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PREPARATION OF LIPID NANOPARTICLES AND METHODS OF
ADMINISTRATION THEREOF

Related Applications
[0001] This application claims priority to, and the benefit of, U.S. Provisional Application
No. 62/733,974, filed September 20, 2018, the entire contents of which is incorporated herein by

reference.

Incorporation-by-Reference of Sequence Listing
[01] The contents of the file named “MRNA-048 001WQO_ST25.txt”, which was created on

September 20, 2019, and 1s 1 KB in size are hereby incorporated by reference in their entirety.

Field of Disclosure
[0002] The present disclosure provides novel methods of producing nucleic acid lipid
nanoparticle (LNP) formulations, the produced formulations thereof, and the related therapeutic

and/or diagnostic uses.

Background
[0003] The effective targeted delivery of biologically active substances such as small
molecule drugs, proteins, and nucleic acids represents a continuing medical challenge. In
particular, the delivery of nucleic acids to cells is made difficult by the relative instability and
low cell permeability of such species. Thus, there exists a need to develop methods and
compositions to facilitate the delivery of therapeutics and prophylactics such as nucleic acids to
cells.
[0004] Lipid-containing nanoparticles or lipid nanoparticles, liposomes, and lipoplexes have
proven effective as transport vehicles into cells and/or intracellular compartments for
biologically active substances such as small molecule drugs, proteins, and nucleic acids. Though
a variety of such lipid-containing nanoparticles have been demonstrated, improvements in safety,

efficacy, and specificity are still lacking.

Summary
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[0005] In some aspects, the present disclosure provides a method of producing a lipid
nanoparticle (LNP) composition, the method comprising: (1) mixing an aqueous buffer solution
and an organic solution, thereby forming a lipid nanoparticle (LNP) formulation comprising a
lipid nanoparticle (LNP) encapsulating a nucleic acid; and (i1) processing the lipid nanoparticle
(LNP) formulation, thereby forming the lipid nanoparticle composition; wherein the organic
solution comprises an organic solvent-soluble nucleic acid and an ionizable lipid in an organic
solvent; and wherein the organic solvent-soluble nucleic acid comprises a hydrophobic organic
cation.

[0006] In some aspects, the present disclosure provides a method of administering a lipid
nanoparticle (LNP) formulation to a patient, the method comprising: (1) providing an aqueous
solution having a first pH in a range of from about 7.0 to about 9.0 comprising a therapeutic
and/or prophylactic agent in an aqueous buffer and an organic solution comprising an ionizable
lipid and an encapsulation agent in an organic solvent; (i1) forming a lipid nanoparticle
formulation comprising a lipid nanoparticle encapsulating the therapeutic and/or prophylactic
agent by mixing the aqueous solution and the organic solution such that the lipid nanoparticle
formulation has a second pH in a range of from about 7.0 to about 9.0 and comprises at least 1%
by volume of the organic solvent relative to the total volume of the lipid nanoparticle
formulation; and (i11) administering the lipid nanoparticle formulation to the patient less than
about 72 hours after the mixing,

[0007] In some aspects, the present disclosure provides a method of administering a lipid
nanoparticle (LNP) formulation to a patient, the method comprising: (1) providing an aqueous
solution having a first pH in a range of from about 4.5 to about less than 7.0 comprising a
therapeutic and/or prophylactic agent in an aqueous buffer and an organic solution comprising an
ionizable lipid in an organic solvent; (i1) forming a lipid nanoparticle formulation comprising a
lipid nanoparticle encapsulating the therapeutic and/or prophylactic agent by mixing the aqueous
solution and the organic solution such that the lipid nanoparticle formulation has a second pH in
a range of from about 4.5 to about less than 7.0 and comprises at least 1% by volume of the
organic solvent relative to the total volume of the lipid nanoparticle formulation; and (ii1)
administering the lipid nanoparticle formulation to the patient less than about 72 hours after the

mixing.
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[0008] In some aspects, the present disclosure provides a method of administering a lipid
nanoparticle (LNP) formulation to a patient, the method comprising: (1) providing an aqueous
buffer solution having a first pH in a range of from about 7.0 to about 9.0 and an organic solution
comprising an ionizable lipid, an encapsulation agent, and a therapeutic and/or prophylactic
agent in an organic solvent; (i1) forming a lipid nanoparticle formulation comprising a lipid
nanoparticle encapsulating the therapeutic and/or prophylactic agent by mixing the aqueous
buffer solution and the organic solution such that the lipid nanoparticle formulation has a second
pH in a range of from about 7.0 to about 9.0 and comprises at least about 1% by volume of the
organic solvent relative to the total volume of the lipid nanoparticle formulation; and (ii1)
administering the lipid nanoparticle formulation to the patient less than about 72 hours after the
mixing.

[0009] In some aspects, the present disclosure provides a method of administering a lipid
nanoparticle (LNP) formulation to a patient, the method comprising: (1) providing an aqueous
buffer solution having a first pH in a range of from about 4.5 to about less than 7.0 and an
organic solution comprising an ionizable lipid and a therapeutic and/or prophylactic agent in an
organic solvent; (i1) forming a lipid nanoparticle formulation comprising a lipid nanoparticle
encapsulating the therapeutic and/or prophylactic agent by mixing the aqueous buffer solution
and the organic solution such that the lipid nanoparticle formulation has a second pH in a range
of from about 4.5 to about less than 7.0 and comprises at least 1% by volume of the organic
solvent relative to the total volume of the lipid nanoparticle formulation; and (ii1) administering
the lipid nanoparticle formulation to the patient less than about 72 hours after the mixing.

[0010] In some aspects, the present disclosure provides a method of treating or preventing a
disease or disorder, comprising administering a lipid nanoparticle (LNP) formulation to a subject
in need thereof according to the method disclosed herein.

[0011] In some aspects, the present disclosure provides a lipid nanoparticle (LNP)
formulation and/or lipid nanoparticle (LNP) composition being prepared by the method disclosed
herein.

[0012] In some aspects, the present disclosure provides a lipid nanoparticle (LNP)
formulation and/or lipid nanoparticle (LNP) composition, prepared by a method disclosed herein,

for treating or preventing a disease or disorder.
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[0013] In some aspects, the present disclosure provides an aqueous buffer solution disclosed
herein and an organic solution disclosed herein.

[0014] In some aspects, the present disclosure provides use of an aqueous buffer solution
and/or an organic solution disclosed herein in the manufacture of a medicament (e.g., a lipid
nanoparticle (LNP) formulation and/or lipid nanoparticle (LNP) composition) for treating or
preventing a disease or disorder.

[0015] In some aspects, the present disclosure provides a kit comprising an aqueous buffer
solution disclosed herein and an organic solution disclosed herein.

[0016] Unless otherwise defined, all technical 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. Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present disclosure, suitable methods and materials are
described below. All publications, patent applications, patents, and other references mentioned
herein are incorporated by reference in their entirety. In the case of conflict, the present
specification, including definitions, will control. In addition, the materials, methods, and
examples are illustrative only and are not intended to be limiting.

[0017] Other features and advantages of the disclosure will be apparent from the following

detailed description and claims.

Brief Description of the Drawings
[0018] Figure 1 is a schematic diagram illustrating the difference between aqueous feed
mRNA (AFM) and organic feed mRNA (OFM) lipid nanoparticle formulation processes.
[0019] Figure 2 is a cryo image of organic feed mRNA formed lipid nanoparticles.
[0020] Figure 3 is a graph comparing in vitro expression of aqueous feed mRNA (AFM) and
organic feed mRNA (OFM). The squares represent AFM and the circles represent OFM.
[0021] Figure 4 is a graph comparing in vitro expression of aqueous feed mRNA (AFM)
NanoAssemblr mixing, AFM nanoprecipitation mixing, and organic feed mRNA (OFM)
nanoprecipitation mixing.
[0022] Figure 5 1s a schematic diagram illustrating the experimental T-mixing process set-up.

[0023] Figure 6 is a cryo image of organic feed mRNA formed lipid nanoparticles.
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[0024] Figure 7 is a graph comparing in vitro expression of aqueous feed mRNA (AFM) 96-
well mixing and organic feed mRNA (OFM) 96-well mixing individually and pooled. The
squares represent OFM 96-well Replicate A, the dark triangles represent OFM 96-well Replicate
B, the light triangles represent OFM 96-well Replicate C, the circles represent OFM 96-well
pooled, and the diamonds represent AFM 96-well.

[0025] Figure 8 is a graph comparing average lipid nanoparticle diameter and encapsulation
efficiency of OFM and AFM lipid nanoparticles formed by 96-well mixing and microfluidic
mixing.

[0026] Figure 9 is a graph comparing luciferase expression levels in mice (whole body flux)
6 hours after intravenous administration of PBS (1); 0.5 mg/kg lipid nanoparticle formulations
prepared by a control aqueous feed mRNA method (2); and 0.5 mg/kg lipid nanoparticle
formulations prepared by methods of the disclosure employing organic feed mRNA T-mixing (3)
and 96-well plate high-throughput mixing (4).

[0027] Figure 10 1s a graph comparing luciferase expression levels in mice (whole body flux)
24 hours after intravenous administration of PBS (1); 0.5 mg/kg lipid nanoparticle formulations
prepared by a control aqueous feed mRNA method (2); and 0.5 mg/kg lipid nanoparticle
formulations prepared by methods of the disclosure employing organic feed mRNA T-mixing (3)
and 96-well plate high-throughput mixing (4).

[0028] Figures 11A-11D are whole body in vivo imaging system (IVIS) bioluminescence
images of mice 6 hours after intravenous administration of PBS (Figure 11A); 0.5 mg/kg lipid
nanoparticle formulations prepared by a control aqueous feed mRNA method (Figure 11B); and
0.5 mg/kg lipid nanoparticle formulations prepared by methods of the disclosure employing
organic feed mRNA T-mixing (Figure 11C) and 96-well plate high-throughput mixing (Figure
11D).

[0029] Figures 12A-12D are ex vivo bioluminescence images of mice lung (1), liver (2,
circled), and spleen (3) tissue distribution 6 hours after intravenous administration of PBS
(Figure 12A); 0.5 mg/kg lipid nanoparticle formulations prepared by a control aqueous feed
mRNA method (Figure 12B); and 0.5 mg/kg lipid nanoparticle formulations prepared by
methods of the disclosure employing organic feed mRNA T-mixing (Figure 12C) and 96-well
plate high-throughput mixing (Figure 12D).
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[0030] Figures 13A-13C are graphs comparing luciferase expression levels in ex vivo mice
liver (Figure 13A), lung (Figure 13B), and spleen (Figure 13C) tissue 6 hours after intravenous
administration of PBS (1); 0.5 mg/kg lipid nanoparticle formulations prepared by a control
aqueous feed mRNA method (2); and 0.5 mg/kg lipid nanoparticle formulations prepared by
methods of the disclosure employing organic feed mRNA T-mixing (3) and 96-well plate high-
throughput mixing (4).

[0031] Figures 14A-14D are whole body in vivo imaging system (IVIS) bioluminescence
images of mice 24 hours after intravenous administration of PBS (Figure 14A); 0.5 mg/kg lipid
nanoparticle formulations prepared by a control aqueous feed mRNA method (Figure 14B); and
0.5 mg/kg lipid nanoparticle formulations prepared by methods of the disclosure employing
organic feed mRNA T-mixing (Figure 14C) and 96-well plate high-throughput mixing (Figure
14D).

[0032] Figure 15 1s a graph comparing luciferase expression levels in mice (whole body flux)
6 hours after intramuscular dorsal administration of PBS (1); 0.1 mg/kg lipid nanoparticle
formulations prepared by a control aqueous feed mRNA method (2); and 0.1 mg/kg lipid
nanoparticle formulations prepared by methods of the disclosure employing organic feed mRNA
T-mixing (3) and 96-well plate high-throughput mixing (4).

[0033] Figure 16 1s a graph comparing luciferase expression levels in mice (whole body flux)
24 hours after intramuscular dorsal administration of PBS (1); 0.1 mg/kg lipid nanoparticle
formulations prepared by a control aqueous feed mRNA method (2); and 0.1 mg/kg lipid
nanoparticle formulations prepared by methods of the disclosure employing organic feed mRNA
T-mixing (3) and 96-well plate high-throughput mixing (4).

[0034] Figures 17A-17D are whole body in vivo imaging system (IVIS) bioluminescence
images of mice 6 hours after intramuscular administration of PBS (Figure 17A); 0.1 mg/kg lipid
nanoparticle formulations prepared by a control aqueous feed mRNA method (Figure 17B); and
0.1 mg/kg lipid nanoparticle formulations prepared by methods of the disclosure employing
organic feed mRNA T-mixing (Figure 17C) and 96-well plate high-throughput mixing (Figure
17D).

[0035] Figures 18A-18D are graphs comparing luciferase expression levels in ex vivo mice
injection site (Figure 18A), liver (Figure 18B), lung (Figure 18C), and spleen (Figure 18D) tissue

6 hours after intramuscular administration of PBS (1); 0.1 mg/kg lipid nanoparticle formulations
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prepared by a control aqueous feed mRNA method (2); and 0.1 mg/kg lipid nanoparticle
formulations prepared by methods of the disclosure employing organic feed mRNA T-mixing (3)
and 96-well plate high-throughput mixing (4).

[0036] Figures 19A-19D are ex vivo bioluminescence images of mice lung (1), liver (2),
spleen (3), and injection site (4, circled) tissue distribution 6 hours after intramuscular
administration of PBS (Figure 19A); 0.1 mg/kg lipid nanoparticle formulations prepared by a
control aqueous feed mRNA method (Figure 19B); and 0.1 mg/kg lipid nanoparticle
formulations prepared by methods of the disclosure employing organic feed mRNA T-mixing
(Figure 19C) and 96-well plate high-throughput mixing (Figure 19D).

[0037] Figures 20A-20D are whole body in vivo imaging system (IVIS) bioluminescence
images of mice 24 hours after intramuscular administration of PBS (Figure 20A); 0.1 mg/kg lipid
nanoparticle formulations prepared by a control aqueous feed mRNA method (Figure 20B); and
0.1 mg/kg lipid nanoparticle formulations prepared by methods of the disclosure employing
organic feed mRNA T-mixing (Figure 20C) and 96-well plate high-throughput mixing (Figure
20D).

[0038] Figures 21 A-21D are graphs comparing luciferase expression levels in ex vivo mice
injection site (Figure 21 A), liver (Figure 21B), lung (Figure 21C), and spleen (Figure 21D) tissue
24 hours after intramuscular administration of PBS (1); 0.1 mg/kg lipid nanoparticle
formulations prepared by a control aqueous feed mRNA method (2); and 0.1 mg/kg lipid
nanoparticle formulations prepared by methods of the disclosure employing organic feed mRNA
T-mixing (3) and 96-well plate high-throughput mixing (4).

[0039] Figures 22A-22D are ex vivo bioluminescence images of mice lung (1), liver (2),
spleen (3), and injection site (4, circled) tissue distribution 24 hours after intramuscular
administration of PBS (Figure 22A); 0.1 mg/kg lipid nanoparticle formulations prepared by a
control aqueous feed mRNA method (Figure 22B); and 0.1 mg/kg lipid nanoparticle
formulations prepared by methods of the disclosure employing organic feed mRNA T-mixing
(Figure 22C) and 96-well plate high-throughput mixing (Figure 22D).

[0040] Figure 23 1s a graph comparing cytokine induction levels (IFN-alpha, IP-10, MCP-1)
6 hours after intramuscular administration of PBS; 0.1 mg/kg lipid nanoparticle formulations
prepared by a control aqueous feed mRNA method; and 0.1 mg/kg lipid nanoparticle

formulations prepared by methods of the disclosure employing organic feed mRNA T-mixing
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and 96-well plate high-throughput mixing. The circles represent PBS, the squares represent
aqueous feed mRNA NanoAssemblr (AFM-Na), the up-pointing triangles represent organic feed
mRNA T-mix (OFM-Tmix), and the down-pointing triangles represent OFM 96-well.

[0041] Figure 24 1s a graph comparing in vitro expression of aqueous feed mRNA
NanoAssemblr mixing and organic feed mRNA (OFM) Tmixing and 96-well mixing. The
circles represent Aqueous feed mRNA NanoAssemblr (AFM-Na), the squares represent organic
feed mRNA T-mix (OFM-Tmix), and the triangles represent OFM 96-well.

[0042] Figure 25 1s a graph comparing average particle diameters of lipid nanoparticle
formulations prepared by stir plate benchtop vial mixing employing organic soluble mRNA salts
of triethylamine (TEA), tripropylamine (TPA), and tributylamine (TBA) prepared by the
tangential flow filtration method without lyophilization after initial formation, after dialysis
against PBS buffer, and after concentration using centrifugal filter devices.

[0043] Figure 26 1s a graph comparing the polydispersity index (PDI) of lipid nanoparticle
formulations prepared by stir plate benchtop vial mixing employing organic soluble mRNA salts
of triethylamine (TEA), tripropylamine (TPA), and tributylamine (TBA) prepared by the
tangential flow filtration method without lyophilization after initial formation, after dialysis
against PBS buffer, and after concentration using centrifugal filter devices.

[0044] Figure 27 1s a graph comparing the encapsulation efficiency (%EE) of lipid
nanoparticle formulations prepared by stir plate benchtop vial mixing employing organic soluble
mRNA salts of triethylamine (TEA), tripropylamine (TPA), and tributylamine (TBA) prepared
by the tangential flow filtration method without lyophilization as measured by RiboGreen assay.
[0045] Figure 28 1s a graph comparing the encapsulation efficiency (%EE) of lipid
nanoparticles prepared by mixing an organic feed mRNA stock and lipid mixture with an
aqueous phase of 25 mM acetate buffer (pH ~5) or 20 mM tris buffer/8% sucrose (pH ~7.4) or an
aqueous feed mRNA stock.

[0046] Figure 29 1s a graph comparing expression levels of in vivo bedside lipid nanoparticle
formulations at 6 hours.

[0047] Figure 30 1s a graph comparing expression levels of in vivo bedside lipid nanoparticle
formulations at 24 hours.

[0048] Figure 31 1s a graph comparing in vitro expression of aqueous feed mRNA (AFM)
NanoAssemblr mixing and 96-well mixing AFM and organic feed mRNA (OFM) 96-well
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mixing. The circles represent Aqueous feed mRNA NanoAssemblr (AFM-Na); the squares
represent 96-well, pooled-AFM; and the triangles represent 96-well, pooled OFM.

[0049] Figure 32 1s a graph comparing in vitro expression of aqueous feed mRNA (AFM)
NanoAssemblr mixing and L-syringe mixing AFM and organic feed mRNA (OFM) L-syringe
mixing. The dark circles represent NanoAssemblr aqueous feed mRNA (AFM-Na), the light
circles represent L-syringe mixing AFM (L-syringe-AFM), and the squares represent L-syringe
mixing OFM (L-syringe-OFM).

[0050] Figure 33 is a graph comparing in vitro expression of aqueous feed mRNA (AFM)
NanoAssemblr mixing and K-syringe mixing AFM and organic feed mRNA (OFM) K-syringe
mixing. The circles represent NanoAssemblr aqueous feed mRNA (AFM-Na), the triangles
represent K-syringe mixing AFM (K-syringe-AFM), and the diamonds represent K-syringe
mixing OFM (K-syringe-OFM).

