine (Cm), 7-
methylguanosine {m7G), 2’-O-methylguanosine {Gn), N2,7-dimethylguanosine (m-
2,7GY, N2,N2, 7-trimethylguanosine (m-2,2,7G). Additional modifications are described
in U.S. Patent Application Publication No. 2015/0051268, filed on October 7, 2014 and
U.S. Patent No. 9,061,059, filed on February 3, 2014, Accordingly, all of these
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modifications are incorporated herein in their entirety by reference. Additional
modifications are described herein.

{02071  As non-limiting examples, in some embodiments, a modified RNA can
include, for example, at least one vridine monophosphate (UMP) that is modified to form
Ni-methyl-pseudo-UMP. In some embodiments, the Ni-methyl-pseudo-UMP is present
instead of UMP in a percentage of the UMPs in the sequence of 0.1%, 1%, 2%, 3%, 4%,
S%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 63%, 70%, 75%,
8(19%, 85%, S0%, 95%, 99.9%, and 100%. In some embodiments, all UMP have been
replaced by Ni-methyl-pseudo-UMP.

[0208] In some embodiments, a modified RNA can (further) include, for
example, at least one cytidine monophosphate (CMP) that is modified to form methyl-
CMP. In some embodiments, the methyl-CMP is present instead of CMP in a percentage
of the CMPs in the sequence chosen from 0.1%, 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
99.9%: and 100%. In sone ecmbodiments, all CMP have been replaced by 5-methyl-
CMP.

[0209] In some embodiments, a modified RNA can (further) include, for
example, at least one adenosine monophosphate (AMP}) that is modified to form N6-
methyl-AMP. In some embodiments, the No-methyl-AMP is present instead of AMP ina
percentage of the AMPs in the sequence chosen from 0.1%, 1%, 2%, 3%, 4%, 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 99.9%, and 100%. In some embodiments, all AMP have been replaced by N6-

methyl-AMP.
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[0210] In some embodiments, a modified RNA can (further) include, for
example, at least one guanosine monophosphate {(GMP) that is modified to form 7-
methyl-GMP. In some embodiments, the 7-methyl-GMP is present instead of GMP ina
percentage of the GMPs in the sequence chosen from 0.1%, 1%, 2%, 3%, 4%, 5%, 10%,
15%, 20%, 253%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%
90%, 95%, 99.9%, and 100%. In some embodiments, all GMP have been replaced by 7-
methyl-GMP,

(02111 In some embodiments, a modified RNA can (further) include, for
example, at least one or more modified nucleosides chosen from S-methyleytidine (3m(C),
Né-methyladenosine (m6A), 3,2°-O-dimethyluridine (m4U), 2-thiouridine (s2U), 2°
fluorouridine, pseudouridine, 2°-O-methyluridine (Um), 27 deoxy uridine (27 dU}, 4-
thiouridine {(s4U)), S-methyluridine (m3U), 2°-O-methyladenosine (mbA), N6,2°-0-
dimethyladenosine (mb6Am), N6,N6,2"-O-trimethyladenosine (mb2Am), 2°-0-
methyicytidine (Cm), 7-methylguanosine (m7G), 2°~-O-methyiguanosine {Gim), N2,7-
dimethylguanosine (m-2,7G), N2,N2,7-trimethylguanosine (m-2,2,7G), and Nl-methyl-
pseudouridine, or any combination thereof. Each possibility and combination represents a
separate embodiment of the present disclosure.

{02121 In some embodiments, modified RNAs comprise a modification to 5
cap, such as a 5” diguanosine cap. In some embodiments, modified RNAs comprise a
modification to a coding region. In some embodiments, modified RNAs comprise a
modification to a 3 UTR. In some embodiments, modified RNAs comprise a
modification to a 3° UTR. In some embodiments, modified RNAs comprisc &

modification to a poly-(A) tail. In some embodiments, modified RNAs comprise any

~
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combination of modifications to a coding region, 57 cap, 3’ UTR, 3° UTR, or poly-(A)
tail. In some embodiments, a modified RNA can optionally be treated with an alkaline
phosphatase.

[07213] In some embodiments, a modified RNA encodes a Vascular Endothelial
Growth Factor (VEGF) polypeptide, any one of a large family of VEGF proteins that
play a central role in the control of cardiovascular physiological function in general, and
arteriogenesis in particular (Holmes DL et al., Genome Biol,, (2005)6(23:209). VEGF's
toles also include activation of nitric oxide (NO) signaling, vascular permeability,
developmental and post-natal angilogenesis, tumor anglogenesis, arteriogenesis,
endothelial replication, and as cell fate switch for multipotent cardiovascular progenitors.

(02141 It will be appreciated by those of skill in the art that for any particular
VEGF gene there may exist one or more variants or isoforms. Non-limiting examples of
the VEGE-A polypeptides in accordance with the present disclosure are listed in Table 1.
It will be appreciated by those of skill in the art that the sequences disclosed in the Table
i contain potential flanking regions. These are encoded in each mucleotide sequence
cither to the §” {upstream) or 3’ (downsiream) of the open reading frame. The open
reading frame is definitively and specifically disclosed by teaching the nucleotide
reference sequence. It is also possible to further characterize the 5' and 37 flanking
regions by utilizing one or more available databases or algorithrus, Databases have
annotated the features contained in the flanking regions of the NCBI sequences and these
arc available in the art.

Table 1: Homo sapiens VEGF-A mRNA 1soforms.

Description - NM Ref. NP Ref.
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' Homo sapiens vascular endothelial growth
factor A (VEGF-4), transcript variant 1,
mRNA

NM_001171623.1

NP 001165094.1

Homeo sapiens vascular endothelial growth
factor A {(VEGF-A), transcript variant 1,
mRNA

NM_001025366.

[\

NP (010205372

Homio sapiens vascular endothelial growth
factor A (VEGF-A), transcript variant 2,
mRNA

NM _001171624.1

NP 001165095.1

Homo sapiens vascular endothelial growth

factor A (VEGY-A), transcript variant 2,

mRNA

NM 0033763

NP _003367.4

Homo sapiens vascular endothelial growth
factor A (VEGF-A), transcript variani 3,
mRNA

NM_ 0011716251

NP 0011650961

Homo sapiens vascular endothelial growth
factor A (VEGF-A), transcript variant 3,

mBRNA

NM 0010233672

NP _001020538.2

Homo sapiens vascular endothelial growth
factor A (VEGF-A), transcript variant 4,
mRNA

NM 001171626.1

NP 0011650971

- Homo sapiens vascular endothelial growth
factor A (VEGF-A), transcript variant 4,

mRENA

NM_061025368.2

NP 0016205392

Homo sapiens vascular endothelial growth

Juctor A (VEGF-A), transcript variant 4,

NM_001317010.1

NP 001303939.1

Homo sapiens vascular endothelial growth
factor A (VEGF-A), transcript vatiant S,

mRNA

NM 001171627,

-3
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Home sapiens vascular endothelial growth
factor A (VEGF-A), transcript variant 5,

mRNA

NM_001025369.2

NP _001020540.2

- Homeo sapiens vascular endothelial growth
factor A (VEGF-A), transcript variant 6,
mRMNA

NM_001171628.1

NP_001165099.1

Homo sapiens vascular endothelial growth
factor A (VEGF-A), transcript variant 6,

mRNA

NM_001025370.2

'NP_001020541.2

Homo sapiens vascular endothelial growth
factor A (VEGF-A), transcript variant 7,

mRNA

NM 0011716291

NP _001165100.1

Home sapiens vascular endothelial growth
factor A (VEGF-A), transeript variant 7,
mRNA

NM_001033756.2

NP 0010289281

Homo sapiens vascular endothelial growth
factor A {VEGF-A), transcript variant §,

mRNA

NM 0011716301

NP 0011651011

Homo sapiens vascular endothelial growth
factor A (VEGF-A), transcript variant 8,
mBRNA

NM_001171622.1

NP 0011650931

Homo sapiens vascular endothelial growth

factor A (VEGF-A), transcript variant 9,

NM_001204385.1

NP _001191314.1

Homo sapiens vascular endothelial growth
factor A {(VEGF-A), transcript vanani 9,
mRNA

M 0612043841

NP 0011913131

Homo sapiens vascular endothelial growth

factor A (VEGF-A), transeript variant 10,

NM 001287044 1

NP 0012739731

mRNA
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[0215] It will be appreciated by those of skill in the art that RNA molecules
woding a VEGF-A polypeptide. e.g., a human VEGF-A polypeptide, can be designed
wceording to the VEGF-A mRNA isoforms listed in the Table 1. One of ordinary of skill
in the art is generally familiar with the multiple isoforms of the remaining VEGF family

members.

[(1216] In one embodiment, the present disclosure provides for a modified RNA

coding a VEGF-A polypeptide (e.g.. SEQ ID NO: 2). In some embodiments, a

modified RNA encodes a VEGF-A polypeptide, wherein the modified RNA comprises
SEQ 1D NO: 1. In some embodiments, the modified RNA further comprises a 5 cap, a b’
UTR, a 3" UTR, a poly(A) tail, or any combination thereof. In sorae embodiments, the 3
cap, the 5° UTR, the 3" UTR, the poly(A) tail, or any combination thereof may include
one or more modified nucleotides.

(02171 In some embodiments, a modified RNA encoding a VEGF-A
polypeptide can have the structure as depicted in FIG. 1B, which is SEQ ID NO: 1.

{0218] In some embodiments, a modified RNA encodes a VEGF polypeptide ,
wherein the modified RNA comprises one or more modified UMP nucleotides within the
nucleic acid sequence of SEQ ID NO: 1. In some embodiments, a modified RNA
encoding a YEGF-A polypeptide can include, for example, at least one of the UMP 15
modified to form N1-methyl-pseudo-UMP. In some embodiments, the Ni-methyl-
pseudo-UMP is present instead of UMP in a percentage of the UMPs in the sequence

chosen from 0.1%, 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
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50%, 55%, 60%, 63%, 70%, 75%, 80%, 85%, 90%, 95%, 99.9%, and 100%. In some
embodiments, all UMP have been replaced by N1-methyl-pseudo-UMP,

[0219] Insome embodiments, a modified RNA encodes a VEGF polypeptide,
wherein the modified RNA (further) comprises one or more CMP modified nucleotides
within the nucleic acid sequence of SEQ ID NO: 1. In some embodiments, the modified
RNA encoding a VEGF-A polypeptide can include, for example, at least one of the CMP
is modified to form methyl-CMP. In some embodiments, the methyl-CMP is present
instead of CMP in a percentage of the CMPs in the sequence chosen {rom 0.1%, 2%, 3%,
4%, 1%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 99.9%, and 100%. In some embodiments, all CMP have
been replaced by 5-methyl-CMP.

[(2201 In some embodiments, a modified RNA encodes a VEGF polypeptide,
wherein the modified RNA (further) comprises one or more AMP modified nucleotides
within the nucleic acid sequence of SEQ 1D NO: 1. In some embodiments, the modified
RNA encoding a VEGF-A polypeptide can include, for example, at least one of the AMP
is modified to form Né-methyl-AMP, In some embodiments, the No-methyl-AMP 15
present instead of AMP in a percentage of the AMPs in the sequence chosen from 0.1%,
1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 6%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 99.9%, and 100%. In some embodiments, all
AMP have been replaced by Né-methyl-AMP,

[0221] In some embodiments, a modified RNA encodes a VEGY polypeptide,
wherein the modified RNA (further) comprises one or more modified GMP nucleotides
within the nucleic acid sequence of SEQ ID NO: 1. In some embodiments, the modified

572
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RNA can include, for example, at least one of the GMP is moditied to form 7-methyl-
GMP, In some embodiments, the 7-methyl-GMP is present instead of GMP ina

percentage of the GMPs in the sequence chosen from 0.1%, 1%, 2%, 3%, 4%, 5%, 10%,
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5%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%,
90%, 95%, 99.9%, and 100%. In some embodiments, all GMP have been replaced by 7-
methyl-GMP,

(02221 In some embodiments, a modified RNA encodes a VEGF polypeptide,
wherein the modified RNA (further) comprises one or more modified nucleotides within
the nuclete acid sequence of SEQ 1D NO: 1. In some embodiments, the modified RNA
encoding a VEGF-A polypeptide can include, for example, at least one or more modified
nucleosides chosen from 3-methyleytidine (SmC), No-methyladenosine (mbA), 3,27-0-
dimethylaridine (m4U)), Z-thicuridine (s2U), 2° fluorcuridine, pseudouridine, 2°-0-
methyluridine (Um), 2° deoxy uridine (2° dU), 4-thiouridine (s41), 5-methyluridine
{mS5U), 2°-O-methyladenosine (m6A), N6,2°-O-dimethyladenosine (m6Am}), N6,N6,2°-
O-trimethyladenosine (m62Am), 2’_-0—methyicytidine {Cm), 7-methylguanosine (m7G),
2’-O-methylguanosine (Gm), N2,7-dimethylguanosine (m-2,7G), N2,N2,7-
trimethylguanosine (m-2,2,7G), and N1-methyl-pseudouridine, or any combination
thereof. Bach possibility and combination represents a separate embodiment of the
- present disclosure.

5.3, Compositions Comprising Modified RNA

{02231 Some embodiments relate to compositions, including specific
formulations, comprising disclosed modified RNAs. [n some embodiments, a formulation
comprises a pharmaceutically effective amount of one or more modified RiNAs,
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[0224] Insome embodiments, a pharmaceutical composition can comprise at
least one or more modified RNAs in a lipid-based complex, such as liposomes,
lipoplexes, and lipid nanoparticles. In general, liposomes, lipoplexes, or lipid
nanoparticles may be used to improve the efficacy of polyrucleotide, primary construct,
or modified RNA directed protein production as these formulations may be able to
increase cell transfection by the polynucleotide, primary construet, or modified RNA;
and/or increase the translation of encoded protein. One such example involves the use of
lipid encapsulation to enable the effective systemic delivery of polyplex plasmid DNA
(Heyes et al.,, Mol Ther. (2007} 15:713-720; herein incorporated by reference in its
enttirety). The liposomes, lipoplexes, or lipid nanoparticles may also be used to increase
the stability of the polynucleotide, primary construct, or modified RNA.

[0225]  Accordingly, in some embodiments, pharmaceutical compositions of
modified RNAs include liposomes. Liposomes are attificially-prepared vesicles which
may primarily be composed of a lipid bilayer and may be used as a delivery vehicie for
the administration of nutrients and pharmaceutical formulations. Liposomes can be of
different sizes such as, but not limited to, a multilamellar vesicle (MLV) which may be

undreds of nanometers in diameter and may contain a series of concentric bilayers
separated by narrow aqueous compartments, a small unicellular vesicle (SUV) Which
may be smaller than 50 nm in diameter, and a large unifamellar vesicle (LUV) which may
be between 50 and 500 nm in diameter. Liposome design may include, but is not lirmited
to, opsonins or lgands in order to improve the attachment of liposomes to unhealthy

tissue or to activate events such as, but not limited to, endocytosis. Liposomes may

5
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contain a low or a high pH in order to improve the delivery of the pharmaceutical
compositions.

[0226] In some embodiments, pharmaceutical cornpositions of modified RNA
include a lipoplex, such as, without limitation, the ATUPLEX™ system, the DACC

system, the DBTC system and other siRNA-lipoplex technology from Silence

&

Therapeutics (London, United Kingdom), STEMFECT™ from STEMGENT®
(Cambridge, Mass.), and polyethylenimine (PE]) or protamine-based targeted and non-
targeted delivery of nucleic acids (Aleku et al. Cancer Res., (2008) 68:9788-9798;
Strumberg et al. Int J Clin Pharmacol Ther, (2012) 50:76-78; Sautel et al., Gene Ther,
(2006) 13:1222-1234; Santel et al., Gene Ther, (2006) 13:1360-1370; Gutbier et al,, Pulm
Pharmacol. Ther., (2010} 23:334-344; Kaufmann et al. Microvasc Res, (2010) 80:286-
293: Weide et al. J Immuno Ther., (2009) 32:498-507; Weide et al. J Immunother.,
(2008) 31:180-188; Pascolo Expert Opin. Biol. Ther. 4:1285-1294; Fotin-Mleczek et al,
I, Immunother, (2011)34:1-15; Song et al., Nature Biotechnol., {2005) 23:709-717; Peer
et al., Proc Natl Acad Sci USA., (2007) 6; 104:4095-4100; deFoﬁgemilss Hom Gene
Ther., (2008) 19:125-132; all of which are incorporated herein by reference in its
entirety).

(02271 In some embodiments, pharmaceutical compeositions of modified RNA
include a solid lipid nanoparticle. A solid lipid nanoparticle (SLN) may be spherical with
an average diameter between 10 to 1000 nm, SLN possess a solid lipid core matrix that
can solubilize lipophilic molecules and may be stabilized with surfactants and/or

emulsifiers. In a further embodiment, the lipid nanoparticle may be a self-assembly lipid-
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polymer nanoparticle {see Zhang et al.,, ACS Nano, (2008}, 2 (8), pp 1696-1702; herein
incorporated by reference in its entirety).

[0228] Additional lipid-based compositions are discussed in U.S. Patent
Application Publication No. 2015/0051268,; herein incorporated by reference in its
entirety. Accordingly, in some embodiments, pharmaceutical formulations of the
modified RNA in accordance with this disclosure are formulated in lipid-based
formulations as discussed in U.S. Patent Application Publication No. 2015/0051268.

[0229] In some embodiments of the present disclosure, pharmaceutical
formulations of modified RNA do not include any lipid-based complex (such as
liposomes, lipoplexes, or lipid nanoparticles) and are herein referred to as naked RNA
formulations. WO 2012/103985 has suggested that naked RMNA can penetrate cells only
when it is formulated in the presence of divalent cations, preferably calcium.
Furthermore, other studies have suggested and showed that calcinm is needed for
directing naked RNA molecules into animal tissues in vive (Wollf J. A et al,, Science,
{1999}, 247, 1465-1468). Similarly, Probst et al. showed that injection of naked RNA in
vivo strongly depends on the presence of calcium in the injection solution {Probst J. et al,,
Gene Ther, (2007} 14, 1175-1180}. Accordingly, these studies dealing with delivery of
naked RNA to cells and tissues have strongly suggested the need for caleium in the
formulation.

(02301 Yet in some cmbodiments of the present disclosure, naked modified
RNA is formulated with phosphate-buffered saline (PBS) buffer. For example, a
modified RNA can be formulated with pH 7.4 PBS butfer substantially free of divalent

cations. In some embodiments, a modified RNA can be formulated with pH 7.4 PBS
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buffer substantially free of calcium or magnesium. In some embodiments, a modified
RNA can be formulated with pH 7.4 PBS buffer containing no calcium or magnesium.

[0231] In some embodiments, naked modified RNA is formulated with citrate
saline buffer. For example, a modified RNA can be formulated with pH 7.0 citrate saline
buffer substantially free of divalent cations. In some embodiments, a modified RNA can
be formulated with pH 7.0 citrate saline buffer substantially free of calcium or
magnesium. In some embodiments, a modified RNA can be formulated with pH 7.0
ciirate saline buffer containing no calcium or magnesium. For example, a modified RNA
can be formulated with pH 7.0 citrate saline buffer containing 10 mmol/L citrate, 130
mmol/L sodium chloride in Hyclone water, wherein the citrate saline buffer does not
contain calcium or magnesium.

[0232] In some embodiments, nai;ed modified RNA is formulated with
tromethamine {THAM) buffer. For example, a modified RNA can be formulated with pH
8.0 THAM buffer substantially free of divalent cations. In some embodiments, a
modified RNA can be formulated with THAM buffer substantially free of calcium or
magnesium. In some embodiments, a modified RNA can be formulated with pH 8.0
THAM buffer containing no calcium or magnesium. For example, a modified RNA can
be formulated with pH 8.0 THAM buffer (fromethamine AKA 2-amino-2-
(hydroxymethyl)-1,3-propanediol, 300 mmol/L Tris-HCl), wherein the THAM buffer
does not contain calcium or magnesiam,

[0233] In some embodiments, naked RINA pharmaceutical formulations may
additionally comprise a pharmaceutically acceptable excipient, which, as used herein,

includes, but is not limited to, any and all solvents, dispersion media, diluents, or other
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liquid vehicles, dispersion or suspension aids, surface active agents, isotonic agents,
thickening or emulsifying agents, preservatives, and the like, as suited to the particular
dosage form desired. Excipients can also inchude, without limitation, polymers, core-sheli
nanoparticles, peptides, proteins, cells, hyaluronidase, nanoparticle mimics and
cormbinations thereof, Various excipients for formulating pharmaceutical compositions
and techniques for preparing the composition are known in the art {see Remington: The
Science and Practice of Pharmacy, oond Edition, Edited by Allen, Loyd V., Jx,
Pharmaceutical Press; incorporated herein by reference in its entirety). The use of a
conventional excipient medium may be contemplated within the scope of the present
disclosure, except insofar as any conventional excipient medium may be incompatible
with a substance or its derivatives, such as by producing any undesirable biological effect
or otherwise interacting in a deleterious manner with any other componeni(s) of the
pharmaceutical composition.

[0234] In some embodiments, a naked RNA formulation comprises a
pharmaceutically effective amount of one or more moditfied RNAs, wherein the
formulation comprises a phosphate-buffered saline buffer and further comprises a
pharmaceutically acceptable excipient. In some embodiments, the pharmaceutically
accepiable excipient is chosen from a solvent, dispersion media, diluent, dispersion,
suspension aid, surface active agent, isotenic agent, thickening or emulsifying agent,
preservative, core-shell nanoparticles, polymer, peptide, protein, cell, hyaluronidase, and
mixtures thereof. In some embodiments, the solvent is an aqueous solvent. fu sore

embodiments, the solvent is a not-agqueous solvent.
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[0235] In some embodiments, a naked RNA formulation comprises a
pharmaceutically effective amount of one or more modified RNAs, wherein the
formulation comprises a THAM buffer and further comprises a pharmaceutically
acceptable excipient. In some embodiments, the pharmaceutically acceptable excipient is
chosen from solvent, dispersion media, diluent, dispersion, suspension aid, surface active
agent, isotonic agent, thickening or emulsifying agent, preservative, core-shell
nanoparticles, polymer, peptide, protein, cell, hyaluronidase, and mixtures thereof. In
some embodiments, the solvent is an aqueous solvent.

102361 In some embodiments, a naked RNA formulation comprises a
pharmaceutically effective amount of one or more modified RNAs, wherein the
formulation comprises a citrate saline buffer and further comprises a pharmaceutically
acceptable excipient. In some embodiments, the pharmaceutically acceptable excipient i3
chosen from a solvent, dispersion media, diluent, dispersion, suspension aid, surface
active agent, isotonic agent, thickening or emulsifying agent, preservative, core-shell
nanoparticles, polymer, peptide, protein, cell, hyaluronidase, and mixtures thereof. In
some embodiments, the solvent is an agueous solvent,

[0237] In certain embodiments, formulations comprising the modified RNA in
accordance with the present disclosure are in a lipid-based complex (such as liposomes,
lipoplexes, and lipid nanoparticles), phosphate-buffered saline buffer, THAM buffer, or
citrate saline buffer at a concentration of between 0.1 and T ug/pl. In some
embodiments, formulations comprising the modified RNA in accordance with the present
disclosure are formulated in a lipid-based complex (such as liposomes, lipoplexes, and

lipid nanoparticles), phosphate-buffered saline buffer, THAM but¥er, or ciirate saline

59



WO 2017/214175 PCT/US2017/036188

buffer at a concentration of between 1 and 10 pg/ul. In some embodiments, formulations
comprising the modified RNA in accordance with the present disclosure are formulated
in a lipid-based complex (such as liposomes, lipoplexes, and lipid nanoparticles),
phosphate-buffered saline buffer, THAM buffer, or citrate saline buffer at a concentration
of between 10 and 50 ug/pl.

{02381 1o preferred embodiments, naked RNA formulations comprising the
modified RNA in accordance with the present disclosure comprise a citrate saline butfer,
In some embodiments, the formulation comprises a concentration of the modified RNA
formulated in ciirate saline buffer of between 0.1 and 1 pg/ul. In some embodiments, the
formulation comprises a concentration of the modified RNA formulated in citrate saline
buffer of between 1 and 10 pg/ul. In some embodiments, the formulation comprises a
concentration of the modified RNA formulated in citrate saline buffer of between 10 and
50 pg/ul.

{02391 In some embodiments, a naked RNA formulation comprising a modified
RNA encoding a VEGF-A polypeptide formulated in citrate saline buffer is less toxic to
the subject than a lipid-based formulation.

8.4, Treating Subjects Suffering from Diseases Responsive to VEGE-A
Therapy

02407 Subjects with insufficient expression of VEGE-A can suffer from many
vascular diseases including, without Hmitation, heart failure with reduced or preserved
ejection fraction, kidney disease, a disease involving skin grafting and tissue grafiing,
post-MI cardiac dysfunction, ischemic heart disease, a vascular injury from frauma or

surgery, a skin ulcer including a diabetic ulcer, critical limb ischemia, pulmonary
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hypertension, and peripheral arterial disease. It is an aim of the present disclosure to treat
subjects suffering from diseases responsive to VEGF-A therapy by direct administration
of one or more modified RNA molecules encoding VEGE-A polypeptides. In some
embodiments, naked VEGF-A RNA is administered to the subject in a citrate saline
buffer without lipids and calcium.

102411 In general, exogenous nucleic acids introduced into cells induce an
innate immune response, resulting in interferon (IFN) production and cell death.
However, modified RNAs have overcome at least some of these issues and are of great
interest for therapeutics, diagnostics, reagents and for biological assays to deliver a
nucleic acid, e.g., a ribonucleic acid (RNA) inside a cell, either in vive or ex vive, such as
to cause intracellular translation of the nucleie acid and production of the encoded
protein.

(02421 The modified RNAs and the proteins translated from the modified RNAs
described herein can be used as therapeutic agents. For example, a modified RNA
described herein can be administered to a subject, wherein the modified RNA s
transiated to produce a therapeutic protein of any VEGF {family member, or a fragment
thereot in the subject. Provided are methods for treatment of disease or conditions in
humans and other mammals. All the formulations described herein for VEGF-A can be
agrecably used with any other VEGE family member.

[0243] In some embodiments, compositions and particular formulations
comprising one or more modified RNAs encoding VEGF-A polypeptides may be used
for treatment of a disease such as heart failure with reduced or preserved ejection
fraction, kidney disease, a disease involving skin grafling and tissue grafling, post-Ml
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cardiac dysfunction, ischemic heart disease, a vascular injury {rom trawma or surgery, a
skin uleer including a diabetic ulcer, healing wounds, such as lacerations, critical limb
ischemia, pulmonary hypertension, and peripheral arterial disease.

[0244] In some embodiments, formulations comprising one or more modified
RNAs encoding VEGF-A polypeptides may be used to treat heart failure with reduced or
preserved cjection fraction. In some embodiments, formulations comprising one or more
modified RNA encoding VEGF-A polypeptides may be used to treat post-MI cardiac
dysfunction. In some embodiments, formmulations comprising one or more modified RNA
encoding VEGF-A polypeptides may be used to treat ischernic heart disease. In some
embodiments, formulations comprising one or more wodified RNA encoding VEGE-A
polypeptides may be used to treat a vascular injury from trauma or surgery. In some
embodiments, formulations comprising one or more modified RNA encoding VEGE-A
polypeptides may be used to treat 4 skin ulcer including a diabetic ulcer. In some
embodiments, the formulations comprising one or more modified RNA encoding VEGE-
A polypeptides may be used in wound healing, for example, in healing lacerations. In
some embodiments, formulations comprising one or more moditied RNA encoding
VEGF-A polypeptides may be used to critical limb ischemia. In some embodiments,
formulations comprising one or more modified RNA encoding VEGE-A polypeptides
may be used to treat pulmonary hypertension. In some embodiments, formulations
comprising one or more modified RNA encoding VEGF-A polypeptides may be used to
treat peripheral arterial disease. In some embodiments, formulations comprising one or
more modified RNA encoding VEGF-A polypeptides may be used (o treat kiduey
disease. In some embodiments, formulations comprising one or more modified RNA
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encoding VEGF-A polypeptides may be used to treat a disease involving skin grafting
and tissue grafling.

(02451 Other aspects of the disclosure relate to administration of the
formulations comprising modified RNAs to subjects in need thereof. Administration of
the formulation can be intramuscular, transarterial, intraperitoneal, infravenous,
intraarterial, subcutaneous, intraventricular, intradermal, intracardiac, epicardiac, through
a portal vein catheter, through a coronary sinus catheter, and/or direct administration into
the area to be treated.

[0246] However, the present disclosure also encompasses the delivery of naked
modified RNA molecules or modified RNA complexes, and/or pharmaceutical,
prophylactic, or diagnostic formulations thereof, by any appropriaie route taking into
consideration likely advances in the sciences of drug delivery.

[0247] As non-limiting examples, in some embodiments, formulations in
accordance with the present disclosure are administered to the subject via intramuscular,
intradermal, subcutanecus, intracardiac or epicardiac route, through a portal vein catheter,
through a coronary sinus catheter, and/or by direct administration into the area to be
treated. In some embodiments, the formulation is administered to the subject
intramuscularly. In some embodiments, the formulation is administered to the subject
intradermally. In some embodiments, the formulation is administered to the subject
subcutaneously.

