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LIPED NANOPARTICLES
CROSS-REFERENCE TO RELATED APPLICATIONS

This patent application claims the benefit of priority of U.S. application serial No.
62/839.452, filed April 26, 2019, and of U.S. application serial No. 62/867,098, filed June 26,

2019, which applications are herein incorporated by reference.

BACKGROUND

Lipid nanoparticles {LNPs) are effective drug delivery systems for biclogically
active compounds, such as therapeutic nucleic acids, proteins, and peptides, which are
otherwise cell impermeable. Drugs based on nucleic acids, which include large nucleic
acid molecules such as, e.g., in vitro transcribed messenger RNA (mRNA} as wall as
smaller polynucleotides that interact with a messenger RNA or a gene, have to be
delivered to the proper cellular compartment in order to be effective. For example,
double-stranded nucleic acids such as double-stranded RNA molecules (dsRNA),
including, e.g., siRNAs, sutfer from their physico-chemical properties that render them
impermeable to cells. Upon delivery into the proper compartment, siRNAg block gene
expression through a highly conserved regulatory mechanism known as RNA
interference (RNA1). Typically, siRNAs are large in size with a molecular weight ranging
from 12-17 kDa and are highly anionic due to their phosphate backbone with up to 50
negative charges. In addition, the two complementary RNA strands result in a rigid helix.
These features contribute to the siRNA's poor "drug-like” properties. When administered
intravenously, the siRNA is rapidly excreted from the body with a typical half-life in the
range of only 10 minutes. Additionally, siIRNAg are rapidly degraded by nucleases
present in blood and other fluids or in tissues and have been shown to stimulate strong
tmrnune respounses in virro and in vivo. See, e.g., Robbins ef al., Ofigonucleotides 19:89-
102, 2009 mRNA molecules suffer from similar issues of impermeability, fragility, and
immunogenicity. See International Patent Application Publication Number

W02016/118697.

Lipid nanoparticle formulations have improved nucleic acid delivery in vivo. For

example, such formulations have significantly reduced siRNA doses necessary to
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achieve target knockdown i vive. See Zimmermann et af., Nawire 441:111-114, 20006.

Typically, such lipid nanoparticle drug delivery systems are multi-component

formulations comprising cationic lipids, helper lipids, and lipids containing polyethylene

glvcol. The positively charged cationic lipids bind to the anionic nucleic acid, while the

other components support a stable self-assembly of the lipid nanoparticles.
FEfforts have been directed toward improving delivery efficacy of lipid nanoparticle
formulations. Many such efforts have been aimed toward developing more appropriate
cattonic lipids. Seg, e.g., Akinc er al., Nature Biotechnology 26:561-569, 2008; Love ef af,,
Proc. Natl. Acad. Sci. USA 107:1864-1869, 2010, Baigude ef al., Journal of Controlied
Release 107:276-287, 2005, Semple ef al., Nature Biotechnology 28:172-176, 2010,
Despites these efforts, there remains a need for lipid nanoparticle containing formulations that
provide high potency following administration and that allow for the adovmstration of ower
doses of nucleic acids.

SUMMARY

Provided herewith are lipid nanoparticles and pharmaceutical compositions
comprising the lipid nanoparticles. The lipid nanoparticles and pharmaceutical
compositions are particularly useful for delivering a nucleic acid to a patient (e.g., a human)
or to a cell.

Lipid nanoparticle formulations useful for the delivery of nucleic acids frequently
emplov a PEG-lipid conjugate. which serves to help control particle size during LNP
mamifacture and prevent unwanted aggregation in the vial and in the blood after administration.
The PEG-hipid conjugates also help to prevent unwanted opsonization in the blood. It is very
typical for these PEG-lipid conjugates to use a PEG polymer component with a MW of about
2000. It is also typical for the conjugates to use a lipid moiety comprising 2 Cis chains and for
these PEG-lipid conjugates to be employed in molar ratios (relative to other lipids in the
composition} of 0.5 to 2%. In contrast, lipid nanoparticle formulations described herein can
contain PEG lipids that have a PEG MW of 500-1000 with mol ratios of 2% to 3%, as well as
PEG polymer size of 5000-20000 with mol ratios of 0.2% 10 0.5%. Accordingly, and as
described more fully herein, new formulations have been developed that use PEG-lipid
conjugate structures that are different from the ones typically used. used in differing amounts, to
provide beneficial properties for the lipid nanoparticles.

Accordingly, in one embodiment, provided herewith is a lipid nanoparticle comprising:

{a) anucleic acid;
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{b} a cationic hipid in an amount from about 30 to about 70 mol % of the total lipid
present in the particle;

{(c) anon~cationic ipid 10 an amount from about 30 to about 70 mol % of the total hmd
present in the particle, wherein the non-cationic lipid comprises a mixture of a phospholipid and
a cholesterol or derivative thereof, and

{d) a polyethylene glycol (PEG)-hipid conjugate that inhibits aggregation of hipd
nanoparticles in an amount from about 2 to about 5 mol % of the total lipid in the particle,

wherein the PEG-lipid conjugate comprises a PEG moiety linked to a lipid anchor
moiety,

wherein the PEG motety of the PEG-lipid conjugate has an average molecular weight of
from about 300 to about 1,000 daltons,

provided that when the lipid anchor moiety is a dialkyl moiety, at least one of the two
alkvl chains 1s less than Ciu

Also provided is a lipid nanoparticle comprising:

{a} a nucleic acid;

{b} a cationic hipid in an amount from about 30 {0 about 70 mol % of the total lipid
present in the particle;

{c) anon-cationic lipid in an amount from about 30 1o about 70 mol % of the total lipid
present in the particle, wherein the non-cationic Hipid comprises a mixture of a phospholipid and
a cholesterol or dertvative thereof; and

(d) a polyethylene glycol (PEG)-lipid conjugate that inhibits aggregation of lipid
nanoparticles in an amount from about 0.2 to about 0.5 mol % of the total lipid in the particle,

wherein the PEG-lipid conjugate coraprises a PEG moiety hnked to a ipid anchor
moiety,

wherein the PEG moiety of the PEG-lipid conjugate has an average molecular weight of
from about 5,000 to about 20,000 daltons.

Also provided is a ipid nanoparticle comprising:

{a) anucleic acid, wherein the nucleic acid 1s mRNA;

(b} a cationic hipid;

(¢} anon-cationic lipid, wherein the non-cationic lipid comprises a mixture of a
phospholipid and a cholesterol or derivative thereof, and

{d) a polyethylene glycol (PEG)-lipid conjugate that inhibiis aggregation of lipid

nanoparticles,

(53
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wherein the PEG-lipid conjugate comprises a PEG moiety linked to a lipid anchor
moilety, wheretn the hipid anchor moiety 1s a single chain Cis alkyl moiety.

Also provided 1s a lipid nanoparticle comprising:

{a) anucleic acid, wherein the nucleic acid is mRNA;

{b} a cationic lipid in an amount from about 30 to about 70 mol % of the total lipid
present in the particle;

() a non-cationic lipid in an amount from about 30 to about 70 mol % of the total hipid
present in the particle, wherein the non-cationic Hpid comprises a mixiure of a phospholipid and
a cholesterol or derivative thereof; and

(d) a polvethylene glveol (PEG)-hipid comjugate that inhibits aggregation of lipid
nanoparticles in an amount from about 1 to about 2.5 mol % of the total lipid in the particle (e g.,
about 1.6 mol %),

wherein the PEG-lipid conjugate comprises a PEG moiety linked to a lipid anchor
moiety, wherein the lipid anchor moiety is a single chain Ci-Ca (e.g., Cig, Crs, Crz, Caoor Ca)
alkyl motety,

wherein the PEG motety of the PEG-hipid conjugate bas an average molecular weight of
from about 500 to about 3,000 daltons (e.g., about 2000 daltons).

Also provided is a method for reducing the iromune response of administration of a lipid
nanoparticle {LNP) to a buman, comprising selecting a polyethvlene glyveol (PEG)-lipid
comjugate for use in LNP, wherein the PEG-lipid conjugate comprises a PEG motety hinked to a
lipid anchor moiety, wherein the lipid anchor moiety is a single alkvl chain, wherein the LNP
comprises an mRNA payload.

The mvention also provides a pharmaceutical composition comprising a lipid
nanoparticle of the invention, and a pharmaceutically acceptable carmer.

The invention also provides a method for delivering a nucleic acid to a cell comprising
contacting the cell with a lipid nanoparticle of the invention. More generally, the invention
provides methods of admimstering nucleic acids to a lwing cell, in vive or in vitra,

The mvention also provides g method for treating & digease characierired by a genalic
defect that resuits in a defictency of a functional protein, the method comprising: admunistering
1o & subject having the disease, a lipid nanoparticle of the mvention, wherein the nucleic acid
molecule is an mRNA that encodes the functional protein or a profein having the same
tologmcal activity ag the functional protein.

The mvention also provides a method for treating a disease characterized by

4
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overexpression of a polypeptide, comprising administering 1o a subject having the disease a lipid
nanoparticie of the invention, wherein the nucleic acid molecule 1s an siRNA that targets
expression of the overexpressed polypeptide.

The mvention also provides a lipid nanoparticle of the invention, for the therapeutic or
prophylactic treatment of a disease characterized by a genstic defect that results 1 a deficiency
of a funciional protein,

The mvention also provides a lipid nanoparticle of the invention, for the therapeutic or
prophviactic treatment of a disease characterized by overexpression of a polypeptide.

The invention also provides a method for treating a disease or disorder in an animal,
comprising administering a therapeutically effective amount of a lipid nanoparticle of the
invention to the animal.

The invention also provides processes and intermediates disclosed herein that are
useful for making lipid nanoparticles of the invention.

DETAILED DESCRIPTION
Definitions

As used herein, the following terms have the meanings ascribed o them unless specified
otherwise.

The term “about”™ means £5%, +4%, £3%, 2%, or =1%.

The term “interfering RNA” or “"RNA1” or “interfering RNA sequence” refers to single-
stranded RNA (e.g., mature miRNA) or double-stranded RNA (1.e, duplex RNA such as siRNA,
aiRNA, or pre-miRINA} that is capable of reducing or inhibiting the expression of a target gene
or sequence {e.g . by mediating the degradation or inhibiting the translation of mRNAs which
are complerentary to the interfering RNA sequence) when the inter{fering RNA 15 in the same
cell as the target gene or sequence. Interfering RNA thus refers to the single-stranded RNA that
is complementary to a target mRNA sequence or to the double-stranded RNA formed by two
complementary strands or by a single, self-complementary strand. Interfering RNA may have
substantial or complete identity {o the target gene or sequence, or may comprise a region of
mismatch {(i.e, a mismatch motif). The sequence of the interfering RN A can correspond 1o the
fuil-length target gene, or a subsequence thereof.