[0051] Figure 34 1s a graph comparing in vitro expression of aqueous feed mRNA (AFM)
NanoAssemblr mixing, 96-well mixing AFM, K-syringe mixing AFM, and L-syringe mixing
AFM. The dark circles represent NanoAssemblr aqueous feed mRNA; the squares represent 96-
well, pooled-AFM; the triangles represent K-syringe mixing AFM (K-syringe-AFM); and the
light circles represent L-syringe mixing AFM (L-syringe-AFM).

[0052] Figure 35 1s a graph showing hEPO expression from CD-1 mice at 6 hours on a log
scale showing the impact of dosing pH on identical formulations with N:P of 5.8, 4, and 3.
[0053] Figure 36 1s a graph showing hEPO expression from CD-1 mice at 6 hours on a linear
scale showing the impact of dosing pH on identical formulations with N:P of 5.8, 4, and 3.
[0054] Figure 37 1s a graph showing hEPO expression from CD-1 mice at 24 hours on a log
scale showing the impact of dosing pH on identical formulations with N:P of 5.8, 4, and 3.
[0055] Figure 38 1s a graph showing hEPO expression from CD-1 mice at 24 hours on a
linear scale showing the impact of dosing pH on identical formulations with N:P of 5.8, 4, and 3.
[0056] Figures 39A—39C are graphs showing cytokine response from CD-1 mice at 6 hours
comparing dosing pH on formulations and N:P ratio.

[0057] Figure 40 shows the structures of higher pKa cations used in example 8 for neutral
pH bedside formulation procedures.

[0058] Figure 41 1s a graph showing hEPO expression at 6 hours post dosing showing

comparability of formulations made using the neutral pH approach to traditional controls. Group
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2 was formulated and dosed at pH 5, while group 3 was sample of group 2 neutralized to pH 7.4
prior to dosing. Groups 4 and 5 were made and dosed at pH 7.4.

[0059] Figure 42 1s a graph showing expression of hEPO at 24 hours post dosing showing
comparability of formulations made using the neutral pH approach to traditional controls. Group
2 was formulated and dosed at pH 5, while group 3 was sample of group 2 neutralized to pH 7.4
prior to dosing. Groups 4 and 5 were made and dosed at pH 7.4.

[0060] Figures 43A—43C are graphs showing cytokine response from CD-1 mice at 6 hours
comparing formulation process and high pKa lipid addition.

[0061] Figure 44 1s a graph shows the structures of additional high pKa cations tested using
the neutral pH formulation process.

[0062] Figure 45 1s a graph showing expression of hEPO 6 hours post dosing showing
comparability of formulations made using alternative high pKa cations in the EA-III series with
the neutral pH bedside nanoprecipitation approach.

[0063] Figure 46 1s a graph showing expression of hEPO 24 hours post dosing showing
comparability of formulations made using alternative high pKa cations in the EA-III series with
the neutral pH bedside nanoprecipitation approach.

[0064] Figures 47A—47B are graphs showing cytokine response from CD-1 mice at 6 hours
comparing the impact of high pKa cations across the EA-III series to EA-1 and a traditional LNP
control.

[0065] Figure 48 1s a graph showing dosing and sample collection schedule.

[0066] Figure 49 1s a graph showing dose 2 large particle (>0.8 um) characterization data for
bedside groups 3 through 6.

[0067] Figure 50 1s a graph showing dose 2 large particle (>2 pm) characterization data for
bedside groups 3 through 6.

[0068] Figure 51 1s a graph showing IgG (Pentamer) titers for groups 1-6 demonstrating
immunological responses across all formulations tested, including those generated with the
acidic or neutral pH bedside nanoprecipitation procedures.

[0069] Figure 52 1s a graph showing IgG (gB) titers for groups 1-6 demonstrating
immunological responses across all formulations tested, including those generated with the
acidic or neutral pH bedside nanoprecipitation procedures.

[0070] Figure 53 1s a graph showing dosing and sample collection schedule.

10
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[0071] Figure 54 1s a graph showing class I responses for CA-A, CA-B, and CA-C
restimulations observed for control and bedside nanoprecipitated formulations using neutral or
acidic conditions.

[0072] Figure 55 1s a graph showing class II responses for CA-D and CA-E restimulations
observed for control and bedside nanoprecipitated formulations using neutral or acidic
conditions.

[0073] Figure 56 is a graph showing whole body luminescence 6 hr post dose.

[0074] Figure 57 1s a graph showing ex-vivo liver luminescence 6 hr post dose.

[0075] Figure 58 is a graph showing ex-vivo spleen luminescence 6 hr post dose.

[0076] Figure 59 is a graph ex-vivo lung luminescence 6 hr post dose.

[0077] Figure 60 shows the structure of high pKa lipid (EA-13) used in example 13.
[0078] Figure 61 1s a graph showing hEPO concentrations 6 hr post dose.

[0079] Figure 62 1s a graph showing hEPO concentrations 24 hr post dose.

[0080] Figure 63 is a graph showing IP-10 levels 6 hr post dose.

[0081] Figure 64 1s a graph showing MCP-1 levels 6 hr post dose.

Detailed Description
[0082] The present disclosure is based, in part, on the discovery that the method of producing
the lipid nanoparticle (LNP) formulation, as disclosed herein, can influence and/or dictate
physical (e.g., LNP stability), chemical (e.g., nucleic acid stability), and/or biological (e.g.
efficacy, intracellular delivery, immunogenicity) properties of the LNP formulation.
[0083] In some embodiments, the method of the present disclosure mitigates an undesired
property change from the produced lipid nanoparticle (LNP) formulation. In some embodiments,
the method of the present disclosure mitigates an undesired property change from the produced
lipid nanoparticle (LNP) formulation as compared to the LNP formulation produced by a
comparable method (e.g., a method without one or more of the steps as disclosed herein ).
[0084] In some embodiments, the undesired property change caused by a stress upon the
LNP formulation or the LNP therein. In some embodiments, the stress is induced during
producing, purifying, packing, storing, transporting, and/or using the LNP formulation. In some
embodiments, the stress is heat, shear, excessive agitation, membrane concentration polarization

(change in charge state), dehydration, freezing stress, drying stress, freeze/thaw stress, and/or

11



CA 03113651 2021-03-19

WO 2020/061457 PCT/US2019/052160

nebulization stress. In some embodiments, the stress is induced during freezing or lyophilizing a
LNP formulation.

[0085] In some embodiments, the undesired property change is a reduction of the physical
stability of the LNP formulation. In some embodiments, the undesired property change is an
increase of the amount of impurities and/or sub-visible particles, or an increase in the average
size of the LNP in the LNP formulation.

[0086] In some embodiments, the method of the present disclosure mitigates a reduction of
the physical stability (e.g., an increase in the average size of the LNP) from the produced LNP
formulation as compared to the LNP formulation produced by a comparable method as disclosed
herein.

[0087] In some embodiments, the LNP formulation produced by the method of the present
disclosure has an average LNP diameter being about 99% or less, about 98% or less, about 97%
or less, about 96% or less, about 95% or less, about 90% or less, about 85% or less, about 80%
or less, about 75% or less, about 70% or less, about 65% or less, about 60% or less, about 55%
or less, about 50% or less, about 40% or less, about 30% or less, about 20% or less, or about
10% or less as compared to the average LNP diameter of the LNP formulation produced by a
comparable method as disclosed herein.

[0088] In some embodiments, the undesired property change is a reduction of the chemical
stability of the LNP formulation. In some embodiments, the undesired property change is a
reduction of the integrity of the nucleic acid (e.g., RNA (e.g., mRNA)) in the LNP formulation.
[0089] In some embodiments, the undesired property change is a reduction of the biological
property of the LNP formulation. In some embodiments, the undesired property change is a
reduction of efficacy, intracellular delivery, and/or immunogenicity of the LNP formulation.
[0090] In some embodiments, the LNP formulation produced by the method of the present
disclosure has an efficacy, intracellular delivery, and/or immunogenicity being higher than the
efficacy, intracellular delivery, and/or immunogenicity of the LNP formulation produced by a
comparable method as disclosed herein.

[0091] In some embodiments, the LNP formulation produced by the method of the present
disclosure has an efficacy, intracellular delivery, and/or immunogenicity being higher than the
efficacy, intracellular delivery, and/or immunogenicity of the LNP formulation produced by a

comparable method by about 5% or higher, about 10% or more, about 15% or more, about 20%
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or more, about 30% or more, about 40% or more, about 50% or more, about 60% or more, about
70% or more, about 80% or more, about 90% or more, about 1 folds or more, about 2 folds or
more, about 3 folds or more, about 4 folds or more, about 5 folds or more, about 10 folds or
more, about 20 folds or more, about 30 folds or more, about 40 folds or more, about 50 folds or
more, about 100 folds or more, about 200 folds or more, about 300 folds or more, about 400
folds or more, about 500 folds or more, about 1000 folds or more, about 2000 folds or more,
about 3000 folds or more, about 4000 folds or more, about 5000 folds or more, or about 10000
folds or more.

[0092] In some embodiments, the LNP formulation produced by the method of the present
disclosure exhibits a nucleic acid expression (e.g., the mRNA expression) higher than the nucleic
acid expression (e.g., the mRNA expression) of the LNP formulation produced by a comparable
method.

[0093] In some embodiments, the LNP formulation produced by the method of the present
disclosure exhibits a nucleic acid expression (e.g., the mRNA expression) higher than the nucleic
acid expression (e.g., the mRNA expression) of the LNP formulation produced by a comparable
method by about 5% or higher, about 10% or more, about 15% or more, about 20% or more,
about 30% or more, about 40% or more, about 50% or more, about 60% or more, about 70% or
more, about 80% or more, about 90% or more, about 1 folds or more, about 2 folds or more,
about 3 folds or more, about 4 folds or more, about 5 folds or more, about 10 folds or more,
about 20 folds or more, about 30 folds or more, about 40 folds or more, about 50 folds or more,
about 100 folds or more, about 200 folds or more, about 300 folds or more, about 400 folds or
more, about 500 folds or more, about 1000 folds or more, about 2000 folds or more, about 3000
folds or more, about 4000 folds or more, about 5000 folds or more, or about 10000 folds or

more.

Methods of Producing and Methods of Administering Lipid Nanoparticle (LNP)
Formulations

[0094] The present invention overcomes some of the limitations brought on by complex
mixing used in traditional lipid nanoparticle (LNP) formation processes by pre-combining the
oligonucleotide and lipid components in the organic phase prior to the introduction of the

aqueous phase in the LNP formation process. This is achieved using mRNA whose solubility
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has been altered through ion pairing to make it soluble in organic solutions compatible with
traditional LNP formation processes. Creating mRNA salts where the cation associated with the
phosphate backbone is a hydrophobic organic molecule, converts the solubility profile of the
mRNA from being highly water soluble, to something now soluble in organic solvents and
solvent mixtures with high ethanol content. In contrast to traditional procedures, this enables the
dissolution of oligonucleotide payloads directly with the hydrophobic lipid and cationic lipid
components of the LNP in the organic phase prior to mixing with the aqueous phase during LNP
formation.

[0095] Typical lipid nanoparticle (LNP) formation procedures involve the controlled mixing
of hydrophobic lipid components dissolved in an organic solvent such as ethanol with an
aqueous buffer solution containing the oligonucleotide to be loaded into the resulting particle.
Due to the complexity of mixing, and the various ionic interactions necessary to successfully
entrap the oligonucleotide in the particle core, there are a large number of variables at play
throughout the particle forming process which can impact the quality, stability, and function of
the resultant particle.

[0096] This invention simplifies the LNP formation process by combining the mRNA or
other oligonucleotide with the lipid components in the organic solvent phase prior to mixing with
the aqueous phase. Organic solvent soluble mRNA (OSSM) ensures that the condensing cationic
lipids have free access to the mRNA throughout the entire mixing process, and prevents the need
for mRNA to partition into the hydrophobic environment or be coated with hydrophobic
components during mixing to allow incorporation into the LNP core. This is expected to reduce
the complexities associated with the controlled mixing process, generate a more dehydrated LNP
core, and provide for more compositional flexibility around LNP surface parameters, as the
mRNA is starting from the organic phase, a more dehydrated state. This additional dehydration
should have beneficial effects for particle stability and mRNA chemical stability within the
formulation, while the reduced burden on mixing and transition of the payload out of the bulk
aqueous phase should simplify the formulation process.

[0097] In addition to the simplification of mixing, it is expected that the oligonucleotide
residence in the organic phase with the hydrophobic components which make up the core of the
LNP prior to introduction of the aqueous phase, would enable more flexibility in LNP surface by

removing the need for the oligo payload to transfer from the aqueous phase to the LNP core.
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Molecules such as PEGylated lipids at high density can create steric barriers for mRNA
exchange under traditional formation techniques when the oligonucleotide is fed from the
aqueous phase. OSSM ensures the mRNA is already in close proximity to the hydrophobic
components of the LNP before the aqueous phase introduction, enabling an increased flexibility
in LNP composition, especially for LNP surface modifying components.

[0098] The invention involves the process of enabling the formation of LNPs using mRNA
dissolved in the organic solvent phase. The first step involves the conversion of the water-
soluble sodium salt form of mRNA to the organic solvent soluble mRNA (OSSM) form. The
next step 1s the dissolution of the OSSM in organic solvent or solvent mixtures to enable LNP
formation with the organic solution fed mRNA.

[0099] Water soluble forms of mRNA, like sodium salts, are dissolved in water. This
solution is combined with a buffer solution where the basic portion of the buffer is comprised of
an organic compound with increased organic solubility. This solution is then treated with a
buffer exchange process to eliminate residual inorganic cations from the solution, and leave only
the desired hydrophobic cation present to interact with the phosphate backbone of the mRNA.
[00100] This process can be accomplished in a number of ways. In some embodiments, the
mRNA solution is processed using tangential flow filtration by exchanging the mRNA solution
with buffer to drive the cation exchange to the hydrophobic cation. After the buffer exchange
step, the mRNA solution may be further exchanged with of ddH20 to remove excess buffer,
leaving the mRNA in solution in the hydrophobic cation salt form. This solution may then be
concentrated by tangential flow filtration (TFF), and dried through evaporation or lyophilization
to afford the material for dissolution in the organic phase needed for the LNP process.

[00101] Insome embodiments, dialysis is used to convert the water-soluble mRNA to the
hydrophobic salt form. In this embodiment, the starting mRNA solution is dissolved in buffer
whose basic component is the hydrophobic organic cation. The mRNA is then dialyzed against
addition buffer to drive the cation exchange process with additional buffer replacements. The
mRNA containing solution may then bed dialyzed against ddH20 to remove the excess buffer
while leaving the desired salt form of mRNA. After the dialysis in water, the mRNA solution
may be dried through evaporation or lyophilization to afford the material for dissolution in the

organic phase needed for the LNP process.
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[00102] Insome embodiments, a hydrophobic ion pairing reverse phase method is used to
create the desired hydrophobic salt form of mRNA. In this procedure, the mRNA may be bound
to a reverse phase support using a hydrophobic ion pairing approach. The mRNA may then be
eluted off the reverse phase column with a combination of organic solvent and aqueous buffer
whose cationic portion is a hydrophobic organic molecule. The resulting fractions containing the
mRNA may be further dried to afford the mRNA in a desired hydrophobic cation form. The
method is particularly useful in that the process of creating the hydrophobic salt of the mRNA
that can be incorporated into reverse phase purification techniques commonly used in the
production and purification of an mRNA and other oligonucleotide constructs.

[00103] In another embodiment, an ion exchange resin can be used to convert the mRNA
from the water-soluble cation salt form to a hydrophobic salt form. For this procedure, the ion
exchange resin 1s loaded with the desired hydrophobic cation, and treated with the mRNA
solution to afford desired hydrophobic salt form of the mRNA. The mRNA solution is dried
through evaporation or lyophilization to afford the material for dissolution in the organic phase
needed for the LNP process.

[00104] In another embodiment, the hydrophobic cation can be added to the mRNA using a
size exclusion column preequilibrated with a buffer containing the hydrophobic cation. The
mRNA solution is dried through evaporation or lyophilization to afford the material for
dissolution in the organic phase needed for the LNP process.

[00105] Insome embodiments, appropriate molecular weight centrifugation devices can be
used to exchange the cation on mRNA to a more hydrophobic and organic soluble one. The
mRNA solution containing the water-soluble cation salt of mRNA is diluted with a buffer
containing the desired hydrophobic cation as the basic component of the buffer. Repeated
concentration and dilution with the exchange buffer steps, followed by optional exchanges with
ddH>O results in the desired hydrophobic salt form of the mRNA. The mRNA solution is dried
through evaporation or lyophilization to afford the material for dissolution in the organic phase
needed for the LNP process.

[00106] Once the hydrophobic salt form of the mRNA is dried, the material can be dissolved
in organic solutions to enable LNP formulation.

[00107] Insome embodiments, the organic solvent soluble mRNA (OSSM) is directly

dissolved in the desired organic solvent such as mRNA.
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[00108] Insome embodiments, the OSSM is first dissolved in a small amount of organic
solvent such as benzyl alcohol to facilitate wetting and dissolution of the hydrophobic mRNA
salt, followed by dilution with the desired solvent for use in the bulk phase such as ethanol to
result in a mixed organic solvent system.

[00109] This solution can be combined with cationic lipids, helper lipids, PEGylated lipids to
generate an organic solution of mRNA and lipids suitable for LNP production.

[00110] The organic solution of mRNA and lipids can be precipitated into aqueous buffers
such as acetate buffer pH 5 to ensure protonation of the desired cationic lipid components and
promote the cation exchange with mRNA and displace the hydrophobic cation used to create the
initial organic soluble mRNA material.

[00111] The organic solution of mRNA and lipids can be mixed using a microfluidics or T
mixing approach with aqueous buffers such as acetate buffer pH 5 to ensure protonation of the
desired cationic lipid components and promote the cation exchange with mRNA and displace the
hydrophobic cation used to create the initial organic soluble mRNA material.

[00112] The present disclosure is based, in part, on the discovery that the method of producing
the lipid nanoparticle can influence distribution of certain components within the lipid
nanoparticles, and that this distribution can influence and/or dictate physical (e.g., stability)
and/or biological (e.g. efficacy, intracellular delivery, immunogenicity) properties of the lipid
nanoparticles.

[00113] In this disclosure, methods are described that yield compositions comprising lipid
nanoparticles having an advantageous distribution of components.

[00114] Advantageously, organic soluble mRNA and/or aqueous-soluble mRNA could enable
bedside formulation of mMRNA LNPs. The mRNA stored in an unformulated state should offer
significant storage and stability advantages, while cation pKa and formulation parameters can be

used to reduce or eliminate the need for buffering or pH adjustment during formulation.