102481 In some embodiments, the formulation is administered to the subject
intracardially, preferably at a fixed-dosage in multiple (e.g., two, three, four, five, six,
seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen,
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eighteen, nineteen, twenty, or more) adroinistrations. In some embodiments, the
fornulation is administered to the subject through a portal vein catheter, preferably at a
fixed-dosage in multiple {e.g., two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen, {ifieen, sixteen, seventeen, eighteen, nineteen, twenty, or more)
administrations. In some embodiments, the formulation is administered to the subject
through a coronary sinus catheter, preferably at a fixed-dosage in multiple {e.g., two,
three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen,
sixteen, seventeen, eighteen, nineteen, twenty, or more) administrations. In some
embodiments, the formulation is administered to the subject by direct administration into
the area to be treated, preferably at a fixed-dosage in multiple {e.g., two, three, four, five,
six, seven, eight, nine, ten, cleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen,
cighteen, nineteen, twenty, or more) administrations. For example, the formulation is
administered to the subject by direct injection to the damaged area during open heart
surgery, preferably at a fixed-dosage in multiple (e.g., two, three, four, five, six, seven,
eight, nine, ten, eleven, twelve, thirteen, fourteen, {fificen, sixteen, seventeen, eighteen,
nineteen, twenty, or more) administrations. lo some embodiments, the formulation is
administered to the subject epicardially, preferably at a fixed-dosage in multiple (e.g.,
two, three, four, {ive, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen,
{ifteen, sixteen, seventeen, eighteen, nineteen, twenty, or more) administrations. For
example, in patients undergoing coronary artery by-pass grafting (CABG), the
formulation is administered to the patient from the external side of the heart, preferably at
a fixed-dosage in multiple {e.g., two, three, four, five, six, seven, eight, nine, ten, cleven,
twelve, thirteen, fourteen, {ifteen, sixteen, seventeen, eighteen, nineteen, twenty, or more)
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administrations. In each of the embodiments in this paragraph, the “multiple
administrations” can be separated from cach other by short (1-5 mins), medium (6-30
minutes), or long (more than 30 minutes, hours, or even days) intervals of time.

[0249] The formulation may be administered to a subject using any amount of
administration effective for treating a disease, disorder, and/or condition. The exact
amount required will vary from subject to subject, depending on the species, age. and
general condition of the subject, the severity of the disease, the particular formulation, Hs
mode of administration, its mode of activity, and the like. It will be understood, however,
that the total daily usage of the formulations may be decided by the attending physician
within the scope of sound medical judgment. The specific pharmaceutically effective,
dose level for any particular patient will depend upon a variety of factors including the
disease being treated and the severity of the disease; the activity of the specific compound
employed; the specific formulation employed; the age, body weight, general health, sex
and diet of the patient; the time of administration, route of administration, and rate of
excretion of the specific compound employed; the duration of the treatment; drugs (for
example, a modified RNA) used in combination or coincidental with the specitic
compound emploved; and like factors well known in the medical arts,

[0250] In certain embodiments, formulations iv accordance with the present
disclosure are administered to a subject, wherein the formulations comprise a lipid-based
complex {such as liposomes, lipoplexes, and lipid nanoparticles). In other embodiments,
naked modified RNA is administered in phosphate-buffered saline buffer, THAM buffer,
or citrate saline buffer. In other embodiments, naked modified RNA 1s administered in

the absence of divalent cations, including calcium. In preferred embodiments,
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formulations for intracardiac or intradermal administration comprising the modified RNA
are formulated in citrate saline buffer containing no calcinm or magnesium. In some
embodiroents, the formulation comprises a concentration of the modified RNA
formulated in citrate saline buffer of between 0.1 and 1 pg/uL. In some embodiments, the
formulation comprises a concentration of the modified RNA formulated in citrate saline
buffer of between | and 10 pg/pl. In some embodiments, the formulation comprises a
concentration of the wodified RNA formulated in citrate saline buffer of between 10 and
50 pg/ul.

[0251] In certain embodiments, formulations in accordance with the present
disclosure may be administered at dosage levels sufficient to deliver from about 0.0001
mg/kg to about 100 mg/kg, from about 0.001 mg/kg to about 0.05 mg/kg, from about
0.005 mg/kg to about 0.05 mg/kg, from about 0.001 mg/kg to about 0.005 mg/kg, from
about (.05 mg/kg to about 0.5 mg/kg, from about 0.01 mg/kg to about 50 mg/kg, from
about 0.1 mg/kg to about 40 mg/kg, from about 0.5 mg/kg to about 30 mg/kg, from about
0.01 mg/kg to about 10 mg/kg, from about 0.1 mg/kg to about 10 mg/kg, or from about |
mg/kg to about 25 mg/kg, of modified RNA per subject body weight per day, one or
more times a day, to obtain the desired therapeutic or prophylactic effect. The desired
dosage may be delivered three times a day, two times a day, once a day, every other day,
every third day, every week, every two weeks, overy three weeks, every four weeks or
once as a single dose, either in a bolus dose or in multiple administrations over a period
of second, minutes or howrs in a 24 hour period. In certain embodiments, the desired

dosage may be delivered using multiple administrations (e.g., two, three, four, five, six,
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seven, cight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen,
eighteen, nineteen, twenty, or more administrations).

10252] In some embodiments, formulations in accordance with the present
disclosure may be administered ai fixed-dosage levels. For exaruple, formulations in
accordance with the present disclosure may be administered at fixed-dosage levels from
about 0.1 mg to about 1 mg, either per administration or per total dose. In some
embodiments, formulations in accordance with the present disclosure may be
administered at fixed-dosage levels from about | mg to about 10 mg, either per
administration or per total dose. In some embodiments, formulations in accordance with
the present disclosure may be administered at fixed-dosage levels from about 10 mg to
about 25 mg, either per administration or per total dose. In some embodiments,
formulations in accordance with the present disclosure may be administered at {ixed-
dosage levels from about 25 mg to about 50 mg, either per administration or per total
dose. In some embodiments, formulations in accordance with the present disclosure may
be administered at fixed-dosage levels from about 50 mg to about 100 mg, either per
administration or per total dose. In some embodiments, formulations in accordance with
the present disclosure may be administered at fixed-dosage levels from about 0.1 to about
25 mg, either per administration or per total dose. In some embodiments, formulations in
accordance with the present disclosure may be administered at a fixed-dosage, preferably
in multiple (e.g., two, three, four, five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, fourteen, {ifleen, sixteen, seventeen, eighteen, nineteen, twenty, or rnore)
administrations. For example, in some embodiments, formulations in accordance with the
present disclosure may be administered at 0.1 mg fixed-dosage, either per administration
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or per total dose, preferably in multiple {e.g., two, three, four, five, six, seven, eight, nine,
ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seveuteen, eighteen, nineteen,
twenty, or more) adrainistrations. In some embodiments, formulations in accordance with
the present disclosure may be administered at 1 mg fixed-dosage, either per
administration or per total dose, preferably in multiple (e.g., two, three, four, five, six,
seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen,
eighteen, nineteen, twenty, or more) administrations. In some embodiments, formulations
in accordance with the present disclosure may be administered at 10 mg fixed-dosage,
either per administration or per total dose, preferably in multiple (e.g., two, three, four,
five, six, seven, eight, nine, ten, cleven, twelve, thirteen, fourteen, fifteen, sixteen,
seventeen, eighteen, nineteen, twenty, or more) administrations. In some embodiments,
formulations in accordance with the present disclosure may be administered at 25 mg
fixed-dosage, either per administration or per total dose, preferably in multiple {e.g., two,
three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen,
sixteen, seventeen, eighteen, nineteen, twenty, or more) administrations, In some
embaodiments, formulations in accordance with the present disclosure may be
administered at 50 mg fixed-dosage, cither per administration or per total dose,
preferably in multiple (e.g., two, three, four, five, six, seven, eight, nine, ten, eleven,
welve, thirteen, fourteen, fifteen, sixteen, seventeen, cighteen, nineteen, twenty, or more)
administrations, In some embodiments, formulations in accordance with the present
disclosure may be administered at 100 mg fixed-dosage, cither per administration or per

total dose, preferably in multiple (e.g., two, three, four, five, six, seven, eight, nine, ten,
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cleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, twenty,
or more) administrations,

[0253] In some embodiments, formulations in accordance with the present
disclosure are administered to a subject, wherein the formulation comprising a naked
modified RNA encoding a VEGF-A polypeptide formulated in citrate saline bulfer is less
toxic to the subject than a lipid-based formulation. The assessments of toxicity due to
RNA delivery in formulations in accordance with the present disclosure can be evaluated
by methods well-known in the art. For example, cationic lipids are typically included in
lipid formulations of RNA therapeutics to improve RNA ¢ncapsulation and stability.
However, some cationic lipids may, in a dose-dependent manner, disrupt the integrity of
a membrane structure, cause cell lysis and necrosis, and/or alter the expression of
multiple genes in undesirable manner (Xue H.Y ., Curr Pharm Des., (2015) 21 _(22):314(%
7, its entirety is incorporated herein by reference). Accordingly, examples of toxicity can
be assessed by measuring the degree of cell lysis and necrosis, and/or alteration to the
expression of multiple genes due to RNA delivery in formulations in accordance with the
present disclosure, At preclinical and clinical levels, systemic dose-dependent toxicities
of some lipoplexes have been well-documented. Capture of some lipoplexes by Kuptter
cells in the liver can trigger inflammatory responses, which may inflict damages to liver
and result in elevated levels in major liver function indicators. Leukopenia and
thrombocytopenia may also occur {Zhang 1., Adv Drag Deliv Rev., (2005} 57(5).689-
698; its entirety is incorporated herein by reference). Accordingly, examples of foxicity
can be assessed by measuring the inflammatory responses due to RNA delivery in

formulations in accordance with the present disclosure. In addition, examples of toxicity
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can be assessed by measuring infusion related reactions such as dyspnea, hypoxia, rigors,

o

back pain, hypotension, and liver mjury.

[01254] A subject suffering from a vascular disease is “responsive” to the
treatment if one or more symptoms or clinical markers are reduced. Alternatively, a
treatment is working if the progression of a disease 1s reduced or halted. For example,
heart failure (HF) occurs when the heart is weakened and is not filled with, or cannot
pump, encugh blood to meet the body's needs for blood and oxygen. Likewise, a patient
with ischemic heart disease (IHD) has heart problems caused by narrowed heart arteries.
When arterics are narrowed, less blood and oxygen reaches the heart muscle. As a
consequence of microvascular dysfunction, loss of functional vessels, and/or loss of
cardiac tissue, a patient usually develops cardiac dysfunction post-Ml. Furthermore,
vascular structures are most commonly injured by penetrating trauma or surgery.
Diabetes impairs numerous components of wound healing, and a patient with diabetic
wound healing generally has altered blood flow due to vascular dysfunction.
Accordingly, a patient with skin ulcer including diabetic uleers usually has decreased or
delayed would healing. Critical limb ischemia (CLI) is a severe obstruction of the arterics
which markedly reduces blood flow to the extremities (hands, feet and legs) and has
progressed to the point of severe pain and even skin ulcers, sores, or gangrene.
Pulmonary hypertension (FH or PHTN) is an increase of blood pressure in the pulmonary
artery, pulmonary vein, or pulmonary capillaries, together known as the lung vasculature,
leading to shortness of breath, dizziness, fainting, leg swelling and other symptoms.
Peripheral artery disease (PADY) is a narrowing of the peripheral arteries to the legs,

stomach, arms, and head - most commonly in the arteries of the legs. These conditions
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are routinely clinically diagnosed based on various physical examinations with
confirmation by echocardiography, blood tests, magnetic resonance imaging (MRI)
electrocardiography, and other suitable tests. For example, the diagnosis of significant
vascular injury rests upon close physical examination and imaging tests. Accordingly, a
treatment for any one of these conditions is working if the patient shows less severe
symptoms by physical examinations and/or improvements in testing results from
echocardiography, blood tests, MR, electrocardiography, or any other suitable and/or
routine tests.

(02557 In some embodiments, the subject suffering from a vascular disease has
suffered a myocardial infarction. In some embodiments, the subject suffered a
myocardial infarction within about one month prior to treatment with the formulations
disclosed herein.

[0256] Insome embodiments, the myocardial infarction triggers activation of
Epicardium-derived cells (EPDC) over time. In some embodiments, the subject suffering
a myocardial infarction is treated with the formulations disclosed herein several days
after the myocardial infarction, preferably at the peak time of EPDC activation. In some
embodiments, the subject suffering a myocardial infarction is treated with the
formulations disclosed herein about 7 days after the myocardial infarction. In some
embodirments, the subject suffering a myocardial infarction is treated with the
formulations disclosed herein about 10 days after the myocardial infarction, 2 weeks after
the myocardial infarction, 3 weeks after the myocardial infarction, or 6 weeks after the

myocardial infarction.

71



WO 2017/214175 PCT/US2017/036188

[0257] In some embodiments, therapy with the compositions or formulations
described herein comprises treating myocardial infarction with reduced ejection fraction.
In other embodiments, therapy comprises treating heart failure with preserved ejection
fraction. In some embodiments, the composition or formulation is injected at the border
zone between healthy and infarcted tissue.

[0258] In some embodiments, the subject suffering from a vascular disease also
suffers from coronary artery disease, high blood pressure, diabetes, atrial fibrillation,
valvular heart disease, cardiomyopathy or an infection.

102591 In some embodiments, the subject suffering from a vascular disease is
suffering from left ventricular dysfunction. In some embodiments, the subject has a left
ventricular ejection fraction (LVEF) of less than about 40%. In some embodiments, the
subject has a LVEF of less than about 45%.

[0260] In some embodiments, the subject is suffering frovn heart failure with
reduced or preserved ejection fraction. In some embodiments, the subject with heart
failure with reduced or preserved ejection fraction is classified as stage H-1V of the New
York Heart Association Functional Classification (NYHAFC) guidelines.

[02611 In some embodiments, the subject has elevated levels of one or more
biomarkers indicative of heart failure with reduced or preserved ejection fraction (e.g.,
NT-proBNP, BNP, hsTnT or hsTnl). In some embodiments, the subject has elevated
BNP (b-type Natriuretic Peptide) levels. In some embodiments, the subject has BNP
levels of about 100 pg/mL. In some embodiments, the subject has BNF levels of between
about 100-300 pg/mi.. In some embodiments, the subject has BN levels of about 300-

600 pe/ml. In some embodiments, the subject has BNP levels of about 600 pg/mL. In
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some embodiments, the subject BNP levels of between about 604-900 pg/mL. In some
embodiments, the subject has elevated NT-proBNP (n-terminal pro b-type Natriuretic
Peptide) levels. In some embodiments, the subject has N'T-proBNP levels of about 450
pg/mL. In some embodiments, the subject is less than 50 years old and NT-proBNP
fevels of about 450 pg/mL. In some embodiments, the subject has NT-proBNP levels of
about 900 pg/mL. In some embodiments, the subject is between about 50 and 75 years
old and NT-proBNP levels of about 900 pg/mL. In some embodiments, the subject has
NT-proBNP levels of at least 1800 pg/mL. In some embodiments, the subject is about 75
years old and NT-proBNP levels of about 1800 pg/mlL. In some embodiments, the
subject has elevated levels of hsTnT (high sensitivity Troponin T). In some
embodiments, the subject has elevated levels of hsTnl (high sensitivity Troponin 1).

[0262] In some cmbodiments, the subject has suffered a myocardial infarction
within about a month prior to treatment with the formulations herein with an LVEF of
less than about 45%.

(02631 In some embodiments, the subject is suffering from chronic ischemic
heart failure with reduced or preserved ejection fraction with an LVEF of less than about
40%, an NT-proBNP level of at least about 600 pg/ml and is classified as stage [I-IV on
the NYHAFC guidelines.

[0264] Additionally, molecular measurements for vascular functions can be
Lised 1o assess the improvements of the general pathophysiology. Examples of these
measurements include enhanced nitric oxide (NO) availability, increased

angiogenesis/arteriogenesis, and recruitment of stem cells to cardiac tissue. A patient
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suffering from a vascular disease is therefore “responsive” to the treatment if the patient
shows improved molecular functions in these measurements.

5.5. Modulating a physiological precess in a mammalian cell, tissue, or
subject

(02651  Another aspect of the present disclosure relates to the administration of a
composition or a particular formulation comprising a modified RNA encoding a VEGF-A
polypeptide for modulating a physiological process in a mammalian cell, tissue, or
subject. In some embodiments, a method for modulating a physiological process in a
mammalian cell, tissue, or subject comprises contacting the mammalian celi, tissue, or
subject with a composition comprising the modified RNA in accordance with the present
disclosure. As non-limiting examples, the modulation of a physiological process can
include inducing angiogenesis, stimulating vascular cell proliferation, increasing
proliferation and/or altering the fate of epicardial derived progenitor cells, upregulating
endothelialization, inducing cardiac regeneration, increasing revascularization of tissue
grafts for wound healing, improving vascular function, increasing tissue perfusion and
new vessel formation, reducing scar tissue, increasing preload recruitable stroke work,
increasing maximal pressure development, increasing inotropic function, increasing lefl
ventricle ejection fraction (e.g., by between about 5 and 10%), decreasing levels of
biomarkers associated with cardiac dysfunction {e.g., NT-proBNP, BNP, hsTn'T and
hsTnl), reducing infarct size, reducing fibrosis of cardiac tissue and/or improving cardiac
function.

[(1266] The term “contacting” or “contact” as used herein as in connection with

contacting a cell, tissue, or subject with modified RNA as disclosed herein, includes
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touching or extremely close proximity of modified RNA with the cell, tissue, or subject.
Accordingly, in some embodiments, the phrase “contacting” refers to a method of
exposure, which can be direct or indirect. In one method such contact comprises direct
injection of the composition into the cell, tissue, or subject through any means well
known in the art. In another embodiment, contacting also encompasses indirect
contacting, such as via topical medium that surrounds the tissue, or via any route known
in the art. Bach possibility represents a separate embodiment of the present disclosure.

[0267] Insome embodiments, a method for inducing angiogenesis in a
mammalian cell, tissue, or subject comprises contacting the mamimalian cell, tissue, or
subject with a composition comprising the modified RNA in accordance with the present
disclosure. In some embodiments, the composition is formulated in a phosphate-buffered
saline buffer, THAM buffer, or citrate saline buffer, In preferred embodiments,
compositions comprising the modified RNA comprise a citrate saline bulfer. In some
embodiments, the citrate saline buffer is substantially free of divalent cations, including
calcium and magnesium. In some embodiments, the citrate saline bulfer contains no
caleium or magnesium, The effects of modified RNA on inducing angiogenesis can be
evaluated by methods well-known in the art (see, e.g., Lopez 1.1, et al,, Cardiovasc Res,
{19981 40, 272-281; Galiano R.D. et al., Am ] Pathol,, (2004} 164, 1935-1947; Lin Y.D.
et al., Sci Transl Med., (2012) 4(146):146ral09; Zangi L. et al., Nat Biotechnol,, (2013}
10, 898-907; all of which are incorporated herein by reference).

[0268] Insome embodiments, a method for stimulating vascular cell
proliferation in a mammalian cell, tissue, or subject comprises contacting the mammalian

cell, tissue, or subject with a composition comprising the modified RNA in accordance
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with the present disclosure. In some embodiments, the composition is formulated in a
phosphate-buffered saline buffer, THAM buffer, or citrate saline buffer. In preferred
embodiments, compositions comprising the modified RNA comprise a citrate saline
buffer. In some embodiments, the citrate saline buffer is substantially free of divalent
cations, including calcium and magnesium. In some embodiments, the citrate saline
bufter contains no calcium or magnesium. The effects of medified RNA on stimulating
vascular cell proliferation can be evaluated by methods well-known in the art (see, e.g,,
Galiano R.D. et al., Am J Pathol, (2004) 164, 1935-1947, its entirety is incorporated
herein by reference).

(02691 In some embodiments, a method for increasing proliferation and/or
altering the fate of epicardial derived progenitor cells in a mammalian cell, tissue, or
subject comprises contacting the mammalian cell, tissue, or subject with a composition
comprising the modified RNA in accordance with the present disclosure. In some
embodiments, the composition is formulated in a phosphate-buffered saline buffer,
THAM buffer, or citrate saline buffer. In preferred embodiments, composttions
comprising the modified RNA comprise a citrate saline buffer. In some embodiments, the
citrate saline buffer is substantially free of divalent cations, including calcium and
magnesium. In some embodiments, the citrate saline buffer contains no calcium or
magnesium. The effects of modified RNA on increasing proliferation and/or altering the
fate of epicardial derived progenitor cells can be evaluated by methods well-known in the
art (see, e.g., Zangi L. et al,, Nat Biotechnol., (2013) 10, 898-907; its entirety is

incorporated herein by reference).
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[0270] In some embodiments, a method for upregulating endothelialization ina
mammalian cell, tissue, or subject comprises contacting the mammalian cell, tissue, or
subject with a composition comprising the modified RNA in accordance with the present
disclosure. In some embodiments, the composition is formulated in a phosphate-buffered
saline buffer, THAM buffer, or citrate saline buffer. In preferred embodiments,
compositions comprising the modified RNA comprise a citrate saline buffer. In some
embodiments, the citrate saline buffer is substantially free of divalent cations, including
calcium and magnesium. In some embodiments, the citrate saline buffer contains no
»alcinm or magnesium. The effects of modified RNA on upregulating endothelialization
can be evaluated by methods well-known in the art (see, ¢.g., Galiano R.D. et al, Al
Pathol, (2004) 164, 1935-1947; its entirety is incorporated herein by reference).

[02711 In some embodiments, a method for inducing cardiac regeneration ina
mammalian cell, tissue, or subject comprises contacting the mammalian cell, tissue, or
subject with a cormpaosition corprising the modified RNA in accordance with the present
disclosure. fn some embodiments, the composition is formulated in a phosphate-buffered
saline buffer, THAM buffer, or citrate saline buffer. In preferred embodiments,
compositions comprising the modificd RNA comprise a citrate saline buffer, In some
embodiments, the citrate saline buffer is substantially free of divalent cations, including
calcium and magnesium. In some embodiments, the citrate saline bufler contains no
caleium or magnesium. The effects of modified RNA on inducing cardiac regeneration
can be evaluated by methods well-known in the art (see, e.g., Zangi L. et al,, Nat
Biotechnol., (2013) 10, 898-907; Lin Y.D. et al., Sci Transt Med., (2012)

4(146):146ral09; both of which are incorporated herein by reference).
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[0272] Insome embodiments, a method for increasing revascularization of
tissue grafts for wound healing in a mammalian cell, tissue, or subject comprises
contacting the mammalian cell, tissue, or subject with a composition comprising the
modified RNA in accordance with the present disclosure. In some embodiments, the
composition is formulated in a phosphate-buffered saline buffer, THAM bulfer, or citrate
saline buffer. In preferred embodiments, compositions comprising the modified RNA
comprise a citrate saline buffer. In some embodiments, the citrate saline buffer is
substantially free of divalent cations, including caleium and magnesium. In some
embodiments, the citrate saline buffer contains no calcium or maguesium. The effects of
modified RNA on increasing revascularization of tissue grafts for wound healing can be
evaluated by methods well-known in the art (see, e.g., Tohyama H. et al,, Chang Gung
Med J, (2009) 32, 133-139; Chen 1. et al,, Exp Ther Med, (2012} 4, 430-434; both of
which are incorporated herein by reference).

{02731 In some embodiments, a method for improving vascular fusction ina
mammalian cell, tissue, or subject cornprises contacting the mammalian cell, tissue, or
subject with a composition comprising the modified RNA in accordance with the present
disclosure. In some embodiments, the composition is formulated in a phosphate-buffered
saline buffer, THAM buffer, or citrate saline buffer. In preferred embﬂdixﬁems,
compositions comprising the modified RNA comprise g cifrate saline buffer. In some
embodiments, the citrate saline buffer is substantially free of divalent cations, including
calcium and magnesiunm. In some embodiments, the citrate saline buffer contains no
calcium or magnesium. The effects of modified RNA on improving vascular function can

be evaluated by methods well-known in the art (see, e.g., Lopez J.J. et al., Cardiovasc

~d
o]



WO 2017/214175 PCT/US2017/036188

Res, (19981 40, 272-281; Tio R.A. et al., Hum Gene Ther., (1999) 10, 2953-2960; Sato
K. etal, J Am Coll Cardiol., (2001) 37, 616-23; all of which are incorporated herein by
reference).

[0274] In some erabodiments, a method for increasing tissue perfusion and new
vessel formation in a mammalian cell, tissue, or subject comprises contacting the
mammalian cell, tissue, or subject with a composition comprising the modified RNA in
accordance with the present disclosure. In some embodiments, the composition is
formulated in a phosphate-buffered saline buffer, THAM buffer, or citrate saline buffer.
In preferred embodiments, compositions comprising the modified RNA comprise a
citrate saline buffer. In some embodiments, the citrate saline buffer is substantially free of
divalent cations, including calcium and magnesium. In some embodiments, the citrate
saline buffer contains no calcium or magnesium. The effects of modified RNA on
increasing tissue perfusion and new vessel formation can be evaluated by methods well-
known in the art (see, .z, Chiappini C., et al,, Nat Mater., (2015) 14, 532-539; Lin Y.12.
et al,, Sci Transl Med., (2012) 4(146):146ral09; Zangi L. et al,, Nat Biotechnol., (2013}
10, 898-907; all of which are incorporated herein by reference}.

[0275] In some embodiments, a method for redncing scar tissue in a mammalian
cell, tissue, or subject comprises contacting the mammalian cell, tissue, or subject with a
composition comprising the modified RNA in accordance with the present disclosure. In
some embodiments, the composition s formulated in a phosphate-buffered saline buffer,
THAM buffer, or citrate saline buffer. In preferred embodiments, compositions
comprising the modified RNA comprise a citrate saline buffer. In some embodiments, the

citrate saline buffer is substantially free of divalent cations, including calcium and
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magnesiun. In some embodiments, the citrate saline buifer contains no calcium or
magnesium. The effects of modified RNA on reducing scar tissue can be evaluated by
methods well-known in the art (see, e.g., Rosano I.M, et al., Cardiovasc Eng Technol,,
(2012) 3, 237-247; Galiano R.D. et al., Am J Pathol, (2004) 164, 1935-1947, Lin Y. D, et
al., Sci Transl Med., (2012 4(146):146ra109; Zangi L. et al., Nat Biotechnol. (2013} 14,
898-907; all of which are incorporated herein by reference).

[0276] In some embodiments, a method for improving cardiac function ina
marmmalian cell, tissue, or subject comprises contacting the mammalian cell, tissue, or
subject with a composition comprising the modified RNA in accordance with the present
disclosure. In some embodiments, the composition is formulated in a phosphate-buffered
saline buffer, THAM buffer, or ciirate saline buffer. In preferred embodiments,
compositions comprising the modified RNA comprise a citrate saline buffer. In some
embodiments, the citrate saline buffer is substantially free of divalent cations, including
calcium and magnesiom. In some embodiments, the citrate saline bulfer contains no
calcium or magnesium. The effects of modified RNA on improving cardiac function can
be evaluated by methods well-known in the art (see, e.g., Rosano J.M. et al,, Cardiovasc
Eng Technol., (2012) 3, 237-247; Lin Y.D. et al,, Sci Transl Med., (2012)
4(146):146ral09; Zangi L. et al,, Nat Biotechnol,, (2013) 10, §98-907; all of which are
incorporated herein by reference).

[0277] In some embodiments, a method for increasing preload recruitable stroke
work (PRSW) in a mammalian cell, tissue, or subject comprises contacting the
mammalian cell, tissue, or subject with a composition comprising the modified RNA in

accordance with the present disclosure. In some embodiments, the composition is
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formulated in a phosphate-buffered saline buffer, THAM buffer, or citrate saline buffer.
In preferred embodiments, compositions comprising the modified RNA comprise a
citrate saline buffer. In some embodiments, the citrate saline buffer is substantially free of
divalent cations, including calcium and magnesium. In some embodiments, the citrate
saline buffer contains no calcium or magnesium. The effects of modified RNA on
increasing preload recruitable stroke work can be evaluated by methods well-known in
the art (see e.z., Fenely et al., JACC, (1992), 19(7):1522-30).

[0278] In some embodiments, a method for increasing maximal pressure
development in a mammalian cell, tissue, or subject comprises contacting the mammalian
cell, tissue, or subject with a composition comprising the modified RNA in accordance
with the present disclosure. In some embodiments, the composition is formulated in a
phosphate-buffered saline buffer, THAM buffer, or citrate saline buffer. In preferred
embodiments, compositions comprising the modified RNA comprise a citrate saline
buffer. In some embodiments, the citrate saline buffer is substantially free of divalent
cations, including calcium and magnesium, In some embodiments, the citrate saline
buffer contains no calcium or magnesium. The effects of modified RNA on incrc—:ésing
maximal pressure development can be evaluated by methods well-known in the art, such
as left ventriculography, coronary angiography, echocardiography, MRI scans, CT scans,
gated myocardial SPEC scans or gated myocardial PET scans.

[0279] In some embodiments, a method for increasing inotropic function in a
mammalian cell, tissue, or subject comprises contacting the mammalian cell, tissue, or
subject with a composition comprising the modified RNA in accordance with the present

disciosure. In some embodiments, the composition is formulated in a phosphate-buffered
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saline buffer, THAM buffer, or citrate saline buffer. In preferred embodiments,
compositions comprising the modified RNA comprise a citrate saline butfer. In some
embodiments, the citrate saline buffer is substantially free of divalent cations, ncluding
calcium and magnesium. In some embodiments, the citrate saline buffer contains no
calcium or magnesium. The effects of modified RNA on increasing inotropic function
can be evaluated by methods well-known in the art, such as left ventriculography,
coronary angiography, echocardiography, MRI scans, CT scans, gated myocardial SPEC
scans or gated myocardial PET scans.

[0280] In some embodiments, a method for increasing left ventricular ¢jection
fraction (LVEF) in a mammalian cardiac cell or tissue, or subject comprises contacling
the mammalian cell, tissue, or subject with a composition comprising the modified RNA
in accordance with the present disclosure. In some embodiments, the composition is
formulated in a phosphate-buffered saline buffer, THAM buffer, or citrate saline bufter.
In preferred embodiments, compositions comprising the modified RNA comprise a
citrate saline buffer. In some embodiments, the citrate saline buffer is substantially free of
divalent cations, including calcium and magnesium. In some embodiments, the citrate
saline buffer contains no calcium or magnesium. The effects of modified RNA on
increasing left ventricular ejection fraction can be evaluated by methods well-known in
the art, such as left ventriculography, coronary angiography, echocardiography, MRI
scans, CT scans, gated myocardial SPEC scans or gated myocardial PET scans. In some
embodiments, the LVEF is increased by between about 4% and 106%, Insome

embodiments, the LVEF is increased by between about 5% and 8%.