Interfering RNA inchudes “small-interfering RNA” or “siRNA,” e.g., nterfering RNA of
about 15-60, 15-50, or 15-40 (duplex) nuclectides in length, more typically about 15-30, 15-25,
or 19-25 {duplex} nucleotides in length, and is preferably about 20-24, 21-22, or 21-23 (duplex}

nucleotides in length {e.g., each complementary sequence of the double-stranded siRNA 15 15-
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60, 15-50, 15-40, 15-30, 15-25, or 19-25 nucleotides in length, preferably about 20-24, 21-22, or
21-23 nucleotides in length, and the double-stranded siRNA is about 15-60, 15-30, 15-40, 15-3(,
15-25, or 19-25 base pairs in length, preferably about 18-22, 19-20, or 19-21 base pairs in
length). siRNA duplexes may comprise 3’ overhangs of about 1 to about 4 nucleotides or about 2
to about 3 nucleotides and 5' phosphate termini. Examples of siRNA include, without limitation,
a double-stranded polynucieotide molecule assembled from two separate stranded molecules,
wherein one strand is the sense sirand and the other is the complementary antisense strand; a
double-siranded polvnucleotide molecule assembled from a single stranded molecule, where the
sense and antisense regions are linked by a nucleic acid-based or non-nucleic acid-based tinker;
a double-siranded polynucleotide molecule with a hairpin secondary structure having self-
complementary sense and anfisense regions; and a circular single-stranded polynucleotide
molecule with two or more loop structures and a stem having self-complementary sense and
antisense regions, where the circular polynucleotide can be processed in vive or in vitro to
generate an active double-stranded siRNA molecule.

Preferably, siRNA are chemically synthesized. siRNA can also be generated by cleavage
of longer dsRNA (e.g., dsRNA greater than about 25 nuclectides in length) with the £, cofi
RNase I} or D¥icer. These enzymes process the dsRNA mto biologically active siRNA (see, 2.z,
Yang et al., Proc. Natl Acad. Sci. USA, 99:9942-9947 (2002); Calegan et al., Proc. Natl. Acad
Sci. TISA, 99:14236 (2002); Byvrom et al., dmbion TechNotes, 10(1).4-6 (2003); Kawasaki et al,,
Nucleic Acids Res., 31:981-987 (2003); Kmight et al., Science, 293:2269-2271 (2001); and
Robertson et al., J. Biol Chem., 243:82 (1968)). Preferably, dsRNA are at least 50 nucleotides to
about 100, 200, 300, 400, or 500 nucleotides in length. A dsRNA may be as long as 1000, 1500,
2000, S000 nucleotides in length, or longer. The dsRNA can encode for an entire gene transcript
or a partial gene transcript. In certain instances, siRNA may be encoded by a plasomd {e.g.,
transcribed as sequences that automatically fold into duplexes with hairpin loops).

As used herein, the term “mismatch molif” or “mismaich region” refers to a portion of an
interfering RNA (e.g , siRNA, aiRNA, miRNA) sequence that does not have 100%
complementarity to ifs target sequence. An interfering RNA may have at least one, two, three,
four, five, six, or more mismaich regions. The mismatch regions may be contiguous or may be
separated by 1,2,3,4,5,6,7, 8,9, 10, 11, 12, or more nuclectides. The mismaich motifs or
regions may comprise a single nucieotide or may comprise two, three, four, five, or more

nucleotides.
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An “effective amount” or “therapeutically effective amount” of an nucleic acid such as a
nucleic acid {e.g., an interfering RNA or mRNA) 15 an amount sufficient to produce the desired
effect, e.g., an mhibition of expression of a target sequence in comparison to the normal
expression level detected in the absence of an interfering RNA; or mRNA-directed expression of
an amount of a protein that causes a desirable biological effect in the organism within which the
profein is expressed. Inhibition of expression of a target gene or target sequence is achieved
when the value obtained with an interfering RNA relative to the control is about 90%, 85%,
80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, 4%, 35%, 30%, 25%, 20%, 15%, 10%, 5%, or
0%. In other embodiments, the expressed protein 1s an active form of a protein that is normally
expressed in a cell type within the body, and the therapeutically effective arsount of the mRNA
is an amount that produces an amount of the encoded protein that is at feast 50% {e.g . at least
60%, or at least 70%, or at least 80%, or at least 90%) of the amount of the protein that is
normally expressed in the cell type of a healthy individual. Switable assays for measuring
expression of a target gene or target sequence inciude, e.g , examination of protein or RNA
levels using techniques known to those of skill in the art such as dot blots, northem blots, in situ
hybridization, ELISA, immumoprecipitation, enzyme function, as well as phenotypic assays
known to those of skill in the art.

RIS

By “decrease,” “decreasing,” “reduce,” or “reducing” of an immune response by an
imnterfering RNA 1s intended to mean a detectable decrease of an immmune response 10 a given
interfering RNA (e.g, a modified interfering RNA). The amount of decrease of an inwnune
response by a modified interfering RNA may be determined relative to the level of an immune
response in the presence of an unmodified interfering RNA. A detectable decrease can be about
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 100%, or more lower than the immune response detected in the presence of the
wnmodified interfering RNA. A decrease in the immuume response to interfering RNA 1s typically
measured by a decrease in cyiokine production (e. g, IFNy, IFNa, TNFo, IL-6, or IL-12) by a
responder cell in vitro or a decrease in cytokine production n the sera of a maromalian subject
after admunistration of the interfering RNA.

k)

By “decrease,” “decreasing,” “reduce,” or “reducing” of an immune response by an
mBNA is infended to mean a detectable decrease of an immune response to a given mRNA {e.g.,
a modified mRNA). The amount of decrease of an imnmune response by a modified mRNA may
be determined relative to the level of an immune response in the presence of an unmodified

mRNA. A detectable decrease can be about 5%, 10%, 15%, 20%, 25%. 30%, 35%, 40%, 45%,
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50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%, or more lower than the immune
response detecled in the presence of the unmodified mRNA. A decrease in the immune response
to mRNA 15 typically measured by a decrease in cytokine production {e.g., IFNy, IFNg, TNFa,
H.-6, or IL~12) by a responder cell in vitro or a decrease in cytokine production in the sera of a
mammalian subject after administration of the mRNA,

As used herein, the term “responder cell” refers to a cell, preferably a mamunalian cell,
which produces a detectable invmune response when contacted with an immunostimulatory
interfering RNA such as an unmodified siRNA. Exemplary responder cells include, e.g .
dendritic cells, macrophages, peripheral blood mononuclear cells (PBMCs), splenocytes, and the
like. Detectable immune responses include, e. g, production of cytokines or growth factors such
as TNF-g, IFN-g, IFN-B, IEN-y, IL-1, IL-2, IL-3, IL-4, IL-5, 1L-6, IL-10, 1L-12, 1L-13, TGF,
and combinations thereof.

“Substantial 1dentity” refers to a sequence that hybndizes to a reference sequence under
stringent conditions, or to a sequence that has a specified percent identity over a specified region
of a reference sequence.

The phrase “stringent hybridization conditions” refers to conditions under which a
nucleic acid will hvbridize to its target sequence, typically in a complex nuxture of nucleic
acids, but to no other sequences. Stringent conditions are sequence-dependent and will be
different in different circurnstances. Longer sequences hybrdize specifically at higher
ternperatures. An extensive guide to the hybridization of nucleic acids s found in Tijssen,
Technigues in Biochemisiry and Molecular Biology—Hybridization with Nucleic Probes,
“Overview of principles of hvbridization and the sirategy of nucleic acid assays™ (1993).
Generally, siringent conditions are selected o be about 5-10° . lower than the thermal melting
point {Tw) for the specific sequence at a defined 1onic strength pH. The T is the temperature
{under defined ionic strength, pH, and nucleic concentration} at which 50% of the probes
complementary to the target hybnidize to the target sequence at equnlibrium {(as the target
sequences are present 1n excess, at Tw, 50% of the probes are occupted at equilibrium). Stringent
conditions may also be achieved with the addition of destabilizing agents such as formamide,
For selective or specific hvbridization, a positive signal is at feast two times background,
preferably 10 times background hvbridization.

Exemplary stringent hybridization conditions can be as follows: 50% formamide,
5x88C, and 1% SDS, incubating at 42° C., or, 5x88C, 1% SDS, incubating at 65° C., with wash

m 0.2x88C, and 0.1% SDS at 65° C. For PCR, a temperature of about 36° C. is typical for low
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stringency amplification, although annealing temperatures mav vary between about 32° C. and
48° €. depending on primer length. For high stringency PCR amplification, a temperature of
about 62° C. is typical, although high stringency annealing temperatures can range from about
50° C. to about 65° €., depending on the primer fength and specificity. Typical cyele conditions
for both high and low stringency amplifications inclhude a denaturation phase of 90° C.-95° C.
for 30 sec.-2 mun., an annealing phase lasting 30 sec.-2 min., and an exiension phase of about
72° €. for 1-2 min. Protocols and guidelines for low and high siringency amplification reactions
are provided, e.g., in Inmis et al., PCR Protocols, A Guide to Methods and Applications,
Academuc Press, Inc. N Y. (1990},

Nuclete acids that do not hybridize to each other under stringent conditions are still
substantially identical if the polypeptides which they encode are substantially identical. This
oceurs, for example, when a copy of a nucleic acid is created using the maximum codon
degeneracy permitted by the genetic code. In such cases, the nucleic acids typically hybridize
under moderately stringent hybridization conditions. Exemplary “moderately stringent
hybnidization conditions” include a hybridization in a buffer of 40% formamude, 1 M Na(’l, 1%
SDS a1t 37° €., and a wash in 1#88C at 45° €. A positive hybridization 1s at least twice
background. Those of ordinary skill will readily recognize that alternative hybridization and
wash conditions can be utilized to provide conditions of similar stringency. Additional
guidelings for determining hybridization parameters are provided in numerous references, e.g.,
Current Protocols in Molecular Biology, Ausubel et al.| eds.

The terms “substantially identical™ or “substantial identity,” in the context of two or
more nucleic acids, refer to two or more sequences or subsequences that are the same or have a
specified percentage of nuclectides that are the same (1., at least about 60%, preferably at least
about 65%, 70%, 75%, 80%, 83%, 90%, or 95% identity over a specified region). when
compared and aligned for maximum correspondence over a comparison window, or designated
region as measured using one of the following sequence comparison algorithms or by manual
alignment and visual inspection. This definition, when the context indicates, also refers
analogously to the complement of a sequence. Preferably, the substantial identity exisis over a
region that is at least abowut 5, 10, 15, 20, 25, 30, 35, 40, 43, 50, 55, or 60 nucleotides in length.