Providing LNP Solutions

[00115] Insome aspects, the present disclosure provides a method of producing a lipid
nanoparticle (LNP) formulation, comprising: (i) providing a LNP solution comprising a lipid
nanoparticle (LNP), wherein the LNP comprises a nucleic acid and an ionizable lipid; and (i1)

processing the LNP solution, thereby forming the LNP formulation.
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[00116] In some aspects, the present disclosure provides a method of producing a lipid
nanoparticle (LNP) composition, the method comprising: (1) mixing an aqueous buffer solution
and an organic solution, thereby forming a lipid nanoparticle (LNP) formulation comprising a
lipid nanoparticle (LNP) encapsulating a nucleic acid; and (1i1) processing the lipid nanoparticle
(LNP) formulation, thereby forming the lipid nanoparticle composition; wherein the organic
solution comprises an organic solvent-soluble nucleic acid and an ionizable lipid in an organic
solvent; and wherein the organic solvent-soluble nucleic acid comprises a hydrophobic organic
cation.

[00117]  Suitable nucleic acids for the method of the present disclosure are further disclosed
herein. In some embodiments, the nucleic acid is an RNA (e.g., mRNA).

[00118]  Suitable ionizable lipids for the methods of the present disclosure are further
disclosed herein.

[00119] Insome embodiments, the LNP further comprises a phospholipid, a PEG lipid, a
structural lipid, or any combination thereof. Suitable phospholipids, PEG lipids, and structural
lipids for the methods of the present disclosure are further disclosed herein.

[00120] In some embodiments, the step of providing the LNP solution comprises mixing an
aqueous buffer solution and an organic solution wherein the organic solution comprises an
organic solvent-soluble nucleic acid and an ionizable lipid in an organic solvent; and wherein the
organic solvent-soluble nucleic acid comprises a hydrophobic organic cation.

[00121] Insome embodiments, the step of providing the LNP solution comprises:

1a) converting a water-soluble salt of a nucleic acid to an organic solvent-soluble nucleic acid
prior to the mixing, thereby forming the organic solvent-solvent soluble nucleic acid.

[00122] Insome embodiments, the step of providing the LNP solution comprises:

1aa) lyophilizing the organic solvent-soluble nucleic acid after the converting.

[00123] Insome embodiments, the converting comprises a dialysis.

[00124] In some embodiments, the converting comprises a tangential flow filtration (TFF).
[00125] Insome embodiments, the converting comprises employing a hydrophobic ion
pairing reverse phase column.

[00126] Insome embodiments, the converting comprises employing an ion exchange resin.

[00127] Insome embodiments, the converting comprises employing a size exclusion column.
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[00128] In some embodiments, the organic solvent-soluble nucleic acid is a tertiary amine
salt.

[00129] Insome embodiments, the organic solvent-soluble nucleic acid is a tributylamine
(TBA) salt.

[00130] Insome embodiments, the organic solvent-soluble nucleic acid is a tripropylamine
(TPA) salt.

[00131] Insome embodiments, the organic solvent-soluble nucleic acid is a trimethylamine
(TEA) salt.

[00132] Insome embodiments, wherein the water-soluble salt of a nucleic acid a sodium salt.
[00133] Insome embodiments, the water-soluble salt of a nucleic acid is a
tris(hydroxymethyl)aminomethane (Tris) salt.

[00134] Insome embodiments, the organic solvent is an alcohol.

[00135] In some embodiments, the organic solvent is ethanol.

[00136] In some embodiments, the organic solvent comprises a first organic solvent and a
second organic solvent.

[00137] Insome embodiments, the first organic solvent is an alcohol and the second organic
solvent is an alcohol.

[00138] Insome embodiments, the first organic solvent is ethanol and the second organic
solvent is benzyl alcohol.

[00139] Insome embodiments, wherein a wt/wt ratio of the first organic solvent to the second
organic solvent is in a range of from about 100:1 to about 1:1.

[00140] Insome embodiments, a wt/wt ratio of the first organic solvent to the second organic
solvent is in a range of from about 50:1 to about 1:1.

[00141] Insome embodiments, a wt/wt ratio of the first organic solvent to the second organic
solvent is in a range of from about 20:1 to about 1:1.

[00142] Insome embodiments, a wt/wt ratio of the first organic solvent to the second organic
solvent is in a range of from about 10:1 to about 1:1.

[00143] Insome embodiments, the aqueous buffer solution has a pH in a range of from about
4 to about 6.

[00144] In some embodiments, the aqueous buffer solution has a pH in a range of from about

4.5 to about 5.5.
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[00145] In some embodiments, the aqueous buffer solution has a pH in a range of from about
4.8 to about 5.2.

[00146] In some embodiments, the aqueous buffer solution has a pH in a range of from about
4 to about 6, about 4.5 to about 5.5, or about 4.8 to about 5.2.

[00147] Insome embodiments, the organic solution has a pH in a range of from about 7.0 to
about 9.0, about 7.0 to about 8.1, or about 7.1 to about 7.8, or about 7.2 to about 7.7, or about 7.3
to about 7.6, or about 7.4 to about 7.5

[00148] In some embodiments, the aqueous buffer solution is an acetate buffer.

[00149] In some embodiments, the mixing comprises turbulent mixing,

[00150] In some embodiments, the mixing comprises laminar mixing.

[00151] In some embodiments, the mixing comprises microfluidic mixing.

[00152] In some embodiments, the mixing is performed by a NanoAssembr™.

[00153] Insome embodiments, the mixing is not turbulent and has a Reynolds number of less
than 5.0 x 10*,

[00154] In some embodiments, the mixing is not turbulent and has a Reynolds number of less
than 1.0 x 10*,

[00155] In some embodiments, the mixing is not turbulent and has a Reynolds number of less
than 5.0 x 10°.

[00156] In some embodiments, the mixing is not turbulent and has a Reynolds number of less
than 2.5 x 10°.

[00157] Insome embodiments, the mixing has a Reynolds number of less than 5.0 x 10%, less
than 1.0 x 10*, less than 5.0 x 10°, or less than 2.5 x 10°.

[00158] In some embodiments, the mixing has a Reynolds number of less than about 1000,

less than about 500, or less than about 250.

Processing LNP Solutions

[00159] The term “processing”, as used herein, includes one or more steps to purify, pH
adjust, buffer exchange, and/or concentrate LNPs.

[00160] Insome embodiments, the step of processing the LNP solution comprises:

u1a) filtering the LNP solution.
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[00161] Insome embodiments, the filtration removes an organic solvent (e.g., an alcohol or
ethanol) from the LNP solution. In some embodiments, the processing comprises a tangential
flow filtration (TFF). In some embodiments, upon removal of the organic solvent (e.g. an
alcohol or ethanol), the LNP solution is converted to a solution buffered at a neutral pH, pH 6.5
to 7.8, pH 6.8 to pH 7.5, preferably, pH 7.0 to pH 7.2 (e.g., a phosphate or HEPES buffer). In
some embodiments, the resulting LNP solution is preferably sterilized before storage or use, e.g.,
by filtration (e.g., through a 0.1-0.5 um filter).
[00162] Insome embodiments, the step of processing the LNP solution further comprises
packing the LNP solution.
[00163] As used herein, “packing” may refer to storing a drug product in its final state or in-
process storage of LNPs before they are placed into final packaging. Modes of storage and/or
packing include, but are not limited to, refrigeration in sterile bags, refrigerated or frozen
formulations in vials, lyophilized formulations in vials and syringes, etc.
[00164] Insome embodiments, the step of packing the LNP solution comprises one or more of
the following steps:

11b) adding a cryoprotectant to the LNP solution;

iic) lyophilizing the LNP solution, thereby forming a lyophilized LNP composition;

11id) storing the LNP solution of the lyophilized LNP composition; and

iie) adding a buffering solution to the LNP solution or the lyophilized LNP composition,

thereby forming the LNP formulation.
[00165] Insome embodiments, the cryoprotectant is added to the LNP solution prior to the
lyophilization. In some embodiments, the cryoprotectant comprises one or more cryoprotective
agents, and each of the one or more cryoprotective agents is independently a polyol (e.g., a diol
or a triol such as propylene glycol (i.e., 1,2-propanediol), 1,3-propanediol, glycerol, (+/-)-2-
methyl-2 4-pentanediol, 1,6-hexanediol, 1,2-butanediol, 2,3-butanediol, ethylene glycol, or
diethylene glycol), a nondetergent sulfobetaine (e.g., NDSB-201 (3-(1-pyridino)-1-propane
sulfonate), an osmolyte (e.g., L-proline or trimethylamine N-oxide dihydrate), a polymer (e.g.,
polyethylene glycol 200 (PEG 200), PEG 400, PEG 600, PEG 1000, PEG 3350, PEG 4000, PEG
8000, PEG 10000, PEG 20000, polyethylene glycol monomethyl ether 550 (mPEG 550), mPEG
600, mPEG 2000, mPEG 3350, mPEG 4000, mPEG 5000, polyvinylpyrrolidone (e.g.,
polyvinylpyrrolidone K 15), pentaerythritol propoxylate, or polypropylene glycol P 400), an
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organic solvent (e.g., dimethyl sulfoxide (DMSO) or ethanol), a sugar (e.g., D-(+)-sucrose, D-
sorbitol, trehalose, D-(+)-maltose monohydrate, meso-erythritol, xylitol, myo-inositol, D-(+)-
raffinose pentahydrate, D-(+)-trehalose dihydrate, or D-(+)-glucose monohydrate), or a salt (e.g.,
lithium acetate, lithium chloride, lithium formate, lithium nitrate, lithium sulfate, magnesium
acetate, sodium chloride, sodium formate, sodium malonate, sodium nitrate, sodium sulfate, or
any hydrate thereof), or any combination thereof. In some embodiments, the cryoprotectant
comprises Sucrose.

[00166] Insome embodiments, the lyophilization is carried out in a suitable glass receptacle
(e.g., a 10 mL cylindrical glass vial). The glass receptacle preferably withstand extreme changes
in temperatures between lower than —40 °C and higher than room temperature in short periods of
time, and/or be cut in a uniform shape. In some embodiments, the step of lyophilizing comprises
freezing the LNP solution at a temperature higher than about —40 °C and, preferably, lower than
about —30 °C, thereby forming a frozen LNP solution; and drying the frozen LNP solution to
form the lyophilized LNP composition. The freezing step preferably results in a linear decrease
in temperature to the final over about 6 minutes, preferably at about 1 °C per minute from 20 °C
to —40 °C. In some embodiments, sucrose at 12-15% may be used, and the drying step is
performed at a vacuum ranging from about 50 mTorr to about 150 mTorr, preferably, first ata
low temperature ranging from about —35 °C to about —15 °C, and then at a higher temperature
ranging from room temperature to about 25 °C, and preferably, the drying step is completed in
three to seven days. In some embodiments, the drying step is performed at a vacuum ranging
from about 50 mTorr to about 100 mTorr, preferably, first at a low temperature ranging from
about —15 °C to about 0 °C, and then at a higher temperature.

[00167] Insome embodiment, the LNP solution or the lyophilized LNP composition is stored
at a temperature of about -40 °C, about -35 °C, about -30 °C, about -25 °C, about -20 °C, about -
15 °C, about -10 °C, about -5 °C, about 0 °C, about 5 °C, about 10 °C, about 15 °C, about 20 °C,
or about 25 °C prior to adding the buffering solution.

[00168] Insome embodiments, the LNP solution or the lyophilized LNP composition is stored
at a temperature of ranging from about -40 °C to about 0 °C, from about -35 °C to about -5 °C,
from about -30 °C to about -10 °C, from about -25 °C to about -15 °C, from about -22 °C to

about -18 °C, or from about -21 °C to about -19 °C prior to adding the buffering solution.
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[00169] Insome embodiments, the LNP solution or the lyophilized LNP composition is stored

at a temperature of about -20 °C prior to adding the buffering solution.

Administering LNP formulations

[00170] In one aspect, the present disclosure relates to a method of administering a lipid
nanoparticle (LNP) formulation to a patient, the method comprising: (1) providing an aqueous
solution having a first pH in a range of from about 7.0 to about 9.0 comprising a therapeutic
and/or prophylactic agent in an aqueous buffer and an organic solution comprising an ionizable
lipid and an encapsulation agent in an organic solvent; (i1) forming a lipid nanoparticle
formulation comprising a lipid nanoparticle encapsulating the therapeutic and/or prophylactic
agent by mixing the aqueous solution and the organic solution such that the lipid nanoparticle
formulation has a second pH in a range of from about 7.0 to about 9.0 and comprises at least 1%
by volume of the organic solvent relative to the total volume of the lipid nanoparticle
formulation; and (i11) administering the lipid nanoparticle formulation to the patient less than
about 72 hours after the mixing,

[00171] In one aspect, the present disclosure relates to a method of administering a lipid
nanoparticle (LNP) formulation to a patient, the method comprising: (1) providing an aqueous
solution having a first pH in a range of from about 4.5 to about less than 7.0 comprising a
therapeutic and/or prophylactic agent in an aqueous buffer and an organic solution comprising an
ionizable lipid in an organic solvent; (i1) forming a lipid nanoparticle formulation comprising a
lipid nanoparticle encapsulating the therapeutic and/or prophylactic agent by mixing the aqueous
solution and the organic solution such that the lipid nanoparticle formulation has a second pH in
a range of from about 4.5 to about less than 7.0 and comprises at least 1% by volume of the
organic solvent relative to the total volume of the lipid nanoparticle formulation; and (ii1)
administering the lipid nanoparticle formulation to the patient less than about 72 hours after the
mixing.

[00172] In one aspect, the present disclosure relates to A method of administering a lipid
nanoparticle (LNP) formulation to a patient, the method comprising: (1) providing an aqueous
buffer solution having a first pH in a range of from about 7.0 to about 9.0 and an organic solution
comprising an ionizable lipid, an encapsulation agent, and a therapeutic and/or prophylactic

agent in an organic solvent; (i1) forming a lipid nanoparticle formulation comprising a lipid
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nanoparticle encapsulating the therapeutic and/or prophylactic agent by mixing the aqueous
buffer solution and the organic solution such that the lipid nanoparticle formulation has a second
pH in a range of from about 7.0 to about 9.0 and comprises at least about 1% by volume of the
organic solvent relative to the total volume of the lipid nanoparticle formulation; and (ii1)
administering the lipid nanoparticle formulation to the patient less than about 72 hours after the
mixing.

[00173] In one aspect, the present disclosure relates to a method of administering a lipid
nanoparticle (LNP) formulation to a patient, the method comprising: (1) providing an aqueous
buffer solution having a first pH in a range of from about 4.5 to about less than 7.0 and an
organic solution comprising an ionizable lipid and a therapeutic and/or prophylactic agent in an
organic solvent; (i1) forming a lipid nanoparticle formulation comprising a lipid nanoparticle
encapsulating the therapeutic and/or prophylactic agent by mixing the aqueous buffer solution
and the organic solution such that the lipid nanoparticle formulation has a second pH in a range
of from about 4.5 to about less than 7.0 and comprises at least 1% by volume of the organic
solvent relative to the total volume of the lipid nanoparticle formulation; and (ii1) administering
the lipid nanoparticle formulation to the patient less than about 72 hours after the mixing.
[00174] In some embodiments, the first pH and the second pH are in a range of from about 7.0
to about 8.1, or about 7.1 to about 7.8, or about 7.2 to about 7.7, or about 7.3 to about 7.6, or
about 7.4 to about 7.5.

[00175] Insome embodiments, the first pH and the second pH are in a range of from about 4.5
to about 6.5, or about 4.6 to about 6.0, or about 4.8 to about 5.5.

[00176] In some embodiments, the administering is performed less than about 72 hours after
the mixing, preferably less than about 60 hours after the mixing, preferably less than about 48
hours after the mixing, preferably less than about 36 hours after the mixing, preferably less than
about 24 hours after the mixing, preferably less than about 20 hours after the mixing, preferably
less than about 16 hours after the mixing, preferably less than about 12 hours after the mixing,
preferably less than about 8 hours after the mixing.

[00177] Insome embodiments, the administering is performed less than about 120 minutes
after the mixing, preferably less than about 100 minutes after the mixing, preferably less than
about 90 minutes after the mixing, preferably less than about 80 minutes after the mixing,

preferably less than about 70 minutes after the mixing, preferably less than about 60 minutes
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after the mixing, preferably less than about 50 minutes after the mixing, preferably less than
about 40 minutes after the mixing, preferably less than about 30 minutes after the mixing,
preferably less than about 20 minutes after the mixing, preferably less than about 15 minutes
after the mixing, preferably less than about 10 minutes after the mixing.

[00178] Insome embodiments, the lipid nanoparticle formulation is not processed between the
mixing and the administering.

[00179] Insome embodiments, the method of the present disclosure does not comprise a pH
adjustment between the mixing and the administering.

[00180] In some embodiments, the lipid nanoparticle formulation is not filtered between the
mixing and the administering.

[00181] In some embodiments, the method further comprises receiving at a first inlet of a
mixing and administration device the organic solution.

[00182] In some embodiments, the method further comprises receiving at a second inlet of a
mixing and administration device the aqueous buffer solution.

[00183] In some embodiments, the mixing is performed at a mixer site of a mixing and
administration device.

[00184] In some embodiments, the lipid nanoparticle formulation is administered via an outlet
of a mixing and administration device.

[00185] In some embodiments, the providing, the forming, the mixing and the administering
are all performed employing a single mixing and administration device, preferably a fluidly
connected mixing and administration device.

[00186] In some embodiments, the mixing and administration device comprises a double-
barrel syringe.

[00187] In some embodiments, the mixing and administration device comprises a least one
selected from the group consisting of a K-syringe and a L-syringe.

[00188] In some embodiments, the mixing and administration device comprises a static mixer
at the mixer site.

[00189] In some embodiments, the static mixer is a helical static mixer.

[00190] In some embodiments, the pH of the aqueous buffer solution and the pH of the lipid

nanoparticle formulation are about the same.
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[00191] Insome embodiments, the lipid nanoparticle formulation comprises about 1% by
volume to about 50% by volume of the organic solvent relative to the total volume of the lipid
nanoparticle formulation, preferably about 2% by volume to about 45% by volume, preferably
about 3% by volume to about 40% by volume, preferably about 4% by volume to about 35% by
volume, preferably about 5% by volume to about 33% by volume of the organic solvent relative
to the total volume of the lipid nanoparticle formulation.

[00192] Insome embodiments, the organic solvent is an alcohol.

[00193] In some embodiments, the organic solvent is ethanol.

[00194] Insome embodiments, the organic solvent comprise a first organic solvent and a
second organic solvent.

[00195] In some embodiments, the first organic solvent is an alcohol and the second organic
solvent is an alcohol.

[00196] In some embodiments, the first organic solvent is ethanol and the second organic
solvent is benzyl alcohol.

[00197] Insome embodiments, a wt/wt ratio of the first organic solvent to the second organic
solvent is in a range of from about 100:1 to about 1:1, or about 50:1 to about 1:1, or about 20:1
to about 1:1, or about 10:1 to about 1:1.

[00198] In some embodiments, the organic solution further comprises a wetting agent. As
used herein, a wetting agent may refer to an agent that increases, decreases or improves the
ability of a liquid to maintain contact with a surface, such as a solid surface and/or liquid surface.
[00199] Insome embodiments, the wetting agent is an organic solvent.

[00200] In some embodiments, the wetting agent is dimethyl sulfoxide (DMSO).

[00201] Insome embodiments, a wt/wt ratio of the wetting agent to the organic solvent is in a
range of from about 1000:1 to about 1:1, or about 500:1 to about 5:1, or about 100:1 to about
10:1.