WO 2017/214175 PCT/US2017/036188

(02811 Insome embodiments, a method for decreasing one or more biomarkers
associated with cardiac dysfunction (e.g., NT-proBNP, BNP, hsTnT and hsTnl} ina
mammalian cell, tissue, or subject comprises contacting the mammalian cell, tissue, or
subject with a composition comprising the modified RNA in accordance with the present
disclosure. In some embodiments, the composition is formulated in a phosphate-buffered

saline buffer, THAM buffer, or citrate saline buffer. In preferred embodiments,

<

compositions comprising the modified RNA comprise a citrate saline buffer. In som
embodiments, the citraie saline buffer is substantially free of divalent cations, including
calcinm and magnesiun, In some embodiments, the citrate saline buffer contains no
calcium or magnesiuimn.

[0282] In some embodiments, a method for reducing infarct size in a
mammalian cell, tissue, or subject comprises contacting the mammalian cell, tissue, or
subject with a composition comprising the modified RNA in accordance with the present
disclosure. In some embodiments, the composition is formulated 1 a phosphate-buftered
saline buffer, THAM buffer, or citrate saline buffer. In preferred embodiments,
compositions comprising the modified RNA comprise a citrate saline buifer. In some
embodiments, the citrate saline buffer is substantially free of divalent cations, including
calcium and magnesium. In some embodiments, the citrate saline buffer contains no
calcium or magnesium. In some embodiments, the infarct size is reduced. In some
embodiments, the infarct is eliminated. The effects of modified RNA on infarct size can
be evaluated by methods well-known in the art, such as left ventriculography, coronary
angiography, echocardiography, MRI scans, CT scans, gated myocardial SPEC scans or
gated myocardial PET scans.
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[0283] In some embodiments, a method for reducing fibrosisina marmalian
cell, tissue, or subject comprises contacting the mammalian cell, tissue, or subject with a
composition comprising the modified RNA in accordance with the present disclosure, In
some embodiments, the composition is formulated in a phosphate-buftered saline buffer,
THAM buffer, or citrate saline buffer. In preferred embodiments, compositions
comprising the modified RNA comprise a citrate saline buffer. In some embodiments, the
citrate saline buffer is substantially free of divalent cations, including calcium and
magnesium, In some embodiments, the citrate saline buffer contains no calcium or
magnesium. In some embodiments, the fibrosis is reduced. In some embodiments, the
fibrosis is eliminated. The effects of modified RNA on fibrosis can be evaluated by
methods well-known in the art, such as left ventriculography, coronary angiography,
echocardiography, MRI scans, CT scans, gated myocardial SPEC scans or gated
myocardial PET scans.

5.6. Expressing VEGF-A in a Mammalian Cell or Tissue

(02841 Another aspect of the present disclosure relates to the administration of a
composition or a particular formulation comprising a modified RNA encoding a VEGEF-A
polypeptide for in vive, in vitro, in sify, or ex vive protein expression in a mammalian cell
o tissue.

[0285] Some embodiments relate to a method for expressing VEGF-A tn a
mammalian cell or tissue, comprising contacting the mammalian cell or tissue /n vive, in

vitro, ar ex vivo with a composition comprising the modified RNA.
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[0286] In some embodiments, a method for expressing VEGH-A in a
mammalian cell or tissue comprises contacting the mammalian cell or tissue with a
composition comprising the modified RNA in accordance with the present disclosure.

[0287] In some embodiments, a method for expressing VEGEF-A ina
mammalian cell or tissue comprises contacting the mammalian cell or tissue with a
composition comprising the modified RNA in accordance with the present disclosure,
wherein the composition is formulated in a phosphate-buffered saline buffer, THAM
buffer, or citrate saline buffer. In preferred embodiments, compositions cornprising the
modified RNA comprise a citrate saline buffer. In some embodiments, the citrate saline
butfer is substantially free of divalent cations, including caleiom and magnesium. In
some embodiments, the citrate saline buffer contains no calcium or magnesium.

[0288] In some embodiments, a method for expressing VEGE-Aina
mamimalian cell or tissue comprises contacting the mamnalian cell or tissue with a
composition comprising the modified RNA in accordance with the present disclosure,
wherein the composition comprises a concentration of the modified RNA formulated in
citrate saline buffer of beiween 0.1 and 1 pg/ul.. In some embodiments, the composition
omprises a concentration of the modified RNA formulated in citrate saline buffer of
between 1 and 10 pg/ul. In some embodiments, the composition comprises a
concentration of the modified RNA formulated in citrate saline butfer of between 10 and
50 pg/ul.

[0289] In some embodiments, a method for expressing VEGF-Ain a
mamnalian cell or tissue comprises contacting the mammalian cell or tissue with a

composition comprising the modified RNA in accordance with the present disclosure,



WO 2017/214175 PCT/US2017/036188

wherein the composition is formulated in 2 lipid-based complex (such as liposomes,
lipoplexes, and lipid nanoparticles).

[0290] In some embodiments, a method for expressing VEGF-Aina
mammalian cell or tissue comprises contacting the mammalian cell or tissue with a
composition comprising the modified RNA formulated in citrate saline buffer, wherein
the composition is less toxic to the subject than a lipid-based formulation.

5.7, Method of Producing VEGF-A in a Subject

(02911 Some embodiments relate to a method of producing VEGF-Ama
subject, comprising administering to the subject a composition or a particular formulation
comprising the modified RNA in accordance with this disclosure.

02921 As non-limiting examples, in some embodiments, a method of producing
VEGF-A in a subject comprises administering to the subject a forraulation comprising the
modified RNA in accordance with this disclosure. In some embodiments, formulations
are formulated in ciirate saline buffer. In some embodiments, the formulation further
comprises a pharmaceutically accepiable excipient. In some embodiments, the
formulation further comprises a pharmacentically acceptable excipient chosen from a
solvent, dispersion media, diluent, dispersion, suspension aid, surface active agent,
isotonic agent, thickening or emulsifying agent, preservative, core-shell nanoparticies,
polymer, peptide, protein, cell, hyaluronidase, and muxtures thereof. In some
embodiments, the solvent is an agueous solvent.

[0293] Iu some embodiments, the formulation further comprises a
pharmaceutically acceptable excipient selected from lipid, lipidoid, liposome, lipid

nanoparticle, lipoplex, and mixtures thercof.
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F02941 In some embodiments, a method of producing VEGE-A in a subject
comprises administering to the subject a formulation comprising the modified RNA in
accordance with this disclosure, wherein the subject is suffering from a discase
responsive to VEGE-A therapy. In some embodiments, the subject is suffering froma
discase chosen from heart failure with reduced or preserved gjection fraction, kidney
disease, a disease involving skin grafting and tissue grafiing, post-Ml cardiac
dysfunction, ischemic heart disease, a vascular injury from trauma or surgery, a skin ulcer
including a diabetic ulcer, critical limb ischemia, pulmonary hypertension, and peripheral
arterial disease. In some embodiments, the disease is heart failure with reduced or
preserved ejection fraction. In sorme embodiments, the disease is post-Ml cardiac
dysfunction. In some embodiments, the disease is ischemic heart disease. In some
embodiments, the disease is a vascular injury from trauma or surgery. In some
embodiments, the disease is a skin ulcer including a diabetic ulcer. In sore embodiments,
the disease is critical limb ischemia. In some embodiments, the disease is pulmonary
hypertension. In some embodiments, the disease is peripheral arterial discase. In some
embodiments, the disease is kidney disease. In some embodiments, the diseasc is a
disease involving skin grafting and tissue grafting.

[02951 In some embodiments, a method of producing VEGF-A in a subject
comprises administering to the subject a formulation comprising the modified RNA in
accordance with this disclosure, wherein the formulation is administered to the subject
via intramuscular, intradermal, subcutaneous, or intracardiac route, through a portal vein
catheter, through a coronary sinus catheter, and/or by direct administration into the area

to be treated. In some emmbodiments, the formulation is administered to the subject
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intramuscularly. In some embodiments, the formulation is administered to the subject
intradermally. In some embodiments, the formulation is administered to the subject
subcutaneously. In some embodiments, the formulation is administered to the subject
intracardially, preferably in moltiple (e.g., two, three, four, five, six, seven, eight, nine,
ten, eleven, twelve, thirieen, fourteen, fifteen, sixicen, seventeen, eighteen, nineteen,
twenty, or more) administrations at a fixed-dosage. In some embodiments, the
formulation is administered to the subject through a portal vein catheter. In some
embaodiments, the formulation is administered to the subject through a coronary sinus
catheter, In some embodiments, the formulation is administered to the subject by direct
administration into the area 1o be treated.

[0296] Iu some embodiments, a method of producing VEGE-A in a subject
comprises administering to the subject a formulation cornprising the modified RNA in
accordance with this disclosure, wherein the formulation comprises a lipid-based
complex (such as liposomes, lipoplexes, and lipid nanoparticles), phosphate-buffered
saline buffer, THAM buffer, or citrate saline buffer. In preferred embodiments,
formulations comprising the modified RNA are formulated in citrate saline butfer. In
some embodiments, the citrate saline buffer is substantially free of calcium and
magnesium. In some embodiments, the citrate saline buffer contains no calcium or
Magnesium.

[0257] Insome embodiments, a method of producing VEGF-A in a subject
comprises administering to the subject a formulation comprising the modified RNA in
accordance with this disclosure, wherein the formulation comprises a concentration of the

modified RNA formulated in citrate saline buffer of between 0.1 and 1 pg/ul., In some
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embodiments, the formulation comprises a concentration of the modified RNA
formulated in citrate saline buffer of between 1 and 10 ug/ul.. [n some embodiments, the
formulation comprises a concentration of the modified RNA formulated in citrate saline
buffer of between 10 and 50 pg/ulL.

[0298] In some embodiments, a method of producing VEGF-A in a subject
comprises administering to the subject a formulation comprising the modified RNA in
accordance with this disclosure, wherein the formmlation comprises a in citrate saline
buffer and is less toxic to the subject than a lipid-based formulation.

5.8. Method for Preparing a Formulation

[0299] Some embodiments relate to a method for preparing a formulation,
comprising combining the modified RNA in accordance with this disclosure with a ipid-
based complex (such as liposomes, lipoplexes, and lipid nanoparticles), phosphate-
buffered saline buffer, THAM buffer, or citrate saline buffer.

[0300] Some embodiments relate to a method for preparing a formulation,
comprising combining the modified RNA with citrate saline buffer, wherein the
formulation is effective for treating a subject suffering from a disease responsive o
YVEGF-A therapy; modulating a physiclogical process in mammalian cell, tissue, or
subject; expressing VEGF-A in a mammalian cell or tissue; and/or producing VEGF-A in
a subject.

[0301] In some embodiments, a method for preparing a formulation comprises
combining the modified RNA in accordance with this disclosure with citrate saline
buffer, wherein the formulation comprises a concentration of the modified RNA

formulated in citrate saline buffer of between 0.1 and 1 pg/ul. In some embodiments, the

89



WO 2017/214175 PCT/US2017/036188

formulation comprises a concentration of the modified RNA formulated in citrate saline
buffer of between 1 and 10 pg/uL. In some embodiments, the formulation comprises a
concentration of the modified RNA formulated in citrate saline butfer of between 10 and
5C pg/ul.

[0302] In some embodiments, a method for preparing a formulation comprises
combining the modified RNA with citrate saline buffer in accordance with this
disclosure, wherein the formulation comprises a citrate saline buffer and is less toxic to
the subject than a lipid-based formulation.

f0303] In some embodiments, a method for pfeparing a formulation comprises
combining the modified RNA with citrate saline buffer in accordance with this
disclosure, wherein the citrate saline buffer is substantially free of divalent cations,
including calcium and magnesium. In some embodiments, the citrate saline buffer
contains no calcium or magnesium.

[0304] In some embodiments, a method for preparing a formulation compriscs
combining the modified RNA with citrate saline buffer in accordance with this
disclosure, wherein the formulation comprises a citrate saline butfer and further
comprises a pharmaceutically acceptable excipient. In some embodiments, the
pharmaceuticaily acceptable excipient is chosen from a solvent, dispersion media,
diluent, dispersion, suspension aid, surface active agent, isotonic agent, thickening or
emulsifying agent, preservative, core-shell nanoparticles, polymer, peptide, protein, cell,
hyaluronidase, and mixtures thereof. In some embodiments, the solvent is an agueous

solvent.
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[0305] Formulations can be administered to a subject via a number of routes in
accordance with this disclosure. Special formulations suitable for intradermal,
intracardiac, subcutaneous, and inframuscular injections are known in the art. For
example, in order to prolong the effect of an active ingredient, it is often desirable to slow
the absorption of the active ingredient from intramuscular injection. Delayed absorption
of an intramuscularly administered drug form is accomplished by dissolving or
suspending the drug (for example, a modified RNA) in an oil vehicle. Injectable depot
forms arc made by forming microencapsule matrices of the drug (for example, a modified
RNA) in biodegradable polymers such as polylactide-polyglycolide. Depending upon the
ratio of drug to polymer and the nature of the particular polymer employed, the rate of
drug release can be controlled. Examples of other biodegradable polymers include
poly{orthoesters) and poly(anhydrides). For intradermal and subcutaneous injections, the
formulations are preferably formulated so that they do not induce an immune response
when delivered to the intradermal compartment. Additives may be used in the
formulations for intradermal injections include for example, wetting agents, emulsifying
agents, or pH buffering agents. The formulations for intradermal injections may also
contain one or more other excipients such as saccharides and polyols. For intracardiac
injections, the formulations are preferably formulated so that they do not cause additional
damages to the heart muscle and coronary arteries after the use of an injection needle.
Suitable formulations for intracardiac injection are provided herein.

5.9. Methed of Reducing Toxicity of Modified RMA Compoesitions

[0306] Some embodiments relate to a method of reducing toxicity of a modified
RNA treatment in a subject, comprising formulating the modified RNA with cifrate saline
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buffer, In some embodiments, the formulation of modified RNA with citrate saline buffer
is less toxic to the subject than a lipid-based formulation. In some embodiments, the
toxicity of the liptd-based formulation is a dose-dependent toxicity. In some
embodiments, the toxicity o.f'f{,hs lipid-based formulation is a dose-limiting toxicity.

03071 In some embodiments, a method of reducing toxicity of a treatment in a
subject comprises formulating the modificd RNA in accordance with this disclosure with
citrate saline buffer and further comprises a pharmaceutically acceptable excipient. In
some embodiments, the pharmaceutically acceptable excipient is chosen from a solvent,
dispersion media, diluent, dispersion, suspension aid, surface active agent, isolonic agent,
thickening or emulsi{ying agent, preservative, core-shell nanoparticles, polymer, peptide,
protein, cell, hyahwonidase, and mixtures thereof. In some embodiments, the solvent is an
aqueous solvent. In some embodiments, the solvert is a non-agueous solvent.

{0308] In some embodiments, a method of reducing toxicity of a treatment in a
subject comprises formulating the modified RNA in accordance with this disclosure with
citrate saline buffer, wherein the subject is suffering from a disease responsive to VEGE-
A therapy. In some embodiments, the subject is suffering from a disease chosen from
heart failure with reduced or preserved ejection fraction, kidney disease, a disease
involving skin grafting and tissue grafting, post-MI cardiac dysfonction, ischemic heart
disease, a vascular injury from trawma or surgery, a skin uleer including a diabetic ulcer,
critical limb ischemia, pulmonary hypertension, and peripheral arterial disease. In some
embodiments, the disease is heart failure with reduced or preserved ejection fraction. In
some embodiments, the disease is post-MI cardiac dysfunction. In some embodiments,

the disease is ischemic heart disease. In some embodiments, the discase 15 a vascular
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injury from trauma or surgery. In some embodiments, the disease is a skin ulcer including
a diabetic ulcer. In some embodiments, the disease is critical lirnb ischemia. In some
embodiments, the disease is pulmonary hypertension. In some embodiments, the discase
is peripheral arterial disease. In some embodiments, the disease is peripheral arterial
disease. In some embodiments, the disease is kidney disease. In some embodiments, the
disease is a disease involving skin grafiing and tissue grafting.

5.18. Nucleic Acid Sequences

[0309] Some embodiments relate to a nucleic acid sequence comprising an in
vifro transcription template for the generation of the modified RNA. ln some
embodiments, a nucleic acid sequence comprises an in vifro transcription template for the
generation of the modified RNA in accordance with this disclosure.

[0310] Once a transcription ternplate for the generation of the modified RNA is
available, modified RNAs in accordance with this disclosure may be prepared according
to any available technigue well known in the art, using commercially available starting
materials (see, e.g., U.S. Patent Application Publication No. 2015/0051268; U.S. Patent
No. 8,710,200; U.8. Patent Application Publication No. 2013/0259923; all of which are
incorporated by reference).

{03111 All of the claims in the claim listing are herein incorporated by reference
into the specification in their entireties as additional embodiments.

6. EXAMPLES

&1 EXAMPLE 1

Transfection of VEGF-A modified RNA and production of VEGF-A profein
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[0312] For investigating the transfection potential of the VEGF-A modified
RNA, 10,000 cells were seeded into 96-well plates in regular culture medium. For
preparing conditioned media containing modified RNA-produced VEGFE-A, 250,000
human umbilical vein endothelial cells (HUVEC) (Lonza, Basel, Switzeriand} were
seeded in six-well plates in endothelial growth medinm (EGM) medium (Lonza). The
next day transfection was undertaken in serum-free endothelial basal medium (EBM)
media (Lonza). VEGF A modified RNA (amounts indicated) were mixed with

ipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according the manufacturer’s
instructions and added to the cells. As a transfection control, Lipofectamine 2000 mixed
with water was used. After 4 hours the transfection medium was removed and changed to
fresh serum-free EBM medium and media was collected at specified time points.
Conditioned medium was céilecied after 24 hours and kept at -80°C. Human VEGF A
concentration was measured with ELISA as described below.

03131 The amount of human VEGF-A in the cell culture medium post
transfection was measured with a human VEGF-A ELISA kit (Novex, Invitrogen)
according to the manufacturer’s instructions. Absorbance was read at 450 nmina
SpectraMax reader and the VEGF A concentration in the samples was calculated.

[0314] For all transfections of the VEGF-A modified RNA into cells in virro,
tipofectamine 2000 was required. VEGF-A modified RNA could be transfected into
multiple human cardiac cell types. A higher dose of modified RNA resulted in production
of more VEGF-A protein (FIG. 2A). The protein production from the modified RNA
peaked approximately 8 hours after transfection, and then declined (FIG. 2B). In addition,

the modified RNA transfection and protein production worked across species and both
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mouse cardiac fibroblasts and pig endothelial cells could be transfected, which resulted in
transiation of the VEGF-A protein (FIG. 2C).

6.2. EXAMPLE 2

Activation of VEGF Receptor 2 signalling by recombinant and modified
RNA-produced VEGF-A

[0315] One hundred thousand HUVEC were seeded into 12-well plates in EGM
medium. The next day, cells were starved for 24 hours in EBM and then exposed to 100
ng/ml VEGF-A, either recombinant (R&D Systems, Minneapolis, MN, USA) or
modified RNA-produced (added as conditioned media) or to media without VEGE-A,
Stimulation was terminated after 2, 10 and 20 min and the medium was removed. Total
protein was prepared from cultured cells with lysis buffer containing protease and
phosphatase inhibitors (Mesoscale Discovery, Rockville, MD, USA). Protein
concentrations were measured using the BCA Protein Assay kit (Pierce, Rockford, 1L,
USA) according to the manufacturer's protocol.

[0316] Fifteen micrograms of protein was loaded on a 4 to 12% Bis-Tris
gradient gel and electrophoresis was carried out using MES SDS running buffer
{(Invitrogen). Fractionated protein was electroblotted onto a polyvinyl diftuoride (PVDIF)
membrane {Invitrogen). Membranes were blocked in 5% BSA in TBS Tween (0.1%) and,
subsequently, incubated with primary antibodies at 4°C overnight. Primary antibodies
used were against VEGF Receplor 2 (VEGEFR2), phosphorylated VEGFRZ {(p-VEGFR2),
Ak, phosphorylated Akt (p-Akt), eNOS (all from CellSignaling, Danvers, MA, USA},
and phosphorylated eNOS (p-eNOS, BD Biosciences, Franklin Lakes, NJ, USA).

Membranes were incubated with a horseradish peroxidase-labelled secondary antibody
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{Dako, Glostrup, Denmark) and immunoreactions were detected using the ECL Western
blotting substrate {(Pierce). Chemiluminescent signals were visualized using a Chemiboc
Touch Imaging System (BioRad, Hercules, CA, USA).

[0317] To verify that the VEGF-A protein produced from the modified RNA
was active, conditioned medium from cells transfected with VEGE-A modified RNA was
added to cultured cells, This resulted in phosphorylation of the main VEGEF-A receptor,
VEGF receptor 2, in human endothelial cells (FIG. 3A). In addition, conditioned medium
also induced phosphorylation of the downstrear signalling pathways eNOS in human
endothelial cells (FIG. 3B) and Akt in mouse cardiac fibroblasts (FIG. 3C), respectively.

6.3. EXAMPLE 3

The modified RNA produced VEGF-A protein is an active protein that
stimulated several critical steps in the angiogenic process

03181 HUVEC were seeded in 96-well plates, at a density of 3000 cells per
well, in EGM medium (Lonza). The next day, medium was changed to basal EBM
medium supplemented with 2% fetal bovine serum (FBS) and recombinant VEGE-A
(R&D Systems) or to conditioned medium containing modified RNA-produced VEGE-A,
supplemented with 2% FBS. VEGF-A concentrations were 10 ng/mL, 50 ng/mL and 100
ng/mL, respectively. Medium without VEGF-A was used as control. Plates were Kept at

7°C in 5% €O and two days later fixed in 4% buffered formaldehyde (Histolab,

(8]

Gothenburg, Sweden) and nuclei stained with Hoechst (Invitrogen) for 10 min. Nuclear
count was determined in the Image Express High Content Analysis System.

[0319] HUVEC were stained with Cell Tracker Red (Molecular Frobes, Eugene,
Oregon, USA) according to the manufacturer’s instruction and seeded in EBM medium
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supplemented with 2% serum in transwell inserts with a FloroBlok membrane with 8 pm
pore size in a 24-well plate (Corning, New York, USA). EBM with 2% serum with
human recombinant VEGF-A (R&D Systems) or conditioned medium containing
modified RNA-produced VEGEF-A with 2% serum were added to the lower chamber.
VEGF-A as chemeoattractant was studied at concentrations of 10 ng/mL and 100 ng/mL,
respectively. Medium without VEGE-A was used as control. After 24 hours, cells that
had migrated to the lower side of the membrane were counted with the Image Express
High Content Analysis Systen.

[0320] HUVEC were mixed with Cytodex 3 microcarrier beads (GE Healtheare,
Little Chalfont, United Kingdom) in EBM and tubes were kept at 37°C and flicked
regularly to allow for even coating. After 4 hours, beads coated with endothelial cells
were seeded in flasks and kept at 37°C and 5% CO, overnight. Beads were suspended at
500 beads/ml. in a fibrinogen solution (2 mg/mL, Sigma Aldrich, St. Louis, MO, USA)
containing aprotinin (0.15 Units/mL, Sigma Aldrich), and then added to wells containing
thrombin (0.625 Units/ml., Sigma Aldrich) in 96~-well plates, After 15 min the fibrin gel
had formed a clot and EGM medium with recombinant VEGEF-A or conditioned medium
containing modified RNA-produced VEGF-A was added. As a control, medium without
YEGF-A was used. Plates were kept at 37°C and 5% CO; for 2 days when angiogenic
sprout formation was evaluated. Cells were stained with caleein for 30 min and plates
were read in Image Express High Content Analysis Systern and sprout formation was
determined.

[0321] As depicted, several critical steps in the angiogenic process were

affected by the modified RNA-produced VEGF-A protein. VEGEH-A increased
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proliferation (FIG. 4A) and migration (FIG. 4B) of cultured human endothelial cells. In
addition, angiogenic sprout formation in 3D culture with beads coated with endothelial
cells was increased by modified RNA-produced VEGF-A (FIG. 4C and FI1G. 5),.
Importantly, in endothelial cells the modified RNA-produced VEGE-A protein induced
similar responses compared to recombinant VEGF-A protein, which shows that the
modified RNA-produced VEGF-A retains its properties and ability to affect
angiogenesis.

6.4 EXAMPLE 4

Assessment of f-galactosidase protein following single intracardiac injection
of LacZ modificd RNA in the mouse

[0322] Male C57BI/6 mice (10 to 12 weeks old) were anesthetized with
isoflurane. The left thoracic region was shaved and sterilized and following intubation the
heart was exposed through a left thoracotomy. LacZ modified RNA formulated in
citrate/saline (10 mmol/L citrate, 130 mmol/L sodiurn chioride in Hyclone water, pH
adjusted to approximately 7.5 with sodium hydroxide) or Li;mfectamine@ (RNAIMAX
Transfoction Reagent, Thermo Fisher Scientific Inc. NY, USA), was injected (30 pL) in
the left ventricular free wall from the apex towards the base of the heart. After the
injection, the thorax and the skin were closed by suturing and excess air was removed
from the thoracic cavity by gentle chest compression. Subsequently, when normal
breathing was established the mouse was disconnected from the ventilator and brought
back to its home cage. At predefined time points following the cardiac injection, the
mouse was anesthetized and the chest opened a second time. The heart was excised and

the transfection efficiency and presence of the reporter B-galactosidase enzyme were
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examined by $-bromo-4-chloro-3-indolyl-$-D-galactopyrancside (X-gal) staining. X-gal
is hydrolyzed by the enzyme yielding an intensely blue insoluble product indicative of
the presence of an active B-galactosidase. Briefly, the organ or tissue was rinsed in
phosphate buffer and fixated in 4% paraformaldebyde for 15 min and the washed 3 times
{20 to 30 min) with 0.1 mmol/L phosphate (pH 7.3) wash buffer containing 2 mmol/L
MgCly, 0.01% sodium deoxycholate and 0.02% Nonidet P40. Subsequently, freshly
prepared X-gal solution (phosphate wash buffer containing § mmol/L K4Fe(CN)g,

S mmol/L KsFe/CN)e and 1 mg/mL X-gal) was added to the specimen which then was
wrapped in foil and incubated at 37°C overnight. The specimen was then washed with
phosphate wash buffer 3 times and photographed.

{03231 Following a left thoracotomy, anaesthetized mice were given a single
intracardiac injection of citrate/saline or Lac” modified RNA. Approximately 24 hours
later the mice were sacrificed and hearts excised. The hearts were then subjected to X-gal
staining overnight. ¥1Gs. 68 and 6C illustrate efficient, and qualitatively similar,
transfection and production of f§ galactosidase enzyme in the apical area injected with
modified RNA formulated in lipofectamine (FIG. 6B) or citrate/saline buffer (xIG. 6C).
No staining was observed in hearts injected with citrate/saline only (FIG. 6A).

6.5. EXAMPLE S

Assessment of luciferase protein expression follswing intracardiac injection
of hueciferase modified RNA in nalve mice

03241 Male C57BI/6 mice (10 to 12 weeks old) were anesthetized with a mix of

ketamine (10 mg/kg) and xvlazine (3.5 to 4 mg/kg) administered via intraperitoneal
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injection. The left thoracic region was shaved and sterilized and following intubation the
heart was exposed through a left thoracotomy.

{0325] The firefly luciferase modified RNA was formulated with the following
bufters:

I8 PBS buffer (1xPBS, no calcium, no magnesium, pH 7.4)

2. Citrate saline buffer (C/8, 10 mmoV/L citrate, 130 mmol/L sodium chloride

in Hyclone water, pH 7.0)

3. THAM buffer (tromethamine AKA 2-amino-2-(hydroxymethyl)-1,3-

propanediol}, 300 mmol/L Tris-HCl, pH 8.0)

[0326] A total of 25 pg of luciferase modified RNA was injected (50 pL) in the
left ventricular free wall from the apex towards the base of the heart. After the injection,
the thorax and the skin were closed by suturing and excess air was removed from the
thoracic cavity by gentle chest compression. Post-surgery, the mouse received an
intraperitoneal injection atipamezole hydrochloride (1 mg/kg) and a subcutancous
injection of buprenorphine hydrochloride (0.02 mg/kg). Subsequently, when normal
breathing was established, the mouse was disconnected from the ventilator and brought
back to its home cage.

03271 Following a left thoracotomy, anaesthetized mice were given a single
intracardiac injection of buffer only (PBS, C/S or THAM controls) or firefly fuciferase
modified RNA formulated in PBS, /S, or THAM buffer. The hearts were excised for
luciferase protein expression assessment via bioluminescence IVIS imaging. The results

presented below are the combination of two staggered mouse studies. Table 2 reports the
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individual raw IVIS bioluminescence flux values and FIG. 7 illustrates the graphed
average values for all treatiment groups, respectively.

Table 2. Raw [VIS bioluminescence data in mice hearts injected with control buffers

only or luciferase modified RNA formulated in any of the butfers.

Cis 6.24E+03 2 S.O5EH03 74ZE+03
SiS+Lue 6.43E+06 3 226E+06  1L41E+0S  1.69E4H07
THAM 5.32E+03 2 4.03E+03  6H1E+HDS
THAM+Luc 3.62H+06 3 1.E2E+06  2.93E+06  6.10E406
PBS 1.02E+04 2 239E+03  1.79E+04
PBS+Luc LOTEHGT 3 T.84E+H06 314E+H06 0 1.94E+H07
3

C/S+Luc 4.91E+06 249E+06  1.93E+06  1.03E+07

[0328] As depicted in FIG. 7, luciferase protein expression was detected in all
hearts injected with tuciferase modified RNA, whereas the negative controls (PBS, /S
and THAM) show little to no signal, Baseline IVIS bisluminescent signal in these
controls fluctuates from ~4 to 7.5+E03 units bioluminescent flux, expressed as
photons/second. A 3 to 4 order of magnitude in luciferase signal was detected in all hearts
injected with huciferase modified RNA. No statistical difference was detected between
the various buffers.