For sequence comparison, typically one sequence acts as a reference sequence, to which
test sequences are compared. When using a sequence comparison algorithm, test and reference
sequences are entered into a computer, subsequence coordinates are designated, if necessary,

and sequence algorithm program parameters are designated. Default program parameters can be

9
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used, or aliernative parameters can be designated. The sequence comparison algorithim then
calculates the percent sequence identities for the test sequences relative {o the reference
sequence, based on the program parameters.

A “comparison window,” as used herein, includes reference to a segment of any one of a
mumber of contiguous positions selected from the group consisting of from about 5 to about 60,
usually about 10 1o about 45, more usually about 15 to about 30, in which a sequence may be
compared to a reference sequence of the same number of contiguous positions after the two
sequences are optimally aligned. Methods of alignment of sequences for comparison are well
known in the art. Optirnal alignment of sequences for comparison can be conducted, e.g., by the
local homology algorithm of Smuth and Waterman, Adv. Appl. Math., 2:482 (1981), by the
homology alignment algorithm of Needleman and Wunsch, J. Mol Biol., 48:443 (1970}, by the
search for similarity method of Pearson and Lipman, Proc. Natl. Acad. Sci. USA, 85:2444
(1988}, by computerized implementations of these algorithros {(GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science
Dr., Madison, Wis.}, or by manual alighment and visual inspection (see, e.g., Current Profocols
in Molecular Rivlogy, Ausubel et al., eds. (19935 supplement)).

A preferred example of algorithms that are suitable for determining percent sequence
identity and sequence simuilarity are the BLAST and BLAST 2.0 algorithms, which are described
mn Altschul et al., Nue. Acids Res., 25:3389-3402 (1977) and Altschul et al., J. Mol Biol,
215:403-4106 (1990), respectively. BLAST and BLAST 2.0 are used, with the parameters
described herein, to determine percent sequence identity for the nucleic acids. Software for
performing BLAST analyses is publicly available through the National Center for
Biotechnology Information (htip://wwwncbinlmnih.gov/).

The BLAST algorithm also performs a statistical analysis of the similarity between two
sequences (seg, e.g.. Karlin and Altschul, Proc. Natl. Acad. Sci. USA, 90:5873-5787 (1993)}.
One measure of simlarity provided by the BLAST algorithm is the smallest sam probability
{(P(N)), which provides an indication of the probability by which a match between two
nucleotide sequences would occur by chance. For example, a nucleic acid is considered similar
1o a reference sequence if the smallest sum probability in a comparison of the test nucleic acid to
the reference nucleic acid is less than about 0.2, more preferably less than about 0.01, and most
preferably less than about 0.001.

The term “nucleic acid”™ as used herein refers to a polymer containing at east two

deoxyribonucleotides or ribonucleotides i either single- or double-stranded form and includes
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DNA and RNA. DNA may be in the form of, e g., antisense molecules, plasmid DNA, pre-
condensed DNA, a PCR product, vectors (P1, PAC, BAC, YAC, artificial chromosomes},
expression cassettes, chimeric sequences, chromosomal DNA, or derivatives and combinations
of these groups. RNA may be in the form of siRNA, asymmetrical interfering RNA (aiRNA},
microRNA {miRMNA}), mRNA {RNA, rRNA, tRNA, viral RNA (VRNA), self-amplifying RNA,
and combinations thereof. Nucleic acids include nucleic acids containing known nucleotide
analogs or modified backbone residues or linkages, which are synthetic, naturally occurring, and
non-naturally occurring, and which have similar binding properties as the reference nucleic acid.
Examples of such analogs include, without imnitation, phosphorothioates, phosphoramidates,
methyl phosphonates, chiral-methy! phosphonates, 2'-O-methy] ribonucleotides, and peptide-
nucleic acids (PN As). Unless specifically limited, the term encompasses nucleic acids
containing known analogues of natural nucleotides that have similar binding properties as the
reference nucleic acid. Unless otherwise mdicated, a particular nucleic acid sequence also
implicitly encompasses conservatively modified variants thereof {e.g., degenerate codon
substitutions), alleles, orthologs, SNPs, and complemeantary sequences as well as the sequence
explicitly indicated. Specifically, degenerale codon substitutions may be achieved by generating
sequences i which the third position of one or more selected (or all) codons is substituted with
mixad-base and/or deoxyinosine residues {Batzer et al | Nucleic Acid Res., 19:5081 (1991);
Obtsuka et al | J Biol Chem., 260:2605-2608 (1983); Rossolini et al., Mol Cell. Probes, &:91-
98 (1994)). “Nucleotides” contain a sugar deoxyribose (DNA) or nibose (RNA), a base, and a
phosphate group. Nucleotides are linked together through the phosphate groups. “Bases” include
purines and pyrimidines, which further include natural compounds adenine, thymine, guanine,
cytosine, uracil, inosine, and natural analogs, and synthetic derivatives of purines and
pyrimidines, which include, but are not limited to, modifications which place new reactive
groups such as, but not limited to, amines, alcohols, thiols, carboxvlates, and alkvihalides.

The term “gene” refers to anucleic acid (e.g., DNA or RNA) sequence that comprises
partial length or entire length coding sequences necessary for the production of a polypeptide or
precursor polypeptide,

“Gene product,” as used herein, refers to a product of a gene such as an RNA transcript
or a polypeptide.

The term “lipid” refers to a group of organic compounds that include, but are not limited
to, esters of fatly acids and are characterized by being insoluble in waler, but soluble in many

organic solvents. They are usually divided into at least three classes: (1) “sivnple lipids,” which
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include fats and oils as well as waxes; (2) “compound lipids,” which include phospholipids and
glvcolipids; and (3) “derived hipids™ such as steroids.

The term "alkyl", by itself or as part of another substituent, means, unless otherwise
stated, a straight or branched chain hydrocarbon radical, which can be saturated or unsaturated,
having the mumber of carbon atoms designated (i.e., Ci-g means one to eight carbons).
Examples of alkyl groups include methyvi, ethyvl, n-propvl, iso-propyl, n-butyl, -butyl, iso-butyl,
sec-butyl, n-pentyl, n-hexyl, n-hepivi, n-octyl, and the like. The term "alkeny!" refers to an
unsaturated atkvl radical having one or more double bonds. Similarly, the term "alkynvl" refers
to an unsaturated alkyl radical having one or more triple bonds. Examples of such unsaturaied
alkyl groups include vinyl, 2-propenvl, crotyl, Z-isopentenvl, 2-(butadienyl}. 2.4-pentadienyl, 3~
(1,4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the higher homologs and isomers.

As used herein, the term lipid nanoparticle “LNP” refers to a liptd-nucleic acid particle
or a nucleic acid-hpid particle (e.g., a stable nucleic acid-lipid particle). A LNP represents a
particle made from lipids {e.g., a cationic hipid, a non-cationic lipid, and a conjugated lipid that
prevents aggregation of the particle), and a nucleic acid, wherein the nucleic acid {e.g., sIRNA,
@iRNA, miRNA, ssDNA, dsDNA, ssRNA, short hairpin RNA (shRNA), dsRNA, mRMNA, self-
amplifving RNA, or a plasmid, including plasmoids from which an interfering RNA or mRNA 15
transcribed) is encapsulated within the lipid. In one embodiment, the nucleic acid is at least
50% encapsulated in the liptd; in one embodiment, the nucleic acid is at least 73% encapsulated
n the lipid; in one embodiment, the nucleic acid s at least 90% encapsulated i the lipid; and in
one embodiment, the nucleic acid is completely encapsulated in the lipid.  LNPs typically
contain a cationic lipid, a non-cationic lipid, and a lipid conjugaie {e.g., a PEG-lipid conjugate).
LNP are extremelv useful for systemue applications, as they can exhibit extended circulation
lifetimes following infravenous (1.v.) injection, they can accurnulate at distal sites {e.g., sites
physically separated from the admunistration site}, and they can mediate expression of the
transfected gene or silencing of target gene expression at these distal sties.

The lipid particles of the invention {e.g., LNPs) typically have a mean diameter of from
about 40 nm to about 130 nm, from about 530 nm to about 150 nm, from about 60 nm to about
130 nm, from about 70 nm to about 110 nm, or from about 70 to about 90 nm, and are
substantially non-toxic. Tn addition, nucleic acids, when present in the hipid particles of the
invention, are resistant in aqueous solution to degradation with a nuclease. Nucleic acid-lipid

particies and their method of preparation are disciosed in, e.g., U.S. Patent Publication Nos.
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20040142025 and 20070042031, the disclosures of which are herein incorporated by reference
i their entivety for all purposes.

As used herein, “hipid encapsulated” can refer to a lipid particle that provides a nucleic
acid {e. 2., an mterfering RNA or mRNA), with full encapsulation, partial encapsulation, or both,
In one embodiment, the nucleic acid is fully encapsulated in the lipid particle {e. g, to form an
LINP, or other nucleic acid-lipid particle).

The term “cationic hipid” refers to any of a number of lipid species that carry anet
positive charge at a selected pH. such as physiological pH {e.g., pH of about 7.0). It has been
surprisingly found that cationic hipids comprising alkvl chains with multiple sites of
unsaturation, e.g., at least two or three sites of unsaturation, are particularly useful for forming
lipid particles with increased membrane fludity. A number of cationic lipids and related
analogs, which are also useful in the present invention, have been described in U.S. Patent
Publication Nos. 20060083780 and 20060240554; U.S. Pat. Nos. 5,208,036, 5,264,618;
5.279,833: 5.283.185; 5,753,613 and 5.785,992; and PCT Publication No. WO 96/10390, the
disclosures of which are herein incorporated by reference in thetr entirety for all purposes. Non-
fimiting examples of cationic lipids are described in detail heremn. In some cases, the cationic
lipids comprise a protonatable tertiary amine {(e.g., pH fitratable) head group, C18 alkyl chains,
ether linkages between the head group and alkyl chains, and 0 to 3 double bonds. Such lipids
mclude, e.g., BSDMA, DLinDMA, DLenDMA, and DODMA.