[00202] Insome embodiments, the aqueous buffer solution is at least one selected from the
group consisting of an acetate buffer, citrate buffer, phosphate buffer, and a tris buffer. In some
embodiments, the aqueous buffer solution may be any buffer suitable for maintaining a
physiological pH. In some embodiments, the aqueous buffer solution may be any buffer suitable
for maintaining a pH suitable for administering to a patient, preferably a mammalian patient,

preferably a human patient.
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[00203] Insome embodiments, the aqueous buffer solution further comprises a tonicity agent.
As used herein, a tonicity agent may refer to an agent that increases, decreases, or improves the
effective osmotic pressure gradient, as defined by the water potential of two solutions, or a
relative concentration of solutes dissolve in solution impacting the direction and extent of
diffusion.

[00204] Insome embodiments, the tonicity agent is a sugar.

[00205] In some embodiments, the sugar is sucrose.

LNP Formulations

[00206] In some aspects, the LNP formulation of the present disclosure is prepared by a
method disclosed herein.

[00207] In some aspects, the LNP formulation of the present disclosure comprises a plurality
of LNPs, wherein the LNPs comprise a nucleic acid and an ionizable lipid.

[00208] Suitable nucleic acids for the methods of the present disclosure are further disclosed
herein. In some embodiments, the nucleic acid is RNA (e.g., mRNA).

[00209]  Suitable ionizable lipids for the methods of the present disclosure are further
disclosed herein.

[00210] Insome embodiments, the LNP further comprises a phospholipid, a PEG lipid, a
structural lipid, or any combination thereof. Suitable phospholipids, PEG lipids, and structural
lipids for the methods of the present disclosure are further disclosed herein.

[00211] In some embodiments, the LNP formulation of the disclosure includes at least one
lipid nanoparticle component. Lipid nanoparticles may include a lipid component and one or
more additional components, such as a therapeutic and/or prophylactic, such as a nucleic acid. A
LNP may be designed for one or more specific applications or targets. The elements of a LNP
may be selected based on a particular application or target, and/or based on the efficacy, toxicity,
expense, ease of use, availability, or other feature of one or more elements. Similarly, the
particular formulation of a LNP may be selected for a particular application or target according
to, for example, the efficacy and toxicity of particular combination of elements. The efficacy
and tolerability of a LNP formulation may be affected by the stability of the formulation.
[00212] The lipid component of a LNP may include, for example, a lipid according to
Formula (IL-I), (IL-IA), (IL-IB), (IL-IT), (IL-Ia), (IL-IIb), (IL-IIc), (IL-IId), (IL-IIe), (IL-IIf),
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(IL-IIg), (IL-IIT), (IL-IIal), (IL-Ila2), (IL-ITa3), (IL-Ila4), (IL-IlTa5), (IL-IIa6), (IL-I1la7), or
(IL-IMTa8), a phospholipid (such as an unsaturated lipid, e.g., DOPE or DSPC), a PEG lipid, and a
structural lipid. The lipid component of a LNP may include, for example, a lipid according to
Formula (IL-I), (IL-IA), (IL-IB), (IL-IT), (IL-Ia), (IL-IIb), (IL-IIc), (IL-IId), (IL-IIe), (IL-IIf),
(IL-IIg), (IL-IIT), (IL-IIa1), (IL-Ila2), (IL-Ila3), (IL-Ila4), (IL-IlTa5), (IL-IIa6), (IL-Illa7), or
(IL-IMTa8), a phospholipid (such as an unsaturated lipid, e.g., DOPE or DSPC), and a structural
lipid. The elements of the lipid component may be provided in specific fractions.

[00213] Insome embodiments, the lipid component of a LNP includes a lipid according to
Formula (IL-I), (IL-1A), (IL-IB), (IL-IT), (IL-Ia), (IL-IIb), (IL-Ic), (IL-1Id), (IL-IIe), (IL-IIf), (IL-
Ig), (IL-IT), (IL-1lal), (IL-ITa2), (IL-11a3), (IL-Ila4), (IL-Ia5), (IL-I1a6), (IL-I11a7), or (IL-
[M1a8), a phospholipid, a PEG lipid, and a structural lipid. In some embodiments, the lipid
component of the lipid nanoparticle includes about 30 mol % to about 60 mol % compound of
Formula (IL-I), (IL-IA), (IL-IB), (IL-IT), (IL-Ia), (IL-IIb), (IL-IIc), (IL-IId), (IL-IIe), (IL-IIf),
(IL-IIg), (IL-IIT), (IL-IIa1), (IL-Ila2), (IL-Ila3), (IL-Ila4), (IL-IlTa5), (IL-IIa6), (IL-Illa7), or
(IL-IITa8), about 0 mol % to about 30 mol % phospholipid, about 18.5 mol % to about 48.5 mol
% structural lipid, and about 0 mol % to about 10 mol % of PEG lipid, provided that the total
mol % does not exceed 100%. In some embodiments, the lipid component of the lipid
nanoparticle includes about 35 mol % to about 55 mol % compound of Formula (IL-I), (IL-IA),
(IL-IB), (IL-II), (IL-IIa), (IL-ITb), (IL-Iic), (IL-1Id), (IL-Ile), (IL-IIf), (IL-IIg), (IL-III), (IL-
Mlal), (IL-1la2), (IL-Ta3), (IL-1la4), (IL-Ila5), (IL-IIa6), (IL-I1a7), or (IL-IIIa8), about 5
mol % to about 25 mol % phospholipid, about 30 mol % to about 40 mol % structural lipid, and
about 0 mol % to about 10 mol % of PEG lipid. In a particular embodiment, the lipid component
includes about 50 mol % said compound, about 10 mol % phospholipid, about 38.5 mol %
structural lipid, and about 1.5 mol % of PEG lipid. In another particular embodiment, the lipid
component includes about 40 mol % said compound, about 20 mol % phospholipid, about 38.5
mol % structural lipid, and about 1.5 mol % of PEG lipid. In some embodiments, the
phospholipid may be DOPE or DSPC. In some embodiments, the PEG lipid may be PEG-DMG
and/or the structural lipid may be cholesterol.

[00214] Lipid nanoparticles may be designed for one or more specific applications or targets.
In some embodiments, a LNP may be designed to deliver a therapeutic and/or prophylactic such

as an RNA to a particular cell, tissue, organ, or system or group thereof in a mammal’s body.
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Physiochemical properties of lipid nanoparticles may be altered in order to increase selectivity
for particular bodily targets. For instance, particle sizes may be adjusted based on the
fenestration sizes of different organs. The therapeutic and/or prophylactic included in a LNP
may also be selected based on the desired delivery target or targets. In some embodiments, a
therapeutic and/or prophylactic may be selected for a particular indication, condition, disease, or
disorder and/or for delivery to a particular cell, tissue, organ, or system or group thereof (e.g.,
localized or specific delivery). In some embodiments, a LNP may include an mRNA encoding a
polypeptide of interest capable of being translated within a cell to produce the polypeptide of
interest. Such a composition may be designed to be specifically delivered to a particular organ.
In some embodiments, a composition may be designed to be specifically delivered to a
mammalian liver.

[00215] The amount of a therapeutic and/or prophylactic in a LNP may depend on the size,
composition, desired target and/or application, or other properties of the lipid nanoparticle as
well as on the properties of the therapeutic and/or prophylactic. In some embodiments, the
amount of an RNA useful in a LNP may depend on the size, sequence, and other characteristics
of the RNA. The relative amounts of a therapeutic and/or prophylactic and other elements (e.g.,
lipids) in a LNP may also vary. In some embodiments, the wt/wt ratio of the lipid component to
a therapeutic and/or prophylactic, such as a nucleic acid, in a LNP may be from about 5:1 to
about 60:1, such as 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, 11:1, 12:1, 13:1, 14:1, 15:1, 16:1, 17:1, 18:1,
19:1,20:1, 25:1, 30:1, 35:1, 40:1, 45:1, 50:1, and 60:1. In some embodiments, the wt/wt ratio of
the lipid component to a therapeutic and/or prophylactic may be from about 10:1 to about 40:1.
In some embodiments, the wt/wt ratio is about 20:1. The amount of a therapeutic and/or
prophylactic in a LNP may, for example, be measured using absorption spectroscopy (e.g.,
ultraviolet-visible spectroscopy).

[00216] In some embodiments, a LNP includes one or more RNAs, and the one or more
RNAs, lipids, and amounts thereof may be selected to provide a specific N:P ratio. The N:P ratio
of the composition refers to the molar ratio of nitrogen atoms in one or more lipids to the number
of phosphate groups in an RNA. In general, a lower N:P ratio is preferred. The one or more
RNA, lipids and amounts thereof may be selected to provide an N:P ratio from about 2:1 to about
30:1, such as 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, 12:1, 14:1, 16:1, 18:1, 20:1, 22:1, 24:1,
26:1, 28:1, or 30:1. In some embodiments, the N:P ratio may be from about 2:1 to about 8:1. In
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some embodiments, the N:P ratio is from about 5:1 to about 8:1. In some embodiments, the N:P
ratio may be about 5.0:1, about 5.5:1, about 5.67:1, about 6.0:1, about 6.5:1, or about 7.0:1. In
some embodiments, the N:P ratio may be about 5.67:1.

[00217] In some embodiments, the formulation including a LNP may further include a salt,
such as a chloride salt.

[00218] Insome embodiments, the formulation including a LNP may further include a sugar
such as a disaccharide. In some embodiments, the formulation further includes a sugar but not a

salt, such as a chloride salt.

Physical Properties

[00219] The physical properties of the LNP of the present disclosure may be characterized by
a variety of methods. In some embodiments, microscopy (e.g., transmission electron microscopy
or scanning electron microscopy) may be used to examine the morphology and size distribution
of a LNP. Dynamic light scattering or potentiometry (e.g., potentiometric titrations) may be used
to measure zeta potentials. Dynamic light scattering may also be utilized to determine particle
sizes. Instruments such as the Zetasizer Nano ZS (Malvern Instruments Ltd, Malvern,
Worcestershire, UK) may also be used to measure multiple characteristics of a LNP, such as
particle size, polydispersity index, and zeta potential.

[00220] The average LNP diameter of the LNP formulation may be between 10s of nm and
100s of nm, e.g., measured by dynamic light scattering (DLS). In some embodiments, the
average LNP diameter of the LNP formulation may be from about 40 nm to about 150 nm, such
as about 40 nm, 45 nm, 50 nm, 55 nm, 60 nm, 65 nm, 70 nm, 75 nm, 80 nm, 85 nm, 90 nm, 95
nm, 100 nm, 105 nm, 110 nm, 115 nm, 120 nm, 125 nm, 130 nm, 135 nm, 140 nm, 145 nm, or
150 nm. In some embodiments, the average LNP diameter of the LNP formulation may be from
about 50 nm to about 100 nm, from about 50 nm to about 90 nm, from about 50 nm to about 80
nm, from about 50 nm to about 70 nm, from about 50 nm to about 60 nm, from about 60 nm to
about 100 nm, from about 60 nm to about 90 nm, from about 60 nm to about 80 nm, from about
60 nm to about 70 nm, from about 70 nm to about 100 nm, from about 70 nm to about 90 nm,
from about 70 nm to about 80 nm, from about 80 nm to about 100 nm, from about 80 nm to
about 90 nm, or from about 90 nm to about 100 nm. In some embodiments, the average LNP

diameter of the LNP formulation may be from about 70 nm to about 100 nm. In a particular
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embodiment, the average LNP diameter of the LNP formulation may be about 80 nm. In some
embodiments, the average LNP diameter of the LNP formulation may be about 100 nm.

[00221] In some embodiments, the average LNP diameter of the LNP formulation ranges
from about 1mm to about 500 mm, from about 5 mm to about 200 mm, from about 10 mm to
about 100 mm, from about 20 mm to about 80 mm, from about 25 mm to about 60 mm, from
about 30 mm to about 55 mm, from about 35 mm to about 50 mm, or from about 38 mm to about
42 mm.

[00222] In some embodiments, the average LNP diameter of the LNP formulation is about
99% or less, about 98% or less, about 97% or less, about 96% or less, about 95% or less, about
90% or less, about 85% or less, about 80% or less, about 75% or less, about 70% or less, about
65% or less, about 60% or less, about 55% or less, about 50% or less, about 40% or less, about
30% or less, about 20% or less, or about 10% or less as compared to the LNP formulation
produced by a comparable method.

[00223] A LNP may be relatively homogenous. A polydispersity index may be used to
indicate the homogeneity of a LNP, e.g., the particle size distribution of the lipid nanoparticles.
A small (e.g., less than 0.3) polydispersity index generally indicates a narrow particle size
distribution. A LNP may have a polydispersity index from about O to about 0.25, such as 0.01,
0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.10,0.11, 0.12,0.13, 0.14, 0.15, 0.16, 0.17, 0.18,
0.19, 0.20, 0.21, 0.22, 0.23, 0.24, or 0.25. In some embodiments, the polydispersity index of a
LNP may be from about 0.10 to about 0.20.

[00224] The zeta potential of a LNP may be used to indicate the electrokinetic potential of the
composition. In some embodiments, the zeta potential may describe the surface charge of a
LNP. Lipid nanoparticles with relatively low charges, positive or negative, are generally
desirable, as more highly charged species may interact undesirably with cells, tissues, and other
elements in the body. In some embodiments, the zeta potential of a LNP may be from about -10
mV to about +20 mV, from about -10 mV to about +15 mV, from about -10 mV to about +10
mV, from about -10 mV to about +5 mV, from about -10 mV to about 0 mV, from about -10 mV
to about -5 mV, from about -5 mV to about +20 mV, from about -5 mV to about +15 mV, from
about -5 mV to about +10 mV, from about -5 mV to about +5 mV, from about -5 mV to about 0
mV, from about 0 mV to about +20 mV, from about 0 mV to about +15 mV, from about 0 mV to
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about +10 mV, from about 0 mV to about +5 mV, from about +5 mV to about +20 mV, from
about +5 mV to about +15 mV, or from about +5 mV to about +10 mV.

[00225] The efficiency of encapsulation of a therapeutic and/or prophylactic, such as a nucleic
acid describes the amount of therapeutic and/or prophylactic that is encapsulated or otherwise
associated with a LNP after preparation, relative to the initial amount provided. The
encapsulation efficiency is desirably high (e.g., close to 100%). The encapsulation efficiency
may be measured, for example, by comparing the amount of therapeutic and/or prophylactic in a
solution containing the lipid nanoparticle before and after breaking up the lipid nanoparticle with
one or more organic solvents or detergents. An anion exchange resin may be used to measure
the amount of free therapeutic and/or prophylactic (e.g., RNA) in a solution. Fluorescence may
be used to measure the amount of free therapeutic and/or prophylactic (e.g., RNA) in a solution.
For the lipid nanoparticles described herein, the encapsulation efficiency of a therapeutic and/or
prophylactic may be at least 50%, for example 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%, or 100%. In some embodiments, the
encapsulation efficiency may be at least 80%. In some embodiments, the encapsulation
efficiency may be at least 90%. In some embodiments, the encapsulation efficiency may be at
least 95%.

[00226] A LNP may optionally comprise one or more coatings. In some embodiments, a LNP
may be formulated in a capsule, film, or table having a coating. A capsule, film, or tablet
including a composition described herein may have any useful size, tensile strength, hardness or

density.

Chemical Properties

[00227] The chemical properties of the LNP, LNP solution, lyophilized LNP composition, or
LNP formulation of the present disclosure may be characterized by a variety of methods. In
some embodiments, electrophoresis (e.g., capillary electrophoresis) or chromatography (e.g.,
reverse phase liquid chromatography) may be used to examine the mRNA integrity.

[00228] Insome embodiments, the LNP integrity of the LNP, LNP solution, lyophilized LNP
composition, or LNP formulation of the present disclosure is about 20% or higher, about 25% or
higher, about 30% or higher, about 35% or higher, about 40% or higher, about 45% or higher,
about 50% or higher, about 55% or higher, about 60% or higher, about 65% or higher, about
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70% or higher, about 75% or higher, about 80% or higher, about 85% or higher, about 90% or
higher, about 95% or higher, about 96% or higher, about 97% or higher, about 98% or higher, or
about 99% or higher.

[00229] In some embodiments, the LNP integrity of the LNP, LNP solution, lyophilized LNP
composition, or LNP formulation of the present disclosure is higher than the LNP integrity of the
LNP, LNP solution, lyophilized LNP composition, or LNP formulation produced by a
comparable method by about 5% or higher, about 10% or more, about 15% or more, about 20%
or more, about 30% or more, about 40% or more, about 50% or more, about 60% or more, about
70% or more, about 80% or more, about 90% or more, about 1 folds or more, about 2 folds or
more, about 3 folds or more, about 4 folds or more, about 5 folds or more, about 10 folds or
more, about 20 folds or more, about 30 folds or more, about 40 folds or more, about 50 folds or
more, about 100 folds or more, about 200 folds or more, about 300 folds or more, about 400
folds or more, about 500 folds or more, about 1000 folds or more, about 2000 folds or more,
about 3000 folds or more, about 4000 folds or more, about 5000 folds or more, or about 10000
folds or more.

[00230] In some embodiments, the Tso% of the LNP, LNP solution, lyophilized LNP
composition, or LNP formulation of the present disclosure is about 12 months or longer, about
15 months or longer, about 18 months or longer, about 21 months or longer, about 24 months or
longer, about 27 months or longer, about 30 months or longer, about 33 months or longer, about
36 months or longer, about 48 months or longer, about 60 months or longer, about 72 months or
longer, about 84 months or longer, about 96 months or longer, about 108 months or longer, about
120 months or longer.

[00231] In some embodiments, the Tso% of the LNP, LNP solution, lyophilized LNP
composition, or LNP formulation of the present disclosure is longer than the Tso2 of the LNP,
LNP solution, lyophilized LNP composition, or LNP formulation produced by a comparable
method by about 5% or higher, about 10% or more, about 15% or more, about 20% or more,
about 30% or more, about 40% or more, about 50% or more, about 60% or more, about 70% or
more, about 80% or more, about 90% or more, about 1 folds or more, about 2 folds or more,
about 3 folds or more, about 4 folds or more, about 5 folds or more.

[00232] In some embodiments, the Ti.2 of the LNP, LNP solution, lyophilized LNP

composition, or LNP formulation of the present disclosure is about 12 months or longer, about
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15 months or longer, about 18 months or longer, about 21 months or longer, about 24 months or
longer, about 27 months or longer, about 30 months or longer, about 33 months or longer, about
36 months or longer, about 48 months or longer, about 60 months or longer, about 72 months or
longer, about 84 months or longer, about 96 months or longer, about 108 months or longer, about
120 months or longer.