6.6. EXAMPLE ¢

Assessment of human VEGF-A protein preduction following intracardiac
injection of human VEGF-A modified RNA in the rat

{0329] Male Sprague Dawley rats (body weight 250 to 300 g) were anesthetized

with isoflurane and subcutaneously injected with marcaine (25 mg/kg) and buprenorphine
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(0.05 mg/kg) for analgesia. The left thoracic region was shaved and sterilized and
following intubation the heart was exposed through a left thoracotomy at the fifth
intercostal space. Human VEGF-A modified RNA (1800, 150 or 15 ug) formulated in
citrate saline (10 mmol/L citrate, 130 mmoV/L sodium chloride in Hyclone water, pH
adjusted to approximately 7.5 with sodiurn hydroxide) was injected as six separate
injections (15 pL each, total volume 90 pL) along a line in the left ventricular free wall,
After the injection, the thorax and the skin were closed by suturing and excess air was
removed from the thoracic cavity by gentle chest compression. Subsequently, when
normal breathing was established the rat was disconnected from the ventitator and
brought back to its home cage. At predefined time points following the cardiac injection,
the rat was ancsthetized and the chest opened a second time for heart tissue sampling.
The heart was excised and the right ventricle and the left and the right atria trimmed off.
A transverse slice including the injection sites was excised, divided in two parts that were
snap frozen in Hquid nitrogen and stored at -80°C until analysis of VEGF-A protein. A
separate tissue sample was taken from the apex remote from the injections site as a
negative control.

[0330] Anaecsthetized rats were intracardially injected with 3 different doses (15,
150 or 1800 pg) of VEGF-A modified RNA formulated in citrate/saline. Each dose was
administered as six separate injections across the left ventricular free wall at one single
tirne point. The animals were sacrificed at different tirne points following the injections,
the hearts were excised and ventricular tissue harvested for VEGF-A protein content
analysis. FIG. 8A summarizes the time profiles and the magnitade of VEGF-A protein
produced for each of the three doses injected. As can be seen the protein production was
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not dose linear and a 10-fold increase in dose from 15 to 150 pg gave rise to a L.6-fold
increase in the area under the curve (AUC) only, and a similar AUC was observed for the
150 and 1800 pg dose groups (1.1-fold difference).

6.7. EXAMPLE 7

Fffects on of left ventricular function and infaret size following infracardiae
injection of human VEGF-A modified RNA in rats subjected to myocardial
infarction

[0331] Male Sprague Dawley rats (body weight 250 to 300 g} were
anesthetized, pretreated and thoracotomized as described above. The animals were
subsequently subjected to permanent ligation of the left anterior descending coronary
artery to induce myocardial infarction. The ligation was followed by intracardiac
injection of 90 ul of either citrate/saline (10 mmol/L citrate, 130 mmol/L sodium
chioride in Hyclone water, pH adjusted to approximately 7.5 with sodium hydroxide), or
150 or 1800 pg human VEGF-A modified RNA formulated in citrate/saline. The entire
volume was delivered as six separate epicardial injections along the border zone of the
infarct. After the injections, the thorax and the skin were closed by suturing and excess
air was removed from the thoracic cavity by gentle chest compression. Subsequently,
when normal breathing was established the rat was disconnected from the ventilator and
brought back to its home cage.

10332] One and eight days after the procedure the animals were brought 1o the
imaging facilitics for assessment of left ventricular function and infarct size via magnetic
resonance imaging (MRI). Furthermore, the day after the procedure a blood sample was
drawn from the tail vein for analysis of cardiac troponin I {(i-STAT" cardiac troponin |
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diagnostic test, Abbott Point of Care Inc., Abbott Park, IL 60064, USA ) as a biomarker
for cardiac damage. The MRI scanning was undertaken using a dedicated small animal
MRI system at a field strength of 4.7T. The images were acquired in the short-axis
orientation, and stacks of images covering the left ventricle were acquired.
Electrocardiography was used for triggering imaging at specific phases in the cardiac
eyele. Cardiac function was evaluated from an image series demonstrating the movement
of the left ventricular wall during one heartbeat. The imaging sequence used when
acquiring the image series was a gradient-echo sequence with a transversal repetition
tirne of 10 ws and a flip angle of 25. The volume of the lefi ventricle was assessed via
manual delineation at different time points by an experienced reader using dedicated
image analysis software. The end-systolic (ESV) and end-diastolic (EDV) volumes were
identified as the smallest and the largest left ventricular volumes. The ejection fraction
(EF), reflecting cardiac function, was assessed via the formula EF=(EDV-ESVYEDV.
Images demonstrating the extent of a cardiac infarct were acquired after administration of
Gadodiamide, a contrast agent containing Gadolinium. Ten min prior to image
acquisition 0.3 mmol/kg Gadediamide was injected via a tail-vein catheter. fmaging was
performed using a gradient-echo sequence, where contrast preparation included the use of
an inversion pulse. The repetition time was minimurn 900 ms, and the {lip angle was 90 .
The volumes of the left ventricular wall (LVV) and of the infaret (1V} were assessed by
an experienced reader via manual delineation using dedicated image analysis software,
The infarct size (IS), expressed as the infarcted fraction of the lefi ventricular wall, was

determined via the formula [S=IV/LVV.
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[0333] Twenty seven rats were subjected to permanent ligation of the left
anterior descending coronary artery and intracardiac injections of citrate/saline (n=8) or a
low (150 ug, 1=9) or high (1800 pg, n=10) dose of VEGF-A modified RNA formulated
in citrate/saline. The animals were followed for 8 days and effects on left veniricular
gjection fraction and infarct sive were assessed by MRI at day 1 and day 8 following the
induction of the infarction. Cardiac Tnl was measured in venous blood at day 1 as a
biomarker of cardiomyocyie injury. As the two doses of VEGF-A modified RNA gave
rise to similar amounts of VEGF-A produced, data from both groups were pooled in the
efficacy analysis. As compared to the citrate/saline-treated rats, the animals administered
VEGF-A modified RNA had a significantly higher left ventricular ejection fraction day 8
(F1G. 88) and lower levels of cardiac Tol day 1 (FIG. 8D). Furthermore, the actively
treated rats tended to have reduced infarct size vs the vehicle-treated rats (FIG. 8C)

6.8 EXAMPLE 8

Assessment of f-galactosidase and human VEGF-A protein following
intracardiac injection of LacZ modified RNA or human VEGF-A modified RNA in
Giittingen mini pigs

[0334] Female Gottingen mini pigs (body weight ~25 kg) fasted overnight were
sedated through an intramuscular injection of midazolam and ketamine. Following
sedation, an intravenous line was placed in the auricular marginal vein for induction of
anaesthesia by propofol and the pig was endotracheally intubated. The pig was then
transferred to the laboratory and connected to a ventilator. General anesthesia was
maintained by isoflurane delivered through a precision vaporizer and a circle absorption

breathing system with periodic arterial blood gas monitoring. Vital signs (heart rate,
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biood pressure, respiration rate, Os pulse oxymeter, ECG and body temperature) were
continuously monitored throughout the experiment. Intravenous fluid therapy was given
throughout the procedure with the rate adjusted to replace blood loss or in case of low
systemic blood pressure. A left thoracotomy to expose ihe heart was carried out and
LacZ modified RNA or VEGF-A modified RNA (at varying volumes and doses) was
injected in the left ventricular free wall at a depth approximately 5 mm from the
epicardial surface. The injection site was marked with a small suture and 6 hours later the
heart was excised. Transmural tissue slabs were harvested at the injection sites and X-gal
stained for B-galactosidase as described above. For VEGF-A protein analysis, each tissue
slab was divided in 6 separate specimens from epicardium to endocardium. These
specimens were snap frozen in liguid nitrogen and stored at -80 °C until VEGE-A
analysis as described below.

[03351 LacZ or VEGF-A modified RNA was epicardially injected in the left
ventricular free wall and tissue sampled 6 hrs later for X-gal staining or VEGY-A protein
analysis. In pigs administered LacZ medified RNA, the production of B-galactosidase
was qualitatively similar when lipofectamine was used as transfection medium (FIG. 9A)
as when citrate/saline was used (F1G. 9B).

6.9, EXAMPLE 9

Quantification of human VEGF-A protfein in cardiac tissue

[0336] Tris lysis buffer containing phosphatase inhibitors I and Il and protease
inhibitor (Meso Scale Discovery {MSD), Rockville, MD, USA) was added to the frozen
tissue biopsies and frozen at approximately -20 °C prior to homegenization. Ceramic
beads (3 mm) were then added and the samples homogenized using the Precellys
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homogenizer instrument. The homogenates were centrifuged and the supernatants stored
at -80 °C prior to analysis.

[0337] VEGF-A concentrations were determined using a sandwich
immunoassay with electrochemical luminescent detection. MSD V-PLEX cytokine
Panel 1 (human) VEGF-A kits were used to measure the VEGE-A concentration in the
tissue homogenates. The assay was performed as per the kit instructions. Standards were
serially diluted 1 in 2 with the kit diluent and additional controls were included within
each batch to monitor assay performance. Samples were diluted a minimum of 1 in 10
with the kit diluent prior to analysis and the plates read on the MSD Sector 600
instrument.

[0338] FIG. 10 summarizes the dose-dependent production of VEGF-A at
6 hours following epicardial injections of varying doses (50 to 2000 ug per injection} of
VEGF-A modified RNA formulated in citrate/saline. The levels of protein produced
indicate saturation at low doses of injected VEGF-A modified RNA, which is in line with
the findings in the rat (FIG. 8A).

6.10. EXAMPLE 10

LacZ and Luciferase modified RNA cardiae transfection and translation in a
citrate saline buffer

[0339] As depicted, 75 ug of LacZ encoding modified RNA with cardiac
injections was transfected and translated in approximately 10% of the left ventricle
(FIGs. 11A, 11B, 11C, and 11D}, RNA in situ hybridization for luciferase modified RNA

revealed staining expression in the myocardium at the site of injection (FIGs. 1E and
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11F) and correlative fuciferase protein expression shown via inununohistochemical
analysis in the serial section (FI1G. 11G).

6.11. EXAMPLE 11

VEGF-A protfein expression after modified RNA injection to the heart with
citrate saline buffer is saturable and has similar pharmacokinetics across multiple
species

[0340] To compare VEGF-A protein production, 150 ug of VEGE-A modified
RMNA in a citrate saline buffer and 100 pg of VEGF-A meodified RNA using RNAiMax (a
lipid-based formulation) as the delivery carrier were injected into a rat heart. After 24
hours, VEGF-A protein levels in the rats with the citrate saline buffer (NTB) was at a
comparable level to rats injected with RNAiIMax and the pharmacokinetic profile were
similar (FIG. 12A). The protein expression was dose limited and saturable, which was
seen across species (FIG. 12B). With a ten-fold increase in dose, there was only a 1.6~
fold increase in the area under the curve (FIG. 12C)

6.12. EXAMPLE 12

Assessment of homan VEGF-A protein preduction following intracardiac
injection of human VEGF-A modified RNA in the mouse, rat and pig

03411 To compare VEGF-A protein production, 150 ug of VEGF-A modified
RNA in a citrate saline buffer and 100 pug of VEGF-A modified RNA using RNAiMax (a
lipid-based formulation) as the delivery carrier were injected into a rat heart, After 24
hours, VEGF-A protein levels in the rats with Male C37BY/6 mice (10 to 12 weeks old)
were anesthetized with isoflurane. The left thoracic region wags shaved and sterilized and

following intubation the heart was exposed through a left thoracotomy. One hundred ng
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VEGF-A modified RNA (encoding the human VEGF-A protein (VEGF-A)) formulated
in citrate saline {10 mmol/L citrate, 130 mmol/L sodium chloride in Hyclone water, pH
adjusted to approximately 7.5 with sodium hydroxide) was injected (50 L) in the lefi
ventricular free wall from the apex towards the base of the heart. After the injection, the
thorax and the skin were closed by suturing and excess air was removed from the thoracic
cavity by gentle chest compression. Subsequently, when normal breathing was
established the mouse was removed from the ventilator and brought back to its home
cage. At predefined time points following the cardiac injection, the mouse was
anesthetized and the chest opened a second time for heart tissue sampling. The heart was
excised and the right ventricle and the left and the right atria trimmed off. The remaining
cardiac tissue (i.e., the left ventricular free wall and the intraventricular septum) was snap
frozen in liquid nitrogen and stored at -80°C until analysis of VEGF-A protein as
described below.

(03421 Male Sprague Dawley rats (body weight 250 to 300 g) were anesthetized
with isoflurane and subcutaneocusly injected with marcaine (25 mg/kg) and buprenorphine
(0.05 mg/kg) for analgesia. The left thoracic region was shaved and sterilized and
following intubation the heart was cxposed through a left thoracotomy at the {ifth
intercostal space. Human VEGF-A modified RNA (100 ug) formulated in citrate saline
(10 mmol/L citrate, 130 mmol/L sodium chloride in Hyclone water, pH adjusted to
approximately 7.5 with sodium hydroxide) was injected as three separale injections
(20 uL each, total volume 60 ul) along a line in the left ventricular free wall. After the
injection, the thorax and the skin were closed by suturing and excess air was removed
from the thoracic cavity by gentle chest compression. Subsequently, when normal

109



WO 2017/214175 PCT/US2017/036188

breathing was established the rat was disconnected from the ventilator and brought back
to its home cage. At predefined time points following the cardiac injection, the rat was
anesthetized and the chest opened a second time for heart tissue sampling. The heart was
excised and the right ventricle and the left and the right atria ttimmed off. A transverse
slice including the injection sites was excised, divided in two parts that were spap frozen
in Hguid nitrogen and stored at -80°C unti! analysis of VEGF-A protein as described
below,

[0343] TFemale Gottingen mini pigs (body weight ~25 kg} fasted overnight were
sedated through an intramuscular injection of midarolam avd ketamine. Following
sedation, an intravenous line was placed in the auricular marginal vein for induction of
anacsthesia by propofol and the pig was endotracheally intubated. The pig was then
transferred to the Iaboratory and connected to a ventilator. General anesthesia was
maintained by isofturane delivered through a precision vaporizer and a circle absorption
breathing system with periodic arterial blood gas monitoring. Vital signs {heart rate,
blood pressure, respiration rate, O, pulse oxymeter, ECG and body temperature) were
continuousty monitored throughout the experiment. Intravenous fluid therapy was given
throughout the procedure with the rate adjusted to replace blood loss or in case of low
systemic blood pressure. A left thoracotomy to expose the heart was carried out and
VEGF-A modified RNA (100 pg formulated in citrate saline (10 mmol/L citrate,

136 mmol/L sodium chloride in Hyclone water, pH adjusted to approximately 7.5 with
sodium hydroxide) was injected in the left ventricular free wall at a depth approximately
5 mm trom the epicardial surface. The injection site was marked with a small suture and
6 hours later the heart was excised. Transmural tissue slabs were harvested, For VEGEF-A
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protein analysis, each tissue slab was divided in 6 separate specimens from epicardium 1o
endocardium. These specimens were snap {rozen in liquid nitrogen and stored at -80 °C
until VEGF-A analysis as described below.

[0344] As illustrated in FIGs. 13 A and 13B, the amount of protein produced
peaked approximately at 6 to 12 hours after injection and the magnitude of and the time
profiles for VEGE A protein produced were similar across species, Human VEGE-A
protein was still observed in cardiac tissue 192 hours after the injection in the rat (FIG.
138).

6,13, EXAMPLE 13

Effects on of left veniricular function and infarct size following intracardiac
injection of huoman VEGF-A modified RNA in pigs subjected to myocardial
infarction

{0345} Thirty four sexually mature Lanyu mini-pigs (~35 months old) of etther
sex were fasted overnight and anaesthetised, endotracheally intubated and artificially
ventilated through a respirator with a mixture of oxygen, air and isoflurane. Vital signs
(heart rate, blood pressure, respiration rate, O, pulse oxymeter, ECG and body
temperature} were continuonsly monitored throughout the experiment. Intravenous fhud
therapy was given throughout the procedure with the rate adjusted to replace blood loss
ot in case of low systemic blood pressure. A left thoracotomy to expose the heart was
carried out and a permanent occlusion of the mid-left anterior descending coronary artery
was undertaken in all pigs except in S in which the artery was not occlhuded (sham group).
Subsequently, the chest was closed and the pig transitioned to an intensive care unif for
approximately 2 hours after it was brought back to its pen to. Before and after the
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sery, analgesics and antibiotics were administered to relieve pain and prevent

surg
infection.

103461  Seven days after the initial surgery, the pigs were prepared for a second
surgery as described above and brought back to the operating theater. After the
preparation, the infarcted pigs were randomised to a blinded treatment with citrate/saline
{(n=R), VEGF-A modified RNA low dose {1 mg, n=8), VEGF-A modified RNA high dose
{10 mg, n=8) or recombinant human VEGF-A protein formulated in self-assembling
nanofibers (n=35). Although not approved for clinical use the nanotiber construct was
included as a positive control therapy (Lin Y.D. et al,, Science Trans] Med, (2012}
4:146ral09; its entirety is incorporated herein by reference), Following a left
thoracotomy, the study drugs were administered as 20 epicardial injections distributed in
the peri-infarct/infarct area, each injection volume being 100 uL. After the procedure, the
pigs were treated as described above and left to recover for 2 months before the terminal
experiments were carried out.

03477 Throughout the study serial measurements of left ventricular function
was assessed by means of echocardiography. Hence, measurements were undertaken
under anesthesia in the closed-chest pigs immediately before and after induction of
myocardial infarction, immediately before the intracardiac injection of the study drugs
and on the day of sacrifice. Cardiac function was assessed by 2D echocardiography using
Vivid Q with a 3.5 MHz probe (GE Healtheare, Horten, Norway). The pigs were placed
in the left lateral decubitus position. Parasternal long-axis views were obtained by
M mode to measure left ventricular volumes to derive left ventricular ¢jection fraction, At

study end (i.c., 2 months after the study drug administration} the pigs were anacsthetised
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as described above and instrumented for an invasive hemodynamic assessment by means
of a pressure-volume loop recording catheter (Millar Instruments, Houston, Texas, USA)
positioned in the left ventricular cavity via right carotid artery catheterization. The
hemodynamic data were analyzed with a commercial software (AD Instruments). After
the hemodynamic assessment, the pig was sacrificed and the heart harvested. The heart
was washed three times and processed into five slices from apex to the papillary muscle
level. Images were taken of each slice and the infarct sizes were estimated using a
commercial software (Imagel). Infarct size was calculated as a percentage of the area of
the whole ventricle minus the area of the inner space.

[0348] Serial assessments of left ventricular cjection fraction (EF) were carried
out during the course of the study. As can be scen in FIG. 14, the permanent occlusion of
the left anterior descending coronary artery was associated with an immediate reduction
in BF from approximately 65% to below 45%, a decline that remained 7 days after the
occhusion when the study drugs were injected. No such reduction was seen in the pigs
subjected to the sham procedure. Two months after the injections, pigs administered with
VEGF-A modified RNA or recombinant YVEGF-A protein formulated in self-assembling
nanofibers were observed to have an improved EF vs the citrate/saline-injected pigs.
When comparing the changes in EF from the day of injection until study end, a
statistically significant improvement was seen for both VEGF-A wodified RNA groups
and the VEGF-A protein group but not for the citrate/saline group. The invasive
hemodynamic assessment of left ventricular function carried out at study termination
showed similar raprovement as evidenced by the differences in maximal left ventricular

pressure development over time (dP/dt max, FIG. 15), minimal pressure development
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over time (dP/dt min, FIG. 16), endsystolic pressure volume relationship (ESPVR, FIG.
17), enddiastolic pressure volume relationship (EDPVR, FIG. 18) and preload recruitable
stroke work (PRSW, FIG. 19}, respectively.

{03497 Infarct size was measured after tissue harvesting at study end and was
guantified as global left ventricular infarct size (slices 2, 3, 4 and 5, FIG. 20A), mid left
ventricular infarct size (slices 3 and 4, FIG. 208) and mid-most lett ventricular mtarct
size {slice 4, FIG. 20C). As can be seen in FiGs, 204, 20B and 20C, the VEGE-A
modified RNA as well as the VEGF-A protein/nanofiber treatment were associated with a
dose-dependent reduction in infarct size vs the citrate/saline-treated pigs.

6.14, EXAMPLE 14

In vive effect of human VEGF-A medified RNA in a wound healing model in
diabetic mice

(03507 'The purpose of this experiment was to determine if human VEGF-A
modified RNA exhibits bioactivity in a diabetic mouse model of delayed cutaneous
wound healing. Two trials were performed using the db/db mouse, which has a
deficiency in leptin receptor expression due to a point mutation and experiences delayed
cutaneous wound healing relative {0 healthy control mice. The db/db mouse has been
widely used in the published literature to test therapeutic efficacy of various treatments
atmed at accelerating wound healing. The first irial, Trial 1, included 32 male db/db mice
and was designed to: 1) evaluate the effect of human VEGF-A modified RNA on wound
healing rates, 2) determine if the treatment caused abnormalitics in granulation tissue
formation, and 3) determine the cffect of human VEGF-A modified RNA on vascularity
in the granulation tissue. The second trial, Tnial 2, included 7 wale db/db mice, and was
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designed to evaluate oxygenation of the wound over time using ratiometric imaging of a
novel boron-based oxygen-sensing nanoparticle. Briefly, on the first day of the trial (Day
0}, 1 con diameter full-thickness cutaneous wounds were surgically made on the dorsum
of each mouse, and human VEGF-A modified RNA or vehicle control (n=8 yuice per
group) was immediately injected intradermally in the perimeter of the wound. In a sub-set
of mice (n=% mice per group), either human VEGF-A meodified RNA or vehicle control
was also delivered on Day 3. The wounds were bandaged using Tegaderm, and mice
were housed individually in cages. Serial photographs of the wounds were acquired at
subsequent timepoints, and at the terminal endpoint (Day 18), wound tissues were
harvested and processed for iromunchistochemistry (CD3 1+ staining for endothelial cells
and hematoxylin and eosin (H&FE) staining). In Trial 2, serial images of fluorescence and
phosphorescence were acquired after delivering the oxygen-sensing nanoparticles
topically to the wound bed after an experimental procedure similar to Trial 1 except that
only dosing at day 0 and 3 was done, The results from Trial 1 showed that the sequential
dosing of human VEGF-A modified RNA (100 pg on Day 0 and 100 g on Day 3)
significantly (p<0.05) decreased the open wound area at day 6 and day 10, relative to
sequential dosing of vehicle control while single dosing of either human VEGEF-A
modificd RNA or vehicle control did not. The average percent of wound closure between
early time points (day 3 to 6} was significantly increased compared to vehicle control.
CIx31+ staining in the granulation tissue was also increased in mice receiving sequential
dosing of human VEGF-A modified RNA. In Trial 2 the oxygen levels in the wounds at
Day 6 were also significantly (p<0.05) increased in mice receiving 2 sequential doses of

100 ug of human VEGF-A modified RNA relative to the double-injected vehicle group.
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This experiment supports that treatment of cutaneous wounds in the dorsum of diabetic

mice with sequential dosing of human VEGF-A modified RNA significantly accelerates

wound healing during the early, more clinically-relevant phase of wound healing.

Accelerated healing is accompanied by increases in vascularization of the granulation

tissue and increased oxygenation of the wound bed at early time points.

(03

K41

11 Test compound and formulation

14)

Test compound | Human VEGE-A modified RNA (FIG. 18) (VEGE-A

modified RNA as shown in figures accompanying Example

Formulation Citrate/saline (10 mmol/L/130 mmol/L, pH 7.5)

{0352] Testsvstem

............... SRS At

Justification for selection of

{est system

db/db mice used are an established model of Type
{I diabetes and a plethora of reports describe
impaired wound healing as compared to wild type
mice. Impaired wound healing of db/db mice

allow for longer healing window to test drug

bipactivity.
Suain B6.BKS(D)-Lepr /3 (db/db mice)
Bex Male T

Total No of animals

{03531 Study design

Dose(s)

Trial 1; 25 ug VEGF-A modified RNA per
injection site {4 sites total at each injection fime
point, 100 pg/animal in total). VEGF-A modified

RNA concentration 2.5 pg/ul.
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Trial 1; 10 uL vehicle injections of 10 mmol/L

citrate, NaCCl 130 mmol/L

Trial 2; 50 uL of 1 mg/mL nanoparticle solution

for each imaging time point

Volume(s) of administration

110 uL of VEGF-A modified RNA or vehicle

injected intradermally in four locations at the

periphery of wound (40 ul total}

Approximately 50 pL of nanoparticle solution

added at each imaging time point for Trial 2.

Route(s) and frequency of

administration

Intradermal injection of VEGF-A modified RNA
or vehicle at Day 0 and Day 3. Day 0: injected at
0, 90, 180, and 270 degree positions. Day 3:
injected at 45, 135, 225, and 315 degree position.
No injeciions past Day 3.

MNanoparticle solution applied topically to wound
at each imaging time point (0, 3, 6, 10, 13, and 18

days).

Duration of treatment

18 days

Number/group

- Trial 2; 3 and 4 mice per group (see below)

Trial 1; & mice per group

Number of groups

Group 3; single human VEGEF-A modified RNA

Trial 1

4 groups

Group 1; single vehicle injection {Day 0, n=§, 1
mouse died before conclusion of study)

Group 2; double vehicle injection (Day 0 and 3,

n=8)
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Group 4; double human VEGF-A modified RNA
injection (Day 0 and 3, n=8, 1 mouse died before

conclusion of study)

Trial 2 (with nanoparticles)
2 groups
Group 1; double vehicle injection (Day 0 and 3,
- n=4)
Group 2; double human VEGF-A modified RNA

injection (Day 0 and 3, n=3)

[0354] Experimental procedures

{0355] The experiments were divided into two trials, Trial 1 and Trial 2. Trial 1
focused exclusively on evaluating the bioactivity of the human VEGE-A modified RNA
in the context of diabetic wound healing. Trial 2 again tested the bioactivity of the human
VEGF-A modified RNA in the same wound healing model, but also employed the use of
oxygen-sensitive nanoparticles to determine the oxygenation within the wound bed.
Procedures listed below are common to both Trials unless otherwise noted.

[0356] Full thickness skin wound (Day 0): Mice were anesthetized with a 2%
inhalable isoflurane/oxygen mixture and were then depilated and sterilized prior to
surgery, A 1 cm diameter circle was marked on the dorsum of the mouse using a stencil.
Skin (including dermis and epidermis) was carefully excised from the outlined area to
form the full thickness skin wound. Human YEGF-A modified RNA or vehicle was

injected intradermally. An analgesic (buprenorphine, 0.1 mg/kg) was administered
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following surgery, and the wounds were covered with a Tegaderm dressing and a self-
adhering wrap.

[0357] Intradenmal injections (Days 0 and 3): Ten pl. x 4 of human VEGE-A
modified RNA or vehicle (outlined above) were injected inumediately after excision of
skin. At Day 0 (day of wounding), human VEGF-A modified KNA or vehicle was
injected inte the dermal layer of the skin at 0, 90, 180, and 270 degree positions around
the perimeter of the wounds. At Day 3, the human VEGF-A modified RNA or vehicle
was injected intradermally at 45, 135, 225, and 315 degree positions around the perimeter
of the wound to avoid injection in the same location twice,

[0358] Imaging procedure {Days 0, 3, 6, 10, 13 and 18): The self-adhering wrap
and Tegaderm dressings were removed prior to imaging the wounds. Body masses were
recorded each day before imaging (Day 0, 3, 6, 10, 13, and 18). Tmages were acquired at
a fixed distance above the wound with a twelve megapixel camera while mice were
anesthetized with a 2% inhalable isoflurane/oxygen mixture. After imaging, the wounds
were covered with a new Tegaderm dressing and wrapped with the cxisting self-adhering
wrap (unless nanoparticle imaging was to be performed).

[0359] Imaging procedure with oxygen-sensitive nanoparticles (Bay 0, 3, 6, 10,
13, and 18): Imaging for oxygen levels was only performed in Trial 2. After imaging as
described above, mice were kept anesthetized and placed on a temperature controlied
microscope stage with a custom designed imaging platform. M-JPEGs were acquired
under UV illumination for cach wound consisting of 1) 10 frames (acquired at 3
frames/second) of wound prior to application of boron-based nanoparticles (BNP) and 2)
60 frames (acquired at 3 frames/second) after superfusion of 50 pl. of nanoparticle
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solution within the wound bed. After imaging, the wounds were covered with a new
Tegaderm dressing and wrapped with the existing self-adhering wrap.

(0360} Wound oxygenation image analysis: Imaging for oxygen levels was only
performed in Trial 2. The UV-illuminated wound images {acquired as described above)
were analyzed using custom written MATLAB programs. To account for background
signal, selected points within the wound bed were analyzed for the red and blue channel
intensity prior to the addition of the nanoparticles. These background intensity values
were subtracted from red and blue intensity values acquired after the addition of the
nanoparticles. The ratio of blue channel intensity to red channel intensity was computed
for each pixel to represent the ratio of fluorescence (constant in the presence of BNP) fo
phosphorescence {(quenched in the presence of oxygen). The ratiometric images were
then qualitatively displaved using a 256-value color map scaled to the ratio bounds to
spatiotemporally resolve fluorescence-to-phosphorescence ratios. To quantify the amount
of oxygen within the wound bed, the raw blue and red channel intensity values were used
to construct a grayscale image (low oxygen; black pixels, high oxygen; white pixels). The
wound bed was selected as the area of interest and quantified the mean gray pixel value
was quantified using Imagel software.

{03611 Harvest of tissue, histological sectioning, and staining (Day 18): Mice
were euthanized via CO; asphyxiation and the final image was acquired of the wound. A
1.5 em x 1.5 cm area around the wound cenier was excised and divided into longitudinal
thirds for three separate analyses. One third of the tissue was snap frozen in hiquid
nitrogen and sent for assessment of downstream VEGF signaling proteins. The middle
third of the tissue was fixed in 10% formalin for | week and processed for parafhin
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cmbedding. Five pm sections were cut and stained with hematoxylin and eosine (H&E)
and for CD31 (Santa Cruz Bictechnology, sc-1506, PECAM-1 (M-20}}.

[03621 Blood glucose measurements (Day § and Day 18): Prior to initial
wounding at Day 0, all mice were fasted for four hours in paper bedding cages without
food. Initial fasted glucose measurements were taken before wounding. While harvesting
the blood at Day 18, unfasted glucose measurements were undertaken and a small sample
of blood sampled.