In the hipid nanoparticles described herein, the cationic lipid may comprise, e.g., one or
more of the following: 1,2-dilinolevioxy-N,N-dimethylanunopropane (DLinDMA), 1.2-
dilinolenvioxy-N N-dimethviaminopropane (BLenDMA), 2, 2-dilinoleyi-4-(2-
dimethylaminoethyvb-[ 1,3 ]-dioxolane (DLin-K-C2-DMA; “XTC27), 2,2-dilinoleyl-4-(3-
dimethyviaminopropyl)-{ 1,3]-dioxolane (DLin-K~-C3-DMA), 2 2-dilinoleyl-4-(4-
dimethylaminobutvi)-| 1,3]-dioxolane (BLin-K-C4-DBMA), 2,2-dilinoleyl-5-
dimethvliaminomethy1-{ 1,3 |-dioxane (DLin-K6-DMA), 2,2-dilinoleyl-4-N-methyipeptazino-
[1.3]-dioxolane (DLin-K-MPZ), 2.2-dilinoleyl-4-dimethylanminomethyl-[ 1,3 ]-dioxolane (DLin-
K-DMA}, 1,2-dilinoleylcarbamoyloxy-3-dimethylaminopropane (DLin-C-DAP), 1.2~
dilinoleyoxy-3-(dimethylaminojacetoxypropane (DLin-DAC), 1,2-dilinolevoxy-3-
morpholinopropane (DLin-MA), 1,2-dilinoleovi-3-dimethylaminopropane (DLinDAP), 1,2-
dilinoleylithio-3-dimethylaminopropane (DLin-S-DMA), 1-linoleoy!-2-linoleyloxy-3-
dimethyvlaminopropane (DLin-2-DMAP), 1.2-dilinoleyloxy-3-trimethylaminopropane chioride

salt (DLin~-TMA.Cl1), 1,2-dilinoleovl-3-tnimethylaminopropane chloride salt (DLin-TAP.C1),
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1.2-dilinoleyioxy-3-(N-methyipiperazinojpropane {BLin-MPZ}, 3-(N.N-dilinoleylamino)-1,2-
propanediol (DLmAP), 3-(N, N-dicleylamino}-1,2-propanedio {DOAP), 1,2-dihinoleyvioxo-3-(2-
N, N-dimethyvlanuno)ethoxypropane (DLin-EG-DMA), N N-diolevi-N,N-dimethylanwonium
chloride (DODAC), 1.2-dicleyloxy-N N-dimethylaminopropane (DODMA), 1,2-distearyloxy-
N, N-dimethylaminopropane (DSDMA), N-(1-(2,3-diolevioxypropyh-N,N,N-
trimethylammonium chloride (BOTMA), N N-distearyl-N N-dimethylammonium bromide
(DBDAB), N-(1-(2,3-dioleovioxy ypropyh-N, N, N-trimethviammonium chlonide (BOTAP), 3-
(N-—{N' N'-dimethviaminoethane}-carbamovijcholesierol (BC-Chol}, N-(1 2-
dimyristyloxy prop-3-v1)}-N,N-dimethyl-N-hy droxyethy] ammonium bromide (BMRIE), 2,3-
diolevioxy-N-f 2{spermine-carboxamudoethylj-N,N-dimethyl- | -propanamimumtrifluoroacetate
(DOSPA)Y, dioctadecylamidoglyvey! spermine (DOGS), 3-dimethyvianino-2-(cholest-5-en-3-beta-
oxybutan-4-oxy - 1-{cis,cis-9, 1 2-ociadecadienoxyypropane {(CLinDMA), 2-[ 5'-{cholesi-5-en-3-
beta-oxy)-3'-oxapentoxy }-3-dimethvl-1~{cis,ci5-9', 1 -2'-octadecadienoxy ypropane {CpLinDMA),
N N-dimethyl-3,4-diolevioxybenzylamine (DMOBA), 1,2-N N'-diolevicarbamy{-3-
dimethylaminopropane (BOcarbDAP), 1,2-N,N'-dilinolevicarbamyvi-3-dimethylaminopropane
(BLincarbDAP), or mixtures thereof. In certain emnbodiments, the cationic lipid is DLinDMA,
DLin-K-C2-DMA (“XTC2”), or mixtures thereof

The synthesis of cationic lipids such as DLin-K-C2-DMA ("XTC27), DLin-K-C3-DMA,
DLin-K-C4-DMA, BLin-K6-DMA, and DLin-K-MPZ, as well as additional cationic lipids, 1s
described in U.S. Provisional Application No. 61/104,212, filed Oct. 9, 2008, the disclosure of
which is herein incorporated by reference in iis entirvety for all purposes. The svnthesis of
cationic hipids such as DLin-K-DMA, DLin-C-DAP, DLin-DAC, DLin-MA, BLinDAP, DLin-
S-DMA, DLin-2-BMAP, DLin-TMA Cl, DLin-TAP.CL DLin-MPZ, DLInAP, DOAP, and
DLm-EG-DMA, as well as additional cationic lipids, is described in PCT Application No.
PCT/USO8/88676, filed Dec. 31, 2008, the disclosure of which is herein incorporated by
reference in its entivety for all purposes. The svnthesis of cationic hipids such as CLinDMA, as
well as additional catiomic ipids, is described in U.S. Patent Publication No. 20060240554, the
disclosure of which is herein incorporated by reference in its entirety for all purposes.

Any of a variety of cationic lipids may be used in the lipid particles of the invention
{e.g., LNP)}, either alone or in combination with one or more other cationic lipid species or non-
cationic lipid species.

Cationic lipids which are useful in the present invention can be any of a number of lipid

species which carry a net positive charge at physiological pH. Such lipids inchude, but are not
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limited to, N N-dioleyl-N N-dimethylammonium chloride (BODAC), 1,2-dioleyloxy-N N~
dimethylaminopropane (DODMA), 1, 2-distearyloxy-N N-dimethyvlaminopropane (DSDMA), N-
(1-(2,3~dioleyloxy)propy =N, N N-irimethy lanwoonium chloride (DOTMA), N N-~distearvi-N N~
dimethylammonium bromide (DDAB), N-(1-(2,3-dioleovioxy jpropyl}-N N N-
trimethylammonium chioride (DOTAP), 3-(N—(N' N'-dimethyviaminoethane}-
carbamovlcholesterol (DC-Chol), N-{1,2-dimyristyloxyprop-3-yD-N N-dimethyi-N-
hydroxyethyl ammonium bromide (DMRIE}, 2.3-dioleyloxy-N-{2{spermine-
carboxamidojethvi}]-N N-dimethvi-1-propanaminiuminfivoroacetate (DOSPA),
dioctadecylamidoglveyl spermine (BOGS), 3-dimethylamino-2-{cholest-5S-en-3-beta~-oxybutan-
4-oxy)-1-(cis,cis~9,1 2~octadecadienoxy propane (CLinDMA), 2-{5'-(cholest-5-en-3 beta.-oxv)-
3'-oxapentoxy }-3-dimethyl-1-(cis, cis-9',1-2'-octadecadienoxy Jpropane (CpLinDMA}, N N-
dimethyl-3 4-dioleyloxybenzylamine (DMOBA), 1,2-N N'-diolevicarbamyl-3-
dimethylamnopropane (DOcarbDAP), 1,2-N N'-Dilinoleylcarbaroyl-3-dimethvianminopropane
{DLincarbDAP), 1 2-Dilinoleovicarbamyl-3-dimethylaminopropane (DLinCDAP), and muxtures
thereof. A number of these lipids and related analogs have been described in U.S. Patent
Publication Nos. 20060083780 and 20060240554, U.S. Pat. Nos. 5,208,036, 5,264 618;
5,279.833: 5.283,185: 5.753.613; and 5,785,992: and PCT Publication No. WO 96/10390. the
disclosures of which are each herein incorporated by reference in their entirety for all purposss.
Addionally, a number of commercial preparations of cationic hpids are available and can be
used in the present invention. These include, e g, LIPOFECTIN® (conunercially available
cationic liposomes comprising DOTMA and DOPE, from GIBCO/BRL, Grand Island, N.Y .,
USAj); LIPOFECTAMINE® (commercially available cationic liposomes comprising DOSPA
and DOPE, from GIBCGO/BRL), and TRANSFECTAM® (commercially available cationic
liposomes comprising DOGS from Promega Corp., Madison, Wis., USA).

Additionally, cationic lipids of Formula I having the following structures are useful in

the present invention.

R? OR?

wherein R' and R” are independently selected and are H or C;-Cs alkyls, R’ and R* are
mdependently selected and are alky! groups having from about 10 to about 20 carbon atoms, and
at least one of R* and R* comprises at least two sites of unsaturation. In certain instances, R® and
R*are both the same, i.e., R* and R* are both linoleyl (Cis), etc. In certain other instances, R and
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R*are different, i.e., R*is tetradectrienyl (Ci4) and R*is linoleyl (Cis). In one embodiment, the
cationic lipid of Formula I is symmetrical, i.e., R} and R* are both the same. In another
embodiment, both R* and R* comprise at least two sites of unsaturation. In some embaodiments,
R’ and R* are independently selected from the group consisting of dodecadienyl, tetradecadienyl,
hexadecadienyl, linoleyl, and icosadienyl. In one embodiment, R and R* are both linoleyl. In
some embodiments, R? and R* comprise at least three sites of unsaturation and are independently
selected from, ¢ g., dodecatrienyl, tetradectrieny!, hexadecatrienyl, linoleny!, and icosatrienvl. In
particular embodiments, the cationic liptd of Formula I 1s 1,2-dilinoleyioxy-N,N-
dimethylaminopropane (BLinDMA) or 1,2-dilinolenyloxy-N N-dimethylaminopropane
(DLenDMA).

Furthermore, cationic lipids of Formula 1 having the following structures are useful in

the present invention.

(1%

R4

wherein R' and R” are independently selected and are H or C;-Cs alkyls, R’ and R* are
independently selected and are alky! groups having from about 10 to about 20 carbon atoms, and
at feast one of R* and R* comprises at least two sites of unsaturation. In certain instances, R® and
R*are both the same, i.e., R* and R* are both linoleyl (Cis), etc. In certain other instances, R and
R*are different, i.e., R’ is tetradectrienyl (C14) and R*is linoley] (C1s). In one embodiment, the
cationic lipids of the present invention are symmetrical, i.e., R’ and R* are both the same. In
another embodiment, both R’ and R* comprise at least two sites of unsaturation. In sorme
embodiments, R and R* are independently selected from the group consisting of dodecadienyl,
tetradecadienyl, hexadecadienvl, linoleyl, and icosadieny!. In one embodiment, R* and R* are
both linoleyl. In some embodirents, R and R comprise at least three sites of unsaturation and
are independently selected from, e.g., dodecairienyl, tetradecintenyl, hexadecatrienyl, linolenyl,
and icosatrienyl.