[00233] In some embodiments, the Ti.2 of the LNP, LNP solution, lyophilized LNP
composition, or LNP formulation of the present disclosure is longer than the T12 of the LNP,
LNP solution, lyophilized LNP composition, or LNP formulation produced by a comparable
method by about 5% or higher, about 10% or more, about 15% or more, about 20% or more,
about 30% or more, about 40% or more, about 50% or more, about 60% or more, about 70% or
more, about 80% or more, about 90% or more, about 1 folds or more, about 2 folds or more,

about 3 folds or more, about 4 folds or more, about 5 folds or more

Definitions

[00234]  As used herein, the term “alkyl” or “alkyl group” means a linear or branched,
saturated hydrocarbon including one or more carbon atoms (e.g., one, two, three, four, five, six,
seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen,
nineteen, twenty, or more carbon atoms), which is optionally substituted. The notation “Ci-14
alkyl” means an optionally substituted linear or branched, saturated hydrocarbon including 1-14
carbon atoms. Unless otherwise specified, an alkyl group described herein refers to both
unsubstituted and substituted alkyl groups.

[00235]  As used herein, the term “alkenyl” or “alkenyl group” means a linear or branched
hydrocarbon including two or more carbon atoms (e.g., two, three, four, five, six, seven, eight,
nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen,
twenty, or more carbon atoms) and at least one double bond, which is optionally substituted.
The notation “Cz-14 alkenyl” means an optionally substituted linear or branched hydrocarbon
including 2-14 carbon atoms and at least one carbon-carbon double bond. An alkenyl group may
include one, two, three, four, or more carbon-carbon double bonds. In some embodiments, Cis
alkenyl may include one or more double bonds. A Cis alkenyl group including two double
bonds may be a linoleyl group. Unless otherwise specified, an alkenyl group described herein

refers to both unsubstituted and substituted alkenyl groups.
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[00236] As used herein, the term “carbocycle” or “carbocyclic group” means an optionally
substituted mono- or multi-cyclic system including one or more rings of carbon atoms. Rings
may be three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen,
sixteen, seventeen, eighteen, nineteen, or twenty membered rings. The notation “Cs-6
carbocycle” means a carbocycle including a single ring having 3-6 carbon atoms. Carbocycles
may include one or more carbon-carbon double or triple bonds and may be non-aromatic or
aromatic (e.g., cycloalkyl or aryl groups). Examples of carbocycles include cyclopropyl,
cyclopentyl, cyclohexyl, phenyl, naphthyl, and 1,2-dihydronaphthyl groups. The term
“cycloalkyl” as used herein means a non-aromatic carbocycle and may or may not include any
double or triple bond. Unless otherwise specified, carbocycles described herein refers to both
unsubstituted and substituted carbocycle groups, i.e., optionally substituted carbocycles.

[00237]  As used herein, the term “heterocycle” or “heterocyclic group” means an optionally
substituted mono- or multi-cyclic system including one or more rings, where at least one ring
includes at least one heteroatom. Heteroatoms may be, for example, nitrogen, oxygen, or sulfur
atoms. Rings may be three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, or
fourteen membered rings. Heterocycles may include one or more double or triple bonds and may
be non-aromatic or aromatic (e.g., heterocycloalkyl or heteroaryl groups). Examples of
heterocycles include imidazolyl, imidazolidinyl, oxazolyl, oxazolidinyl, thiazolyl, thiazolidinyl,
pyrazolidinyl, pyrazolyl, isoxazolidinyl, isoxazolyl, isothiazolidinyl, isothiazolyl, morpholinyl,
pyrrolyl, pyrrolidinyl, furyl, tetrahydrofuryl, thiophenyl, pyridinyl, piperidinyl, quinolyl, and
isoquinolyl groups. The term “heterocycloalkyl” as used herein means a non-aromatic
heterocycle and may or may not include any double or triple bond. Unless otherwise specified,
heterocycles described herein refers to both unsubstituted and substituted heterocycle groups,
1.e., optionally substituted heterocycles.

[00238] As used herein, a “biodegradable group” is a group that may facilitate faster
metabolism of a lipid in a mammalian entity. A biodegradable group may be selected from the
group consisting of, but is not limited to, -C(0)0O-, -OC(0O)-, -C(O)N(R’)-, -N(R*)C(0O)-, -C(0O)-,
[00239] -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR*)O-, -S(0)2-, an aryl group, and a
heteroaryl group. As used herein, an “aryl group” 1s an optionally substituted carbocyclic group
including one or more aromatic rings. Examples of aryl groups include phenyl and naphthyl

groups. As used herein, a “heteroaryl group” is an optionally substituted heterocyclic group
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including one or more aromatic rings. Examples of heteroaryl groups include pyrrolyl, furyl,
thiophenyl, imidazolyl, oxazolyl, and thiazolyl. Both aryl and heteroaryl groups may be
optionally substituted. In some embodiments, M and M’ can be selected from the non-limiting
group consisting of optionally substituted phenyl, oxazole, and thiazole. In the formulas herein,
M and M’ can be independently selected from the list of biodegradable groups above. Unless
otherwise specified, aryl or heteroaryl groups described herein refers to both unsubstituted and
substituted groups, i.e., optionally substituted aryl or heteroaryl groups.

[00240] Alkyl, alkenyl, and cyclyl (e.g., carbocyclyl and heterocyclyl) groups may be
optionally substituted unless otherwise specified. Optional substituents may be selected from the
group consisting of, but are not limited to, a halogen atom (e.g., a chloride, bromide, fluoride, or
iodide group), a carboxylic acid (e.g., -C(O)OH), an alcohol (e.g., a hydroxyl, -OH), an ester
(e.g., -C(O)OR or -OC(O)R), an aldehyde (e.g.,-C(O)H), a carbonyl (e.g., -C(O)R, alternatively
represented by C=0), an acyl halide (e.g.,-C(O)X, in which X is a halide selected from bromide,
fluoride, chloride, and 1odide), a carbonate (e.g., -OC(O)OR), an alkoxy (e.g., -OR), an acetal
(e.g.,-C(OR)2R””, in which each OR are alkoxy groups that can be the same or different and R™”
is an alkyl or alkenyl group), a phosphate (e.g., P(0)4*), a thiol (e.g., -SH), a sulfoxide

(e.g., -S(O)R), a sulfinic acid (e.g., -S(O)OH), a sulfonic acid (e.g., -S(0)20H), a thial

(e.g., -C(S)H), a sulfate (e.g., S(0)4%), a sulfonyl (e.g., -S(0)2-), an amide (e.g., -C(O)NRz,

or -N(R)C(O)R), an azido (e.g., -N3), a nitro (e.g., -NOz), a cyano (e.g., -CN), an isocyano

(e.g., -NC), an acyloxy (e.g.,-OC(O)R), an amino (e.g., -NRz, -NRH, or -NH2), a carbamoyl
(e.g., -OC(O)NR2, -OC(O)NRH, or -OC(O)NH>), a sulfonamide (e.g., -S(0O)2NR2, -S(O)NRH,
-S(0)2NHz, -N(R)S(0)2R, -N(H)S(0)2R, -N(R)S(0)2H, or -N(H)S(O)2H), an alkyl group, an
alkenyl group, and a cyclyl (e.g., carbocyclyl or heterocyclyl) group. In any of the preceding, R
is an alkyl or alkenyl group, as defined herein. In some embodiments, the substituent groups
themselves may be further substituted with, for example, one, two, three, four, five, or six
substituents as defined herein. In some embodiments, a C1s alkyl group may be further
substituted with one, two, three, four, five, or six substituents as described herein.

[00241] About, Approximately: As used herein, the terms “approximately” and “about,” as
applied to one or more values of interest, refer to a value that is similar to a stated reference
value. In some embodiments, the term “approximately” or “about” refers to a range of values

that fall within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%,
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7%, 6%, 5%, 4%, 3%, 2%, 1%, or less in either direction (greater than or less than) of the stated
reference value unless otherwise stated or otherwise evident from the context (except where such
number would exceed 100% of a possible value). In some embodiments, when used in the
context of an amount of a given compound in a lipid component of a LNP, “about” may mean
+/- 10% of the recited value. For instance, a LNP including a lipid component having about 40%
of a given compound may include 30-50% of the compound.

[00242]  As used herein, the term “compound,” is meant to include all isomers and isotopes of
the structure depicted. “Isotopes” refers to atoms having the same atomic number but different
mass numbers resulting from a different number of neutrons in the nuclei. In some
embodiments, isotopes of hydrogen include tritium and deuterium. Further, a compound, salt, or
complex of the present disclosure can be prepared in combination with solvent or water
molecules to form solvates and hydrates by routine methods.

[00243]  As used herein, the term “contacting” means establishing a physical connection
between two or more entities. In some embodiments, contacting a mammalian cell with a LNP
means that the mammalian cell and a nanoparticle are made to share a physical connection.
Methods of contacting cells with external entities both in vivo and ex vivo are well known in the
biological arts. In some embodiments, contacting a LNP and a mammalian cell disposed within
a mammal may be performed by varied routes of administration (e.g., intravenous,
intramuscular, intradermal, and subcutaneous) and may involve varied amounts of lipid
nanoparticles. Moreover, more than one mammalian cell may be contacted by a LNP.

[00244]  As used herein, the term “comparable method” refers to a method with comparable
parameters or steps, as of the method being compared (e.g., the producing the LNP formulation
of the present disclosure). In some embodiments, the “comparable method” is a method with
one or more of steps 1), 1), 1aa), ib), 11), 11a), 11b), iic), 11d), and iie) of the method being
compared. In some embodiments, the “comparable method” is a method without one or more of
steps 1), 1a), 1aa), 1b), 11), 11a), 11b), iic), i1d), and 11e) of the method being compared. In some
embodiments, the “comparable method” 1s a method without one or more of steps 1a) and 1b) of
the method being compared. In some embodiments, the “comparable method” is a method
employing a water-soluble salt of a nucleic acid. In some embodiments, the “comparable

method” 1s a method employing an organic solution that does not comprise an organic solvent-
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soluble nucleic acid. In some embodiments, the “comparable method” is a method comprising
processing the lipid nanoparticle prior to administering the lipid nanoparticle formulation.
[00245]  As used herein, the term “delivering” means providing an entity to a destination. In
some embodiments, delivering a therapeutic and/or prophylactic to a subject may involve
administering a LNP including the therapeutic and/or prophylactic to the subject (e.g., by an
intravenous, intramuscular, intradermal, or subcutaneous route). Administration of a LNP to a
mammal or mammalian cell may involve contacting one or more cells with the lipid
nanoparticle.

[00246]  As used herein, the term “enhanced delivery” means delivery of more(e.g., at least 1.5
fold more, at least 2-fold more, at least 3-fold more, at least 4-fold more, at least 5-fold more, at
least 6-fold more, at least 7-fold more, at least 8-fold more, at least 9-fold more, at least 10-fold
more) of a therapeutic and/or prophylactic by a nanoparticle to a target tissue of interest (e.g.,
mammalian liver) compared to the level of delivery of a therapeutic and/or prophylactic by a
control nanoparticle to a target tissue of interest (e.g., MC3, KC2, or DLinDMA). The level of
delivery of a nanoparticle to a particular tissue may be measured by comparing the amount of
protein produced in a tissue to the weight of said tissue, comparing the amount of therapeutic
and/or prophylactic in a tissue to the weight of said tissue, comparing the amount of protein
produced in a tissue to the amount of total protein in said tissue, or comparing the amount of
therapeutic and/or prophylactic in a tissue to the amount of total therapeutic and/or prophylactic
in said tissue. It will be understood that the enhanced delivery of a nanoparticle to a target tissue
need not be determined in a subject being treated, it may be determined in a surrogate such as an
animal model (e.g., a rat model).

2 ¢

[00247]  As used herein, the term “specific delivery,” “specifically deliver,” or “specifically
delivering” means delivery of more (e.g., at least 1.5 fold more, at least 2-fold more, at least 3-
fold more, at least 4-fold more, at least 5-fold more, at least 6-fold more, at least 7-fold more, at
least 8-fold more, at least 9-fold more, at least 10-fold more) of a therapeutic and/or prophylactic
by a nanoparticle to a target tissue of interest (e.g., mammalian liver) compared to an off-target
tissue (e.g., mammalian spleen). The level of delivery of a nanoparticle to a particular tissue
may be measured by comparing the amount of protein produced in a tissue to the weight of said

tissue, comparing the amount of therapeutic and/or prophylactic in a tissue to the weight of said

tissue, comparing the amount of protein produced in a tissue to the amount of total protein in said
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tissue, or comparing the amount of therapeutic and/or prophylactic in a tissue to the amount of
total therapeutic and/or prophylactic in said tissue. In some embodiments, for renovascular
targeting, a therapeutic and/or prophylactic is specifically provided to a mammalian kidney as
compared to the liver and spleen if 1.5, 2-fold, 3-fold, 5-fold, 10-fold, 15 fold, or 20 fold more
therapeutic and/or prophylactic per 1 g of tissue is delivered to a kidney compared to that
delivered to the liver or spleen following systemic administration of the therapeutic and/or
prophylactic. It will be understood that the ability of a nanoparticle to specifically deliver to a
target tissue need not be determined in a subject being treated, it may be determined in a
surrogate such as an animal model (e.g., a rat model).

[00248]  As used herein, “encapsulation efficiency” refers to the amount of a therapeutic
and/or prophylactic that becomes part of a LNP, relative to the initial total amount of therapeutic
and/or prophylactic used in the preparation of a LNP. In some embodiments, if 97 mg of
therapeutic and/or prophylactic are encapsulated in a LNP out of a total 100 mg of therapeutic
and/or prophylactic initially provided to the composition, the encapsulation efficiency may be
given as 97%. As used herein, “encapsulation” may refer to complete, substantial, or partial
enclosure, confinement, surrounding, or encasement.

[00249]  As used herein, “expression” of a nucleic acid sequence refers to translation of an
mRNA into a polypeptide or protein and/or post-translational modification of a polypeptide or
protein.

[00250]  As used herein, the term “in vitro” refers to events that occur in an artificial
environment, e.g., in a test tube or reaction vessel, in cell culture, in a Petri dish, etc., rather than
within an organism (e.g., animal, plant, or microbe).

[00251]  As used herein, the term “in vivo” refers to events that occur within an organism
(e.g., animal, plant, or microbe or cell or tissue thereof).

[00252]  As used herein, the term “ex vivo” refers to events that occur outside of an organism
(e.g., animal, plant, or microbe or cell or tissue thereof). Ex vivo events may take place in an
environment minimally altered from a natural (e.g., in vivo) environment.

[00253] As used herein, the term “isomer” means any geometric isomer, tautomer, zwitterion,
stereoisomer, enantiomer, or diastereomer of a compound. Compounds may include one or more
chiral centers and/or double bonds and may thus exist as stereoisomers, such as double-bond

isomers (1.e., geometric E/Z 1somers) or diastereomers (e.g., enantiomers (1.e., (+) or (-)) or
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cis/trans 1somers). The present disclosure encompasses any and all isomers of the compounds
described herein, including stereomerically pure forms (e.g., geometrically pure,
enantiomerically pure, or diastereomerically pure) and enantiomeric and stereoisomeric
mixtures, e.g., racemates. Enantiomeric and stereomeric mixtures of compounds and means of
resolving them into their component enantiomers or stereoisomers are well-known.

[00254]  As used herein, a “lipid component” is that component of a lipid nanoparticle that
includes one or more lipids. In some embodiments, the lipid component may include one or
more cationic/ionizable, PEGylated, structural, or other lipids, such as phospholipids.

[00255]  As used herein, a “linker” is a moiety connecting two moieties, for example, the
connection between two nucleosides of a cap species. A linker may include one or more groups
including but not limited to phosphate groups (e.g., phosphates, boranophosphates,
thiophosphates, selenophosphates, and phosphonates), alkyl groups, amidates, or glycerols. In
some embodiments, two nucleosides of a cap analog may be linked at their 5” positions by a
triphosphate group or by a chain including two phosphate moieties and a boranophosphate
moiety.

[00256]  As used herein, “methods of administration” may include intravenous, intramuscular,
intradermal, subcutaneous, or other methods of delivering a composition to a subject. A method
of administration may be selected to target delivery (e.g., to specifically deliver) to a specific
region or system of a body.

[00257]  As used herein, “modified” means non-natural. In some embodiments, an RNA may
be a modified RNA. That is, an RNA may include one or more nucleobases, nucleosides,
nucleotides, or linkers that are non-naturally occurring. A “modified” species may also be
referred to herein as an “altered” species. Species may be modified or altered chemically,
structurally, or functionally. In some embodiments, a modified nucleobase species may include
one or more substitutions that are not naturally occurring.

[00258]  As used herein, the “N:P ratio” is the molar ratio of ionizable (in the physiological pH
range) nitrogen atoms in a lipid to phosphate groups in an RNA, e.g., in a LNP including a lipid
component and an RNA.

[00259]  As used herein, a “lipid nanoparticle” is a composition comprising one or more lipids.
Lipid nanoparticles are typically sized on the order of micrometers or smaller and may include a

lipid bilayer. Lipid nanoparticles, as used herein, unless otherwise specified, encompass lipid
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nanoparticles (LNPs), liposomes (e.g., lipid vesicles), and lipoplexes. In some embodiments, a
LNP may be a liposome having a lipid bilayer with a diameter of 500 nm or less.

[00260]  As used herein, “naturally occurring” means existing in nature without artificial aid.
[00261] As used herein, “patient” refers to a subject who may seek or be in need of treatment,
requires treatment, is receiving treatment, will receive treatment, or a subject who is under care
by a trained professional for a particular disease or condition.

[00262] As used herein, a “PEG lipid” or “PEGylated lipid” refers to a lipid comprising a
polyethylene glycol component.

[00263] The phrase “pharmaceutically acceptable” is used herein to refer to those compounds,
materials, composition, 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 problems or complication, commensurate
with a reasonable benefit/risk ratio.