{0363] Data analysis

[0364] Wound area quantification: time point for Trials 1 and 2. Using Imagel,
the observers traced the perimeter wound and Imagel calculated the area of the open
wound. To account for differcnces between observers’ judgment, the median value of the
three wound arcas was reported for each wound, Wound areas at each time point were
normalized to the initial wound area (Day 0) to account for minor differences in the
initial wound sizes. Data was statistically analysed using a repeated measures two-way
ANOVA with significance asserted at p<0.05. Cubic spline interpolation of these data
was performed 1o compute the estimated time to 25%, 50%, and 75% closure of the
wound, respectively. The average percent healing between time points was caleulated by
subtracting the percent of wound area remaining frow the previous percent of wound area
remaining. Data was analysed using a repeated measures two-way ANOVA with
significance asserted at p<(.05.

[0365] CId31 staining analysis (Trial 1): Histological cross-sections of the
wound tissue were immunostained for CD31, and imaged using transmitted light

microscopy with a 40x objective. The brown channel (positive CD31 labeling) was

121



WO 2017/214175 PCT/US2017/036188

thresholded to white and black to remove background and non-specific labelling. The
thresholded percent area of CD31 positive staining was calculated for each of the
treatinent groups with n=3.

[03661 Hematoxylin and cosin staining analysis (Trial 1): Paratlin sections from
each wound were stained with H&E and imaged using transmitted light microscopy using
a 4x objective. Granulation tissue was visually inspected to gualitatively assess the
thickness and continuity of the epidermis, cross-sectional area of granulation tissue
{(width and thickness), and presence or absence of any abnormal tissue structures, such as
hemangiomas.

[0367] Downstream VEGY signalling analysis (Western blot) (Trial 1): Skin
tissue samples were homogenized with RIPA Lysis Buffer (sc-24948, Santa Cruz
Biotechnology, Santa Cruz, CA), and centrifuged, the protein concentrations of the
supernatant was determined by Bradford protein assay (#35000112, Bio-Red, Hercules,
CA). Total protein 30 pg were loaded on a polyacrylamide gel (#3450124, Bio-Red,
Hercules, CA) and transferred to membrane (#1620232, Bio-Red, Hercules, CA). The
membrane was probed with the following antibodies: anti-pAKT antibody (8473, #4060,
(Cell Signaling, Danvers, MA) and anti-AKT antibody (#4691, Cell Signaling
Technology, Danvers, MA), anti- rabbit {gG secondary antibody (IRDye 800CW, L1
COR biosciences, Lincoln, NE). Quantification of the pAKT and AKT bands was
performed using the Image] program 29.

[0368] Body mass and blood glucose analysis: Body masses and blood glucose
fevels were statistically analysed using a repeated weasures two-way ANOVA with

significance asserted at p<0.05,
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[0369] Oxygen quantification analysis (Trial 2): The mean gray values of the
raw nanoparticle images were statistically analysed nsing a repeated measures two-way
ANOVA with significance asserted at p<0.05.

(03701 Results

Results from wound area measurements (Trial 1)

(03711 The body mass for the db/db mice in all groups included in Trial 1 are
shown in FIG. 21. The body masses were simiiér for all groups at all time points except
the single injected vehicle group and single injected VEGF-A modified RNA group for
which there was a significant (p<0.05) difference at day 13, This difference is not thought
to have an impact on the study results,

[(372] Fasted and fed glucose levels in the db/db mice for all groups at day ©
and at day 18 are shown in FIG. 22. All groups were similar except the single injected
vehicle group and single injected VEGF-A modified RNA group for which there was a
significant (p<0.05) difference of 85 mg/dL at day 0. This difference is not thought to
have an impact on the study results.

[03731 The results from measurements of the wound area during the 18 days
observation time are shown in FIGs. 23-25. In terms of closure of open wound area, the
single injected VEGF-A modified RNA group dose at day 0 did not show any significant
effect compared to its single injected vebicle equivalent during the 18 days observation
time. On the other hand, the group double injected with VEGF-A modified RNA at day 0
and 3 did show a significantly (p<0.03) faster closure at day 6 with 55% open wound area
and at day 10 with 27% open wound area compared to the group with double injected
vehicle with day 6 open wound area of 71% and day 10 open wound area of 49%,
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respectively (FIG. 23). Area under curve was for vehicle single injection 962.83, vehicle
double injection 998.21, VEGP-A modified RNA single injection 895.12, VEGE-A
modified RNA double injection 792.79, respectively. Time to 25% closure were for
single injected vehicle 6.2 days, double injected vebicle 5.4 days, single injected VEGT-
A modified RNA 5.1 days and double injected VEGF-A modified RNA 4.2 days,
respectively (FIG. 24). Time to 50% closure were for single injected vehicle 8.9 days,
double injected vehicle 9.8 days, single injected VEGF-A modified RNA 7.8 days and
double injected VEGF-A modified RNA 6.3 days, respectively (FIG. 24) Time to 75%
closure were for single injected vehicle 12.3 days, double injected vehicle 13.7 days,
single injected VEGF-A modified RNA 12.5 days and double injected VEGF-A modified
RNA 10.4 days, respectively (FIG. 24) When comparing the average percent of wound
closure between time points the double injected VEGF-A modified RNA group showed
significant (p<0.05) difference with 40% change between day 3 (o 6 compared to double
injected vehicle group with 20% change while the single injected VEGF-A modified
RNA group did not show significance compared to the single injected vehicle group
(F1G. 25).

Results from histolovical evaluation {Trial 1}

[0374] Representative resulis from H&E-stained sections of the wound area at
day 18 are shown in FIG. 26, This staining showed normal granulation tissues without
any signs of abnormal tissue structures. In FIG. 27 representative CD31 positive stains
are shown for the wound area sections after single and double injected vehicle and
VEGF-A modified RNA, respectively. The quantification of the endothelial cell-based

vessels in the wound area shown in FIG. 28 resulted in an increased thresholded percent
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arca with CD31 positive stains for both single {4.3+4.0, mean=8D) and double (8.4+4.4)
injected VEGF-A modified RNA in comparison to single (3.240.6) and double (3.2+0.6)
injected vehicle, respectively.

Downstream VEGE stgnaling analysis with Western blot (Tuiad 1)

[03751 The results of the analysis of downstream VEGF signaling at day 138
including AKT and VEGFR2 are shown in FIG. 29 and FIG. 30. These results did not

show any ongoing downstream signaling at day 18 (study end).

Results from measirements with oxvesn seosing naneparticles Trial

[0376] The body mass for the db/db mice included in the two groups, ie double
injected vehicle and VEGF-A modified RNA, in Trial 2 are shown as a function of time
in FIG. 31, The body masses were similar for all groups at all time points. Fasted and fed
glucose levels at day 0 and day 18 respectively in the db/db mice for double injected
vehicle and VEGF-A modified RNA in Trial 2 are shown in FIG. 32. The fasted and fed
glucose levels were similar in both groups.

[0377] In Trial 2, oxygen sensitive nanoparticles were put into the wounds to
estimate the oxygenation. In FIG. 33 a schematic of the technology behind the
nanoparticle oxygen quantification is shown. At room temperature and after excitation
the nanoparticles emit fluorescence captured by a blue channel signal and an oxygen-
dependent phosphorescence captured by a red signal channel. When these signals are put
together the result is an image of relative oxygenation in the wound, In FIG. 34
representative images for a double injected vehicle mouse and a double injected VEGF-A
modified RNA mouse are shown as a function of time. The yellow and red colour is
already at day 3 more prominent in the wound area of the double injected VEGF-A
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modified RINA mouse compared to the double injected vehicle mouse. At day 6 there is a
significant (p<0.05) increase in the oxygenation for the double injected VEGE-A
modified RNA group compared {o the double injected vehicle group (FIG. 35}

{0378] The results from measurements of the wound area during the 18 days
observation time are shown in FIGs. 36-38. The group with double injected VEGF-A
modificd RNA at day 0 and 3 did show a significantly {p<0.05) faster closure at day 6
with 45% open wound area compared to the group with double injected vehicle with 62%
open wound area, respectively. Time to 25% closure were for double injected vehicle 3.4
days and double injected VEGF-A modified RNA 3.8 days, respectively. Time to 50%
closure were for double injected vehicle 7.1 days and double injected VEGF-A modified
RNA 5.6 days, respectively. Time to 75% closure were for double injected vehicle 8.9
days and double injected VEGF-A modified RNA 7.8 days, respectively, When
comparing the average percent of wound closure between time points the double injected
VEGH-A modified RNA group did show significant (p<0.05) difference with 40%
change between day 3 to 6 compared to double injected vehicle group with 14% change,
respectively.

[0379] Conclusions

(03801 Intradermal administration of 100 pg VEGF-A modified RNA divided
on 4 injection sites near the wound perimeter on both Day € and Day 3 post injury,
significantly decreased the open wound area in in db/db mice at Day 6 and Day 10
relative to vehicle control.

[0381] Intradermal administration of 100 pg VEGF-A modified RNA divided
on 4 injection sites near the wound perimeter on both Day 0 and Day 3 post injury,
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stgnificantly increased the average percent of wound closure between early tiroe points
{Day 3 io 6) compared to vehicle controb.

[0382] Intradermal administration of 100 pg VEGF-A modified RNA divided
on 4 injection sites near the wound perimeter on both Day 0 and Day 3 post injury,
increases the area of CD3 1+ immunostaining in histological cross-sections of granulation
tissue at Day 18 relative to vehicle conirol and relative to dosing with VEGF-A modified
RNA at the initial time point (Day 0) only.

[0383] Intradermal administration of 100 pg VEGE-A modified RNA divided
on 4 injection sites near the wound perimeter on both Day 0 and Day 3 post injury
significantly increases the amournt of oxygen in the wound at Day 6 relative to vehicie
control.

6.15, EXAMPLE 158

Photoacoustic microscopy of the effects of human VEGF-A modified RNA on
hemodynamics and neovascularization in the mouse ear in vive

[0384] In this experiment, acute and chronic vascular responses to human
VEGF-A modified RNA (VEGF-A modified RNA) were monitored in the healthy mouse
ear in vivo. The multi-parametric photoacoustic microscopy (PAM) technique was
applied to dynamically characterize the effect of VEGF-A modified RNA on the vascular
diameter, oxygen saturation of haemoglobin (s0,), blood flow, and neovascularization.
Side-by-side and guantitative comparisons of the responses to VEGF-A modified RNA,
recombinant human VEGF-A protein, and citrate/saline/ vehicle were performed.
Furthermore, the dose dependence of the responses was explored by comparing the

outeomes induced by high-dose (100 pg/ear) and low-dose {10 pg/ear) VEGF-A modified
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RNA. The studies showed that VEGF-A modified RNA induced marked upregulation of
the local blood flow near the injection site shortly after injection (30 winutes to 6 hours).
{n addition, significant capillary angiogenesis and neovascularization 7 to 14 days after
the injection of high-dose VEGF-A modified RNA, but not in ears injected with low-dose
VEGF-A modified RNA, VEGF-A protein or ¢itrate/saline, were noted. Furthermore,
VEGF-A modified RNA induced a striking and spatially confined upregulation in the
microvascular blood flow downstream of the injection site, which was distinctly different
from the highly concentrated response to the human recombinant VEGEF-A protein.

[0385] The aim of the present study was to dynasuically characterize the effect
of VEGF-A modified RNA on the vascular diameter, oxygen saturation of haemoglobin
(50,), blood flow, and neovascularization by means of the multi-parametric

photoacoustic microscopy (PAM) technigue in the healthy mouse ear in vivo.

[038¢] Compound and formulation

Test compound | Human VEGF-A modified RNA (FIG. 1B) (VEGF-A
modified RNA as shown in figures accompanying Example

15)

¥

Formulation Citrate/saline (10 mmol/L/130 mmol/L, pH 6.5)

7

The control/reference compound is recombinant human VEGE-Ajgs protein from
R&D Systerns Inc, 614 MeKinley Place NE, Minneapolis, MN 55413, USA.

{0387} Test system

+ Justification for selection of | All animal expcriments were performed using the
| test system multi-parametric PAM (Ning et al 2015). It is

heretofore the only available microscopy platform
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that can dynamically and comprehensively

characterize the blood flow, perfusion, oxygen
saturation, and neovascularization in vivo, and i3

thus ideally suited for this study.

Strain C57BL/6
Sex VYemale
Total No of animals 1

[0388] Study design
Dose(s) Citrate/saline; NA

| VEGF-A protein; 1 pg

High-dose VEGF-A modified RNA; 100 pg
Medium-dose VEGEF-A modified RNA; 30 pg
Low-dose VEGF-A modified RNA; 10 pg

Lésed

- Volume(s) of administration

1o pk

Route(s} and frequency of

administration

Intradermal, single injection

Duration of treatment

Acute {less than 5 minutes)

Number/group 1103
Number of groups 3

identification

Mo/reference No

Group 1, high-dose (HD) VEGF-A modified
RINA injected, 3 mice: HD no.l, HD no. 2, HD

- 10.3

Group 2, low-dose (L1} VEGF-A modified RNA
injected, 2 mice: LD no i, LD no. 2

Group 3, medium-dose {(MD) VEGF-A modified
RNA injected, 1 mouse: MD no.1

Group 4, VEGF-A protein (P) injected, 3 mice: P

no.l, Pno2, Pno3
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C/Sno.2, C/S no.3

[0389] Experimental procedures

[0390] For the mouse ear imaging, which is completely non-invasive, the same
mouse can be repeatedly imaged for time-lapse monttoring of the effects of different
drugs on the vascular diameter, sG,, blood flow, angiogenesis and neovascularization. A
baseline image of the mouse ear was acquired prior to the intradermal injection of the
study drugs. Then, the drug-treated car was monitored for & hours to capture the acute
vascular responses and reimaged on day 7 to record chronic hemodynamic responses and
possible neovascularization. To examine the persistence of the VEGF-A modified RNA-
induced vascular remodeling, the mice treated with high-dose VEGF-A wodified RNA
were further imaged on day 14, 21, and 28, respectively.

{03911 The detailed PAM imaging protocol was as follows: The mouse was
anaesthetised in a small chamber flooded with 39 isofurane inhalation gas {typical flow
rate 1 to 1.5 L/min, depending on the body weight). Anaecsthesia was maintained at 1.5%
isofturane throughout the experiment. Medical-grade air was used as the inhalation gas to
maintain the mouse at normal physiological status. Pure oxygen is not suitable, because it
elevates the venous blood oxygenation to be higher than the normal physiological level
and biases the PAM measurement. Subsequently, the mouse was transferred from the
ancsthesia chamber {0 a nearby stereotaxic stage. The body temperature of the mouse was
maintained at 37°C using a heating pad. Following positioning in the stereotaxic stage a
layer of ultrasound gel was applied on the surface of the ear to be imaged. Care was taken

to avoid trapping of air bubbles inside the gel. Then the ear was placed beneath a tank
13
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filled with deionized water and slowly raised until the ultrasound gel gently came in
contact with the tank bottom which was covered by a thin membrane of polyethylene.
Oinbment was applied to the eyes to prevent drying and accidental laser damage. The
imaging head was then fowered until the acoustic lens was immersed in the water tank.
Any air bubbles trapped under the lens were removed. Hence, vertically from top to
bottom the set-up included the acoustic lens, the water tank, the ultrasound gel and the
mouse ear. The laser fluence was then checked to make sure it operated within the laser
safety standards of the American National Standards Institute (e, 20 mJ/cm?2). Following
the image acquisition, the mouse ear was cleaned with delonized water and transported
back to its home cage.

[0392] Three vascular parameters were simultaneously acquired by multi-
parametric PAM (Ning et al,, Simultaneous photoacoustic microscopy of microvascular
anatomy, oxygen saturation, and blood flow. Opt Lett, 2015, 40:910-913). Vascular
anatomy was directly generated by Hilbert-transformation of the PAM-acquired raw
photoacoustic signals at each sampling position. Vascular sO; was acquired with dual-
wavelength excitation to distinguish the oxy- and deoxy-hemoglobin via their optical
absorption spectra. Blood flow speed was quantified by correlating 100 successive A-
lines acquired at 532 nm. The time window for the correlation analysis was set to 10 ms.
The time course of the computed correlation coefficient follows a second-order
cxponential decay and the decay constant, which is linearly proportional to the blood
flow speed, was extracted for flow quantification, Further, the average diameter, s(, and
blood flow of individual vessels were extracted with the aid of a documented vessel

segmentation algorithm (Soetikno et al., Vessel segmentation analysis of ischemic stroke
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irnages acquired with photoacoustic microscopy. Proc. SPIE, 2012, 8223:822345). The
measurements of different animals within each groups were combined for statistical
analysis.

(03931 Data analysis

(3941 Results shown are means = SD. To investigate the quantitative
differences between citrate/saline, VEGI-A modified RNA, and human recombinant
VEGE-A protein treated mice a mixed model for the repeated measurements was used for
performing the statistical analysis. An individual intercept mode! with autoregressive
structure of the covariance matrix was fitted to the difference in vessel diameter or
volumetric flow from baseline, Additionally, baseline vessel diameter or volumetric flow
was used as a covariate to correct for any differences,

[(0395] Results

[0396] The high dose of VEGF-A modified RNA was intradermally injected in
the ear of three healthy mice. Representative time-lapse PAM images of vascular
structure, sO; and blood flow are shown in FIG. 39, Shortly (ie, up to 6 hours) after
iniection, significant upregulation in vascular sO; and blood flow were observed at the
periphery of the injection site in all three mice. PAM images repeatedly acquired on day
7,14, 21, and 28 showed that the previously upregulated sO; gradually regressed back,
while the blood flow remained above the baseline. Besides the sustained upregulation in
biood flow, striking angiogenesis and neovascularization were observed in two out of the
three high-dose VEGF-A modified RNA-injected cars (FIG. 40). The strong contrast of
these neovessels in the PAM images implies that they were highly perfused with red
blood celis. Specifically, as seen in FIG. 40, the neovessels appeared 14 days after the
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injection, regressed on day 21, and “disappeared” on day 28. Similarly, in the Znd high-
dose mouse, the neovessels showed up on day 7 and “disappeared” 14 days after the
injection. The “regression/disappearance” of the neovessels was likely due to the loss of
blood perfusion.

[0397] To explore whether reduced VEGF-A modified RNA dosage could
induce blood flow upregulation and neovascularization, the vascular responses to lower
doses of VEGF-A modified RNA (30 pg and 10 pg) were assessed. In one mouse
injected with 30 pug VEGE-A modified RNA a less sustained upregulation in sO; and
blood flow was induced, which regressed back to the baseline on day 14, Although
capable of producing capillary angiogenesis around the injection site, pronounced
neovascularization was not observed. Reducing the VEGF-A modified RNA dosage even
lower (to 10 ug) in two mice led to a further compromised vascular response (FIG. 41).
Specifically, the acute upregulation in the vascular sO; and blood flow was slightly
weaker and less sustained (vegressed back to the baseline on day 7) and no notable
neovascularization or angiogenesis was observed. These results further confirm the dose
dependence of the vascular responses to VEGE-A modified RNA.

[0398]1 For comparison, the vascular responses to human recombinent VEGE-A
protein were studied in three mice (FIG. 42). Similar to the high- and medium-dose
VEGE-A modified RNA, the VEGE-A protein induced sustained upregulation in the local
30, and blood flow throughout the 7-day monitoring period. However, only very
moderate capillary angiogenesis was observed in two out of the three mice on day 7 and

no neavessel was observed in all cases.
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[0399] Finally, three control experiments were performed to examine the
vascular responses to citrate/saline. As shown in FIG. 43, the local sO; and blood flow
were slightly upregulated shortly after the injection, likely due to an increase in
interstitial fluid pressure, and returned to the baseline levels by day 7. No angiogencsis,
neovascularization, or inflammatory response was observed.

[0400] Using vessel segmentation, the vascular responses to high-dose VEGEF-A
modified RNA, human recombinant VEGF-A protein, and citrate/saline were further
quantitatively compared and are illustrated in FIG. 44. Acute and pronounced
vasodilation and flow upregulation were observed shortly after the injection of VEGF-A
modified RNA and the VEGF-A protein. Moderate responses in vessel dimeter and blood
flow were also observed in response to citrate/saline injection, likely a consequence of
increased interstitial fluid pressure. As a response, the change from baseline (pre-
injection) in vessel diameter (a mean over 4 vessels) was compared over time for the
treatments and citrate/saline considered as control. The interaction between treatment and
time was statistically significant (p<<0.0001). All treatments differed statistically from
each other at 7 days (p=0.0009) and VEGF-A modified RNA and human recombinant
VEGF-A protein differed from saline at 6 hours (p=0.004). A similar analysis was
conducted for the change in volumetric flow from baseline (a mean over 4 vessels). The
change in volumetric flow was compared over time for the treatments and citrate/saline
considered as control. The interaction between treatment and time was statistically
significant (p=0.02). At day 7, VEGF-A modified RNA and human recombinant VEGE-
A protein differed from citrate/saline (p=0.0013). Seven days after injection, the vessel
diameter and blood flow in the cifrate/saline group returned back to the baseline, which
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was in striking contrast to the sustained vasodilation and flow upregulation in the VEGI-
A modified RNA and human recombinant VEGFE-A protein groups.

[0401] The spatial dependence of the microvascular responses to the localized
injection was further explored. To this end, all major vessels with diameters larger than
50 um was removed using vessel segmentation and subsequently, the remaining micro
vessels were divided into microsegments. Then, the microvascular 50, and blood flow
were extended to the tissue level by superposing the values of individual micro segments.
The weighting factor in the superposition was defined as the reciprocal of the distance

etween the centroid of the microsegment and the location of the tissue of interest.
Subtracting the tissue-level flow and sO; maps acquired before the injection of VEGE-A
modified RNA (ie, baseline) from that acquired on day 7 showed a striking (ie, ~4 fold)
and spatially confined upregulation in the microvascular blood flow downstream of the
injection site (FIG. 45) whereas the change in microvascular sO; was moderate (F1G. 45).
In contrast, the VEGF-A protein-induced upregulation in microvascular flow was less
pronounced and more concentrated around the injection site (FIG. 46), but the increase in
microvascular sOp was more significant. As expected, the microvascular responses to
saline injection was abolished on day 7 (FIG. 47).

[0402] Conclusions

[0403] Using multi-parametric photoacoustic microscopy and vessel
segmentation, the spatiotemporal vascular responses o intradermal injection of VEGF-A
modified RNA, human recombinant VEGF-A protein and citrate/saline were monitored
and compared. It was demonstrated that VEGF-A modified RNA can induce dose-

dependent, pronounced and sustained vasodilation, flow upregulation, capillary
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angiogenesis, and neovascularization in vivo, Furthermore, VEGF-A modified RNA
induced a striking and spatially confined upregulation in the microvascular blood flow
downstream of the injection site, which was distinctly different from the highly
concentrated response to the human recombinant VEGE-A protein.

6.16. KXAMPLE 16

Espression and detection of human VEGF-A protein following intradermal
injection of VEGF-A modified RNA in the rabbit iz vive

[0404] In this experiment, the production of VEGF-A protein in rabbit skin after
intradermal (id) injections of human VEGF-A modified RNA (VEGF-A modified RNA)
formulated in citrate/saline was studied with microdialysis technique.

[0405] Two microdialysis probes were jnserted id on the left hind leg in each of
4 anaesthetized rabbits, At t=0 hour (h), the recovery time for both microdialysis probes
was started. One hour later, 4 injections of VEGF-A modified RNA (50 pL and 50 pg
gach) were given close (o each microdialysis-probe. Protein-containing eluate was
collected on ice every h, starting at 2 h, for up to =6 h. Afier the last eluate collection,
the area surrounding the injection sites was excised.

[0406] Three hours after the injections of VEGF-A modified RNA, detectable
levels (218 2155, mean == SEM) of human VEGF-A were found in eluates from 3 out of
the 8 probes. Correspondingly, at 4 and 5 hours after the injection, VEGF-A protein was
detected in the eluate from 5 out of § and 5 out of 8 probes, respectively. Despite large
variation in the concentrations observed; the protein levels tended to plateau at these time

points (3691217 and 360203 pg/mL, respectively).

-
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{04071 Itis concluded that human VEGF-A protein can be detected with
microdialysis technicue in rabbit skin three to five hours after id injection of VEGY-A
modified RNA.

[0408] Compound and formulation

Test compound Human VEGF-A modified RNA (FIG. 1B) (VEGF-A

modified RNA as shown in figures accompanying Example

16)
- Formulation Citrate/saline (10 mmol/L/130 mmol/L, pH 6.5)
{04091 Test system
Species | Rabbit
Sex Male
Total No of animals 5

Dose(s) A total of 200 ng VEGE-A modified RNA
divided by four
injections at each probe-site

Microdialysis probes per animal: 2

Volume(s) of administration | Four tirnes 50 ul. at each probe-site

| Route(s) and frequency of intraderinal

administration

Duration of treatment Acute
Number/group 4
Number of groups 1

f0411] Experimental procedures
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[0412] Anaesthesia and maintenance of homeostasis: New Zealand White
(NZW) male rabbits were anaesthetised with ketamine (5 mg/kg, Ketalar®, Plizer AB,
Soilentuna, Sweden) and medetomidine (0.15 mg/kg, Doritor®, Orion Pharma, Espoo,
Finland) administered as an intravenous bolus injection followed by a maintenance
infusion (11 and 0.33 mg/kg*h), respectively. The rabbits were intubated and artificially
ventilated with a mixture of room air and 10% O, with a Servo ventilator (800D, Stemens
Flema, Solna, Sweden). The respiratory rate was kept constant at 30 cycles/min. Before
and during the experiment, the blood gases and pH in arterial blood were measured by a
blood gas analyzer (ABL800 Flex, Radiometer, Copenhagen, Denmark) and, 1f
necessary, adjusted to fall within normal physiological ranges for rabbits by adjusting the
tidal volurne. The rectal temperature was kept between 38 and 39.5°C by covering the
animals and by external heating.

[0413] Animal preparation: A percutaneous polyethylene catheter (Venflon 0.8
mm, Viggo, Helsingborg, Sweden) for administration of anaesthetics was inserted into a
marginal vein on the left ear. A polyethylene catheter (Intramedic PE-90 Clay Adams,
Becton Dickinson, Sparks, MD, USA) was inserted into the right carotid artery for
arterial blood pressure recording (by means of a pressure transducer, Peter von Berg
Medizintechnik Gmbh, Kirchseeon/Englharting, Germany) and for blood sampling,
respectively. Signals from blood pressure measurements were recorded and sampled by
using a computer and software (PharmLab V6.6, AstraZeneca R&D Moindal, Sweden).
The fur on the lefi hind leg was removed with an electric razor.

[0414] Microdialysis: Two 100 kDa linear microdialysis probes, named A and B
in each experiment, (66 lincar catheter & 66 high cut off linear catheter, M Dialysis AB,
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Hammarby, Stockholm, Sweden) were inseried id on the upper part of the left hind leg of
the rabbit according to the instructions provided by the supplier. The microdialysis
probes were perfused with 0.5 uL/min physiological saline (9 mg/mL, Fresenius Kabi
AG, Bad Homburg, Germany) and the clnate samples were collected on ice in pre-
weighed 0.5 mL tubes (Protein LoBind, Eppendorf AG, Hamburg, Germany). Dead space
between the dialysis membrane and the collection tube outlet was about 1.5 yl.. The

4]

volume of each eluate was determined and 2% bovine serum albumin (BSA, A797%,
Sigma-Aldrich, St. Louis, MO, USA) in phosphate buffered saline (PBS pH 7.4, gibco®
by life technologies™, Paisley, UK) was added at 1:1 conditions. The samples were
stored at -80°C until analyzed.

(04151 Experimental protocol: The experimental design is illustrated in FIG.
48A. At t=0 h, the recovery period for both microdialysis probes was started. One hour
later (ie, =1 h), recovery eluate was collected and subsequently 4 injections at the
microdialysis-probe sites were carried out as depicted in FIG. 48B. Protein-containing
cluate was collected every hour from t=2 k to t=6 h and handled as described above. At
study end the animals were terminated by a lethal iv dose of pentobarbital sodium
(Allfatal vet, Omnidea AB, Stockholm, Sweden).

04161 Assessment of human VEGE-A protein in microdialysis eluates: The
Gyrolab platform was used for determination of expressed human VEGE-A
coneentrations in microdialysis eluate samples. The Gyrelab uses an affinity fHow-
through format with microstructure wells (Gyros, Uppsala, Sweden}. A Gyrolab bioaffy
1000 CD consisting of 96 microstructure wells containing an affinity capture column

with streptavidin coated material {(Gyros) was used. First, a biotinylated capture
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polyclonal antibody against human VEGE A (AF-293-NA, R&D systems, Abingdon,
UK) was immobilized on the streptavidin column, where samples are flowed through by
rotation gravity and the analyte is captured on the antibodies. An Alexa-labelled detection
antibody against human VEGEF-A (R&D systems) was then flowed through the colurn
and the florescence intensity was used for quantification of the ligand. A standard curve
was created using a five parametric linear fit and the sample concentrations were
caleulated from the standard curve according to their absorbance. A standard carve
ranging from 16.7 pg/mL to 12170 pg/ml. was prepared with human VEGF-A165 (293~
VE-010, R&D systerms) in MSD diluent 9 (Meso Scale Discovery, Rockville, Maryland,
USAY. Quality controls were prepared from the WHO standard of human VEGF-A163
(National Institute for Biological Standards and Control, Hertfordshire, UK} in MSD
diluent 8. All standard, QCs, and samples were mixed 1:1 with Rexxip HN-max (Gyros)
before analysis.

[0417] Data analysis: Results are presented as rueantSEM,

[0418] Results

[0419] The individual human VEGF-A protein levels from the four rabbits (with

after the injections of VEGF-A modified RNA, detectable levels (2182155, meant
SEM) of hw;ﬂan VEGF-A were found in cluates from 3 out of the 8 probes.
Correspondingly, at 4 and 5 hours after the injection, VEGF-A protein was detected in
the cluate from 5 out of 8 and 5 out of 8 probes, respectively. Despite large variation in
the concentrations observed, the protein levels tended to platean at these time points (369

47217 and 36022203 pg/ml, respectively).
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[0420] Conclusion

[0421] Human VEGF-A protein, detected with microdialysis technigue, is
expressed in rabbit skin 3 to 5 hours after intradermal injection of VEGF-A modified
RNA.