Moreover, cattonic liptds of Formula II having the following structures (or salts thereof}

are useful i the present invention,

(I
RY K A
N/ (™Y
\/.... (CEL), —mmenen \ RZ
Nitadg Ty [
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wherein R! and R? are either the same or different and independently optionally substituted Cia-
Crs alkyl, optionally substituted Ci12-Caa alkenyl, optionally substituted C12-Cay alkynvl, or
optionally substituted C12-Coq acyl; R’ and R* are either the same or different and independently
optionally substituted Ci-Cs alkyl, optionally substituted {1-Cs alkenyi, or optionally substituted
C-Ce alkynyl or R® and R* may join to form an optionally substituted heterocyclic ring of 4 to 6
carbon atoms and 1 or 2 heteroatoms chosen from nitrogen and oxygen; R’ is either absent or
hydrogen or C1-Ce alkyl to provide a quaternary amine; m, n, and p are either the same or
different and independently either 0 or 1 with the proviso that m, n, and p are not simultanecusly
0,g150, 1,2, 3, or4; and Y and 7 are etther the same or different and independently O, S, or

In some embodiments, the cationic lipid of Formula HI s 2,2-dilinolevi-4-{2-
dimethylaminoethyi)-[ 1.3 ]-dioxolane (DLin-K-C2-DMA; “XTC2™), 2.2-dilinoleyl-4-(3-
dimethvlaminopropyl}-{1,3]-dioxolane (DLin-K-C3-DMA}. 2.2-dilinoleyl-4-(4-
dimethylaminobutyl -} 1,3]-dioxolane (DLin-K-C4-DMA), 2.2-dilinclevi-5-
dimethylaminomethvl-{ 1 3}-dioxane (DLin-K6-DMA), 2,2-dilinoleyt-4-N-methylpepiazino-
[1,3}-dioxolane (DLin-K-MPZ7), 2.2-dilinoleyl-4-dimethviaminomethyl-[1,3}-dioxolane (DLin-
K-DMA), 1,2-dilinoleylcarbamoyloxy-3-dimethylaminopropane (DLin-C-DAP), 1,2-
dilinoleyoxy-3-{dimethylaminojacetoxypropane (DLin-DAC), 1 2-dilinoleyoxy-3-
morpholinopropane (DLin-MA), 1,2-dilinoleoyl-3-dimethylanunopropane (DLinDAP), 1,2-
dilinoleyithio-3-dimethylanminopropane (DLin-S-DMA}, 1-linoleoyl-2-lincleyloxy-3-
dimethylaminopropane (BLin-2-DMAP), 1,2-dilinolevioxy-3-trimethviaminopropane chiornide
salt (DLin-TMA.Cl), 1,2-dilincleoyl-3-trimethylaminopropane chloride salt (DLin-TAP.C1),
1,2~dilinolevioxy-3-(N-methylpiperazino)propane (DLin-MPZ), 3-(N N~dilincleviamino)-1.2-
propanediol (DLinAP), 3-(N N-dioleylamino}-1,2-propanedio (DOAP), 1.2-dilinoleyioxo-3-(2-
N N-dimethyvlamino)ethoxy propane (DLin-EG-DMA), or mixtures thereof In some
embodiments, the cationic lipid of Formula i 1s DLin-K-C2-DMA ((TC2).

The cationic lipid typically comprises from about 50 mol % to about 90 mol %, from
about 50 mol % to about 85 mol %, {rom about 50 mol % to abowt 80 mol %, from about 50 mol
% to about 75 mol %, from about 50 mol % to about 70 mol %, from about 50 mol % to aboui

65 mol %, or from about 55 mol % to about 65 mol % of the total lipid present in the particle.
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it will be readily apparent to one of skill in the art that depending on the intended use of
the particles, the proportions of the components can be vaned and the delivery efficiency of a
particular formulation can be measured using, e.g., an endosomal release parameter (ERP) assay.

In certain embodiments, the term “cationic hipid”™ refers to a2 compound of formula CL; or

o g
\i‘?/\\/\\/u\(} J—
— CLL

In certain embodiments, the term “cationic hipid™ refers to a compound of formula CLa or

5 asalt thereof

a salt thereof:

\Pf/\\/\n/o\}/\ NS S T e P
o R N N N e NS CLa.
10 In certain embodiments, the term “cationic lipid” refers to a compound of formula Cl: or

a salt thereof:

CLs.
The non-cationic hipids used in the lipid particles of the mvention (e.g., LNP) can be any

of a vanety of neutral uncharged, zwitterionic, or anionic lipids capable of producing a stable

-
(93}

complex.

Non-limiting examples of non-cationic lipids include phospholipids such as lecithin,
phosphatidylethanolarine, lysolecithin, lysophosphatidylethanolamine, phosphatidylserine,
phosphatidylinositol, sphingomyelin, egg sphingomyvelin (ESM), cephalin, cardiolipin,
phosphatidic acid, cerebrosides, dicetylphosphate, disiearoyiphosphatidyicholing (BDSPC),
20 dioleoviphosphatidylcholine (DOPC), dipalmitoviphosphatidyicholine (DPPC),
dioleoviphosphatidyiglycerol (DOPG), dipalmutoviphosphatidylglycerol (DPPG).
dioleoviphosphatidylethanolamine (DOPE), palmitoyloleovi-phosphatidyicholine (POPC),
palmitovloleoyl-phosphatidylethanolamne (POPE), palmitovioley ol-phosphatidyiglycerol
(POPG), dioleoyiphosphatidylethanolamine 4~(N-maleimidomethyl)-cy clohexane-1-carboxylate
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{(DOPE-mal), dipalmitovl-phosphatidylethanolamine (DPPE), dimyristoyi-
phosphatidyviethanolamine (DMPE), distearoyl-phosphatidviethanolamine (DSPE},
monomethyl-phosphatidylethanolamine, dimethyl-phosphatidviethanolarsine, dielaidovl-
phosphatidylethanolamine (DEPE), stearoyloleovl-phosphatidviethanolamine (SOPE),
lysophosphatidylcholine, dilinoleoviphosphatidyicholine, and mixtures thereof. Other
diacylphosphatidvicholine and diacylphosphatidylethanolamine phospholipids can also be used.
The acvl groups in these lipids are tvpically acyl groups derived from fatty acids having Cio-Caa
carbon chains, e. g, lauroyl, myristovl, palmiioyl, stearovi, or oleovl

Additional examples of non-cationic lipids imchude sterols such as cholesterol and
derivatives thereof such as cholestanol, cholestanone, cholestenone, coprostanol, cholesteryl-2'-
hydroxyethvl ether, cholestervl-4'-hvdroxybuty! ether, and mixtures thereof,

In some embodiments, the non-cationic lipid present in the lipid particles (e.g., LNP)
comprises or consists of cholesterol or a denivative thereof, e g., a phospholipid-free lipid
particle formulation. In other embodiments, the non-cationic lipid present in the lipid particles
{e.g., LNP) comprises or consisis of one or more phospholipids, e.g., a cholesterol-free Hpid
particle formulation. In further embodiments, the non-cationic hipid present in the lipid particles
{e.g.. LNP) comprises or consists of a mixture of one or more phospholipids and cholesterol or a
derivative thereof.

Other examples of non-cationic lipids suntable for use 1n the present invention include
nonphosphorous containing lipids such as, e g, stearylanmine, dodecviamine, hexadecvlamine,
acetyl palmitate, glvcerolricinoleate, hexadecy! stereate, isopropyl myristate, amphoteric acrylic
polymers, triethanolamine-lauryi sulfate, alkvi-arvi sulfate polyethvioxylated fattv acid amides,
dioctadecyldimethyl ammonium bromide, ceramide, sphingomyelin, and the like.

The term “hydrophobic lipid” refers to compounds having apolar groups that include, but
are not himited to, fong-chain saturated and unsaturated aliphatic hydrocarbon groups and such
groups optionally substituted by one or more aromatic, cycloaliphatic, or heterocychic group{(s).
Suttable examples include, but are not limited to, diacylglycerol, dialkvigivcerol, N—N-
diatkviamino, 1.2-diacyloxy-3-aminopropane, and 1.2-dialkyl-3-aminopropane.

The term “fusogenic™ refers to the ability of a lipid particle, such as a NP, to fuse with
the membranes of a cell. The membranes can be etther the plasma membrane or membranes
surrounding organelles, e g.. endosome, nucleus, aic.

As used herein, the term “aqueous solution” refers to a composiiion comprising in whole,

oF in pari, water.
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As used herein, the term “organic lipid solution” refers to a composition comprising in
whole, or in part, an organic solvent having a hipid.

“Distal site,” as used herein, refers to a physically separated site, which is not limited to
an adjacent capttlary bed, but includes sites broadly distributed throughout an organism.

“Serum-stable”™ in relation {o lipid nanoparticles such as LINP means that the particle is
not significantly degraded after exposure {0 a serum or nuclease assay that would significantly
degrade free DNA or RNA. Suitable assays include, for example, a standard serum assay, a
DNAse assay, or an RN Ase assay.

“Systemic delivery,” as used herein, refers to delivery of lipid particles that leads to a
broad biodistribution of an nucleic acid, such as an interfering RNA or mRNA, within an
organism. Some technigues of adminisiration can lead to the systemic delivery of certain agents,
but not others. Systemic delivery means that a useful, preferably therapeutic, amount of an agent
1s exposed to most parts of the body. To obtain broad biodistribution generally requires a blood
lifetime such that the agent is not rapidly degraded or cleared (such as by first pass organs (liver,
hung, ete.y or by rapid, nonspecific cell binding) before reaching a disease site distal to the site of
administration. Sysiemic delivery of lipid particles can be by any means known in the art
mcluding, for example, intravenous, subcutaneous, and intraperitoneal. In a preferred
embodiment, systemic delivery of lipid particles is by intravenous delivery.

“Local delivery,” as used herein, refers to delivery of an nucleic acid, such as an
interfering RNA or mRNA, directly to a target site within an organism. For example, an agent
can be locally delivered by direct mnjection into a disease site such as a tumor or other target site
such as a site of inflammation or a target organ such as the hiver, heart, pancreas, kidney, and the
like.

The term “mannal” refers to any maromalian species such as a hurnan, mouse, rat, dog,
cat, hamster, guinea pig, rabbit, livestock, and the like.

The term “cancer” refers to any member of a class of diseases characierized by the
uncontrolled growth of aberrant cells. The term includes all known cancers and neoplastic
conditions, whether characterized as malignant, benign, soft tissue, or solid, and cancers of all
stages and grades including pre- and post-metastatic cancers. Examples of different types of
cancer inchude, but are not imited to, lung cancer, colon cancer, rectal cancer, anal cancer, bile
duect cancer, small intestine cancer, stomach (gastric} cancer, esophageal cancer; galibladder
cancer, Hver cancer, pancreatic cancer, appendix cancer, breast cancer, ovarian cancer; cervical

cancer, prostate cancer, renal cancer {e.g., venal cell carcinoma), cancer of the central nervous
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system, glioblastoma, skin cancer, lvmphomas, choriocarcinomas, head and neck cancers,
osteogenic sarcomas, and blood cancers. Non-hmitling examples of specific types of liver cancer
mclude hepatocetivlar carcinoma (HCC), secondary hiver cancer {e.g., caused by metastasis of
some other non-liver cancer cell type}, and hepatoblastoma. As used herein, a “tumor”
cComprises one or more cancerous cells.