[00264] The phrase “pharmaceutically acceptable excipient,” as used herein, refers to any
ingredient other than the compounds described herein (for example, a vehicle capable of
suspending, complexing, or dissolving the active compound) and having the properties of being
substantially nontoxic and non-inflammatory in a patient. Excipients may include, for example:
anti-adherents, antioxidants, binders, coatings, compression aids, disintegrants, dyes (colors),
emollients, emulsifiers, fillers (diluents), film formers or coatings, flavors, fragrances, glidants
(flow enhancers), lubricants, preservatives, printing inks, sorbents, suspending or dispersing
agents, sweeteners, and waters of hydration. Exemplary excipients include, but are not limited
to: butylated hydroxytoluene (BHT), calcium carbonate, calcium phosphate (dibasic), calcium
stearate, croscarmellose, crosslinked polyvinyl pyrrolidone, citric acid, crospovidone, cysteine,
ethylcellulose, gelatin, hydroxypropyl cellulose, hydroxypropyl methylcellulose, lactose,
magnesium stearate, maltitol, mannitol, methionine, methylcellulose, methyl paraben,
microcrystalline cellulose, polyethylene glycol, polyvinyl pyrrolidone, povidone, pregelatinized
starch, propyl paraben, retinyl palmitate, shellac, silicon dioxide, sodium carboxymethyl
cellulose, sodium citrate, sodium starch glycolate, sorbitol, starch (corn), stearic acid, sucrose,
talc, titanium dioxide, vitamin A, vitamin E (alpha-tocopherol), vitamin C, xylitol, and other

species disclosed herein.
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[00265] Compositions may also include salts of one or more compounds. Salts may be
pharmaceutically acceptable salts. As used herein, “pharmaceutically acceptable salts” refers to
derivatives of the disclosed compounds wherein the parent compound is altered by converting an
existing acid or base moiety to its salt form (e.g., by reacting a free base group with a suitable
organic acid). Examples of pharmaceutically acceptable salts include, but are not limited to,
mineral or organic acid salts of basic residues such as amines; alkali or organic salts of acidic
residues such as carboxylic acids; and the like. Representative acid addition salts include
acetate, adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate,
butyrate, camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate,
dodecylsulfate, ethanesulfonate, fumarate, glucoheptonate, glycerophosphate, hemisulfate,
heptonate, hexanoate, hydrobromide, hydrochloride, hydroiodide, 2-hydroxy-ethanesulfonate,
lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-
naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate,
persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate,
sulfate, tartrate, thiocyanate, toluenesulfonate, undecanoate, valerate salts, and the like.
Representative alkali or alkaline earth metal salts include sodium, lithium, potassium, calcium,
magnesium, and the like, as well as nontoxic ammonium, quaternary ammonium, and amine
cations, including, but not limited to ammonium, tetramethylammonium, tetraethylammonium,
methylamine, dimethylamine, trimethylamine, triethylamine, ethylamine, and the like. The
pharmaceutically acceptable salts of the present disclosure include the conventional non-toxic
salts of the parent compound formed, for example, from non-toxic inorganic or organic acids.
The pharmaceutically acceptable salts of the present disclosure can be synthesized from the
parent compound which contains a basic or acidic moiety by conventional chemical methods.
Generally, such salts can be prepared by reacting the free acid or base forms of these compounds
with a stoichiometric amount of the appropriate base or acid in water or in an organic solvent, or
in a mixture of the two; generally, nonaqueous media like ether, ethyl acetate, ethanol,
isopropanol, or acetonitrile are preferred. Lists of suitable salts are found in Remington’s
Pharmaceutical Sciences, 17" ed., Mack Publishing Company, Easton, Pa., 1985, p. 1418,
Pharmaceutical Salts: Properties, Selection, and Use, P.H. Stahl and C.G. Wermuth (eds.),
Wiley-VCH, 2008, and Berge et al., Journal of Pharmaceutical Science, 66, 1-19 (1977), each of

which is incorporated herein by reference in its entirety.
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[00266] As used herein, a “phospholipid” is a lipid that includes a phosphate moiety and one
or more carbon chains, such as unsaturated fatty acid chains. A phospholipid may include one or
more multiple (e.g., double or triple) bonds (e.g., one or more unsaturations). A phospholipid or
an analog or derivative thereof may include choline. A phospholipid or an analog or derivative
thereof may not include choline. Particular phospholipids may facilitate fusion to a membrane.
In some embodiments, a cationic phospholipid may interact with one or more negatively charged
phospholipids of a membrane (e.g., a cellular or intracellular membrane). Fusion of a
phospholipid to a membrane may allow one or more elements of a lipid-containing composition
to pass through the membrane permitting, e.g., delivery of the one or more elements to a cell.
[00267]  As used herein, the “polydispersity index” is a ratio that describes the homogeneity of
the particle size distribution of a system. A small value, e.g., less than 0.3, indicates a narrow
particle size distribution.

[00268] As used herein, an amphiphilic “polymer” is an amphiphilic compound that
comprises an oligomer or a polymer. In some embodiments, an amphiphilic polymer can
comprise an oligomer fragment, such as two or more PEG monomer units. In some
embodiments, an amphiphilic polymer described herein can be PS 20.

[00269] As used herein, the term “polypeptide” or “polypeptide of interest” refers to a
polymer of amino acid residues typically joined by peptide bonds that can be produced naturally
(e.g., 1solated or purified) or synthetically.

[00270]  As used herein, an “RNA” refers to a ribonucleic acid that may be naturally or non-
naturally occurring. In some embodiments, an RNA may include modified and/or non-naturally
occurring components such as one or more nucleobases, nucleosides, nucleotides, or linkers. An
RNA may include a cap structure, a chain terminating nucleoside, a stem loop, a polyA
sequence, and/or a polyadenylation signal. An RNA may have a nucleotide sequence encoding a
polypeptide of interest. In some embodiments, an RNA may be a messenger RNA (mRNA).
Translation of an mRNA encoding a particular polypeptide, for example, in vivo translation of an
mRNA inside a mammalian cell, may produce the encoded polypeptide. RNAs may be selected
from the non-liming group consisting of small interfering RNA (siRNA), asymmetrical
interfering RNA (aiRNA), microRNA (miRNA), Dicer-substrate RNA (dsRNA), small hairpin
RNA (shRNA), mRNA, long non-coding RNA (IncRNA) and mixtures thereof.
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[00271]  As used herein, a “single unit dose” is a dose of any therapeutic administered in one
dose/at one time/single route/single point of contact, i.e., single administration event.

[00272]  As used herein, a “split dose” is the division of a single unit dose or total daily dose
into two or more doses.

[00273] As used herein, a “total daily dose” is an amount given or prescribed in a 24 hour
period. It may be administered as a single unit dose.

[00274]  As used herein, the term “subject” refers to any organism to which a composition or
formulation in accordance with the disclosure may be administered, e.g., for experimental,
diagnostic, prophylactic, and/or therapeutic purposes. Typical subjects include animals (e.g.,
mammals such as mice, rats, rabbits, non-human primates, and humans) and/or plants.

[00275]  As used herein, “Tx” refers to the amount of time lasted for the nucleic acid integrity
(e.g., mRNA integrity) of a LNP, LNP solution, lyophilized LNP composition, or LNP
formulation to degrade to about X of the initial integrity of the nucleic acid (e.g., mRNA) used
for the preparation of the LNP, LNP solution, lyophilized LNP composition, or LNP
formulation. For example, “Tso%~ refers to the amount of time lasted for the nucleic acid
integrity (e.g., mRNA integrity) of a LNP, LNP solution, lyophilized LNP composition, or LNP
formulation to degrade to about 80% of the initial integrity of the nucleic acid (e.g., mRNA) used
for the preparation of the LNP, LNP solution, lyophilized LNP composition, or LNP
formulation. For another example, “T12” refers to the amount of time lasted for the nucleic acid
integrity (e.g., mRNA integrity) of a LNP, LNP solution, lyophilized LNP composition, or LNP
formulation to degrade to about 1/2 of the initial integrity of the nucleic acid (e.g., mRNA) used
for the preparation of the LNP, LNP solution, lyophilized LNP composition, or LNP
formulation.

[00276]  As used herein, “targeted cells” refers to any one or more cells of interest. The cells
may be found in vitro, in vivo, in situ, or in the tissue or organ of an organism. The organism
may be an animal, preferably a mammal, more preferably a human and most preferably a patient.
[00277]  As used herein, “target tissue” refers to any one or more tissue types of interest in
which the delivery of a therapeutic and/or prophylactic would result in a desired biological
and/or pharmacological effect. Examples of target tissues of interest include specific tissues,
organs, and systems or groups thereof. In particular applications, a target tissue may be a kidney,

a lung, a spleen, vascular endothelium in vessels (e.g., intra-coronary or intra-femoral), or tumor
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tissue (e.g., via intratumoral injection). An “off-target tissue” refers to any one or more tissue
types in which the expression of the encoded protein does not result in a desired biological
and/or pharmacological effect. In particular applications, off-target tissues may include the liver
and the spleen.

[00278] The term “therapeutic agent” or “prophylactic agent” refers to any agent that, when
administered to a subject, has a therapeutic, diagnostic, and/or prophylactic effect and/or elicits a
desired biological and/or pharmacological effect. Therapeutic agents are also referred to as
“actives” or “active agents.” Such agents include, but are not limited to, cytotoxins, radioactive
ions, chemotherapeutic agents, small molecule drugs, proteins, and nucleic acids.

[00279]  As used herein, the term “therapeutically effective amount” means an amount of an
agent to be delivered (e.g., nucleic acid, drug, composition, therapeutic agent, diagnostic agent,
prophylactic agent, etc.) that is sufficient, when administered to a subject suffering from or
susceptible to an infection, disease, disorder, and/or condition, to treat, improve symptoms of,
diagnose, prevent, and/or delay the onset of the infection, disease, disorder, and/or condition.
[00280]  As used herein, “transfection” refers to the introduction of a species (e.g., an RNA)
into a cell. Transfection may occur, for example, in vitro, ex vivo, or in vivo.

[00281] As used herein, the term “treating” refers to partially or completely alleviating,
ameliorating, improving, relieving, delaying onset of, inhibiting progression of, reducing severity
of, and/or reducing incidence of one or more symptoms or features of a particular infection,
disease, disorder, and/or condition. In some embodiments, “treating” cancer may refer to
inhibiting survival, growth, and/or spread of a tumor. Treatment may be administered to a
subject who does not exhibit signs of a disease, disorder, and/or condition and/or to a subject
who exhibits only early signs of a disease, disorder, and/or condition for the purpose of
decreasing the risk of developing pathology associated with the disease, disorder, and/or
condition.

[00282] As used herein, the “zeta potential” is the electrokinetic potential of a lipid, e.g., in a

particle composition.

Ionizable Lipids
[00283] In some aspects, the ionizable lipids of the present disclosure may be one or more of

compounds of Formula (IL-1):
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or their N-oxides, or salts or isomers thereof, wherein:

R 1s selected from the group consisting of Cs30 alkyl, Cs.20 alkenyl, -R*YR”, -YR”,
and -R”"M’R’;

R2 and Rs3 are independently selected from the group consisting of H, Ci-14 alkyl, Cz-14
alkenyl, -R*YR”, -YR”, and -R*OR?”, or Rz and R3, together with the atom to which they are
attached, form a heterocycle or carbocycle;

R4 1s selected from the group consisting of hydrogen, a Cs carbocycle, -(CH2)nQ, -
(CH2)nCHQR, -CHQR, -CQ(R)z2, and unsubstituted Ci-¢ alkyl, where Q is selected from a
carbocycle, heterocycle, -OR, -O(CH2)aN(R)z2, -C(O)OR, -OC(O)R, -CX3, -CXzH, -CXHa, -CN,
-N(R)2, -C(O)N(R)z2, -N(R)C(O)R, -N(R)S(0)2R, -N(R)C(O)N(R)2, -N(R)C(S)N(R)2, -N(R)Rs,
N(R)S(0)2Rs, -O(CH2)uOR, -N(R)C(=NR9)N(R)2, -N(R)C(=CHR9)N(R)2, -OC(O)N(R)2,
-N(R)C(O)OR, -N(OR)C(O)R, -N(OR)S(0)2R, -N(OR)C(O)OR, -N(OR)C(O)N(R)2,
-N(OR)C(S)N(R)z2, -N(OR)C(=NR9)N(R)2, -N(OR)C(=CHR9)N(R)z2, -C(=NR9)N(R)2, -
C(=NR9)R, -C(O)N(R)OR, and -C(R)N(R)2C(O)OR, and each n is independently selected from
1,2,3,4,and 5;

each Rs 1s independently selected from the group consisting of Ci1-3 alkyl, C2-3 alkenyl,
and H;

each Rs 1s independently selected from the group consisting of Ci-3 alkyl, C2-3 alkenyl,
and H;

M and M’ are independently selected from -C(O)O-, -OC(O)-, -OC(0)-M’-C(0)O-,
-C(O)N(R’)-, -N(R*)C(0)-, -C(0)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, -S(O)2-,
-S-S-, an aryl group, and a heteroaryl group, in which M” 1s a bond, Ci1-13 alkyl or C2.13 alkenyl;

R~ 1s selected from the group consisting of Ci3 alkyl, Cz-3 alkenyl, and H;

Rs 1s selected from the group consisting of Cs6 carbocycle and heterocycle;

Ro 1s selected from the group consisting of H, CN, NOz, Cis alkyl, -OR, -S(O)2R,
-S(0)2N(R)2, Cz26 alkenyl, Cs.¢ carbocycle and heterocycle;
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each R is independently selected from the group consisting of Ci-3 alkyl, C23 alkenyl, and

each R’ 1s independently selected from the group consisting of Ci-1s alkyl, Ca-1s
alkenyl, -R*YR”, -YR”, and H;

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

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

each Y is independently a Cs-s carbocycle;

each X is independently selected from the group consisting of F, Cl, Br, and I; and

m is selected from 5, 6, 7, 8,9, 10, 11, 12, and 13; and wherein when R4 is (CH2)nQ, -
(CH2)nCHQR, -CHQR, or —CQ(R)2, then (1) Q is not -N(R)2 whennis 1, 2, 3,4 or 5, or (i1) Q is
not 5, 6, or 7-membered heterocycloalkyl whennis 1 or 2.
[00284] In some embodiments, a subset of compounds of Formula (IL-I) includes those of

Formula (IL-IA):

M1\R'

i Rs (IL-1A),

or its N-oxide, or a salt or isomer thereof, wherein 1 is selected from 1, 2, 3, 4, and 5; m 1s
selected from 5, 6, 7, 8, and 9; M1 is a bond or M’; Ru4 is hydrogen, unsubstituted Ci-3 alkyl,
or -(CH2)nQ, in which Q is OH, -NHC(S)N(R)2, -NHC(O)N(R)2, -N(R)C(O)R, -N(R)S(O):R, -
N(R)Rs, -NHC(=NR9)N(R)2, -NHC(=CHR9)N(R)2, -OC(O)N(R)2, -N(R)C(O)OR, heteroaryl or
heterocycloalkyl; M and M’ are independently selected from -C(O)O-, -OC(O)-, -OC(O)-M”-
C(0)0-, -C(O)N(R’)-, -P(O)(OR*)O-, -S-S-, an aryl group, and a heteroaryl group; and Rz and
R3 are independently selected from the group consisting of H, Ci-14 alkyl, and Cz-14 alkenyl. In
some embodiments, m is 5, 7, or 9. In some embodiments, Q 1s OH, -NHC(S)N(R)2, or -
NHC(O)N(R)2. In some embodiments, Q is -N(R)C(O)R, or -N(R)S(O)zR.
[00285] In some embodiments, a subset of compounds of Formula (I) includes those of

Formula (IL-IB):
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e o4 " (ILIB),

or its N-oxide, or a salt or isomer thereof, in which all variables are as defined herein. In
some embodiments, m is selected from 5, 6, 7, 8, and 9; R4 is hydrogen, unsubstituted C13 alkyl,
or -(CH2)nQ, 1in which Q is “OH, -NHC(S)N(R)2, -NHC(O)N(R)2, -N(R)C(O)R, -N(R)S(O)2R, -
N(R)RS, -NHC(=NR9)N(R)2, -NHC(=CHR9)N(R)2, -OC(O)N(R)2, -N(R)C(O)OR, heteroaryl or
heterocycloalkyl; M and M’ are independently selected from -C(O)O-, -OC(O)-, -OC(O)-M”-
C(0)0-, -C(O)N(R’)-, -P(O)(OR*)O-, -S-S-, an aryl group, and a heteroaryl group; and Rz and
R3 are independently selected from the group consisting of H, Ci-14 alkyl, and Cz-14 alkenyl. In
some embodiments, m is 5, 7, or 9. In some embodiments, Q i1s OH, -NHC(S)N(R)2, or -
NHC(O)N(R)2. In some embodiments, Q is -N(R)C(O)R, or -N(R)S(O)zR.
[00286] In some embodiments, a subset of compounds of Formula (IL-I) includes those of
Formula (IL-II):

M']\Rl

R;’\'w R>
~<
Rs (IL-IT)

or its N-oxide, or a slat or isomer thereof, wherein 1 is selected from 1, 2, 3, 4 and 5; M1
is a bond or M’; Ru4 is hydrogen, unsubstituted Ci-3 alkyl, or (CH2)nQ, in whichn is 2, 3, or 4,
and Q 1s —OH, - NHC(S)N(R)2, -NHC(O)N(R)2, -N(R)C(O)R, -N(R)S(0)2R, -N(R)Rs, -
NHC(=NR9)N(R)2, -NHC(=CHR9)N(R)z2, -OC(O)N(R)z2, -N(R)C(O)OR, heteroaryl or
heterocycloalkyl; M and M’ are independently selected from -C(O)O-, -OC(O)-, -OC(O)-M”-
C(0)0-, -C(O)N(R’)-, -P(O)(OR*)O-, -S-S-, an aryl group, and a heteroaryl group; and Rz and
R3 are independently selected from the group consisting of H, Ci-14 alkyl, and Cz-14 alkenyl.

[00287] In some embodiments, the compounds of Formula (IL-I) are of Formula (IL-11a):
o)

N(\/\/\)'\o/\/\/\/\/
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or their N-oxides, or salts or isomers thereof, wherein R4 is as described herein.

[00288] In another embodiment, the compounds of Formula (IL-I) are of Formula (IL-IIb):
6]
MOJ\/\/W
o™ O (IL-1Ib),

or their N-oxides, or salts or isomers thereof, wherein R4 1s as described herein.
[00289] In another embodiment, the compounds of Formula (IL-I) are of Formula (IL-IIc) or
(IL-ITe):

O

N(\)'\o/\/\/\/\/

(IL-IIc) or
0O

N(\/\)J\O/\/\/\/\/\/

or their N-oxides, or salts or isomers thereof, wherein R4 is as described herein.

(IL-Ile)

[00290] In another embodiment, the compounds of Formula (IL-I) are of Formula (IL-IIf):
Pt
R'— R’
H O/P‘)n\N/ o M 0
<R5j\ R3
Re m M—{
Ry (IL-IIf),
or their N-oxides, or salts or isomers thereof, wherein M is —C(0)O- or —OC(0O)-, M” is Ci1-6
alkyl or C2-6 alkenyl, R2 and R3 are independently selected from the group consisting of Cs.14

alkyl and Cs-14 alkenyl, and n is selected from 2, 3, and 4.
[00291] In a further embodiment, the compounds of Formula (IL-I) are of Formula (IL-11d):
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Os_ O
~ R
R"
e NP
(RS 0 Rs
R /.

0 Ra  (IL-1Id),
or their N-oxides, or salts or isomers thereof, whereinnis 2, 3, or 4; and m, R’, R”, and R»
through Reare as described herein. In some embodiments, each of R2 and R3 may be
independently selected from the group consisting of Cs.14 alky and Cs.14 alkenyl.
[00292] In a further embodiment, the compounds of Formula (IL-I) are of Formula (IL-IIg):

- &?s Wi{‘

e

4 Ry (IL-Ig),

1

b3

or their N-oxides, or salts or isomers thereof, wherein 1 is selected from 1, 2, 3, 4, and 5; m is
selected from 5, 6, 7, 8, and 9; M1 is a bond or M’; M and M’ are independently selected

from -C(0O)0O-, -OC(0)-, -OC(0)-M"-C(0)0O-, -C(O)N(R’)-, -P(O)(OR’)O-, -S-S-, an aryl group,
and a heteroaryl group; and Rz and R3 are independently selected from the group consisting of H,
Ci-14 alkyl, and Ca2-14 alkenyl. In some embodiments, M” 1s Ci1-6 alkyl (e.g., Ci4 alkyl) or C2-6
alkenyl (e.g. C2-4 alkenyl). In some embodiments, R2 and R3 are independently selected from the
group consisting of Cs-14 alkyl and Cs-14 alkenyl.