6.17. EXAMPLE 17

Fffects on capiliary and arteriole density and fibrosis following intracardiac
injection of human VEGF-A modified RNA in pigs subjected to myocardial
infarction in vive

[0422] The assessments of the effects of VEGF-A modified RNA (1 or 10 mg),
citrate/saline (2 mL) or sham procedure on capillary and arteriole density and f{ibrosis
were undertaken in the Lanyu mini-pigs.

[0423] Capillary and arteriole density assay: Following study termination, tissue
samples from the peri-infarct area were fixed in 4% paraformaldehyde at 4°C for at least
24 hours and then paraffin embedded. After sectioning, deparaffinization and
rehydration, antigen retrieval was performed by boiling in 10 mmol/L sodium citrate
buffer (pH 6) for 10 minutes. Sections were then incubated with anti-cardiac troponin
(1:200, DSHB, Iowa, [A, USA), anti-isolectin (1:100, Invitrogen, Carlsbad, CA, USA)
and SM-22a (1:200, Abcam, Cambridge, UK) overnight. After washing three times,
sections were incubated with the relevant Alexa Fluor 488 or 568 antibodies (Invitrogen).
Nuclei were stained with 4',6-diamidino-2-phenylindole (DAPI, Sigma-Aldrich, St.
Louis, MO, USA). After mounting, capillary and arteriole densities were calculated by
manually counting and averaging from images (200x magnification) taken at three
randomly selected areas along the peri-infarct region.
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[0424] Fibrosis measurement: Samples remote from the infarct/peri-infarct areas
were processed as described above for the peri-infarct area samples. Fibrosis, as 2
function of collagen deposition, was determined using Masson’s trichrome staining.
Images from three randomly selected areas were taken using bright field microscopy
(200x magnification) for each section and then quantified (AxioVision, Zeiss, Munich
Germany) and averaged.

(04257 Results

04261 FIG. 30A and PIG. 508 illustrate the effects of sham procedure or
injection of VEGF-A modified RNA (1 or 10 mg) or citrate/saline (2 mL) on capillary
and arteriole density in the peri-infarct (border) zone assessed two months following
induction of myocardial infarction. As seen, the injection of VEGF-A modified RNA was
associated with a dose-dependent and statistically significant increase in capillary and
arteriole density vs the injection of citrate/saline.

{04271 Injection of VEGF-A modified RNA vs citrate/saline was demonstrated
to statistically significantly attenuate collagen content (i.e., fibrosis) in tissue samples
harvested remote from the infarcted area (FIG. 50C)

6.18. EXAMPLE 18

Time course of VEGF-A protein production following human VEGF-A
modified RNA transfection in vitre

[0428] For investigating the time profile of human VEGF-A protein production
following VEGF-A modified RNA transfection, 10,000 human aortic smooth muscle
cells (hA0SMC, (Lonza, Bazel, Switzerland) or 20, 000 human cardiomyocytes derived

from induced-pluripotent cells (hiP'S-CM, Cellular Dynamics, Madison, W1, USA} were
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seeded into 96-well plates in smooth muscle cell basal medium supplemented with
growth factors (SmGM-2, Lonza) or fully supplemented cardiomyocyte maintenance
mediom (Cellular Dynamics), respectively. The next day transfection was undertaken in
serum-free medium and 250 ng VEGF-A modified RNA was mixed with
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according the manufacturer’s
instructions and added 1o the cells. Lipofectamine 2000 mixed with water was used as
transfection conirol. Medium was replaced with fresh medium every 8™ hour and human
VEGF-A protein was measured in the supernatant with ELISA at different time poinis.

[04291 The magnitude of the human VEGF-A protein produced from the YEGF-
A modified RNA peaked at approximately 8 hours post-transfection in both human aortic
smooth muscle cells and in human cardiomyocytes and then declined towards low levels
(FIG. 51). At 32 hours post trausfection, no or very low levels of protein were detected.

6.19, EXAMPLE 19

Time course of epicardivm-derived cell expansion post-myocardial infarction
in the mouse

(04301  Male CS7BL/6 mice were anacsthetized with isoflurane, intubated and
connected to a ventilator and artificially ventilated with 2.5 to 3% isoflurane
supplemented with air and oxygen (80/20%). Rectal temperature was maintained at
37.5°C by a heated operation table and a heating lamp. Subsequently, the chest was
shaved and ECG needle elecirodes inserted in the paws for assessment of heart vate and
ECG. An incision was made in the skin, the chest muscles carefully separated and the
fourth intercostal space opened for chest retractor insertion. The pericardium was gently
dissected and a 7-0 silk ligature was placed around the left anterior descending coronary
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artery just under the left atrium for permanent occlusion. Ischemia was confirmed
through visual inspection (paleness of the left ventricle distal from suture) and ST-
elevation of the ECG. Control animals were not subjected to artery occlusion. The ribs
and skin was then closed with 6-0 absorbable sutures. Analgesic (buprenorphine,

0.05 mg/kg, 10 mi/kg) was given subcutaneously and the mice were allowed to recover
in its cage on an electric heating pad. The mice were sacrificed oun day 3, day 7 and on
day 14 post-myocardial infarction (MI)}. The hearts were excised and then rinsed in saline
before formalin fixation. Epicardium-derived cell (EPDC) activation was assessed by
Wilm's tumor protein 1 {Wt-1) expression through immunochistochemistry.

[0431] Formalin-fixated hearts were transversely sliced into 1 mumn slices from
apex to base. The heart slices were dehydrated in cthanol and xylene, embedded in
paraffin and finally sectioned into 4 pum slices. Immunohistochemistry for Wt-1 asa
marker of BEPDC was carried out in a Ventana Discovery XT autostainer using rabbit
polyclonal antibodies against Wt-1 (dilution 1:1200, Calbiochem, San Diego, CA, USA).
All reagents were Ventana products (Roche, Basel, Switzertand). Wi-1 positive (Wi-1 "
cells were evaluated blindly and by means of a manual scoring system. The scores were
defined as, 0; no Wi-1" cells, 1; rare number of ‘v\«’t~'§+p05itive cells, 2; few Wt-1"
positive cells in a single layer located at a specific level in the heart, 3; moderate number
of Wt-1" positive cells located at several levels in the heart and 4; extensive number of
Wt-1" positive cells in a thick layer located at several levels in the heart.

[0432] Few Wt-1" EPDCs were found in the epicardium of control, non-

and expanded in number reaching a peak 7 days post-MI {(FIG. 52B).
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[0433] Where any or all of the terms "comprise"”, "comprises", "comprised" or
"comprising" are used in this specification (including the claims) they are to be
interpreted as specifying the presence of the stated features, integers, steps or
components, but not precluding the presence of one or more other features, integers, steps
or components.

[0434] A reference herein to a patent document or any other matter identified as
prior art, is not to be taken as an admission that the document or other matter was known
or that the information it contains was part of the common general knowledge as at the

priority date of any of the claims.
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7. SEQUENRCE LISTING

7.1, SEQ 1D NO: 1: Medified RNA encoding VEGF-A used in the Examples

Tivie
("‘7

G prGZ o GAAAUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGA
GCCACCAUGAACULUCUGCUGUCUUGGGUGCAUUGGAGCCUUGCCUUGCU
GCUCUACCUCCACCAUGCCAAGUGCUCCCAGGCUGCACCCAUGGCAGAAGG
AGGAGGGCAGAAUCAUCACGAAGUCGUGAAGUUCAUGGAUGUCUAUCAGC
GCAGCUACUGCCAUCCAAUCGAGACCCUGGUGGACAUCULICCAGGAGUALC
CUGAUGAGAUCGAGUACAUCUUCAAGCCAUCCUGUGUGCCCCUGAUGLGA
UGCGGGGGCUGCUGCAAUGACGAGGGCCUGGAGUGUGUGCCCACUGAGGA
GUCCAACAUCACCAUGCAGAUUAUGCGGAUCAAACCUCACCAAGGCCAGCA
CAUAGGAGAGAUGAGCUUCCUACAGCACAACAAAUGUGAAUGCAGACCAA
AGAAAGAUAGAGCAAGACAAGAAAAUCCCUGUGGGCCUUGCUCAGAGCGE
AGAAAGCAUUUGUUUGUACAAGAUCCGCAGACGUGUAAAUGUUCCUGCAA
AAACACAGACUCGCGUUGCAAGGCGAGGCAGCUUGAGUUAAACGAACGUA
CUUGCAGAUGUGACAAGCCGAGGCGGUGAUAAUAGGCUGGAGCCUCGGUG
GCCAUGCUUCUUGCCCCUUGGGCCUCCCCCCAGCCCCUCCUCCCCUUCCUGH
ACCCOUACCCCCGUGGUCUUUGAAUAAAGUCUGAGUGGGCGGUAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANALAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAALAAAAAAAAAAAAAAAAAAAAAUTCUAG

37 (SEQID NO: 1)

Where:

A, C, G & U= AMP, CMP, GMP & Nl-methyl-pseudoUMP, respectively
Me = methyl

p = inorganic phosphate

7.1. SEQ 1D NO: 2: Amino acid sequence of human VEGF-A isoform VEGE-

165

MNFLLSWVHWSLALLLYLHHAKWSQAAPMAEGGGQNHHEVVEKIFMDYYQRSY
CHPIETLVDIFQEYPDEIEYIFKPSCVPLMRCGGCONDEGLECVPTEESNITMOQIMR
IKPHQGQHIGEMSFLQHNKCECRPKKDRARQENPCGPUSERRKHLFVQDPQTICK
CSCKNTDSRCKARQLELNERTCRCDEPRR (SEQ 1D NG 2)

7.3, Luciferase mRNA Construct

\ R . X R R R

Research Target Name ) Luciferase
Research Polypeptide Name Firefly luciferase ,, )
Note: In the following mRNA sequences, A, C, G & U= AMP, CMP, GMP & Ni-methyl-
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picadnlUMP, respectively,

Cap “ Lap, vaccinia capping enzyme
S TR TGOGAAAUAAGAGAGAAAAGAAGAGUAAG
AAGAAAUAUAAGAGCCACC (SEQ ID NG 3)
'ORF of mRNA construct AUGOAACAUGCGAAGAACAUCAAGAAGG
{exchuding the stop codon) GACCUGCCCCGUUUUACCCUUUGGAGGAC

GGUACAGCAGGAGAACAGCUCCACAAGG
COAUGAAACGCUACGCCCUGGUCCCCGGA
ACGAUUGCGUUUACCGAUGCACAUAUUG
AGGUAGACAUCACAUACGCAGAAUACUU
COGAAAUGUCGGUGAGGCUGGCGGAAGCG
AUGAAGAGAUAUGGUCUUAACACUAAUC
ACCGCAUCGUGGUGUGUUCGGAGAACUC
AUUGCAGUUUUUCAUGCCGGUCCUUGGA
 GCACUUUUCAUCGGGGUCGCAGUCGLGCC |
AGCGAACGACAUCUACAAUGAGCGGGAA |
CUCUUGAAUAGCAUGGCGAAUCUCCCAGC
CGACGGUCGUGUUUGUCUCCAAAAAGGE
GCUGCAGAAAAUCCUCAACGUGCAGAAG
AAGCUCCCCAUUAUUCAAAAGAUCAUCA
UUAUGGAUAGCAAGACAGAUUACCAAGG
GUUCCAGUCGAUGUAUACCUUUGUGACA
UCGCAUUUGCCGCCAGOGUUUAACGAGU
AUGACUUCGUCCCCGAGUCAUUUGACAG
AGAUAAAACCAUCGCGCUGAUUAUGAAU
UCCUCGGGUAGCACCGGUUUGCCAAAGG
GGOUGGCGUUGCCCCACCGCACUGCUUGU
GUGCGGUUCUCGCACGCUAGGGAUCCUA
 UCUUUGGUAAUCAGAUCAUUCCCGACAC
AGCAAUCCUGUCCGUGGUACCUUUUCAU
CACGGUUUUGGCAUGUUCACGACUCUCG
GCUAUUUGAUUUGCGGUUUCAGGGUCGY
ACUUAUGUAUCGGUUCGAGGAAGAACUG
UUUUUGAGAUCCUUGCAAGAUUACAAGA
UCCAGUCGGCCCUCCUUGUGCCAACGCUU
UUCUCAUUCUUUGCCGAAAUCGACACUUA
UUGAUAAGUAUGACCUUUCCAAUCUGCA
UGAGAUUGCCUCAGGGGCGAGCOGCCHCUY
AGCAAGCGAAGUCGHGGAGGCAGUGGCCA
- AGCGCUUCCACCUUCCCOGAAUUCGGLAG
GGAUACGGGCUCACGGAGACAACAUCCG
COAUCCUUAUCACGCCCGAGGGUGACGA
UAAGCCGGGAGCCGUCGCAAAAGUGGUC
CCCUUCUUUGAAGCCAAGGUCGUAGACC
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CCCAUGAUCAUGUCAGGUUACGUGAAUA
ACCCUGAAGCGACGAAUGCGCUGAUCGA
CAAGGAUGGGUGGUUGCAUUCGGGAGAC
AUUGCCUAUUGGGAUGAGGAUGAGCACY
UCUUUAUCGUAGAUCGACUUAAGAGCUU

- GAUCAAAUACAAAGGCUAUCAGGUAGCG
CCUGCCGAGCUCGAGUCAAUCCUGCUCCA
GCACCCCAACAUUUUCGACGCCCGGAGUGG
CCOGGGUUGCCCGAUGACGACGCGGGUGA
GCUGCCAGCGGCCGUGGUAGUCCUCGAAL
AUGGGAAAACAAUGACCGAAAAGGAGAU
CGUGGACUACGUAGCAUCACAAGUGACG
ACUGCGAAGAAACUGAGGGCGAGGGGUAG
UCUUUGUGGACGAGGUCCCGAAAGGCUU
GACUGGGAAGCUUGACGCUCGCAAAAUC
COGGAAAUCCUGAUUAAGGCAAAGAAAG
GCOGGAAAAUCGCUGUC (SEQ IDNO: 4y

UGAUAAUAGGCUGGAGCCUCGGUGGCCA
| UGCUUCUUGCCCCUUGGGCCUCCCCCCAG
 CCCCUCCUCCCCUUCCUGCACCCGUACCC
CCOUGGUCUUUGAAUAAAGUCUGAGUGG
GCGGC (SEQ D NO: 5)

Corresponding amino acid
sequence

MEDAKNIKKGPAPFYPLEDGTAGEQLHKAM
KRYALVPGTIAFTDAHIEVDITYAEYFEMSY
RLAEAMKRYGLNTNHRIVVCSENSLQFFMP
VLGALFIGVAVAPANDIYNERELLNSMGISQ
PTVVFVSKKGLOKILNVOKKLPIQKIIMDSK
TDYOQGFOSMY TFVTSHLPPGFNEYDFVPESE
DRDKTIALIMNSSGSTGLPKGVALPHRTACY
RFSHARDPIFGNQIPDTAILSVVPFHHGEGM
FTTLGYLICGFRVVLMYRFEEELFLRSLODY
KIQSALLVPTLFSFFAKSTLIDK YDLSNLHEIA
 SGGAPLSKEVGEAVAKRFHLPGIRQGYGLTE
TTSAILITPEGDDKPGAVGKVVPFFEAKVVD
LDTGKTLGYNQRGELCYRGPMIMSGYVNNP
EATNALIDKDGWLHSGDIAYWDEDEHFFIV
DRLKSLIKYKGYQVAPAELESILLOHPNIFDA
GVAGLPDDDAGELPAAVVVLEHGK TMTEK
EIVDYVASQVTTAKKLRGGVVFVDEVPKGL
TGKLDARKIREILIKAKKGGKIAY (SEQID
NG: 6)

Poly(A) tail

100 nt

e
147
A i




WO 2017/214175

7.4, LacZ mRNA Construct

Note: In the following mRNA sequences, A, C, G & U= AMP, CMP, GMP & Ni-methyl-

MRS i\
AHTIAEHE Y

pseudolUMP, respectively.

PCT/US2017/036188

Nucleotide sequence (57
ORF, 3" UTR)

UTR,

- AAACCGCCUGGCUGUCAUGGUCCUUAGA

UCAAGCUUUUGGACCCUCGUACAGAAGC
UAAUACGACUCACUAUAGGGAAAUAAGA
TAGAAAAGAAGAGUAAGAAGAAAUAUAA
GAGCCACCAUGGCCUUGGCUGUCGUCCUG
CAAAGAAGAGAUUGGGAAAAUCCUGGAG
UUACGCAACUGAAUAGACUCGCCGCACA
UCCACCGUUCGCGUCCUGGCGAAAUAGCG
AAGAAGCGCGGACCGACAGACCUUCGCA
GCAGCUGCGCUCUCUCAACGGGGAAUGG
CGGUUCGCAUGGUUUCCOGCUCCUGAGG
CAGUCCCGGAAAGCUGGCUCGAGUGCGA
CCUCCCGGAAGCCGAUACGGUGGUGGUG
CCGUCAAAUUGGCAAAUGCAUGCAUACG
ACGCCCCCAUCUACACCAACGUCACUUAC
CCUAUCACCGUGAAUCCCCCAUUCGUCCC
GACUGAGAACCCGACUGGAUGCUACAGC
CUGACCUUUAACGUGGACGAGUCGUGEGC
UGCAAGAAGGGUAGACUCGCAUCAUUUY |
COGACGGAGUCAACUCCGCGUUCCAUCUUY |
GOUGUAACGGACGGUGGGUGGGAUACGS
GCAGGACUCCAGGCUGCCGAGLGAAUUC
GACUUGUCAGCCUUCCUGCGCGCCGGLEGA

UGGUCGGAUGGCUCGUACCUGGAGGAUC
AGGACAUGUGGAGGAUGUCAGGGAUCUU
CCGGGAUGUCUCGCUGCUCCACAAGCCAA
CUACCCAGAUCUCCCACUUUCAUGUGGCC
ACCCGCUUCAACGAUGACUUCAGCAGGGC
GGUUCUGGAAGCCGAGGUGCAAAUGUGC
GGAGAACUGAGGGACUACCUCCGCGUGA
CUGUCUCGCUCUGGCAGGGUGAAACCCA
AGUGGCUUCAGGCACUGCACCGUUCGGA
GGAGAAAUCAUCGACGAACGGGGAGGAU
ACGCCGAUCGCGUCACCCUGCGCCUCAAU |
GUGGAAAAUCCGAAACUGUGGUCGGCAG
AAAUCCCUAAUUUGUACCGGGLCGUGGU
GGAGCUGCACACCGCCGACGGAACUCUGA
UCGAGGCCGAGGCAUGCCAUGUGGGAUL
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CCOCGAGGUCCGCAUCGAAAAUGGACUG
CUUCUGCUUAAUGGCAAACCGCUGCUCA
UCCGCGGAGUGAACAGACACGAGCAUCA
CCCOCUGCACGOUCAGGUCAUGGAUGAA
CAGACUAUGGUGCAAGACAUCCUGCUGA
UGAAACAAAACAACUUCAACGCCGUUCG
GUGCUCCCAUUACCCUAAUCACCCGUUGY
GOUAUACCCUUUGCCGAUCGGUACGGCCU
CUACGUGGUGGACGAAGCGAACAUCGAG
ACUCACGGAAUGGUCCCUAUGAACCGCCU
CACUGACGACCCGAGGUGGCUCCCGGCAA
UGUCGGAACGAGUGACUCGGAUGGUGCA

 GAGGGACCGCAACCAUCCGUCGGUGAUA

AUCUGGUCGCUGGGGAACGAAUCUGGCC
ACGOAGCUAACCACGAUGCGCUGUACCGL
UGGAUUAAGUCCGUGGACCCAAGCCGGC
CCGUCCAGUACGAAGGAGGUGGUGCUGA
UACCACUGCAACCGACAUCAUCUGCCCAA
UGUAUGCGCGGGUGGAUGAGGACCAACC
UUUCCCGGCGGUGCCAAAGUGGUCCAUC
AAGAAAUGGCUCUCGCUGCCCGGAGAAA
CGCOCCCGCUGAUCCUGUGCCGAAUAUGCG
CACGCUAUGGGAAAUUCACUGGGGGGAU
UUGCGAAGUACUGGCAGGCUUUUCGACA
GUACCCGAGACUCCAGGGUGGCUUCGUG
UGGGACUGGGUUGACCAGAGCCUCAUCA
AAUACGAUGAAAACGGCAACCCAUGGUC
CGCGUACGGCGGAGACUUUGGAGACACC

CCUAACGAUCGCCAGUUCUGCAUGAACG

GCCUGGUGUUCGCCGACAGAACUCCGLAU
CCAGCCCUUACUGAGGCUAAGCACCAACA
ACAGUUCUUCCAGUUCAGACUGUCGGGG
CAAACGAUCGAAGUGACUUCCGAAUACC
UCUUCCGGCAUUCGGACAACGAGUUGCU
GCACUGGAUGGUCGCCCUGGAUGGAAAG
CCCCUCGCCUCCGGAGAAGUGCCGCUCGA
CGUGGCGCCGCAGGGAAAGCAGUUGAUC |
SAGUUGCCGGAACUGCCACAGCCCOAGUL
AGCAGGACAGCUCUGGCUUACCGUCAGA
GUCGUGCAGCCAAAUGCCACCGCCUGGUC
GGAGGCAGGACAUAUUUCAGCCUGGCAG
CAGUGGCGCCUCGCCGAGAAUCUGAGCG
UGACCUUGCCAGCAGCCUCACACGCCAUU

 CCGCAUCUGACCACGUCCGAAAUGGACUU

UUGUAUCGAACUGGGGAAUAAGCGCUGE
CAGUUCAAUCGGCAAUCAGGCUUCCUGU
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CCCAGAUGUGGAUUGGUGACAAGAAGCA
GCUCCUGACCCCGCUGCGCGAUCAGUUCA
CUCGCGCCCCACUUGACAACGACAUUIGHC
FUGAGCGAGGCCACGCGUAUCGAUCCAA
ACGCUUGGGUGGAGCGCUGGAAGGCGHC
UGGCCACUAUCAGGCGCGAGCCCGCGCULCC
UGCAGUGUACCGCOGAUACCCUCGCAGAL
GCCGUUCUGAUUACCACGGCGCAUGCCUG
GCAACACCAGUGGAAAGACCCUGUUUAUC
AGCCGCAAAACUUACCGGAUCGAUGGCA
GCGGCCAAAUGGCCAUCACUGUGGACGU
CGAGGUGGCAUCAGACACUCCACACCCAG
CACGGAUCGGACUCAAUUGCCAACUGGT
UCAAGUGGCUGAGAGAGUCAAUUGGCUG
GGCCUCGGCCCCCAAGAGAACUACCCUGA
UCGGCUUACUGCCGCAUGCUUUGACCGG
UGGGAUCUGCCUCUGUCCGAUAUGUACA
CCCCCUACGUGUUCCCAUCCCGAGAACGGY
CUGAGAUGCGGUACUAGGGAGUUGAACU |
ACGOACCGCACCAAUGCGAGGGGGGACUU
UCAGUUCAACAUCUCAAGAUACAGCCAG
CAGCAAUUGAUGGAAACCUCGCACCGEO
AUCUCUUGCAUGCAGAGGAAGGGACCUG
GCUGAACAUCGAUGGAUUCCACAUGGGA
AUUGGUGGGGAUGACUCCUGGUCCCCUA
GCGUGUCCGCOOAACUUCAGCUGUCCGCC
HGCCOGUACCACUACCAGCUCGUGUGGU
GUCAAAAGUGAUAAUAGGCUGGAGCCUC
GGUGGCCAUGCUUCUUGCCCCUUGGECCU
CCCCCCAGCCCCUCCUCCCCUUCCUGCAC
CCOQUACCCCCGUGGUCUUUGAAUAAAGY
CUGAGUGGGCOGCUCUAGA (SEQ 1D NO: 7)

ORF aroino acid sequence

MALAVVLORRDWENPGVTQLNRLAAHPPF
ASWRNSEEARTDRPSQQLRSLNGEWRFAWE
PAPEAVPESWLECDLPEADTVVVYVPSNWOMH
GYDAPIYTNVTYPITVNPPEVPTENPTGCYSE
TENVDESWLOQEGQTRUFDGVNSAFHLWCNG
RWYGYGQDSRLPSEFDLSAFLRAGENRLAY
MYLRWSDGSYLEDQDMWRMSGIFRDVSLL
HEPTTOQISDFHVATRFNDDFSRAVLEAEVQM
CGELRDYLRVIVSLWOQOGETQVASGTAPFGG
EHDERGGYADRVTLRLNVENPKLWSAEIPN
LYRAVVELHTADGTLIHEAFACDVGFREVRIE
NGLLLLNGKPLLIRGVNRHEHHPLHGOQVMD
FEQTMVODILIMEKOQNNFNAVROSHYPNHPL
WYTLCDRYGLYVYDEANIETHOMVYPMNRIL

15¢



WO 2017/214175

PCT/US2017/036188

TODPRWLPAMSERVTRMVQRDRNHPSVIIW
SLGNESGHGANHDALYRWIKSVDPSRPVQY
EGGGADTTATDICPMY ARVDEDQPFPAVPK
WSIKKWLSLPGETRPLILCEY AHAMGNSLGG
FAKYWQAFRQYPRLOGGFVWDWYDQSLIK
YDENGNPWSAYGGDFGDTPNDRQFCMNGL
VFADRTPHPALTEAKHOQOQFPQFRLSGQTIE
VTSEYLFRISDNELLHWMVALDGKPLASGE
VPLDVAPQGKOLIELPELPOPESAGQLWLTY
RVVQPNATAWSEAGHISAWQQWRLAENLS
VTLPAASHAIPHLTTSEMDFCIELGNKRWOQF
NROSGFLSOMWIGDKKQLLTPLRDOQFIRAPL
DNDIGVSEATRIDPNAWVERWKAAGHYQAE
AALLQCTADTLADAVLITTAHAWOQHQGKTL
PISRKTYRIDGSGOMAITVDVEVASDTPHPA
RIGLNCQLAQVAERVNWLGLGPQENYPDRL
TAACFDRWDLPLSDMYTPYVFPSENGLRCG
TREINYGPHOWRGDFQFNISRYSQQOLMET
SHRHLLHAEEGTWLNIDGFHMGIGGDDSWS
PSYSABLQLSAGRYHYQLVWCOK (SEQ D

NO: 8}

ORF nucleotide sequence

AUGGCCUUGGCUGUCGUCCUGCAAAGAA
SAGAUUGGGAAAAUCCUGGAGUUACGCA
ACUGAAUAGACUCGCCGCACAUCCACCGU

UCGCGUCCUGGCGAAAUAGCGAAGAAGC
GCGGACCGACAGACCUUCGCAGCAGCUGC
GCUCUCUCAACGGGGAAUGGCGGUUCGE |
AUGGUUUCCGGCUCCUGAGGCAGUCCCG
GAAAGCUGGCUCGAGUGCGACCUCCCGE
AAGCCGAUACGOUGGUGGUGCCGUCAAA
UUGGCAAAUGCAUGGAUACGACGLCCCC
AUCUACACCAACGUCACUUACCCUAUCAC
COUGAAUCCCCCAUUCGUCCCGACUGAGA
ACCCGACUGGAUGCUACAGCCUGACCUUL
AACGUGGACCGAGUCGUGGCUGCAAGAAG
GGCAGACUCGCAUCAUUUUCGACGGAGU

 CAACUCCGCGUUCCAUCUUUGGUGUAAC

GGACGGUGGOUGGCGAUACGGGCAGGACY
CCAGGCUGCCGAGCGAAUUCGACUUGUC
AGCCUUCCUGCGCCGCCGGCGAAAACCGLC
UGGCUGUCATUGCGUCCUUAGAUGGUCGGA
VGGCUCGUACCUGGAGGAUCAGGACAUG
UGGAGGAUGUCAGGGAUCUUCCGGGAUG
UCUCGCUGCUCCACAAGCCAACUACCCAG
AUCUCCGACUUUCAUGUGGCCACCCGCUU |
CAACGAUGACUUCAGCAGGGCCGGUYUCUG |
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GAAGCCGAGGUGCAAAUGUGCGGAGAALC
UGAGGGACUACCUCCGCGUGACUGUCUC
GCUCUGGCAGGGUGAAACCCAAGUGGCU
UCAGGCACUGCACCGUUCGGAGGAGAAA
UCAUCGACGAACGGGGAGGAUACGCCGA
UCGCGUCACCCUGCGCCUCAAUGUGGAAA
AUCCGAAACUGUGGUCGGCAGAAAUCCC
UAAUUUGUACCGGGCCGUGGUGHAGCUG
CACACCGCCGACGGAACUCUGAUCGAGGC
CGAGGCAUGCGAUGUGGGAUUCCGCGAG
GUCCGCAUCGAAAAUGGACUGCUUCUGC
UUAAUGGCAAACCGCUGCUCAUCCGLGE
AGUGAACAGACACGAGCAUCACCCGOUGE
ACGGUCAGGUCAUGGAUGAACAGACUAU
GGUGCAAGACAUCCUGCUGAUGAAACAA
AACAACUUCAACGCCGUUCGGUGCUCCCA
UUACCCUAAUCACCCGUUGUGGUAUACCC
UUUGCCAUCGGUACGGCCUCUACGUGGU
GGACGAAGCGAACAUCGAGACUCACGGA
AUGGUCCCUAUGAACCGCCUCACUGACGA
CCCCGAGGUGGCUCCCGOCAAUGUCGGAAC
GAGUGACUCGGAUGGUGCAGAGGGACCO
CAACCAUCCGUCGGUGAUAAUCUGGUCG
CUGGGGAACGAAUCUGGCCACGGAGCUA
ACCACGAUGCGCUGUACCGCUGGAUUAA
GUCCGUGGACCCAAGCCGGCCCGUCCAGU
ACGAAGGAGGUGGUGCUGAUACCACUGC
AACCGACAUCAUCUHGCCCAAUGUAUGCGC
GCGOGUGGAUGAGGACCAACCUUUCCCGGO
GOGUGCCAAAGUGGUCCAUCAAGAAAUGO
CUCUCGCUGCCCGOAGAAACGOCGCCOGCU
GAUCCUGUGCGAAVUAUGCGCACGCUAUG
GGAAAUUCACUGGGGGGAUUUGCGAAGU
ACUGGCAGGCUUUUCGACAGUACCCGAG
ACUCCAGGGUGCCUUCGUGUGGGACUGE
FUUGACCAGAGCCUCAUCAAAUACGAUG
AAAACGOCAACCCAUGOGUCCGCGUACGGC
GGAGACUUUGGAGACACCCCUAACGAUC
GCCAGUUCUGCAUGAACGGCCUGGUGUU
CGCCCGACAGAACUCCGCAUCCAGCCCUUA
CUGAGGCUAAGCACCAACAACAGUUCUU
CCAGUUCAGACUGUCGGGOCAAACGAUC
GAAGUGACUUCCGAAUACCUCUUCCGHC
AUUCGOACAACGAGUUGCUGCACUGGAU
GGUCGCCCUGGAUGGAAAGCCCCUCGCCYU
CCCUGAGAAGUGCCGCUCGACGUGGCGCCE
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CAGGGAAAGCAGUUGAUCGAGUUGCCGG
AACUGCCACAGCCOGAGUCAGCAGGACAG

- CUCUGGCUUACCGUCAGAGUCGUGCAGCC
- AAAUGCCACCGCCUGGUCGGAGGCAGGA

CAUAUUUCAGCCUGGCAGCAGUGGCGCC
UCGCCCAGAAUCUGAGCGUGACCUUGCT
AGCAGCCUCACACGCCAUUCCGCAUCUGA |
CCACGUCCGAAAUGGACUUUUGUAUCGA
ACUGGGCGAAUAAGCGCUGGCAGUUCAAU
CGGCAAUCAGGCUUCCUGUCCCAGATUGU
GGAUUGGUGACAAGAAGCAGCUCCUGAC
CCCGCUGCGCGAUCAGUUCACUCGCGLCC
CACUUGACAACGACAUUGGCGUGAGCGA
GGCCACGCGUAUCGAUCCAAACGCUUGG
GUGGAGCGCUGGAAGGCGGCUGGCCACU
AUCAGGCGGAGGCCGCGCUCCUGCAGUG
UACCGUCGGAUACCCUCGCAGACGCCGUUC
UGAUUACCACGGUGCAUGCCUGGCAACAC
CAGGGAAAGACCCUGUUUAUCAGCCGCA
AAACUUACCGGAUCGAUGGCAGCGGUCA
AAUGGCGAUCACUGUGGACGUCGAGGUG
GCAUCAGACACUCCACACCCAGCACGGAL
CGOGACUCAAUUGCCAACUGGCUCAAGUG
GCUGAGAGAGUCAAUUGGCUGGGCCUL
GCCCCCAAGAGAACUACCCUGAUCGGCUU |
ACUGCCGCAUGCUUUGACCGGUGGGAUC |
UGCCUCUGUCGGAUAUGUACACCCCCUAC |

 GUGUUCCCAUCCGAGAACGGUCUGAGAU

GCGGUACUAGGGAGUUGAACUACGGACC
GCACCAAUGGAGGGGOGCACUUUCAGUUC
AACAUCUCAAGAUACAGCCAGCAGCAAL
UGAUGGAAACCUCGCACCGGLCAUCUCUU
GCAUGCAGAGGAAGGCACCUGGCUGAAC
AUCGAUGGAUUCCACAUGGGAAUUGGUG
FGGAUGACUCCUGGUCCCCUAGCGUGUCC
GCGGAACUUCAGCUGUCCGCCOGLCGOUA
CCACUACCAGCUCGUGUGGUGUCAAAAG
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A composition comprising a modified mRNA encoding a VEGF-A polypeptide
of SEQ ID NO: 2 and a buffer, wherein the buffer is substantially free of divalent cations
and the composition does not include a lipid-based complex.