Description of the Embodiments

In certain embodiments, provided here are lipid nanoparticles comprising:

{a} a nucleic acid;

{b} a cationic hipid in an amount from about 30 {0 about 70 mol % of the total lipid
present in the particle;

{c) anon-cationic lipid in an amount from about 30 1o about 70 mol % of the total lipid
present in the particle, wherein the non-cationic lipid comprises a mixture of a phospholipid and
a cholesterol or dertvative thereof; and

(d) a polyethylene glycol (PEG)-lipid conjugate that inhibits aggregation of lipid
nanoparticles in an amount from abowt 2 to about 5 mol % of the total lipid in the particle,

wherein the PEG-lipid conjugate coraprises a PEG moiety hnked to a ipid anchor
moiety,

wherein the PEG moiety of the PEG-lipid conjugate has an average molecular weight of
from about 500 1o about 1,000 daltons,

provided that when the lipid anchor moietv 1s a dialkyl moiety, at least one of the two
alkyl chains is less than Cu.

In certain embodiments, the lipid anchor moiety is a single Cio-Cas alkyl chain (e.g., Cuo,
Cin, Cia, Cis, Cug, Cis, Crs, Cims Ci, g, Coo, Car, Coo, Cos, 01 Cog),

In certain embodiments, the lipid anchor moiety 15 a single Cio, Cia, Cie. Cis 0r Ciz
chain,

In certain embodiments, the lipid anchor motety s a single Cis chain.

In certain embodiments, the hipid anchor motety 1s a single C16-Coq alkyl] chain

In certain embodiments, the lipid anchor moiety is a single Ca-Cy alky! chain,

In certain embodiments, the lipid anchor moiety is, or comprises, a steroi or sterol
derivative.

In certain embodiments, the lipid anchor moiety is, or comprises, cholesterol or a
cholesterol derivative.

In certain embodiments, the lipid anchor motety is, or comprises, a polyeyclic struciure.
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In certain embodiments, the lipid anchor moiety is a dialkyl moiety.

In certain embodiments, the lipid anchor moiety is a symmetric dialkyl moiety.

In certain embodiments, the lipid anchor moiety 15 an asymmetric dialky]l moiety.

In certain embodiments, the lipid anchor moiety is an asymmetric diatkyl moiety having
(o and Cyq alkyl chains.

In certain embodiments, the lipid anchor moilety 1s a dialkyl motety having two Csg alkyl
chains.

in certain embodiments, the lipid anchor moiety 1s a dialky]l moiety having two Cie alkyl
chains.

In certain embodiments, the lipid anchor moiety is a dialkyl moiety having two Cy; alkyl
chains.

In certain embodiments, the lipid anchor moiety is a triatkvl moiety.

In certain embodiments, the hipid anchor motety 1s a trialkyl motety having three alkyl
chains of Cio or less.

In certain embodiments, the lipid anchor moiety i3 a symmetric trialky] moiety.

In certain embodiments, the lipid anchor moiety is an asymmetric trialkyl motety.

In certain embodiments, the lipid anchor moiety is a tetraalky] moiety.

In certain embodiments, the lipid anchor moiety is a tetraatky! moiety having three alkyl
chans of Cs or less.

In certain embodiments, the lipid anchor motety is a symmetric tetraaltkyl moiety.

In certain embodiments, the lipid anchor moigty is an asymmetric tetraalkvl moiety.

In certain embodiments, the PEG moiety of the PEG-lipid conjugate has an average
molecular weight of about 750 daltons.

In certain embodiments, the polvethviene glveol (PEG)-lipid conjugate that inhibits
aggregation of lipid nanopaiticles is present in an amount of about 2 mol % of the total lipid in
the particle.

In certain embodiments, the polvethylene glveol (PEG)-lipid conjugate that inhubits
aggregation of lipid nanoparticles is present in an amount of about 3 mol % of the total lipid in
the particle.

In certain embodiments, the polvethylene glycol (PEG)-lipid conjugate that inhibits
aggregation of lipid nanoparticles is present in an amount of about 4 mol % of the total lipid in
the particle.

In certain embodiments, the polvethylene glveol (PEG)-lipid conjugate that inhibits
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aggregation of lipid nanoparticles is present in an amount of about 5 mol % of the total lipid in
the particle.

In certain embodiments, provided here are lipid nanoparticles comprising:

{a) anucleic acid;

{b} a cationic lipid in an amount from about 30 to about 70 mol % of the total lipid
present in the particle;

() a non-cationic lipid in an amount from about 30 to about 70 mol % of the total lipid
present in the particle, wherein the non-cationic Hpid comprises a mixiure of a phospholipid and
a cholesterol or derivative thersof: and

(d) a polvethylene glveol (PEG)-hipid comjugate that inhibits aggregation of lipid
nanoparticles in an amount from about 0.2 to about 0.5 mol % of the total lipid in the particle,

wherein the PEG-lipid conjugate comprises a PEG moiety linked to a lipid anchor
maoiety,

wherein the PEG moiety of the PEG-lipid conjugate has an average molecular weight of
from about 5,000 to about 20,000 daltons.

In certain embodiments, the lipid anchor moiety is a single alkyl chain,

In certain embodiments, the lipid anchor moiety is, or comprises, a sterol or sterol
derivative.

In certain embodiments, the lipid anchor motety 1s, or comprises, cholesterol ora
cholesterol derivative.

In certain embodiments, the lipid anchor moigty is, or comprises, a polveyelic structure.

In certain embodiments, the lipid anchor moiety is a dialkyl moiety.

In certain embodiments, the lipid anchor moiety is a symmetric dialkyl moiety.

In certain embodiments, the lipid anchor moiety 15 an asymmetric dialky]l moiety.

In certain embodiments, the lipid anchor moiety is a dialkyl moiety having alkyl chains
longer than Ci4.

In certain embodiments, the lipid anchor moiety 1s a dialkyl motety having Ci4~Co alkyl
chains {e.g.. Cia, Cis, Cis, C17, Cis. Crs, Cop, Co1, o1 T}

In certain embodiments, the lipid anchor moiety is a dialkyvi moiely having two T alkyl
chains.

In certain embodiments, the lipid anchor moiety 15 a dialkyl moiety having two Cis alkyl
chains.

In certain embodiments, the lipid anchor molety 1s a dialkyl motety having two Cig alkyl
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chains.

In certain embodiments, the lipid anchor moiely is a trialkyl moiety.

In certain embodiments, the lipid anchor moiety is a trialkvl motety having three alkyl
chains of (s or greater.

In certain embodiments, the lipid anchor moiety is a symmetric trialkyl moiety.

In certain embodiments, the lipid anchor motety is an asymmetric trialkyl moiety.

In certain embodiments, the lipid anchor moiety is a tetraalkyl moiety.

in certain embodiments, the lipid anchor moiety 18 a tetraalkyl moiety having three alkyl
chains of Cs or greater.

In certain embodiments, the lipid anchor moiety 15 a symmetric tetraalkyl moiety.

In certain embodiments, the lipid anchor moiety is an asymmetric tetraalkyl moiety.

In certain embodiments, the PEG moiety of the PEG-lipid conjugate has an average
molecular weight of from about 5,000 to about 10,000 dalfons.

In certain embodiments, the PEG moiety of the PEG-lipid conjugate has an average
molecular weight of from about 8,000 to abowt 10,000 daltons.

In certain embodiments, the PEG motety of the PEG-lipid conjugate has an average
molecular weight of about 5,000 daltons.

In certain embodiments, the PEG moiety of the PEG-lipid conjugate has an average
molecular weight of about 10,000 daltons.

In certain embodiments, the nucleic acid is at least 80 bases 1 length.

In certain embodiments, the nucleic acid is at least 100 bases in length.

In certain embodiments, the nucleic acid 1s at least S00 bases in length.

In certain embodiments, the nucleic acid is DNA, plasmid DNA, minicircle DNA,
ceDNA {(closed ended DNA), mRNA, self-replicating RNA, CRISPFR RNA, a gene editing
construct, an RNA editing construct, or a base editing construct.

In certain embodiments, the nucleic acid is mRNA.

In certain embodiments, the nucleic acid 1s siRNA.

In certain embodiments, the nucleic acid is not siRNA.

in certain embodiments, the cationic lipid is a3 compound of formula CL; or a salt

thereot

CL1.
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In certain embodiments, the cationic lipid is a compound of formula CL2 or a salt
thereof:
S /\EKOW\/W\/@\/\/“\
| o L\/’\\/\/’\v/ TN (L,
In certain embodiments, the cationic lipid is a compound of formula CLs or a salt

thereof:

{
3

CLs.

In certain embodiments, the phospholipid 1s DSPC.

In certain embodiments, the lipid anchor moiety comprises at least one saturated alkyi
chain,

In certain embodiments, the hipid anchor motety comprises at least one unsaturated alkvl
chain.

in certain embodiments, the lipid anchor motety comprises at least one atkyl chain
having at least one double bond.

Certain embodiments provide a method for reducing the immune response of
administration of a liptd nanoparticle {LNP) to a human, comprising selecting a polvethylene
glycol (PEG-lipid conjugate for use in LNP, wherein the PEG-hipid conjugate comprises a PEG
maoiety linked to a ipid anchor motety, wherein the lipid anchor moiety is a single atkyl chain,
wherein the LNP comprises an mRNA payload.

In certain embodiments, the lipid anchor moiety is a single Cio-Cas alkyl chain (e.g., Cue,
Ci1, Ciz, Ciz, Cra, Cis, Crs, Cor iz, Cis, Coo, Cov, Tz, Cos, 07 Cos)

In certain embodiments, the lipid anchor moiety is a single Cio, Coo, T, Cig, Cig Cop,
Casor Cag, chain

In certain embodiments, the lipid anchor moiety 1s a single Cis chain.

In certain embodiments, the method further comprises treating a human in need thereof
with an initial adnunistration of the LNP and at least one subsequent administration of the LNP.

Certain embodiments provide a hipid nanoparticle comprising:
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(a} a nucleic acid, wherein the nucleic acid 1s mRINA;

{b} a cationic hipid,

(¢} anon~cationic lipid, wherein the non-cationic hipid comprises a mixture of a
phospholipid and a cholesterol or derivative thereof, and

{d) a polyethylene glycol (PEG)-lipid conjugate that inhibiis aggregation of lipid
nanoparlicles,

wherein the PEG-lipid conjugate comprises a PEG moiety linked to a lipid anchor
moiety, wherein the lipid anchor moiety is a single chain Cis alkyl moiety.