[00293] In some embodiments, the ionizable lipids are one or more of the compounds
described in U.S. Application Nos. 62/220,091, 62/252,316, 62/253,433, 62/266,460,
62/333,557, 62/382,740, 62/393,940, 62/471,937, 62/471,949, 62/475,140, and 62/475,166, and
PCT Application No. PCT/US2016/052352.

[00294] In some embodiments, the ionizable lipids are selected from Compounds 1-280
described in U.S. Application No. 62/475,166.

[00295] In some embodiments, the ionizable lipid is
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O]

N(\/\/\)LO/\/\/\/\/
T AL

[00296] In some embodiments, the ionizable lipid is

0]

N(\/\)'\O/\/\/\/\/\/
T AL

[00297] In some embodiments, the ionizable lipid is

O

N(\/\/\)'\O/\=/\/\/\
T LI

[00298] In some embodiments, the ionizable lipid is

0

N(\)J\O/\/\/\/\/
T AL

[00299] In some embodiments, the ionizable lipid is

O — —
\N/\/\”/
| S _
, or a salt thereof.

[00300] In some aspects, the ionizable lipids of the present disclosure may be one or more of

, or a salt thereof.

, or a salt thereof.

, or a salt thereof.

, or a salt thereof.

compounds of formula (IL-III):
R4

T1 Rx1 @ l!l

- ~N
A AN AT R
R, lil X Ry
Rs (IL-T11),

or salts or isomers thereof, wherein,
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W is or M ,

< A/\
A \y 1
‘«?_{ !
ring A is t

tis 1 or2;

A1 and Az are each independently selected from CH or N;

Z is CHz or absent wherein when Z 1s CHo, the dashed lines (1) and (2) each represent a
single bond; and when Z is absent, the dashed lines (1) and (2) are both absent;

R1, R2, R3, R4, and Rs are independently selected from the group consisting of Cs.xo alkyl,
Cs.0 alkenyl, -R”MR’, -R*YR”, -YR”, and -R*OR”;

Rx1 and Rxz are each independently H or Ci-3 alkyl;

each M is independently selected from the group consisting
of -C(0)0-, -OC(0)-, -OC(0)0-, -C(O)N(R’)-, -N(R*)C(0)-, -C(0)-, -C(S)-, -C(S)S-, -SC(S)-,
-CH(OH)-, -P(O)(OR")O-, -S(0)2-, -C(0O)S-, -SC(O)-, an aryl group, and a heteroaryl group;

M* 1s C1-Cs alkyl,

W! and W2 are each independently selected from the group consisting of -O- and -N(Re)-;

each Rs 1s independently selected from the group consisting of H and Ci1-s alkyl;

X!, X2, and X are independently selected from the group consisting of a bond, -CHa-,
-(CHz2)2-, -CHR-, -CHY-, -C(O)-, -C(0)0O-, -OC(0)-, -(CH2)s-C(O)-, -C(0)-(CH2)n-,
-(CH2)n-C(0)0O-, -OC(0)-(CH2)n-, -(CH2)n-OC(O)-, -C(0)O-(CH2)n-, -CH(OH)-, -C(S)-,
and -CH(SH)-;

each Y is independently a Cs-s carbocycle;

each R* is independently selected from the group consisting of Ci-12 alkyl and Cz-12
alkenyl;

each R is independently selected from the group consisting of Ci-3 alkyl and a Cs-6

carbocycle;
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each R’ 1s independently selected from the group consisting of Ci-12 alkyl, Cz-12 alkenyl,

and H;
each R” is independently selected from the group consisting of Cs-12 alkyl, Cs-12 alkenyl

and -R*MR’; and

n is an integer from 1-6;

(\ N k
‘){ N \)
wherein when ring A is , then

1) at least one of X!, X?, and X° is not -CHz-; and/or
11) at least one of R1, Rz, R3, R4, and Rs is -R”MR’.
[00301] Insome embodiments, the compound is of any of formulae (IL-IIIal)-(IL-I11a8):

)
Rs (IL-ITIal),
T1
R \/X\ /\
3 (IL-ITIa2),
R, \/ \
|
/N\/ ~N /\
(IL-ITIa3),
T1
vi*\ /\
3 (IL-HIa4),
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|

R/ \/X1\ /\
I 1

RS \/X\ /\

s (IL-HIa6),

(IL-HIaS),

Rs (IL-IIIa7), or

Rz/ \/X1\N/\X2/O\ O~ ,L

| 7 R

Rs (IL-IIIa8).
[00302] Insome embodiments, the ionizable lipids are one or more of the compounds
described in U.S. Application Nos. 62/271,146, 62/338,474, 62/413,345, and 62/519,826, and
PCT Application No. PCT/US2016/068300.
[00303] Insome embodiments, the ionizable lipids are selected from Compound 1-156
described in U.S. Application No. 62/519,826.
[00304] Insome embodiments, the ionizable lipids are selected from Compounds 1-16, 42-66,
68-76, and 78-156 described in U.S. Application No. 62/519,826.

[00305] Insome embodiments, the ionizable lipid is

o (\/\/\/\
W (\)\j N
/\/\/\/\/NV\N/\H/N
NN N , or a salt thereof.
[00306] The central amine moiety of a lipid according to Formula (IL-1), (IL-IA), (IL-IB),
(IL-1I), (IL-1Ta), (IL-IIb), (IL-IIc), (IL-1Id), (IL-IIe), (IL-IIf), (IL-IIg), (IL-III), (IL-IIIal), (IL-

Mla2), (IL-1la3), (IL-ITa4), (IL-Ila5), (IL-11a6), (IL-IIa7), or (IL-I11a8) may be protonated at

a physiological pH. Thus, a lipid may have a positive or partial positive charge at physiological
pH. Such lipids may be referred to as cationic or ionizable (amino)lipids. Lipids may also be

zwitterionic, 1.e., neutral molecules having both a positive and a negative charge.
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Polyethylene Glycol (PEG) Lipids

[00307] As used herein, the term “PEG lipid” refers to polyethylene glycol (PEG)-modified
lipids. Non-limiting examples of PEG lipids include PEG-modified phosphatidylethanolamine
and phosphatidic acid, PEG-ceramide conjugates (e.g., PEG-CerC14 or PEG-CerC20), PEG-
modified dialkylamines and PEG-modified 1,2-diacyloxypropan-3-amines. Such lipids are also
referred to as PEGylated lipids. In some embodiments, a PEG lipid can be PEG-c-DOMG, PEG-
DMG, PEG-DLPE, PEG-DMPE, PEG-DPPC, or a PEG-DSPE lipid.

[00308] Insome embodiments, the PEG lipid includes, but are not limited to, 1,2-dimyristoyl-
sn-glycerol methoxypolyethylene glycol (PEG-DMG), 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine-N-[amino(polyethylene glycol)] (PEG-DSPE), PEG-disteryl glycerol
(PEG-DSG), PEG-dipalmetoleyl, PEG-dioleyl, PEG-distearyl, PEG-diacylglycamide (PEG-
DAG), PEG-dipalmitoyl phosphatidylethanolamine (PEG-DPPE), or PEG-1,2-
dimyristyloxlpropyl-3-amine (PEG-c-DMA).

[00309] Insome embodiments, the PEG lipid is selected from the group consisting of a PEG-
modified phosphatidylethanolamine, a PEG-modified phosphatidic acid, a PEG-modified
ceramide, a PEG-modified dialkylamine, a PEG-modified diacylglycerol, a PEG-modified
dialkylglycerol, and mixtures thereof.

[00310] Insome embodiments, the lipid moiety of the PEG lipids includes those having
lengths of from about C14 to about C22, preferably from about Ci4 to about Cis. In some
embodiments, a PEG moiety, for example an mPEG-NHz, has a size of about 1000, 2000, 5000,
10,000, 15,000 or 20,000 daltons. in some embodiments, the PEG lipid is PEGak-DMG.

[00311] Insome embodiments, the lipid nanoparticles described herein can comprise a PEG
lipid which is a non-diffusible PEG. Non-limiting examples of non-diffusible PEGs include
PEG-DSG and PEG-DSPE.

[00312] PEG lipids are known in the art, such as those described in U.S. Patent No. 8158601
and International Publ. No. WO 2015/130584 A2, which are incorporated herein by reference in
their entireties.

[00313] In general, some of the other lipid components (e.g., PEG lipids) of various formulae,

described herein may be synthesized as described International Patent Application No.
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PCT/US2016/000129, filed December 10, 2016, entitled “Compositions and Methods for
Delivery of Therapeutic Agents,” which is incorporated by reference in its entirety.

[00314] The lipid component of a lipid nanoparticle composition may include one or more
molecules comprising polyethylene glycol, such as PEG or PEG-modified lipids. Such species
may be alternately referred to as PEGylated lipids. A PEG lipid is a lipid modified with
polyethylene glycol. A PEG lipid may be selected from the non-limiting group including PEG-
modified phosphatidylethanolamines, PEG-modified phosphatidic acids, PEG-modified
ceramides, PEG-modified dialkylamines, PEG-modified diacylglycerols, PEG-modified
dialkylglycerols, and mixtures thereof. In some embodiments, a PEG lipid may be PEG-c-
DOMG, PEG-DMG, PEG-DLPE, PEG-DMPE, PEG-DPPC, or a PEG-DSPE lipid.

[00315] In some embodiments, the PEG-modified lipids are a modified form of PEG DMG.
PEG-DMG has the following structure:

Blaa™ & - & 3 o
BRI .\ - R R 3
““8\“"\\-\~-" BT R N e
=~ N
X
L

[00316] Insome embodiments, PEG lipids useful in the present invention can be PEGylated
lipids described in International Publication No. W02012099755, the contents of which is herein
incorporated by reference in its entirety. Any of these exemplary PEG lipids described herein
may be modified to comprise a hydroxyl group on the PEG chain. In some embodiments, the
PEG lipid is a PEG-OH lipid. As generally defined herein, a “PEG-OH lipid” (also referred to
herein as “hydroxy-PEGylated lipid”) is a PEGylated lipid having one or more hydroxyl (—OH)
groups on the lipid. In some embodiments, the PEG-OH lipid includes one or more hydroxyl
groups on the PEG chain. In some embodiments, a PEG-OH or hydroxy-PEGylated lipid
comprises an —OH group at the terminus of the PEG chain. Each possibility represents a separate
embodiment of the present invention.
[00317] Insome embodiments, a PEG lipid useful in the present invention is a compound of
Formula (PL-I). Provided herein are compounds of Formula (PL-I):
3 1—

R\é/\O%L D\(v),mA L),

or salts thereof, wherein:

R’ is —ORY,
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RY is hydrogen, optionally substituted alkyl, or an oxygen protecting group;

r 1s an integer between 1 and 100, inclusive;

L! is optionally substituted C1-10alkylene, wherein at least one methylene of the
optionally substituted Ci-10 alkylene is independently replaced with optionally substituted
carbocyclylene, optionally substituted heterocyclylene, optionally substituted arylene, optionally
substituted heteroarylene, O, N(RY), S, C(0), C(O)N(RY), NRNC(0), C(0)0, OC(0), OC(0)0,
OC(O)N(RY), NRNC(0)O, or NRNC(O)N(RM);

D is a moiety obtained by click chemistry or a moiety cleavable under physiological
conditions;

mis0,1,2,3,4,5,6,7,8,9, or 10;

L2_R2
'S R
. L>—R?
A 1s of the formula: or :

>

each instance of of L? is independently a bond or optionally substituted Ci- alkylene,
wherein one methylene unit of the optionally substituted Ci-s alkylene is optionally replaced with
0, N(RY), S, C(0), C(O)N(RY), NRNC(0), C(0)0, OC(0), OC(0)0, OC(0)N(RN), NRNC(0)O0,
or NRNC(O)N(RY);

each instance of R? is independently optionally substituted Ci-30 alkyl, optionally
substituted Ci-30 alkenyl, or optionally substituted Ci-30 alkynyl; optionally wherein one or more
methylene units of R? are independently replaced with optionally substituted carbocyclylene,
optionally substituted heterocyclylene, optionally substituted arylene, optionally substituted
heteroarylene, N(RY), O, S, C(0), C(O)N(RY), NRNC(0), NRNC(O)N(RY), C(0)0, OC(0), -
0C(0)0, OC(O)N(RY), NRNC(0)0, C(0)S, SC(0), C(=NRY), C(=NRMN(RY), NRNC(=NRY),
NRNC(=NRMN(RY), C(S), C(S)N(RYN), NRNC(S), NRNC(S)N(RM), S(0) , 0S(0), S(0)O0, -
0S(0)0, 0S(0)2, S(0)20, 0S(0):20, N(RMS(0), S(O)N(RY), N(RMS(O)N(RYN), OS(O)N(RY),
N(RMS(0)0, S(0)2, N(RMS(0)2, S(0)2N(RY), N(RM)S(0)2N(RY), OS(0)2N(RM), or -
N(RMS(0):0;

each instance of RN is independently hydrogen, optionally substituted alkyl, or a nitrogen
protecting group;

Ring B 1s optionally substituted carbocyclyl, optionally substituted heterocyclyl,
optionally substituted aryl, or optionally substituted heteroaryl; and

pis1or2.
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[00318] In some embodiments, the compound of Formula (PL-I) is a PEG-OH lipid (i.e., R? is
—~ORP, and R? is hydrogen). In some embodiments, the compound of Formula (PL-I) is of
Formula (PL-I-OH):

HO L'—D A

MO): T (PL-I-OH),

or a salt thereof.
[00319] Insome embodiments, a PEG lipid useful in the present invention is a PEGylated
fatty acid. In some embodiments, a PEG lipid useful in the present invention is a compound of

Formula (PL-II). Provided herein are compounds of Formula (PL-II):

o)
Rs‘éﬂo}rj\ RS

(PL-II),
or a salt thereof, wherein:

R? is—ORY;

RY is hydrogen, optionally substituted alkyl or an oxygen protecting group;

r 1s an integer between 1 and 100, inclusive;

R’ is optionally substituted Cio-40 alkyl, optionally substituted Cio-40 alkenyl, or optionally
substituted C1o-40 alkynyl; and optionally one or more methylene groups of R are replaced with
optionally substituted carbocyclylene, optionally substituted heterocyclylene, optionally
substituted arylene, optionally substituted heteroarylene, N(RY), O, S, C(0), C(O)N(RY), -
NRNC(0), NRNC(O)N(RY), C(0)0, OC(0), OC(0)0, OC(O)N(RY), NR¥C(0)0, C(0)S, SC(0),
C(=NRY), C(=NRMN(RY), NRNC(=NRY), NRNC(=NRMN(RY), C(S), C(S)N(RN), NR¥C(S), -
NRNC(S)N(RY), S(0), 0S(0), S(0)0, 0S(0)0, 0S(0)2, S(0)20, 0S(0)20, N(RMS(0), -
S(O)N(RY), N(RMS(O)N(RY), OS(O)N(RN), N(RMS(0)0, S(0)2, N(RMS(0)2, S(0)2N(RY), -
NRMS(0):2NRY), 0S(0)2N(RY), or N(RN)S(0)20; and

each instance of RN is independently hydrogen, optionally substituted alkyl, or a nitrogen
protecting group.

[00320] In some embodiments, the compound of Formula (PL-II) is of Formula (PL-II-OH):

0
HO\é/\O%)J\ RS

or a salt thereof. In some embodiments, r is 45.

(PL-II-OH),
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[00321] In some embodiments, the compound of Formula (PL-II) is:

or a salt thereof.

[00322] Insome embodiments, the compound of Formula (PL-II) is

[00323] Insome embodiments, the PEG lipid may be one or more of the PEG lipids described
in U.S. Application No. 62/520,530.

[00324] In some embodiments, a PEG lipid useful in the present invention is a compound of

Formula (PL-IV):
HO RS
(o]
4/\ }' (PL-IV),

or salts thereof, wherein:
R is C1-Cao alkyl;
r is an integer between 0 and 100, inclusive.
[00325] Insome embodiments, ris O.
[00326] In some embodiments, R® is C16 alkyl.
[00327] Insome embodiments, R® is C1g alkyl.
[00328] In some embodiments, the compound of Formula (PL-IV) is

HO C,gH
(\/\o}r 1835

[00329] In some embodiments, the compound of Formula (PL-IV) is BRII® C2 (e.g.
polyoxyethylene cetyl ether).
[00330] In some embodiments, the compound of Formula (PL-IV) is BRIJI® O2 (e.g.
polyoxyethylene cetyl ether).
[00331] Insome embodiments, the compound of Formula (PL-IV) is

HO S S SN
[00332] Insome aspects, the lipid composition of the pharmaceutical compositions described

herein does not comprise a PEG lipid.
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Structural Lipids

[00333] As used herein, the term “structural lipid” refers to sterols and also to lipids
containing sterol moieties.

[00334] Without wishing to be bound by theory, incorporation of a structural lipid in the lipid
nanoparticle may help mitigate aggregation of other lipids in the particle. Structural lipids can be
selected from the group including but not limited to, cholesterol, fecosterol, sitosterol, ergosterol,
campesterol, stigmasterol, brassicasterol, tomatidine, tomatine, ursolic acid, alpha-tocopherol,
hopanoids, phytosterols, steroids, and mixtures thereof. In some embodiments, the structural
lipid is a sterol. As defined herein, “sterols” are a subgroup of steroids consisting of steroid
alcohols. In some embodiments, the structural lipid is a steroid. In some embodiments, the
structural lipid is cholesterol. In some embodiments, the structural lipid is an analog of
cholesterol. In some embodiments, the structural lipid is alpha-tocopherol.

[00335] Insome embodiments, the structural lipids may be one or more structural lipids

described in U.S. Application No. 62/520,530.

Encapsulation Agent
[00336] In some embodiments of the present disclosure, the encapsulation agent is a

compound of Formula (EA-I):

R CH R
201\N/( 2)n1 204

Rao2 HN Raga

o (EAD,

or salts or isomers thereof, wherein

R201 and Roo2 are each independently selected from the group consisting of H, C1-Cs
alkyl, C2-Cs alkenyl, and (C=NH)N(Ru1o01)2 wherein each Rio1 is independently selected from the
group consisting of H, C1-Cs alkyl, and C2-Cs alkenyl;

R20s 1s selected from the group consisting of C1-Czo alkyl and C2-C2o alkenyl;

Roos 1s selected from the group consisting of H, C1-Czo alkyl, C2-Cao alkenyl, C(O)(OC:-
C20 alkyl), C(O)(OC2-Ca0 alkenyl), C(O)(NHC1-C2o alkyl), and C(O)(NHC2-C20 alkenyl);

nl is selected from 1, 2,3, 4,5, 6,7, 8,9, and 10.
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[00337] In some embodiments, R2o1 and Rz02 are each independently selected from the
group consisting of H and CHs.

[00338] In some embodiments, R2o1 and Rz02 are each independently selected from the
group consisting of (C=NH)NH:2 and (C=NH)N(CH3)2

[00339] In some embodiments, R2os 1s selected from the group consisting of C1-Cao alkyl,
Cs-Cis alkyl, and C12-Cis alkyl.