2. The composition of claim 1, wherein the buffer is a citrate saline buffer, a
phosphate-buffered saline (PBS) buffer, or a tromethamine (THAM) buffer.

3. The composition of claim 1, wherein the buffer is a citrate saline buffer.

4. The composition of claim 3, wherein the citrate saline buffer is substantially
free of calcium and magnesium.

5. The composition of claim 3, wherein the citrate saline buffer contains no
calcium or magnesium.

6. The composition of claim 1, wherein the composition does not include calcium.

7. A formulation comprising a pharmaceutically acceptable amount of a modified
mRNA encoding a VEGF-A polypeptide of SEQ ID NO: 2 and a buffer, wherein the
buffer is substantially free of divalent cations and the composition does not include a
lipid-based complex.

8. The formulation of claim 7, wherein the buffer is a citrate saline buffer, a
phosphate-buffered saline (PBS) buffer, or a tromethamine (THAM) buffer.

9. The formulation of claim 7, wherein the buffer is a citrate saline buffer.

10. The formulation of claim 9, wherein the citrate saline buffer is substantially

free of calcium and magnesium.
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11. The formulation of claim 9, wherein the citrate saline buffer contains no
calcium or magnesium.

12. The formulation of claim 7, wherein the formulation does not include calcium.

13. The formulation of any one of claims 7-12, further comprising a
pharmaceutically acceptable excipient.

14. The formulation of claim 13, wherein the pharmaceutically acceptable
excipient is a solvent, dispersion media, diluent, dispersion, suspension aid, surface active
agent, isotonic agent, thickening or emulsifying agent, preservative, core-shell
nanoparticles, polymer, peptide, protein, cell, hyaluronidase, or mixtures thereof.

15. A method of treating a human subject suffering from a disease responsive to
VEGF-A therapy, comprising administering to the human subject the composition
according to any one of claims 1-6 or the formulation according to any one of claims 7-
14.

16. The method of claim 15, wherein the disease is heart failure with reduced or
preserved ejection fraction, kidney disease, a disease involving skin grafting and tissue
grafting, post-MI cardiac dysfunction, ischemic heart disease, a vascular injury from
trauma or surgery, a skin ulcer including a diabetic ulcer, critical limb ischemia,
pulmonary hypertension, or peripheral arterial disease.

17. The method of claim 15, wherein the composition or formulation is
administered to the human subject via an intramuscular route, via an intradermal route,
via a subcutaneous route, via an intracardiac route, via an epicardiac route, through a
portal vein catheter, through a coronary sinus catheter, or by direct administration into the

area to be treated.
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18. The method of claim 15, wherein the composition or formulation is
administered to the human subject at a fixed-dosage in multiple administrations.

19. The method of claim 15, wherein the composition or formulation is
administered to the human subject via an intracardial route, via an epicardial route, through
a portal vein catheter, or through a coronary sinus catheter, and at a fixed-dosage in
multiple administrations.

20. The method of claim 15, wherein the composition or formulation is
administered to the human subject by direct administration into the area to be treated at a
fixed-dosage in multiple administrations.

21. The method of claim 15, wherein the composition or formulation comprises a
concentration of the modified mRNA of between 0.1 and 1 pg/uL formulated in citrate
saline buffer.

22. The method of claim 15, wherein the composition or formulation comprises a
concentration of the modified mRNA of between 1 and 10 pg/pL formulated in citrate
saline buffer.

23. The method of claim 15, wherein the composition or formulation comprises a
concentration of the modified mRNA of between 10 and 50 pg/puL. formulated in citrate
saline buffer.

24. The method of claim 15, wherein the composition or formulation comprising
the citrate saline buffer is less toxic to the human subject than a lipid-based composition

or formulation.
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25. Use of a therapeutically effective amount of the composition according to any
one of claims 1-6 or the formulation according to any one of claims 7-14, in the
manufacture of a medicament for the treatment of a disease responsive to VEGF-A
therapy in a human subject in need thereof.

26. The use of claim 25, wherein the disease is heart failure with reduced or
preserved ejection fraction, kidney disease, a disease involving skin grafting and tissue
grafting, post-MI cardiac dysfunction, ischemic heart disease, a vascular injury from
trauma or surgery, a skin ulcer including a diabetic ulcer, critical limb ischemia,

pulmonary hypertension, or peripheral arterial disease.

157



PCT/US2017/036188

1/53

WO 2017/214175

ajeydsoyd oiuebioul = d

JAUIOW = SN

Ajpanoedsal 'dinnopnesd-iAyisw-LN 8 dWS ‘dND 'dNY =N 8 9 '0 'Y
BIBUM

£ OV NDNYYY VY Y Y Y Y Y VY VY Y Y Y YV Y Y Y
Y Y Y Y Y Y VY Y Y Y Y Y VY Y VY Y Y Y Y Y Y VY Y Y Y VY Y Y VY Y Y Y VY VY VY Y VY YV VY D900
O99NOVONINOVYYNVYONNNINDONDIIDIIVNDIDIVYIONIDNNIIDIINIDNIDIDOYIIIIDINIDDODODNN
ODODONNONNDDNYIIDDNDDINIIDVODNIDDYNYYNVONDDIDOVOIDDVYIVONDNYOVIONNIVIDIVYD
SVYYNNOYONNOOYIOOYHINDOYYIDNNDIDINIVOVIVIVYYYYIONIINNDNYYYNONDIVOVIOIINYOYYD
YADNNNONNNYDOYYYOYODIOVOYINIDNN00000ND N0 NYYYYOYY IVOYY DOVOV YO YYYOYYYIOVOY
DONYYONONYYYIVYIYIOYIYNOINNIOYONYOVOVOOVNYIVIOYIDIOOVYIOVINIOVYYINYOOIONYNNY
OYIONYIOVINYIVYIOINDOVOOVONIVIOIONONONOVOONIDIODDVOIVONYYIONIDNIDDODDDIDNYOID
AYONDDD09NDNSNODNYD0OYYONNDNYIVNOVOINYOVONYONIDOVYNOVOOYINNINYIVOSNODNIOOY
OVODONYYODNYIIONIVADOVIDIOVINYNINONYOONYINNOVYONOONOVYOIVINYINYYOVINOOVDOVD

SVYYOYOD9MYI00VOON0DOVID0NDONDYYIDONYOOYIONOOYNONIONOONNIONNIIOVODNNYIDNDD
HNNONONDDNONNNOYYDNYIOVIDOVOVYNY VY YOVYOVYNOYOVYOVYYYOVOYOVYNYYYOD o™ © G

ow.'

gl "Old

L

e () - uoifay Suipon e

de)-g

Vi "Old



FIG. 28

FIG. 2A

WO 2017/214175

Human aortic smooth muscile celis

2/53

hours post-transfection

3 ¥ ]
2 L] &= [o=]
= 2 (3] o

100 ng RNA
250 ng RNA

Human aortic smooth muscle cells

LEO;;?E;SuEJ;-;SOd (O rd
{jwBu} wisyoud y-403A

S
e
=
3
B ©
] q ¥ ] []

o) o o 3 = o

[Tl j =] i©3 [=) w3

o~ [ = o

FIG. 2C

Pig endothelial cells

Mouse cardiac fibroblasts

PCT/US2017/036188

ing)

Dose VEGF RNA

¥ ¥ T 7 ¥
[ < (=3 = <
o “© 3 o8

UCHoSgsURII-1S0d SInoY b2

{juBu) uisiold 4934

4 7 ¥ T H
Z2 8 &8 &8 8 °
€~ o™ L w

uocsesueii-isod Y 2
{1usBu) usiosd y-493A



PCT/US2017/036188
3/53

WO 2017/214175

10

YN
ADEA

Y [ej0L

i

J¢ Old

13

YN
ADEA

gt "Old

SON@ {F10L

YNy

H1D 493A

¢dDdA [BI0L

ZH493Ad

Ve 'Old






PCT/US2017/036188
5/53

WO 2017/214175

A

453JA peonpoud

VN

2% Old

V-493A

pasnpoid

VN

85 'Old

|OJIUOD

Vs 'Old



PCT/US2017/036188

6/53

WO 2017/214175

aseyg Xady

.
y




WO 2017/214175

FIG. 7

7/53

{puoosas/suoioyd)
XNy JU82SBUIUNIOIY

PCT/US2017/036188



PCT/US2017/036188
8/53

WO 2017/214175

YiNg 4930

auesEeRiD

G0 0>d

a8 'Sid

YN 4937 Suljes/e1eniy

{(50°0>d) %1 €T%9 9V
48 'Did

S
P
L) uopoess uopsalz

<
o

auljes/@ien

]
]
8 Sse
®
[
{

SU) %b TT%I TV
38 "Oid

{4} uonoalul Jeye syl
(1)) Ov 0%

R Fl 3,

@6l 8zis paBiw

1 <3

0

S
i3
I

V3 'Bid

{snsspfd) v-493A



WO 2017/214175 PCT/US2017/036188
9/53

FIG. 9B

FIG. 9A




FIG. 10

WO 2017/214175

10/53
8 k [ § ]
w < ) o - o
= L= o & < L=
= T = A = =

(eidwes snssiybd) y-493A

PCT/US2017/036188



11/53

ail 'oid

I E

gil 'Old

Vil "Old



WO 2017/214175 , PCT/US2017/036188
12/53

FIG. 11G

%

FIG. 11F
T

FIG. 11E




PCT/US2017/036188
13/53

WO 2017/214175

(

uopoaluybrl) YNY 493A

gdel "old

snssiyBd 493A

{bn} asog
000200510001 00s

) onv 493A

<2

{yzs-

J¢l "Old

{4y) asinoD sus g
08 08 Oy OZ O

w
i 0L
] .
S
ghl s [000}
i 0000} £

g

Vel "Oid



WO 2017/214175

FIG. 13B

FIG. 13A

14/53

| |
160 200

[
120

Tirme (h)

T En%a;; T
= =
A
(s1dwies/bd) 4D3A
r—? —
[
; -
lE -
;
/ Fm% »
/
/ »
f
/ :
/) }
T T 535
)N =S = =
i = -

(duwies/6d) 4534

PCT/US2017/036188

Tirme (h)



FIG. 14

WO 2017/214175

16/53

AF TDAF 2MOAF

BF

PCT/US2017/036188



WO 2017/214175 PCT/US2017/036188
16/53

P<0.0001

P<0.001

- P<0.01

3000-
1000+

FIG. 15

(s/BHww) xeunp/dp



WO 2017/214175 PCT/US2017/036188
17/53

O
o
o
=
o

-3000

{s/BHww) unp/dp

FiG. 16



WO 2017/214175 PCT/US2017/036188
18/53

P<0.01

P<0.05

M N =

e :
((n/BHuww) ¥ALST

FIG. 17



WO 2017/214175 PCT/US2017/036188
19/53

ol 1
(e}
g
S
3
a8 aa@
o & e E TS
- S S =
{DZ <3 <3 <3 3
= (n/BHwW ) YAdQ3



WO 2017/214175 PCT/US2017/036188
20/53

FIG. 19




FIG. 208

FIG. 20A

WO 2017/214175

-
<

o

o

&

= B

L R R S |
W o O o WO
&SN N e T

(%) azis joiejuj

P<0.05

Tl
&N

O W o W O
d «— =

(%) 9zis 104eju|

21/53

FIG. 20C

P<0.01

PCT/US2017/036188

P<0.05

=
N N =™

n o

(%) azis 1oieju)



FIG. 21

WO 2017/214175

22/53

PCT/US2017/036188

{0} sanpy Apog



FIG. 22

WO 2017/214175

23/53

PCT/US2017/036188



WO 2017/214175

PCT/US2017/036188

R
[/E
e

Sy
%

W

FIG. 23




FIG. 24

WO 2017/214175

25/53

PCT/US2017/036188



FIG. 25

WO 2017/214175

26/53

PCT/US2017/036188

A
AWy

=

O R e N S A I T b O R T T L R T
SHERON ) DTN IS ey



FIG. 26

WO 2017/214175

27/53

PCT/US2017/036188




FIG. 27

28/53




PCT/US2017/036188
29/53

WO 2017/214175

i \.m‘”\\\\\b...\\\\\R,:tm\\t..ttttt

w&

R e

«

vrvrveeResiiiiis

A Al
R 2y

e
T

5 Y




WO 2017/214175 PCT/US2017/036188
30/53

N =
Ced W
A o =
W R S
oy 2w
NN R
SV Sy N
SRS BN
NN Pl Nl
S Q\? Nk \w\
ey « . o
ey T g v
A NN e o B
Ny o WY S R
ey Y awe O s
N TR K
i . =y N &
N ‘&’i‘\ Noap W
A 2 $ 0% veae
T W A W AW
R T
RO s
= pREN ¢
%fs Ll oot
% ROV R
S o e
R Ny ¥ ¥
N X o
R [ RN

PRI TN

|
§
3
!
N

ISP

it

VEGF-A modified RNA VEGF-A modified RNA

IWveiwyd

B

s Fooose
RS 3

o s
& R

FIG. 29



FIG. 30

WO 2017/214175 PCT/US2017/036188
31/53

VEGF-A modified RNA  VEGF-A modified RNA

Vehic

¥ ¥
- o3

ZHADIATHADIAY

Vehicle

7
7

P
b,
N 8

i Y gy by

Bate i Al i)
VEGERD
WERIT L,

VEGER
w L P iy
W8 pVEGERY
T T
Y bl gy iy 'y
(el Sagmabing)

£y
Wa:



FIG. 31

WO 2017/214175

32/53

PCT/US2017/036188

o
B

2
77
%7



FIG. 32

WO 2017/214175

33/53

PCT/US2017/036188



FIG. 33

WO 2017/214175

34/53

PCT/US2017/036188



35/53

i sl B ) & semey
0

7

.

........ ..:“:..

R
T % I s

T i e e



FIG. 35

WO 2017/214175

36/53

PCT/US2017/036188




WO 2017/214175

FIG. 36

37/53

PCT/US2017/036188

N [}y

NN s

Ry

<t g

vy

A

N, N

oy,
&,
AW
oy

o
S R R

~ AN
ﬁ%@\\ﬁt\\ e~ Y

' W
@ B
= 7 s
&7 g @
o e & g N
- o
e s
- 0y
i &
- B

s
SN
RS

&

o 3
R N
E X

’ §'\\ SSSSSSSNS
rs : o .
- &
N
& o

oo {TY

X o ‘ o
e PR WY =y RN
‘s SR £l
4 HERHERRE N




WO 2017/214175 PCT/US2017/036188
38/53

oy

Y

; o ¢ oy
Ny - AR

B

>

<

Y

5
: e )

§
RS
T3
N
Fa
3
Rty
RS
R
X TR
S N a? N

FIG. 37



FIG. 38

WO 2017/214175

7

/

53

N

Ry
&

PCT/US2017/036188



FIG. 38

WO 2017/214175

284

i14d

30 min 2h

Baseline

7

/

53

PCT/US2017/036188



FIG. 40

WO 2017/214175

Baseline

7

/

53

PCT/US2017/036188



FIG. 41

WO 2017/214175

7d

6h

2h

Baseline

42/53

PCT/US2017/036188

o @ {spuw) moid o
BT N




FIG. 42

WO 2017/214175

7d

30 min

Baseline

43/53

PCT/US2017/036188

oo {Spuu) mojd o
-~ s



FIG. 43

WO 2017/214175

44/53

PCT/US2017/036188

w (spuw) mold o



PCT/US2017/036188

45/53

WO 2017/214175

uonasiul wosy sug c@@u&zm %@& S
@ffff@v%%%&« %
[ (] '} '} '} ] [} ] ] O m Qm 3
Q B
L6
- F00L 001 =3
S ®
<. .
~00Z O r02h 5
= 2
=005 m -0% | m
o
=, o
-0y O Logy ©
I o) e
2
Loos ¥ Log1 =
52

Py "Old



PCT/US2017/036188
46/53

WO 2017/214175

%0L o %07 %00% o5 %G {sfunu) mogz

NS

9 {s/wumoy € b

L

pw} [w)
o )
- -
i 3
Mw o
b @
2035 SRJNISBACIIU w MO IBNISBACIIIL M.

ut adueyy ui 3Bugyly

{035 SRINISEACIIWN tgsieioy MO 1R {NDSEAGANA /04 1230}

o
<

Sy "Old



PCT/US2017/036188
47/53

WO 2017/214175

wsif Bgg

£l {%} %0

105 18NISBAQIIIW
uy adueyy

" ‘or %02 %001
e

2048 IR NISEACIIIN

gserog

£ Aeg

auaseg

wl ggs

7z {sfmw) moy

5g

RO} JENISEACIIIL
ujdBueys

| {sfww) mojd

MO} IBINISEACDIN

8

{sfww)moy 0

£ Aeg

suljaseg

RO} 2101 @

av "Old



PCT/US2017/036188
48/53

WO 2017/214175

ui afueyy

2035 1R NOSBAOII TN oS el

&

i

1

1

i

e i
wirt oog “
: 1
AR e “
......... 2

i

g

1

i

i

i

i

]

1

i

i

i

o

[

v

L

ome m

1e3S HenOSBABAIINY =
Lo ]

i

]

i

i

i

i

i

]

wi ous

7T {sfww)moy 1y

X

MOy IRINISEABI U
up adueyy

§  {sjums) moy

PO} JBINISEADIIIN

£ Aeg

aulaseg

MO [I0)

<L

Ly "Old



PCT/US2017/036188
49/53

WO 2017/214175

21N Y-493A
BUBIGLUBW SISA[RIDOIDIIA] wususss
sa}is uonoaiug @

,,,,,,,,,,,,,,,,,, 00

29

uoisniiod suljes

887 'Old

saisdong us
JOURIRDSHAD

Uil 09 ESETY: PB138{103 3leni3y-493A \mmmzmmﬁchumg
suoiafug+ duind
N3 Y-493A RS -I9IA RN} ABAOIBY ugisnjyad uels

!

ye
2

V8¥ "Old



PCT/US2017/036188
50/53

WO 2017/214175

SISAJRIPOJOIW JO MELS I3 YE SINOH

9 ) 1 € [4 1 0

SRR - IR RRR . ARRA WAL AR AR ARRR PR RS SRS HRRRET AR HRAR V\&w\\\\. ahss thshn .\\\\~®,8 EL A @ AL AR A RS

o

0ot

00¢

00¢

00y

004

(1w /3d) uoIIBIIU3IUCY Y-4DFA UBLUNY

0%

6v Old



FIG. 508

FIG. 50A

WO 2017/214175

%k

sssss
@@@@@@
@@@@@

%k g

sssss
@@@@@@
@@@@@
@@@@@
@@@@@

{wai.saqwnu} sauejiden

51/53

ek

PCT/US2017/036188

mmmmm
(%) sisoiqid



PCT/US2017/036188
52/53

WO 2017/214175

09

uoljoajsueli-isod sinoy

ov 0z

ajo.d y-493A




PCT/US2017/036188
53/53

WO 2017/214175

IN-1sod sAe(]

i ¥ ¢ oRUSD

LA

Buiiods

Ry

825 'Old

A-1sod sAep 1 n-1s0d sAep J iN-1sod sAep ¢ |00

Ves "Old



<110>
<120>
<130>

<150>
<151>

<150>
<151>

<150>
<151>

<160> 9
<170>

<210> 1

<211> 845
<212> RNA
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

<222> (1).
A

<223>

<220>
<221>
<222> (2)
<223>

<220>
<221>

<222>

<223> GOH

<400> 1
ggggaaauaa

cugucuuggg
caggcugcac
gaugucuauc
uacccugaug

ggcugcugca

ModernaTX,

200369-WO-PCT

US 62/346,979
2016-06-07

US 62/411,091
2016-10-21

US 62/432,005
2016-12-09

modified _base

D- .
5% 7MeGppp, wherein Me =

-

misc_feature
.(845)

AMP, C =

modified _base

&)

modified_base
(845)..(845)

3-

gagagaaaag
ugcauuggag
ccauggcaga
agcgcagcua
agaucgagua

augacgaggg

Inc.

CMP, G =

200369-WO-PCT_ST25. txt
SEQUENCE LISTING

Patentln version 3.5

Artificial Sequence

aagaguaaga
ccuugccuug
aggaggaggg
cugccaucca
caucuucaag

ccuggagugu

GMP,

Modified RNA encoding VEGF-A

U =

GZ'éMe, wherein Me is methyl

agaaauauaa
cugcucuacc
cagaaucauc
aucgagaccc
ccauccugug

gugcccacug

gagccaccau
uccaccaugc
acgaaguggu
ugguggacau
ugccccugau

aggaguccaa

Page 1

mRNA Encoding for VEGF and Methods of Use Thereof

methyl and p = inorganic phosphate

N1-methyl-pseudoUMP

gaacuuucug
caaguggucc
gaaguucaug
cuuccaggag
gcgaugceggg

caucaccaug

60
120
180
240
300
360



cagauuaugc
cacaacaaau
ccuugcucag
ugcaaaaaca
agaugugaca
ccuugggccu
auaaagucug
aaaaaaaaaa
ucuag

<210> 2
<211> 191
<212> PRT
<213> Homo
<400> 2
%et Asn Phe

Tyr Leu

GIn
35

Gly Gly

Ser
50

Arg Tyr

Tyr Pro

65

Asp

Met Arg Cys

Thr Glu Glu

GIn Gly GIn

115

Glu Cys

130

Arg

Pro Cys Ser

ggaucaaacc
gugaaugcag
agcggagaaa
cagacucgcg
agccgaggcg
ccccccagece
agugggcggc

aaaaaaaaaa

sapiens
Leu Leu

His Ala

20

Asn His

Cys His

Glu Ile

Gly Gly
85

Ser Asn

100

Ile
Pro

Lys

Glu Arg

Ser

Lys

His

Pro

Glu

70

Ile

Gly

Lys

Arg

200369-WO-PCT_ST25. txt

ucaccaaggc
accaaagaaa
gcauuuguuu
uugcaaggcg
gugauaauag
ccuccucccce
aaaaaaaaaa

adaaaaaaaaa

Trp Val

Trp Ser

Glu Vval

40

Ile
55

Glu

Tyr lle

Cys Asn

Thr Met

Glu Met

120

Asp
135

Arg

Lys

GIn

25

Val

Thr

Phe

Asp

GIn

105

Ser

Ala

Leu

cagcacauag
gauagagcaa
guacaagauc
aggcagcuug
gcuggagccu
uuccugcacc
aaaaaaaaaa

aaaaaaaaaa

Trp Ser

10

Ala Ala

Lys Phe
Val

Leu

Pro
75

Lys

Glu
90

Gly
Ile Met
Phe Leu
Arg GIn

Phe Vval

gagagaugag
gacaagaaaa
cgcagacgug
aguuaaacga
cgguggccau
cguacccccg
aaaaaaaaaa

aaaaaaaaaa

Leu Ala Leu

Ala
30

Pro Met

Met Asp Val

45

Asp lle Phe

60

Ser Cys Val

Leu Glu Cys

Arg lle Lys

110

GIn His Asn

125

Glu
140

Asn Pro

GIn Asp Pro

Page 2

cuuccuacag
ucccuguggg
uaaauguucc
acguacuugc
gcuucuugcc
uggucuuuga
aaaaaaaaaa

aaaaaaaaaa

Leu Leu

15

Glu Gly

Tyr GIn
GIn Glu

Leu
80

Pro

val
95

Pro
Pro
Lys Cys
Cys

Gly

GIn Thr

420
480
540
600
660
720
780
840
845



145

150

200369-WO-PCT_ST25. txt

155

160

Cys Lys Cys Ser Cys Lys Asn Thr Asp Ser Arg Cys Lys Ala Arg GIn

170

175

Leu Glu Leu Asn Glu Arg Thr Cys Arg Cys Asp Lys Pro Arg Arg
190

<210> 3
<211> 47
<212> RNA
<213>
<220>
<223>
<220>
<221>
<222> (1)
<223>
<400> 3

180

misc_feature

. (47)
AVP, C =

C™MP, G =

Artificial Sequence

Firefly luciferase 5% UTR

GMP, U =

gggaaauaag agagaaaaga agaguaagaa gaaauauaag agccacc

<210> 4
<211>
<212>
<213>

RNA

<220>
<223>

1650

codon)

<220>
<221>
<222>
<223>

(1)
<400> 4

auggaagaug
acagcaggag
gcguuuaccg
gugaggcugg
uguucggaga
gcagucgcgc
ucccagccga
aagaagcucc

uuccagucga

misc_feature

~(1650)
ANMP, C = CMP

Artificial Sequence

P, G =GMP, U =

cgaagaacau caagaaggga CCcugccccgu uuuacccuuu

aacagcucca
augcacauau
cggaagcgau
acucauugca
cagcgaacga
cggucguguu
ccauuauuca

uguauaccuu

caaggcgaug aaacgcuacg
ugagguagac aucacauacg
gaagagauau ggucuuaaca
guuuuucaug ccgguccuug
caucuacaau gagcgggaac
ugucuccaaa aaggggcugc
aaagaucauc auuauggaua

ugugacaucg cauuugccgc

cccugguccc
cagaauacuu
cuaaucaccg
gagcacuuuu
ucuugaauag
agaaaauccu
gcaagacaga

caggguuuaa

Page 3

N1-methyl-pseudoUMP

Firefly luciferase ORF of mRNA construct (excluding the stop

N1-methyl-pseudoUMP

ggaggacggu
cggaacgauu
cgaaaugucg
caucguggug
caucgggguc
caugggaauc
caacgugcag
uuaccaaggg

cgaguaugac

a7

60
120
180
240
300
360
420
480
540



uucguccccg
agcaccgguu
cacgcuaggg
guaccuuuuc
agggucguac
aagauccagu
auugauaagu
aaggaagucg
gggcucacgg
gccgucggaa
acccucggag
uacgugaaua
ggagacauug
uugaucaaau
caccccaaca
ccagcggccg
uacguagcau
gaggucccga
aaggcaaaga
<210> 5

<211> 119
<212> RNA
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400> 5

agucauuuga
ugccaaaggg
auccuaucuu
aucacgguuu
uuauguaucg
cggcccuccu
augaccuuuc
gggaggcagu
agacaacauc
aagugguccc
ugaaccagag
acccugaagc
ccuauuggga
acaaaggcua
uuuucgacgc
ugguaguccu
cacaagugac

aaggcuugac

aaggcgggaa

misc_feature

Q).
A S AP, C =

Z(119)