Certain embodiments provide a hipid nanoparticle comprising:

{a) anucleic acid, wherein the nucleic acid 1s mRNA;

(b} a cationic lipid in an amount from about 30 to about 70 mol % of the total lipid
present in the particle;

(¢} anon-cationic lipid in an amount from about 30 to about 70 mol % of the total hpid
present in the particle, wherein the non-cationic fipid comprises a mixture of a phospholipid and
a cholesterol or derivative thereof, and

(d) a polvethylene glyeol (PEG)-hipid conjugate that inhibits aggregation of lipid
nanoparticles m an amount from about | to about 2.5 mol % of the total lipid in the particle (e g.,
about 1 6 mol %),

wherein the PEG-lipid conjugate comprises a PEG moiety linked to a lipid anchor
maoiety, wherein the lipid anchor moiety is a single chain Ci4-Caz (e g, Cug, Cis, Cie. Ci7. Casg,
C}gﬁ Czo, Czi, or (zz, cg.. Cm, Cm, Cig, Cog o1 sz) aikyl moietyﬁ

wherein the PEG moiety of the PEG-lipid conjugate has an average molecular weight of
from about 500 to about 3,000 dalions {(e.g., aboutl 2000 daltons).

Certain embodiments provide a pharmaceutical composition comprising a hipid
nanoparticie as described herein, and a pharmaceutically accepiable carrier.

In certain embodiments, the pharmaceutical composition is formulated for mtravenous
adnunistration.

Certain embodiments provide a method for delivering a nucleic acid to a cell comprising
contacting the cell with a lipid nanoparticle as described herein.

Certain embodimentis provide a method {or treating a disease chavacterized by a genelic
defect that resuits 1o a deficiency of a funcional protem, the method comprising: adrinistering
{o a subject having the disease, a lipid nanoparticle as described herein, wherein the lipid

nanoparticie comprises mRNA that encodes the functional protein or a protein having the same
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biclogical activity as the functional profein,

Certain embodiments provide a method for treating a disease characterized by
overexpression of a polypeptide, comprising administering to a subject having the disease a lipid
nanoparticie as described herein, wherein the lipid nanoparticle comprises siRNA that targets
expression of the overexpressed polvpeptide.

Certain embodiments provide a lipid nanoparticle as described herein for the therapeutic
or prophylactic treatment of a disease charactenizad by a genetic defect that results m a
defictency of a functional protein.

Certain embodimenis provide a hipid nanoparticle as described herein for the therapeutic
or prophylactic treatment of a disease characterized by overexpression of a polypeptide.

In certain embodiments, the nucleic acid is fully encapsulated within the lipid portion of
the hipid particie such that the nucleic acid in the lipid particie is resistant in agueous sohuion to
enzymatic degradation, e.g., by a nuclease or protease. In certain other embodiments, the lipid
particles are substantially non-toxic to mammals such as humans.

In certain instances, the nucleic acid comprises an interfering RNA molecule such as,
e.g,an siRNA, aiRNA, miBNA, or mixiures thereof. In certain other instances, the nucleic acid
comprises single-stranded or double-stranded DNA, RNA, ora DNA/RMNA hybrid such as, e.g.,
an antisense oligonucleotide, a ribozyme, a plasmid. an immunostimulatory ohigonuclectide, or
mixtures thereof. In certain other instances, the nucleic acid comprises one or more mRNA
maolecules {e.g., a cocktail).

Inn one embodiment, the nucleic acid comprises an siRNA. In one embodiment, the
siRNA molecule comprises a double-stranded region of about 15 to about 60 nucleotides in
length {e.g., about 15-60, 15-50, 15-40, 15-30, 15-25, or 19-25 nuclectides i length, or 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, or 25 nucleotides in length). The siRNA molecules of the
invention are capable of silencing the expression of a target sequence in vitro and/or in vivo.

In some embodiments, the siRNA molecule comprises at least one modified nucleotide.
In certain preferred embodiments, the siRNA molecule comprises one, two, three, four, five, six,
seven, eight, nine, ten, or more modified nuclectides in the double-stranded region. In certain
instances, the siRNA comprises from about 1% 1o about 100% (e.g., about 1%, 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 30%, 55%, 60%, 63%, T0%, 75%, 80%., 83%, 90%, 95%, or
100%) modified nucleotides in the double-stranded region. In preferred embodiments, less than

about 25% {e.g.. less than about 25%, 20%, 15%, 10%, or 5%} or from about 1% to about 25%
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{e.g., from about 1%-25%, 5%-25%, 10%-25%, 15%-25%, 20%-25%, or 10%-20%]) of the
nuclectides in the double-siranded region comprise modified nucleotides,

In other embodiments, the siRNA molecule comprises modified nucleotides including,
but not limited to, 2'-O-methvl (2'0Me) nucleotides, 2'-deoxy-2'-fluoro {2'F) nucleotides, 2'-
deoxy nucleotides, 2'-0-(2-methoxyethyl) (MOE) nucleotides, locked nucleic acid {(ENA)
nucleotides, and mixtures thereof. In preferred embodiments, the siRNA comprises 2'OMe
nucleotides {e.g . 2'OMe purine and/or pyrimidine nucleotides) such as, for example, 2'OMe-
guanosine nucleotides, 2'OMe-uridine nucleotides, 2'0Me-adenosine nucleotides, 2'OMe-
cytosine nuclectides, and mixtures thereof In certain instances, the siRNA does not comprise
2'0OMe-~cytosine nucleotides. In other embodiments, the siRNA comprises a hairpin loop
structure.

The siRNA may comprise modified nucleotides in one strand (i.e., sense or antisense) or
both strands of the double-stranded region of the siRNA molecule. Preferably, uridine and/or
guanosine nucleotides are modified at selective positions in the double-stranded region of the
siRNA duplex. With regard to uridine mucleotide modifications, at least one, two, three, four,
five, six, or more of the unidine nucleotides in the sense and/or antisense strand can be a
modified uridine nucleotide such as a 2'OMe-unidine nucleotide. In some embodiments, every
wridine nucleotide in the sense and/or antisense strand is a 2'OMe-uridine nucleotide. With
regard to guanosine nucleotide modifications, at least one, two, three, {our, five, six, or more of
the guanosine nucleotides in the sense and/or antisense strand can be a modified guanosine
nucleotide such as a 2'OMe-guanosine nucleotide. In some embodiments, every guanosine
nucleotide in the sense and/or antisense strand is a 2'OMe-guanosine nucleotide.

In certain embodimentis, at Teast one, two, three, four, five, six, seven, or more 5'-GU-3
motifs in an siIRNA sequence may be modified, e g., by introducing mismatches to eliminate the
5-GU-3" motifs and/or by mtroducing modified nucleotides such as 2'0OMe nucleotides. The 5'-
GU-3" motif can be in the sense strand, the antisense strand, or both sirands of the siRNA
sequence. The 5'-GU-3' motifs may be adjacent to each other or, alternatively, they may be
separated by 1,2.3,4,5, 6,7, 8,9 10, 11, 12, or more nucleotides.

in some preferred embodiments, a modified siRNA molecule is fess immumostinmdatory
than a corresponding unmodified siRNA sequence. In such embodiments, the modified siRNA
molacule with reduced immunostimulatory properties advantageously retains RNA1 activity
against the target sequence. In another embodiment, the immunostimulatory properties of the

modified siRNA molecule and its ability to silence {arget gene expression can be balanced or
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optimized by the introduction of mimimal and selective 2’OMe modifications within the siRNA
sequence such as, e.g., within the double-stranded region of the siRNA duplex. In certain
instances, the modified siRNA 15 gt least about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%.
45%, 50%. 55%, 60%, 63%, 70%. 75%, 80%, 853%, 90%, 91%, 92%, 93%. 94%, 95%, 96%,
7%, 98%, 99%, or 100% less immunostimulatory than the corresponding unmodified siRNA. |
will be readily apparent to those of skill in the art that the immumostimuatory properties of the
modified siRNA molecule and the corresponding unmodified siRNA molecule can be
determined by, for example, measuring INF-a and/or IL-6 levels from about two to about twelve
hours after systemic admimstration in a mammal or transfection of a mammalian responder cell
using an appropriate lipid-based delivery system (such as the LNP delivery svstem disclosed
herein).

In certain embodiments, a modified siRNA molecude has an ICs (e, half-maximal
mhibitory concentration) less than or equal fo ten-fold that of the corresponding unmodified
sitRMNA (i.e. the modified siRNA has an I1Cso that is less than or equal 1o ten-times the ICso of the
corresponding unmodified siRNA). In other embodiments, the modified siRNA has an ICso less
than or equal to three-fold that of the corvesponding unmodified 51RNA sequence. In vet other
embodiments, the modified siRNA has an [Cso less than or equal to two-fold that of the
corresponding unmodified siRNA. It will be readily apparent to those of skill in the art that a
dose-response curve can be generated and the ICso values for the modified siRNA and the
corresponding unmodified siRNA can be readily determuned using methods known to those of
skill in the art.

In yet another embodiment, a modified siRNA molecule is capable of silencing at {east
aboutl 5%, 10%, 15%, 20%, 23%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 63%, 70%, 75%.
R(1%, 83%, 90%, 95%, or 100% of the expression of the target sequence relative 1o the
corresponding unmodified siRNA seguence.

In some embodiments, the siRNA molecule does not comprise phosphalte backbone
maodifications, e.g., in the sense and/or antisense strand of the double-stranded region. fn other
embodiments, the siRNA comprises one, two, three, four, or more phosphate backbone
modifications, e.g , in the sense and/or antisense strand of the double-stranded region. In
preferred embodiments, the siRNA does not comprise phosphate backbone modifications.

In further embodiments, the siRNA does not comprise 2'-deoxy nucleotides, e.g . in the
sense and/or antisense strand of the double-siranded region. In vet further embodiments, the

stRNA comprises one, two, three, four, or more 2'~-deoxy nucleotides, e.g., in the sense and/or
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antisense sirand of the double-stranded region. In preferred embodiments, the siRNA does not
comprise 2'-deoxy nucleotides.

In certain instances, the nucleotide at the 3'-end of the double-stranded region m the
sense and/or antisense strand 1s not a modified nucleotide. In certain other instances, the
nucleotides near the 3'-end {e.g., within one, two, three, or four nucleotides of the 3'-end) of the
double-stranded region in the sense and/or antisense strand are not modified nucleotides.