[00340] In some embodiments, R2os 1s selected from the group consisting of H, C1-C2o
alkyl, C2-Cao alkenyl, C(O)(OC1-Cao alkyl), C(O)(OC2-C2o alkenyl), C(O)(NHC1-Czo alkyl), and
C(O)(NHC2-Cxo alkenyl); Cs-Cis alkyl, Cs-Cis alkenyl, C(O)(OCs-Cis alkyl), C(O)(OCs-Cis
alkenyl), C(O)(NHCs-Cis alkyl), and C(O)(NHCs-Cis alkenyl); and Ci2-Cie alkyl, C12-Cie
alkenyl, C(O)(OCi12-Cis alkyl), C(O)(OC12-Cis alkenyl), C(O)(NHC12-Cis alkyl), and
C(O)(NHC12-Ci6 alkenyl);

[00341] In some embodiments, nl is selected from 1, 2, 3,4, 5, 6,7, 8,9, and 10; nl 1s
selected from 1, 2, 3, 4, 5, and 6; nl is selected from 2, 3, and 4.

[00342] In some embodiments, nl is 3.

[00343] In some embodiments of the present disclosure, the encapsulation agent is a

compound of Formula (EA-II):

NH
R )k CH R
101N /( _Rioa
T H X101

(e}
2)n1
R1o2 HNTRms

o (EA-TD),

or salts or isomers thereof, wherein

Xio1 1s a bond, NH, or O;

R1o1 and Rio2 are each independently selected from the group consisting of H, C1-Cs
alkyl, and C2-Cs alkenyl;

R1o3 and Rios are each independently selected from the group consisting of C1-Czo alkyl
and C2-Cao alkenyl; and

nl 1s selected from 1, 2, 3,4, 5,6, 7, 8, 9, and 10.
[00344] In some embodiments, Xio1 is a bond.

[00345] In some embodiments, X101 is NH.
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[00346] In some embodiments, Xio1 is O.
[00347] In some embodiments, Rio1 and Rioz are each independently selected from the

group consisting of H and CHs.

[00348] In some embodiments, Rios 1s selected from the group consisting of Ci-Ca2o alkyl,
Cs-Cis alkyl, and C12-Cis alkyl.

[00349] In some embodiments, Rios 1s selected from the group consisting of C1-Cao alkyl,
Cs-Cis alkyl, and C12-Cis alkyl.

[00350] In some embodiments, nl is selected from 1, 2, 3,4, 5, 6,7, 8,9, and 10; nl 1s
selected from 1, 2, 3, 4, 5, and 6; or nl is selected from 2, 3, and 4.

[00351] In some embodiments, nl is 3.

[00352] Exemplary encapsulation agents include, but are not limited to, ethyl lauroyl

arginate, ethyl myristoyl arginate, ethyl palmitoyl arginate, ethyl oleic arginate, ethyl capric
arginate, and ethyl carprylic arginate.

[00353] In certain embodiments, the encapsulation agent is ethyl lauroyl arginate,

s

Nt (EA-1) or a salt or isomer
thereof.
[00354] In certain embodiments, the encapsulation agent is at least one compound selected

from the group consisting of

NH

0
S e

HN\H/\/\/\/\/\/
O

N i

0 (EA-3),

(EA-2),
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0 (EL-4),

0 (EA-5),

(EA-6),

o (EA-7),

o (EA-8),

O (EA-9), and
NH
H,N H/\/\
HN
o (EA-10),

or salts and isomers thereof, such as, for example free bases, TFA salts, and/or HCI salts.
[00355] In some embodiments of the present disclosure, the encapsulation agent is a

compound of Formula (EA-III):
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NH
RI(EJJ\N/(CHz)nZ H R107
rros H RO  (EA-),

or salts or isomers thereof, wherein

R1os and Ruos are each independently selected from the group consisting of H, C1-Cs
alkyl, and C»-Cs alkenyl;

Ruo7 1s selected from the group consisting of C1-Czo alkyl and C2-Czo alkenyl;

Ruos 1s selected from the group consisting of H and C(O)NRio9R110;

R109 and Ru10 are each independently selected from the group consisting of H, C1-Cs
alkyl, and C»-Cs alkenyl; and

n2 is selected from 1, 2, 3,4, 5,6, 7, 8, 9, and 10.
[00356] In some embodiments, Rios and Rios are each independently selected from the group
consisting of H and CHs.
[00357] Insome embodiments, Rio7 is selected from the group consisting of C1-Czo alkyl, Cs-
Cis alkyl, and C12-Cis alkyl.
[00358] Insome embodiments, n2 is selected from 1, 2, 3,4, 5, 6,7, 8,9, and 10.
[00359] Insome embodiments, n2 is selected from 1, 2, 3, 4, 5, and 6.
[00360] Insome embodiments, n2 is selected from 2, 3, and 4.
[00361] Insome embodiments, n2 is 3.
[00362] Exemplary encapsulation agents include, but are not limited to, EA-11, EA-12, EA-
13, and EA-14.
[00363] In certain embodiments, the encapsulation agent is at least one compound selected

from the group consisting of:

0o (EA-13),
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0 (EA-14),

o (EA-15),

0 (EA-16),

(EA-17), and

0o (EA-18),

or salts and isomers thereof, such as, for example free bases, TFA salts, and/or HCI salts.

Phospholipids

[00364] Phospholipids may assemble into one or more lipid bilayers. In general,
phospholipids comprise a phospholipid moiety and one or more fatty acid moieties.

[00365] A phospholipid moiety can be selected, for example, from the non-limiting group
consisting of phosphatidyl choline, phosphatidyl ethanolamine, phosphatidyl glycerol,
phosphatidyl serine, phosphatidic acid, 2-lysophosphatidyl choline, and a sphingomyelin.
[00366] A fatty acid moiety can be selected, for example, from the non-limiting group
consisting of lauric acid, myristic acid, myristoleic acid, palmitic acid, palmitoleic acid, stearic
acid, oleic acid, linoleic acid, alpha-linolenic acid, erucic acid, phytanoic acid, arachidic acid,
arachidonic acid, eicosapentaenoic acid, behenic acid, docosapentaenoic acid, and

docosahexaenoic acid.
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[00367] Particular phospholipids can facilitate fusion to a membrane. In some embodiments,
a cationic phospholipid can interact with one or more negatively charged phospholipids of a
membrane (e.g., a cellular or intracellular membrane). Fusion of a phospholipid to a membrane
can allow one or more elements (e.g., a therapeutic agent) of a lipid-containing composition
(e.g., LNPs) to pass through the membrane permitting, e.g., delivery of the one or more elements
to a target tissue.

[00368] Non-natural phospholipid species including natural species with modifications and
substitutions including branching, oxidation, cyclization, and alkynes are also contemplated. In
some embodiments, a phospholipid can be functionalized with or cross-linked to one or more
alkynes (e.g., an alkenyl group in which one or more double bonds is replaced with a triple
bond). Under appropriate reaction conditions, an alkyne group can undergo a copper-catalyzed
cycloaddition upon exposure to an azide. Such reactions can be useful in functionalizing a lipid
bilayer of a nanoparticle composition to facilitate membrane permeation or cellular recognition
or in conjugating a nanoparticle composition to a useful component such as a targeting or
imaging moiety (e.g., a dye).

[00369] Phospholipids include, but are not limited to, glycerophospholipids such as
phosphatidylcholines, phosphatidylethanolamines, phosphatidylserines, phosphatidylinositols,
phosphatidy glycerols, and phosphatidic acids. Phospholipids also include phosphosphingolipid,
such as sphingomyelin.

[00370] Insome embodiments, a phospholipid useful or potentially useful in the present
invention is an analog or variant of DSPC. In some embodiments, a phospholipid useful or

potentially useful in the present invention is a compound of Formula (PL-I):

O

Oy A

R']

\®
R™=N<_O~

! Mn \(\/ym

Q
IFI)/
0 (PL-I),
or a salt thereof, wherein:

each R! is independently optionally substituted alkyl; or optionally two R are joined
together with the intervening atoms to form optionally substituted monocyclic carbocyclyl or
optionally substituted monocyclic heterocyclyl; or optionally three R! are joined together with

the intervening atoms to form optionally substituted bicyclic carbocyclyl or optionally substitute

bicyclic heterocyclyl;
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nis1,2 3,4,5,6,7,8,9, or 10;
mis0,1,2,3,4,5,6,7,8,9, or 10;

L2_R2
\8\ (R2>p
. L2_R2
A 1s of the formula: or :

>

each instance of L? is independently a bond or optionally substituted Ci- alkylene,
wherein one methylene unit of the optionally substituted Ci-s alkylene is optionally replaced with
-0-, -N(RY)-, -S-, -C(0)-, -C(O)N(RY)-, -NRNC(0)-, -C(0)0-, -OC(0)-, -OC(0)O-,
-OC(0O)N(RY)-, -NRNC(0)0-, or -NRNC(O)N(RY)-;

each instance of R? is independently optionally substituted Ci-30 alkyl, optionally
substituted Ci-30 alkenyl, or optionally substituted Ci-30 alkynyl; optionally wherein one or more
methylene units of R? are independently replaced with optionally substituted carbocyclylene,
optionally substituted heterocyclylene, optionally substituted arylene, optionally substituted
heteroarylene, -N(RY)-, -O-, -S-, -C(O)-, -C(O)N(RY)-, -NRNC(0O)-, -NRNC(O)N(RY)-, -C(0)0O-,
-0C(0)-, -0C(0)0-, -OC(O)N(RM)-, -NRNC(0)O-, -C(0)S-, -SC(0)-, -C(=NRM)-,
-C(=ENRMN(RM-, -NRNC(=NRY)-, -NRNC(=NRMN(RM)-, -C(S)-, -C(S)N(RM)-, -NRNC(S)-,
-NRNC(S)N(RY)-, -S(0)-, -0S(0)-, -S(0)0-, -0S(0)0-, -0OS(0)2-, -S(0)20-, -0S(0)20-,
-NRMS(0)-, -S(O)N(RYM)-, -N(RMS(O)N(RY)-, -OS(O)N(RY)-, -N(RM)S(0)0-, -S(0)2-,
-N(RY)S(0)2-, -S(0)2N(RY)-, -N(RMS(0)2N(RM)-, -OS(0)2N(RY)-, or -N(RY)S(0)20-;

each instance of RN is independently hydrogen, optionally substituted alkyl, or a nitrogen
protecting group;

Ring B 1s optionally substituted carbocyclyl, optionally substituted heterocyclyl,
optionally substituted aryl, or optionally substituted heteroaryl; and

pis1or2;

provided that the compound is not of the formula:
OY R2
£, LS
®
>T/\/O\F')/O O)l\ R2

wherein each instance of R? is independently unsubstituted alkyl, unsubstituted alkenyl,

or unsubstituted alkynyl.
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[00371] Insome embodiments, the phospholipids may be one or more of the phospholipids
described in U.S. Application No. 62/520,530.

i) Phospholipid Head Modifications

[00372] Insome embodiments, a phospholipid useful or potentially useful in the present
invention comprises a modified phospholipid head (e.g., a modified choline group). In some
embodiments, a phospholipid with a modified head is DSPC, or analog thereof, with a modified
quaternary amine. In some embodiments, in embodiments of Formula (PL-I), at least one of R!
is not methyl. In some embodiments, at least one of R! is not hydrogen or methyl. In some

embodiments, the compound of Formula (PL-I) is one of the following formulae:

\q)t Oe w\| @ W()J; Oe
N (RN '
Q n P \(\/Tm Q/)V n I \Mm O‘(_/)\(\/)’n (IF;

O A

Ju
Q

® (0] ® 0]
(TRN OL L0 A (MOENT L0710 LA
N/N\(_/)V\Mn (IF; Mm ( § \(\/fn (IF; Mm

R
or a salt thereof, wherein:
each tis independently 1, 2, 3,4,5,6,7,8, 9, or 10;
each u is independently 0, 1, 2, 3, 4,5,6,7, 8,9, or 10; and
each v is independently 1, 2, or 3.

In some embodiments, a compound of Formula (PL-I) is of Formula (PL-I-a):
L2-R?
b Ner: OM* L2-R?
(PL-I-a),
or a salt thereof.
[00373] Insome embodiments, a phospholipid useful or potentially useful in the present
invention comprises a cyclic moiety in place of the glyceride moiety. In some embodiments, a
phospholipid useful in the present invention is DSPC, or analog thereof, with a cyclic moiety in
place of the glyceride moiety. In some embodiments, the compound of Formula (PL-I) is of

Formula (PL-I-b):
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R' o ,
R1_>@ o) E’OT\/)/.‘(R )P
n
R e (PL-I-b),

or a salt thereof.

i1) Phospholipid Tail Modifications

[00374] In some embodiments, a phospholipid useful or potentially useful in the present
invention comprises a modified tail. In some embodiments, a phospholipid useful or potentially
useful in the present invention is DSPC, or analog thereof, with a modified tail. As described
herein, a “modified tail” may be a tail with shorter or longer aliphatic chains, aliphatic chains
with branching introduced, aliphatic chains with substituents introduced, aliphatic chains
wherein one or more methylenes are replaced by cyclic or heteroatom groups, or any
combination thereof. In some embodiments, In some embodiments, the compound of (PL-I) is of
Formula (PL-I-a), or a salt thereof, wherein at least one instance of R? is each instance of R? is
optionally substituted C1-30 alkyl, wherein one or more methylene units of R? are independently
replaced with optionally substituted carbocyclylene, optionally substituted heterocyclylene,
optionally substituted arylene, optionally substituted heteroarylene, -N(RY)-, -O-, -S-, -C(O)-,
-C(O)N(RY)-, -NRNC(0)-, -NRNC(O)N(RY)-, -C(0)O-, -OC(0)-, -OC(0)0-, -OC(O)N(RY)-,
-NRNC(0)0-, -C(0)S-, -SC(0)-, -C(=NRY)-, -C(=NRMN(RY)-, -NRNC(=NRY)-,
-NRNC(=ENRNN(RYN)-, -C(S)-, -C(S)N(RYN)-, -NRNC(S)-, -NRNC(S)N(RY)-, -S(0)-, -0S(0)-,
-S(0)0-, -0S(0)0-, -0S(0)2-, -S(0)20-, -0S(0)20-, -N(RMS(0)-, -S(O)N(RY)-,
-NRMS(O)N(RYN)-, -OS(O)N(RYN)-, -N(RM)S(0)0-, -S(0)2-, -N(RM)S(0)2-, -S(0)2N(RY)-,
-NRMS(0)2N(RYN)-, -OS(0)2NRM)-, or -N(RM)S(0)20-.

[00375] In some embodiments, the compound of Formula (PL-I) is of Formula (PL-I-c):

12—/ )ﬁ/

M*LZ%X

(PL-I-c),
or a salt thereof, wherein:

each x 1s independently an integer between 0-30, inclusive; and
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each instance is G is independently selected from the group consisting of optionally
substituted carbocyclylene, optionally substituted heterocyclylene, optionally substituted arylene,
optionally substituted heteroarylene, -N(RY)-, -O-, -S-, -C(0)-, -C(O)N(RY)-, -NR¥C(0)-,
-NRNC(O)N(RY)-, -C(0)0-, -OC(0)-, -OC(0)0-, -OC(0O)N(RY)-, -NRNC(0)O-, -C(0)S-,
-SC(0)-, -C(=NRY)-, -C(=NRMN(RY)-, -NRNC(=NRY)-, -NRNC(=NRMN(RY)-, -C(S)-,
-C(S)N(RY)-, -NRNC(S)-, -NRNC(S)N(RN)-, -S(0)-, -0S(0)-, -S(0)0-, -0S(0)0O-, -0S(0)2-,
-$(0)20-, -0S(0)20-, -N(RMS(0)-, -S(O)N(RM)-, -N(RM)S(O)N(RY)-, -OS(O)N(RY)-,
-N(RMS(0)O-, -S(0):2-, -N(RMS(0):2-, -S(0)2N(RY)-, -N(RMS(0)2N(RY)-, -OS(0)2N(RY)-, or
-N(RM)S(0)20-. Each possibility represents a separate embodiment of the present invention.
[00376] In some embodiments, a phospholipid useful or potentially useful in the present
invention comprises a modified phosphocholine moiety, wherein the alkyl chain linking the
quaternary amine to the phosphoryl group is not ethylene (e.g., n is not 2). Therefore, in some
embodiments, a phospholipid useful or potentially useful in the present invention is a compound
of Formula (PL-I), whereinnis 1, 3,4, 5,6, 7, 8,9, or 10. In some embodiments, a compound

of Formula (PL-I) is of one of the following formulae:

1 |?1 © Oe
R< @ 0O R1 @ |
BN ON /O\("Tm \,N/\/\/O\P’O\(V)}f‘
R’ 7\ Il
R R1 @]

or a salt thereof.

Alternative lipids
[00377] Insome embodiments, an alternative lipid is used in place of a phospholipid of the

present disclosure. Non-limiting examples of such alternative lipids include the following:
OW\/\/\/\/\/\/\/

OY\/\/\/\/\/\/\/\/’
m/\)N\H:rVEJ\/\/\/\/\/\/\/\/\

>
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0]
e Y\/\/\/\/\/\/\/\/
@ ClI
NH3

OY\/\/\/\/\/\/\/\/
Hoj\(\wovioj\/\/\/\/\/\/\/\/\

© NH; O
Cl ®

T
MJW

OY\/\/\/\/\/W\/ |
HO /loj\(\ﬂ/n\):oj\/\/\/\/\/\/\/\/\

© NH; O
Cl ® ,and
o)
. CI@ \\I/\/\/\/\/\/\/\/\/
0
I Iy H\)i )?\/\/\/\/\/\/\/\/\
HO)WN o)
0

Adjuvants

[00378] In some embodiments, a LNP that includes one or more lipids described herein may

further include one or more adjuvants, e.g., Glucopyranosyl Lipid Adjuvant (GLA), CpG

oligodeoxynucleotides (e.g., Class A or B), poly(I:C), aluminum hydroxide, and Pam3CSK4.

Therapeutic Agents

[00379] Lipid nanoparticles may include one or more therapeutics and/or prophylactics, such

as a nucleic acid. The disclosure features methods of delivering a therapeutic and/or
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prophylactic, such as a nucleic acid, to a mammalian cell or organ, producing a polypeptide of
interest in a mammalian cell, and treating a disease or disorder in a mammal in need thereof
comprising administering to a mammal and/or contacting a mammalian cell with a LNP
including a therapeutic and/or prophylactic, such as a nucleic acid.

[00380] Therapeutics and/or prophylactics include biologically active substances and are
alternately referred to as “active agents”. A therapeutic and/or prophylactic may be a substance
that, once delivered to a cell or organ, brings about a desirable change in the cell, organ, or other
bodily tissue or system. Such species may be useful in the treatment of one or more diseases,
disorders, or conditions. In some embodiments, a therapeutic and/or prophylactic is a small
molecule drug useful in the treatment of a particular disease, disorder, or condition. Examples of
drugs useful in the lipid nanoparticles include, but are not limited to, antineoplastic agents (e.g.,
vincristine, doxorubicin, mitoxantrone, camptothecin, cisplatin, bleomycin, cyclophosphamide,
methotrexate, and streptozotocin), antitumor agents (e.g., actinomycin D, vincristine, vinblastine,
cytosine arabinoside, anthracyclines, alkylating agents, platinum compounds, antimetabolites,
and nucleoside ana