200369-WO-PCT_ST25.txt
cagagauaaa accaucgcgc ugauuaugaa

gguggcguug ccccaccgca cugcuugugu

ugguaaucag
uggcauguuc
guucgaggaa
ugugccaacg
caaucugcau
ggccaagcgce
cgcgauccuu
cuucuuugaa
gggcgageuc
gacgaaugcg
ugaggaugag
ucagguagcg
cggaguggcc
cgaacauggg
gacugcgaag
ugggaagcuu

aaucgcuguc

Artificial Sequence

Firefly luciferase 3" UTR

aucauucccg
acgacucucg
gaacuguuuu
cuuuucucau
gagauugccu
uuccaccuuc
aucacgcccg
gccaaggucg
ugcgugagag
cugaucgaca
cacuucuuua
ccugccgage
ggguugcccg
aaaacaauga
aaacugaggg

gacgcucgca

acacagcaau
gcuauuugau
ugagauccuu
ucuuugcgaa
cagggggagc
ccggaauucg
agggugacga
uagaccucga
ggccgaugau
aggaugggug
ucguagaucg
ucgagucaau
augacgacgc
ccgaaaagga
gagggguagu

aaauccggga

uuccucgggu
gcgguucucg
ccuguccgug
uugcgguuuc
gcaagauuac
aucgacacuu
gccgcuuagce
gcagggauac
uaagccggga
cacgggaaaa
caugucaggu
guugcauucg
acuuaagagc
ccugcuccag
gggugagcug
gaucguggac
cuuuguggac

aauccugauu

N1-methyl-pseudoUMP

ugauaauagg cuggagccuc gguggccaug CuucuugccC cuugggccuc cccccagcce

CUCCUCCCCU uccugcaccC guacCcCCCgu ggucuuugaa uaaagucuga gugggcggc

<210> 6
<211> 550
<212> PRT
<213>

Artificial Sequence

Page 4

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1650

60
119



<220>
<223>

<400>

Met Glu Asp Ala

1

Leu

Tyr

val

Glu

65

Cys

Phe

Glu

Ser

Ile

145

Phe

Asn

Ala

Ala

Pro

Glu

Ala

Asp

50

Ala

Ser

Ile

Leu

Lys

130

Ile

GIn

Glu

Leu

Leu

210

Ile

Asp

Leu

35

Ile

Met

Glu

Gly

Leu

115

Lys

GIn

Ser

Tyr

Ile

195

Pro

Phe

Gly

20

val

Thr

Lys

Asn

val

100

Asn

Gly

Lys

Met

Asp

180

Met

Firefly luciferase

Lys Asn lle
5

Thr

Pro

Tyr

Arg

Ser

85

Ala

Ser

Leu

Ile

Tyr

165

Phe

Asn

Arg

Asn

Ala

Gly

Ala

Tyr

70

Leu

Val

Met

GIn

Ile

150

Thr

Val

Ser

Thr

GIn

Gly

Thr

Glu

55

Gly

GIn

Ala

Gly

Lys

135

Phe

Pro

Ser

Ala

215

Ile

200369-WO-PCT_ST25. txt

Lys

Glu

Ile

40

Tyr

Leu

Phe

Pro

Ile

120

Ile

Met

Val

Glu

Gly

200

Ile

Lys

GIn

25

Ala

Phe

Asn

Phe

Ala

105

Ser

Leu

Asp

Thr

Ser

185

Ser

Val

Pro

Gly

10

Leu

Phe

Glu

Thr

Met

90

Asn

GIn

Asn

Ser

Ser

170

Phe

Thr

Arg

Pro

Thr

Met

Asn

75

Pro

Asp

Pro

Val

Lys

155

His

Asp

Gly

Phe

Ala

Lys

Asp

Ser

60

His

Val

Ile

Thr

GlIn

140

Thr

Leu

Arg

Leu

Ser
220

Asp Thr Ala
Page 5

Pro

Ala

Ala

45

val

Arg

Leu

Tyr

val

125

Lys

Asp

Pro

Asp

Pro

205

Ile

Phe

Met

30

His

Arg

Ile

Gly

Asn

110

val

Lys

Tyr

Pro

Lys

190

Lys

Ala

Leu

Tyr

15

Lys

Ile

Leu

val

Ala

95

Glu

Phe

Leu

GIn

Gly

175

Thr

Gly

Arg

Ser

Pro

Arg

Glu

val

80

Leu

Arg

val

Pro

Gly

160

Phe

val

Asp

val



225

val

Phe

Pro

Asp

305

Lys

Arg

Pro

Phe

Asn

385

Tyr

Trp

Phe

Val

Phe
465

Pro

Cys

Leu

Thr

290

Leu

Glu

GIn

Glu

Glu

370

GIn

Val

Leu

Ile

Ala
450

Phe

Gly

Arg

275

Leu

Ser

vVal

Gly

Gly

355

Ala

Arg

Asn

vVal
435

Pro

p Ala

Phe

260

Ser

Phe

Asn

Gly

Tyr

340

Asp

Lys

Gly

Asn

Ser

420

Asp

Ala

Gly

His

245

Arg

Leu

Ser

Leu

Glu

325

Gly

Asp

Val

Glu

Pro

405

Gly

Arg

Glu

Val

230

Gly

Val

GIn

Phe

His

310

Ala

Leu

Lys

Val

Leu

390

Glu

Asp

Leu

Leu

Ala
470

Phe

Val

Asp

Phe

295

Glu

Val

Thr

Pro

Asp

375

Cys

Ala

Ile

Lys

Glu

455

Gly

200369-WO-PCT_ST25. txt

Gly Met Phe

Leu

Tyr

280

Ala

Ile

Ala

Glu

Gly

Leu

Val

Thr

Ala

Ser

440

Ser

Leu

Met

265

Lys

Lys

Ala

Lys

Thr

345

Ala

Asp

Arg

Asn

Tyr

425

Leu

Ile

Pro

250

Tyr

lle

Ser

Ser

Arg

330

Thr

val

Thr

Gly

Ala

410

Trp

lle

Leu

Asp

235

Thr

Arg

GIn

Thr

Gly

315

Phe

Ser

Gly

Gly

Pro

395

Leu

Asp

Lys

Leu

Asp
475

Thr

Phe

Ser

Leu

300

Gly

Ala

Lys

Lys

380

Met

lle

Glu

Tyr

GIn

460

Asp

Page 6

Leu

Glu

Ala

285

Ile

Ala

Leu

Ile

Val

365

Thr

Ile

Asp

Asp

Lys

445

Ala

Gly

Glu

270

Leu

Asp

Pro

Pro

Leu

350

val

Leu

Met

Lys

Glu

430

Gly

Pro

Gly

Tyr

255

Glu

Leu

Lys

Leu

Gly

335

Pro

Gly

Ser

Asp

415

Tyr

Asn

Glu

240

Leu

Leu

Val

Tyr

Ser

320

Thr

Phe

Val

Gly

400

Gly

Phe

GIn

Leu
480



Pro Ala Ala

Glu Ile val

Arg Gly Gly

515

Leu
530

Lys Asp

Gly
545

Gly Lys

<210> 7

<211> 3274
<212> RNA
<213>

<220>
<223>

<220>
<221>
<222>
<223>

misc

<400> 7
ucaagcuuuu

aaagaagagu
gagauuggga
cguccuggcg
ucaacgggga
ucgagugcga
gauacgacgc
ucccgacuga
ugcaagaagg
guaacggacg
cagccuuccu
gcucguaccu
ugcuccacaa

acuucagcag

val Vval

485

Asp Tyr Vval

500

val Val

Ala Arg Lys

Val

Phe

200369-WO-PCT_ST25. txt

490

505

520

535

Ile Ala Vval
550

feature

(1).-(3274)
A= AMP, C'= CMP, G =

ggacccucgu
aagaagaaau
aaauccugga
aaauagcgaa
auggcgguuc
ccucccggaa
ccccaucuac
gaacccgacu
gcagacucgc
guggguggga
gcgecgecgge
ggaggaucag

gccaacuacc

ggcgguucug

Artificial Sequence

GMP,

acagaagcua
auaagagcca
guuacgcaac
gaagcgcgga
gcaugguuuc
gccgauacgg
accaacguca
ggaugcuaca
aucauuuucg
uacgggcagg
gaaaaccgcc
gacaugugga
cagaucuccg

gaagccgagg

U =

510

525

540

LacZ nucleotide sequence (5" UTR, ORF, 3" UTR)

Leu Glu His Gly Lys Thr Met Thr Glu Lys

495

Ala Ser GIn Val Thr Thr Ala Lys Lys Leu

Val Asp Glu Val Pro Lys Gly Leu Thr Gly

Ile Arg Glu Ile Leu Ile Lys Ala Lys Lys

N1-methyl-pseudoUMP

auacgacuca cuauagggaa auaagagaga

ccauggccuu
ugaauagacu
ccgacagacc
cggcuccuga
ugguggugcc
cuuacccuau
gccugaccuu
acggagucaa
acuccaggcu
uggcugucau
ggaugucagg
acuuucaugu

ugcaaaugug

ggcugucguc
cgccgcacau
uucgcagcag
ggcagucccg
gucaaauugg
caccgugaau
uaacguggac
cuccgcguuc
gccgagcgaa
gguccuuaga
gaucuuccgg
ggccacccgce

cggagaacug

Page 7

cugcaaagaa
ccaccguucg
cugcgcucuc
gaaagcuggc
caaaugcaug
cccccauucg
gagucguggc
caucuuuggu
uucgacuugu
uggucggaug
gaugucucgc
uucaacgaug

agggacuacc

60
120
180
240
300
360
420
480
540
600
660
720
780
840



uccgcgugac
ucggaggaga
auguggaaaa
agcugcacac
agguccgcau
ugaacagaca
aagacauccu
aucacccguu
acaucgagac
cggcaauguc
uaaucugguc
ggauuaaguc
cugcaaccga
cggugccaaa
uccugugcga
aggcuuuucg
gccucaucaa
acaccccuaa
auccagcccu
aaacgaucga
ggauggucgc
cgcagggaaa
ucuggcuuac
uuucagccug
cacacgccau
agcgcuggca
agcagcuccu
gcgugagcga
gccacuauca
uucugauuac
aaacuuaccg

cagacacucc

ugucucgcuc
aaucaucgac
uccgaaacug
cgccgacgga
cgaaaaugga
cgagcaucac
gcugaugaaa
gugguauacc
ucacggaaug
ggaacgagug
gcuggggaac
cguggaccca
caucaucugc
gugguccauc
auaugcgcac
acaguacccg
auacgaugaa
cgaucgccag
uacugaggcu
agugacuucc
ccuggaugga
gcaguugauc
cgucagaguc
gcagcagugg
uccgcaucug
guucaaucgg
gaccccgceug
ggccacgcgu
ggcggaggcec
cacggcgcau
gaucgauggc

acacccagca

200369-WO-PCT_ST25. txt

uggcagggug
gaacggggag
uggucggcag
acucugaucg
cugcuucugc
ccgcugcacg
caaaacaacu
cuuugcgauc
gucccuauga
acucggaugg
gaaucuggcc
agccggceccg
ccaauguaug
aagaaauggc
gcuaugggaa
agacuccagg
aacggcaacc
uucugcauga
aagcaccaac
gaauaccucu
aagccccucg
gaguugccgg
gugcagccaa
cgccucgcecg
accacguccg
caaucaggcu
cgcgaucagu
aucgauccaa
gcgcuccugce
gccuggcaac
agcggccaaa

cggaucggac

aaacccaagu
gauacgccga
aaaucccuaa
aggccgagge
uuaauggcaa
gucaggucau
ucaacgccgu
gguacggccu
accgccucac
ugcagaggga
acggagcuaa
uccaguacga
cgcgggugga
ucucgcugcc
auucacuggg
guggcuucgu
caugguccgc
acggccuggu
aacaguucuu
uccggcauuc
ccuccggaga
aacugccaca
augccaccgc
agaaucugag
aaauggacuu
uccuguccca
ucacucgcgc
acgcuugggu
aguguaccgc
accagggaaa
uggcgaucac

ucaauugcca

ggcuucaggc
ucgcgucacc
uuuguaccgg
augcgaugug
accgcugcuc
ggaugaacag
ucggugcucc
cuacguggug
ugacgacccg
ccgcaaccau
ccacgaugcg
aggagguggu
ugaggaccaa
cggagaaacg
gggauuugcg
gugggacugg
guacggcgga
guucgccgac
ccaguucaga
ggacaacgag
agugccgcuc
gcccgaguca
cuggucggag
cgugaccuug
uuguaucgaa
gauguggauu
cccacuugac
ggagcgeugg
ggauacccuc
gacccuguuu
uguggacguc

acuggcucaa

Page 8

acugcaccgu
cugcgccuca
gccguggugg
ggauuccgcg
auccgcggag
acuauggugc
cauuacccua
gacgaagcga
agguggcucc
ccgucgguga
cuguaccgcu
gcugauacca
ccuuucccgg
cgcccgeuga
aaguacuggc
guugaccaga
gacuuuggag
agaacuccgc
cugucggggc
uugcugcacu
gacguggcgc
gcaggacagc
gcaggacaua
ccagcagccu
cuggggaaua
ggugacaaga
aacgacauug
aaggcggcug
gcagacgccg
aucagccgca
gagguggcau
guggcugaga

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760



gagucaauug
gcuuugaccg
agaacggucu
acuuucaguu
aucucuugca
guggggauga
accacuacca
uucuugcccc
gucuuugaau
<210> 8
<211> 1019
<212> PRT
<213>

<220>
<223> LacZ
<400> 8

Met Ala Leu
1

Val Thr GIn

Ser
35

Arg Asn

Leu Asn

50

Ser

val
65

Pro Glu

val Val Pro

Thr Asn Val

Glu Pro

115

Asn

Trp Leu GIn

gcugggccuc

gugggaucug
gagaugcggu
caacaucuca
ugcagaggaa
cuccuggucc
gcucgugugg
uugggccucc

aaagucugag

Ala Vval

Leu Asn

20

Glu Glu

Gly Glu
Ser

Trp

Asn
85

Ser

Thr
100

Tyr
Thr Gly

Glu Gly

Val

Arg

Ala

Trp

Leu

70

Trp

Pro

Cys

GIn

200369-WO-PCT_ST25. txt

ggcccccaag
ccucugucgg
acuagggagu
agauacagcc
gggaccuggc
ccuagcgugu
ugucaaaagu

CCccagcccc

ugggcggcuc

Artificial Sequence

Leu GIn

Ala

Leu

Thr
40

Arg

Arg Phe

55

Glu Cys

GIn Met

Thr

Ser
120

Tyr

Thr Arg

agaacuaccc
auauguacac
ugaacuacgg
agcagcaauu
ugaacaucga
ccgcggaacu
gauaauaggc
uccuccccuu

uaga

Arg Arg

10

Asp

Ala
25

Pro

Asp Arg Pro

Ala Trp Phe

Pro
75

Asp Leu

Gly
90

Tyr

Val
105

Asn Pro

Leu Thr Phe

I1le Phe

ugaucggcuu
ccccuacgug
accgcaccaa
gauggaaacc
uggauuccac
ucagcugucc
uggagccucg

ccugcacccg

Trp Glu Asn

Phe Ala

30

Pro

GlIn
45

Ser GlIn

Pro Ala Pro

60

Glu Ala Asp

Asp Ala Pro

Phe Vval

110

Pro

val
125

Asn Asp

Asp Gly Vval

Page 9

acugccgcau
uucccauccg
uggagggggg
ucgcaccggc
augggaauug
gccggecggu
guggccaugc

uacccccgug

Pro
15

Gly

Ser Trp

Leu Arg

Glu

Thr Val

80

Ile
95

Tyr

Pro Thr

Glu

Ser

Asn Ser

2820
2880
2940
3000
3060
3120
3180
3240
3274



Ala

145

Ser

Glu

Leu

Ser

Thr

225

GIn

Trp

Glu

Leu

Tyr

305

Ala

Leu

Val

130

Phe

Arg

Asn

Glu

Leu

210

Met

GIn

Ile

Asn

290

Arg

Glu

Leu

Glu

GIn
370

Leu

Arg

Asp

195

Leu

Phe

Cys

Gly

Ile

275

vVal

Ala

Ala

Leu

His
355

Asp

Leu

Pro

Leu

180

GIn

Asn

Gly

Glu

260

Asp

Glu

Val

Cys

Leu

340

Ile

Trp
Ser
165
Ala
Asp
Lys
Asp
Glu
245
Thr
Glu
Asn
Val
Asp
3

Asn

Pro

Leu

Cys

150

Glu

Val

Met

Pro

Asp

230

Leu

GIn

Arg

Pro

Glu

310

Val

Gly

Leu

Leu

135

Asn

Phe

Met

Trp

Thr

215

Phe

Arg

Val

Gly

Lys

295

Leu

Gly

Lys

Met
375

200369-WO-PCT_ST25. txt

Gly Arg Trp

Asp

Val

Arg

200

Thr

Ser

Asp

Ala

Gly

Leu

Phe

Pro

Leu

Leu

185

Met

GIn

Arg

Tyr

Ser

265

Trp

Thr

Arg

Leu

345

GIn

GIn

Ser

170

Arg

Ser

lle

Ala

Leu

250

Gly

Ala

Ser

Ala

Glu

330

Leu

val

Asn

140

Val Gly Tyr

155

Ala

Trp

Gly

Ser

Val

235

Arg

Thr

Asp

Ala

Asp

315

Val

lle

Met

Asn

Phe

Ser

lle

Asp

Leu

Val

Ala

Arg

Glu

300

Gly

Arg

Arg

Asp

Phe
380

Page 10

Leu

Asp

Phe

205

Phe

Glu

Thr

Pro

Val

285

Ile

Thr

Ile

Gly

Glu

365

Asn

Gly

Arg

Gly

Arg

Ala

Val

Phe

270

Thr

Pro

Leu

Glu

Val

350

GIn

Ala

GIn

Ala

175

Ser

Asp

Val

Glu

Ser

255

Gly

Leu

Asn

Asn
335
Asn

Thr

Val

Asp
160
Gly

Tyr

Val

Val

240

Leu

Gly

Arg

Leu

Glu

320

Gly

Arg

Met

Arg



Cys

385

Tyr

val

Ser

val

Asp

465

GlIn

Pro

Lys

Leu

Phe

545

Gly

Asn

Asn

Pro

Phe
625

Ser

Gly

Pro

Glu

Ile

450

Ala

Tyr

Met

Trp

Ile

530

Ala

Phe

Gly

Asp

His

610

Arg

Leu

Met

Arg

435

Leu

Glu

Tyr

Ser

515

Leu

Lys

val

Asn

Arg

595

Pro

Leu

Tyr

Tyr

Asn

420

val

Trp

Tyr

Gly

Ala

500

Cys

Tyr

Trp

Pro

580

GIn

Ala

Ser

Pro

val

405

Arg

Thr

Ser

Arg

Gly

485

Arg

Lys

Glu

Trp

Asp

565

Trp

Phe

Leu

Gly

Asn

390

Val

Leu

Arg

Leu

Trp

470

Gly

Val

Lys

Tyr

GIn

550

Trp

Ser

Cys

Thr

GIn
630

Asp

Thr

Met

Gly

455

Ala

Asp

Trp

Ala

535

Ala

Val

Ala

Met

Glu

615

Thr

200369-WO-PCT_ST25.txt
Pro Leu Trp Tyr Thr Leu Cys

Glu

Asp

Val

440

Asn

Lys

Asp

Glu

Leu

520

Phe

Asp

Tyr

Asn

600

Ala

Ile

Ala

Asp

425

GIn

Glu

Ser

Thr

Asp

505

Ser

Ala

Arg

GIn

Gly

585

Gly

Lys

Glu

Asn

410

Pro

Arg

Ser

Val

Thr

490

GIn

Leu

Met

GIn

Ser

570

Gly

Leu

Val

395

Ile

Arg

Asp

Gly

Asp

475

Ala

Pro

Pro

Gly

Tyr

555

Leu

Asp

Val

GIn

Thr
635

Glu

Trp

Arg

His

460

Pro

Thr

Phe

Gly

Asn

540

Pro

Phe

Phe

GlIn

620

Ser

Page 11

Thr

Leu

Asn

445

Gly

Ser

Asp

Pro

Glu

525

Ser

Arg

Lys

Gly

Ala

605

GIn

Glu

Ala

Arg

Ala

510

Thr

Leu

Leu

Tyr

Asp

590

Asp

Phe

Tyr

Asp

Gly

415

Ala

Pro

Asn

Pro

Ile

495

val

Arg

Gly

GIn

Asp

575

Thr

Arg

Phe

Leu

Arg
400
Met

Met

Ser

val

480

Cys

Pro

Pro

Gly

Gly

560

Glu

Pro

Thr

GIn

Phe
640



Arg

Lys

Lys

GIn

Ser

705

Asn

Thr

GIn

Lys

Leu

785

Ala

Ala

Thr

Arg

Asp

865

Asn

His

Pro

GIn

Leu

690

Glu

Leu

Thr

Phe

Lys

770

Asp

Trp

Leu

Thr

Lys

850

Val

Cys

Ser

Leu

Leu

675

Trp

Ala

Ser

Ser

Asn

755

GIn

Asn

Val

Leu

Ala

835

Thr

Glu

GIn

Asp

Ala

660

Leu

Gly

Val

Glu

740

Arg

Leu

Asp

Glu

GIn

820

His

Tyr

Val

Leu

Asn
645
Ser

Glu

Thr

Thr

725

Met

GIn

Leu

Ile

Arg

805

Cys

Ala

Arg

Ala

Ala
885

Glu

Gly

Leu

Val

Ile

710

Leu

Asp

Ser

Thr

Gly

790

Trp

Thr

Trp

Ile

Ser

870

GIn

Leu

Glu

Pro

Arg

695

Ser

Pro

Phe

Gly

Pro

775

Val

Lys

Ala

GIn

Asp

855

Asp

Val
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Leu His Trp Met Val Ala Leu

Val

Glu

680

Val

Ala

Ala

Cys

Phe

760

Leu

Ser

Ala

Asp

His

840

Thr

Ala

Pro

665

Leu

Val

Trp

Ala

Ile

745

Leu

Arg

Glu

Ala

Thr

825

GIn

Ser

Pro

Glu

650

Leu

Pro

GIn

GIn

Ser

730

Glu

Ser

Asp

Ala

Gly

Leu

Gly

Gly

Arg
890

Asp Val

GIn Pro

Pro Asn
700

GIn Trp
715

His Ala

Leu Gly

GIn Met

GIn Phe
780

Thr Arg
795

Ala Asp

Lys Thr

GIn Met
860

Pro Ala
875

Val Asn
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Ala

Glu

685

Ala

Arg

Ile

Asn

Trp

765

Thr

Ile

GIn

Ala

Leu

845

Ala

Arg

Trp

Pro

670

Ser

Thr

Leu

Pro

Lys

750

Ile

Arg

Asp

Ala

val

830

Phe

Ile

Ile

Leu

Asp

655

GIn

Ala

Ala

Ala

His

735

Arg

Gly

Ala

Pro

Glu

815

Leu

Ile

Thr

Gly

Gly
895

Gly

Gly

Gly

Trp

Glu

720

Leu

Trp

Asp

Pro

Asn

800

Ala

Ser

Val

Leu

880

Leu



Gly Pro GIn

Arg Trp Asp

915

Glu
930

Ser Asn

His GIn

945

Trp

GIn GIn Leu

Gly Thr Trp

Asp Ser Trp

995

Arg Tyr
1010

<210> 9

<211> 3057
<212> RNA
<213>

<220>
<223>

<220>
<221>
<222>
<223>

misc

(1)-
A2

<400> 9
auggccuugg

aauagacucg
gacagaccuu
gcuccugagg
guggugccgu
uacccuauca

cugaccuuua

Glu
900

Asn
Leu Pro
Leu

Gly

Arg Gly

Tyr

Leu

Arg

Asp
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Pro

905

Ser Asp

920

Cys
935

Gly

Phe GIn

950

Glu
965

Met

Leu Asn

980

Ser Pro

His Tyr GIn Leu Val

_feature
.(3057)

AMP, C = CM

cugucguccu
ccgcacaucc
cgcagcagcu
cagucccgga
caaauuggca
ccgugaaucc

acguggacga

Thr

Ser

Ser

Asp Gly

Met

Thr

Phe

Arg

Phe

Tyr Thr

Arg Glu

Ile
955

Asn

His Leu

970

His Met

985

Val
1000

1015

Artificial Sequence

P, G = GMP,

gcaaagaaga
accguucgcg
gcgcucucuc
aagcuggcuc
aaugcaugga

CCcCauucguc

gucguggcug

LacZ ORF nucleotide sequence

U =

Asp Arg Leu Thr Ala Ala Cys

91

Pro Tyr Va

925

Leu Asn

940

Ty

Ser Arg Ty

Leu Al

Ile GI
99

Gly

Ser Ala Glu Leu GIn Leu

1005

Trp Cys GIn Lys

Phe Asp

0

1 Phe Pro

Pro

r Gly

GIn
960

r Ser

a Glu Glu

975

y Gly Asp

0

Ser Ala Gly

N1-methyl-pseudoUMP

gauugggaaa auccuggagu uacgcaacug

uccuggcgaa
aacggggaau
gagugcgacc
uacgacgccc
ccgacugaga

caagaagggc

auagcgaaga
ggcgguucgce
ucccggaagc
ccaucuacac
acccgacugg

agacucgcau
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agcgcggacc
augguuuccg
cgauacggug
caacgucacu
augcuacagc

cauuuucgac

60
120
180
240
300
360
420



ggagucaacu
uccaggcugc
gcugucaugg
augucaggga
uuucaugugg
caaaugugcg
acccaagugg
uacgccgauc
aucccuaauu
gccgaggcau
aauggcaaac
caggucaugg
aacgccguuc
uacggccucu
cgccucacug
cagagggacc
ggagcuaacc
caguacgaag
cggguggaug
ucgcugcccg
ucacuggggg
ggcuucgugu
ugguccgcgu
ggccuggugu
caguucuucc
cggcauucgg
uccggagaag
cugccacagc
gccaccgccu
aaucugagcg
auggacuuuu

cugucccaga

ccgcguucca
cgagcgaauu
uccuuagaug
ucuuccggga
ccacccgcuu
gagaacugag
cuucaggcac
gcgucacccu
uguaccgggc
gcgauguggg
cgcugcucau
augaacagac
ggugcuccca
acguggugga
acgacccgag
gcaaccaucc
acgaugcgcu
gagguggugc
aggaccaacc
gagaaacgcg
gauuugcgaa
gggacugggu
acggcggaga
ucgccgacag
aguucagacu
acaacgaguu
ugccgecucga
ccgagucagc
ggucggaggc
ugaccuugcc

guaucgaacu

uguggauugg
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cgacuuguca
gucggauggc
ugucucgcug
caacgaugac
ggacuaccuc
ugcaccguuc
gcgccucaau
cgugguggag
auuccgcgag
ccgcggagug
uauggugcaa
uuacccuaau
cgaagcgaac
guggcucccg
gucggugaua
guaccgcugg
ugauaccacu
uuucccggcg
cccgecugauc
guacuggcag
ugaccagagc
cuuuggagac
aacuccgcau
gucggggcaa
gcugcacugg
cguggcgcecg
aggacagcuc
aggacauauu
agcagccuca

ggggaauaag

ugacaagaag

gccuuccugc
ucguaccugg
cuccacaagc
uucagcaggg
cgcgugacug
ggaggagaaa
guggaaaauc
cugcacaccg
guccgcaucg
aacagacacg
gacauccugc
cacccguugu
aucgagacuc
gcaaugucgg
aucuggucgc
auuaaguccg
gcaaccgaca
gugccaaagu
cugugcgaau
gcuuuucgac
cucaucaaau
accccuaacg
ccagcccuua
acgaucgaag
auggucgccc
cagggaaagc
uggcuuaccg
ucagccuggc
cacgccauuc
cgcuggcagu

cagcuccuga

gcgeccggega
aggaucagga
caacuaccca
cgguucugga
ucucgcucug
ucaucgacga
cgaaacugug
ccgacggaac
aaaauggacu
agcaucaccc
ugaugaaaca
gguauacccu
acggaauggu
aacgagugac
uggggaacga
uggacccaag
ucaucugccc
gguccaucaa
augcgcacgc
aguacccgag
acgaugaaaa
aucgccaguu
cugaggcuaa
ugacuuccga
uggauggaaa
aguugaucga
ucagagucgu
agcaguggcg
cgcaucugac
ucaaucggca

cccecgeugceg
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cgggcaggac
aaaccgccug
cauguggagg
gaucuccgac
agccgaggug
gcagggugaa
acggggagga
gucggcagaa
ucugaucgag
gcuucugcuu
gcugcacggu
aaacaacuuc
uugcgaucgg
cccuaugaac
ucggauggug
aucuggccac
ccggcecguc
aauguaugcg
gaaauggcuc
uaugggaaau
acuccagggu
cggcaaccca
cugcaugaac
gcaccaacaa
auaccucuuc
gccccucgcece
guugccggaa
gcagccaaau
ccucgccgag
cacguccgaa
aucaggcuuc

cgaucaguuc

480

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340



acucgcgccc
gcuugggugg
uguaccgcgg
cagggaaaga
gcgaucacug
aauugccaac
aacuacccug
auguacaccc
aacuacggac
cagcaauuga
aacaucgaug

gcggaacuuc

cacuugacaa
agcgcuggaa
auacccucgc
cccuguuuau
uggacgucga
uggcucaagu
aucggcuuac
ccuacguguu
cgcaccaaug
uggaaaccuc
gauuccacau

agcuguccgc
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cgacauuggc
ggcggeugge
agacgccguu
cagccgcaaa
gguggcauca
ggcugagaga
ugccgcaugc
cccauccgag

gaggggggac

gcaccggcau

gggaauuggu

cggccgguac

gugagcgagg
cacuaucagg
cugauuacca
acuuaccgga
gacacuccac
gucaauuggc
uuugaccggu
aacggucuga
uuucaguuca
cucuugcaug

ggggaugacu

cacuaccagc

ccacgcguau
cggaggccgce
cggcgcaugc
ucgauggcag
acccagcacg
ugggccucgg
gggaucugcc
gaugcgguac
acaucucaag
cagaggaagg

ccuggucccc

ucguguggug
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gcuccugcag
cuggcaacac
cggccaaaug
gaucggacuc
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ucugucggau
uagggaguug
auacagccag
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