The siRNA molecules described herein may have 3’ overhangs of one, two, three, four,
or more nuciestides on one or both sides of the double-stranded region, or may lack overhangs
(i.e., have blunt ends) on one or both sides of the double~-stranded region. Preferably, the siRNA
has 3' overhangs of two nucleotides on each side of the double-stranded region. In certain
mstances, the 3’ overhang on the antisense strand has complementarity to the target sequence
and the 3’ overhang on the sense strand has complementarity to a complementary strand of the
target sequence. Alternatively, the 3" overhangs do not have complementarity to the target
sequence or the complementary sirand thereof. In some embodiments, the 3’ overhangs comprise
one, two, three, four, or more nucleotides such as 2'-deoxy (2'H} nucleotides. In certain
preferred embodiments, the 3’ overhangs comprise deoxythymidine (dT) and/or uridine
nucleotides. In other embodiments, one or more of the nucleotides in the 3’ overhangs on one or
both sides of the double-stranded region comprise modified nucleotides. Non-limiting examples
of modified nucleotides are described above and include 2’OMe nucleotides, 2'-deoxy-2'F
nucleotides, 2'-deoxy nucleotides, 2'-0-2-MOFE nucleotides, LNA nucleotides, and mixtures
thereof. In preferred embodiments, one, two, three, four, or more nucleotides in the 3’ overhangs
present on the sense and/or antisense strand of the siIRNA comprise 2'OMe nucleotides (e.g.,
2'OMe purine and/or pyvrimidine nucleotides} such as, for example, 2’OMe-guanosine
nucleotides, 2’OMe-uridine nucleotides, 2’OMe-adenosine nucleotides, 2'OMe-cytosine
nucleotides, and mixtures thereof

The siRNA may comprise at least one or a cocktail (e g, at least two, three, four, five,
six, seven, eight, nine, ten, or more} of unmodified and/or modified sIRNA sequences that
stience target gene expression. The cocktail of siRNA may comprise sequences which are
directed to the same region or domain {e.g., a “hot spot”) and/or o different regions or domains
of one or more target genes. In certain instances, one or more {(e.g., at feast two, three, four, five,
stx, seven, eight, nine, fen, or more} modified siRMNA that silence target gene expression are

present in a cocktail. In certain other instances, one or more {e.g., at least two, three, four, five,
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six, seven, eight, nine, fen, or more) unmodified siRNA sequences that silence target gene
expression are present in a cocktail,

In some embodiments, the antisense strand of the siRNA molecule comprises or consists
of a sequence that is at teast about 80%, 85%, 90%, 953%, 96%, 97%, 98%, or 99%
complementary to the target sequence or a portion thereof. In other embodiments, the antisense
strand of the siRNA molecule comprises or consists of a sequence that is 100% complementary
to the target sequence or a portion thereof. In further embodiments, the antisense sirand of the
siRNA molecule comprises or consists of a sequence that specifically hvbridizes 1o the target
sequence or a portion thereof

In further embodiments, the sense strand of the siRNA molecule comprises or consists of
a sequence that is at least about 80%, #5%, 90%, 95%, 96%, 97%, 28%, or 99% identical to the
target sequence or a portion thereof. In additional embodiments, the sense strand of the siRNA
maolecule comprises or consists of a sequence that is 100% 1dentical to the target sequence or a
portion thereof,

Examples of cholesterol derivatives inciude, but are not limited o, cholestanol,
cholestanone, cholestenone, coprostanol, cholesteryl-2'-hvdroxyethyl ether, cholesteryi-4'-
hydroxybutyl ether, and mixtures thereof. The synthesis of cholestervl-2'-hydroxyethyl ether is
described herein.

As used herein, DSPC means distearoylphosphatidyicholine,

In the hpid particles of the invention, the nucleic acid may be fully encapsulated within
the lipid portion of the particle, thereby protecting the nucleic acid from enzymatic degradation.
In preferred embodiments, a LNP comprising a nucleic acid, such as an interfering RNA (e.g.,
siRNAY or mRNA, is fully encapsulated within the lipid portion of the particle, thereby
protecting the nucleic acid from nuclease degradation. In certain instances, the nucleic acid in
the LNP is not substantially degraded after exposure of the particle to a nuclease at 37° C. for at
least about 20, 30, 45, or 60 minutes. In certain other insiances, the nucleic acid in the LNP is
not substantially degraded afier incubation of the particle in serum at 37° C. for at least about 30,
45, or 60 minutes or at least about 2, 3, 4, 3. 6. 7. 8,9, 10, 12, 14, 16, 18, 20, 22, 24, 26. 28. 30,
32, 34, or 36 hours. In other embodiments, the nucleic acid {e.g , nucleic acid, such as siRNA or
mRNA} s complexed with the lipid portion of the particle. One of the benefits of the
formulations of the present invention is that the lipid particle compositions are substantially non-

toxic to mammals such as humans.
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The term “fully encapsulated™ indicates that the nucleic acid i the lipid particle is not
significantly degraded after exposure to serum or a nuclease or protease assay that would
significantly degrade free DNA, RNA, or protein. In a fully encapsulated system, preferably less
than about 25% of the nucleic acid in the particle is degraded in a treatment that would normally
degrade 100% of free nucleic acid, more preferably less than abowt 10%, and most preferably
less than about 5% of the nucleic acid in the particle is degraded. In the context of nucleic acid
therapeutic agents, full encapsulation may be determined by an Oligreen® assav. Oligreen® is
an vlira-sensitive fluorescent nucleic acid stain for quantitating oligonucleotides and single-
stranded DNA or RNA in solution {available from Invitrogen Corporation; Carlsbad, Calif).
“Fully encapsulated” also indicates that the hipid particles are serum-stable, that 1s, that they do
not rapidly decompose into their component parts upon in vivo adnunistration.

In another aspect, the present invention provides a lipid particle {e.g., LNP} composition
comprising a plurality of lipid particles. In preferred embodiments, the nucleic acid {e. g, nucleic
acid) 1s fully encapsulated within the hipid portion of the lipid particles (e g., LNP), such that
from about 30% to about 100%, from about 40% to about 100%, from about 50% to about
100%, from about 60% to about 100%, from about 70% to about 100%, from about 80% io
about 100%, from about 20% to about 100%, from about 30% to about 95%. from about 40% to
about 95%. from about 50% to about 95%. from about 60% to about 95%. %, from about 70%
to about 95%, from about 80% (o about 95%, from about 85% to about 95%, from about 90% (o
about 95%, from about 30% to about 90%, from about 40% {0 about 90%, from about 50% to
about 90%, from about 60% to about 90%, from about 70% to about 90%, from about 80% to
about 90%, or at least about 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, &0%,
85%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% (or any fraction thereof or
range therein) of the lipid particles {e.g.. LNP} have the nucleic acid encapsulated therein.

Typically, the lipid particles (e.g., LNP) of the invention have a lipid.active agent {e.g.,
lipidinucleic acid) ratio {mass/mass ratio) of from about 1 to about 100. In some instances, the
liptd:active agent {e.g., lipid:nucleic acid) ratio (mass/mass ratio) ranges from about 1 to about
530, from about 2 to about 23, from about 3 to about 20, from about 4 to about 15, or from about
5 to about 10.

Typically, the lipid particles {e.g., LNP} of the invention have a mean diameier of from
about 40 nim to about 150 nm. In preferred embodiments, the lipid particles {e.g, LNP) of the
invention have a mean diameter of from about 40 nm to about 130 nm, from about 40 nm to

about 120 nm, from about 40 nm to about 100 nm, from about 50 nm to about 126 nm, from
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about 50 nm to about 100 nm, from about 60 nm to about 120 nm, from about 60 nm to about
110 nm, from about 60 nm to about 100 nm, from about 60 nm to about 90 nm, from aboul 60
i 1o about 8O mm, from about 70 nun to about 120 nm, from about 70 nim to about 110 nm,
from about 70 nm to about 100 nm, from about 70 nm to about 90 nm, from about 70 nm 1o
5 about 80 nm, or fess than abowt 120 nm, 110 nm, 100 nm, 90 nm, or 80 nm {or any fraction
thereof or range therein).
The present invention also provides a pharmaceutical composition comprising a lipid
particie {e.g., LNP) described herein and a pharmaceutically acceptable carrier.
In a further aspect, the present invention provides a method for introducing one or more
10 active agents or therapeutic agents (e.g., nucleic acid) nto a cell, comprising contacting the cell
with a lipid particle {e.g., LNP) described herein. In one embodiment, the cell is in a mammal
and the mammal s a human. In another embodiment, the present invention provides a method
for the in vivo delivery of one or more active agenis or therapeutic agents {e.g., nucleic acid),

comprising administering to a mammalian subject a lipid particle {e. g, LNP) described herein,

[
W

In a preferred embodiment, the mode of administration includes, but is not limited to, oral,

miranasal, infravenous, intraperitoneal, intramuscular, infra-articular, intralesional, intratracheal,

subcutaneous, and intradermal. Preferably, the maromalian subject is a human.

In one embodiment, at least about 3%, 10%, 15%, 20%, or 25% of the total injected dose

of the lipid particles {e.g., LNP) 13 present in plasma about 8, 12, 24, 36, or 48 hours after

20 injection. In other embodiments, more than about 20%, 30%, 40% and as much as about 60%,
70% or 80% of the total injected dose of the lipid particles {e.g., LNP) is present in plasma about
8, 12, 24, 36, or 48 hours afler injection. In certain mstances, more than about 10% of a plurality
of the particles is present in the plasma of a mammal about 1 hour afier admimistration. In cerlain
other instances, the presence of the lipid particles (e.g., LNP) is detectable at least about | hour

25 after administration of the particle. In certain embodiments, the presence of an nucleic acid, such
as an interfering RNA {e.g., siRNA) or mRNA 15 detectable in cells of the at about §, 12, 24, 36,
48, 60, 72 or 96 hours after adouimistration {e.g., lumg, liver, tumor, or at a site of inflarmmation).
In other embodiments, downregulation of expression of a target sequence by an nucleic acid,
such as an interfering RNA (e.g., siRNA} is detectable at about 8, 12, 24, 36, 48, 60, 72 or 96

30 hours after administration. In yvet other embodiments, downregulation of expression of a target

sequence by an nucleic acid such as an interfering RNA {e.g.. siRNA) occurs preferentially in

tumor celis or in cells at a site of inflammmation. In firther embodiments, the presence or effect of

an nucleic acid such as an interfering RNA {e.g., stRNA} in cells at a siie proximal or distal to
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the site of adminisiration or in cells of the lung, liver, or a tumor is detectable at about 12, 24,
48, 72, or 96 hours, or at about 6, 8, 10, 12, 14, 16, 18, 19, 20, 22, 24, 26, or 28 days after
administration. In other embodiments, upregulation of expression of a target sequence by an
nucleic acid, such as an mRNA or self-amplifying RNA 1s detectable at about 8, 12, 24, 36, 48,
60, 72 or 96 hours after administration. In vet other embodiments, upregulation of expression of
a target sequence by an nucleic acid such as an mRNA or self~amplifying RNA occurs
preferentially in tumor cells or in cells at a site of inflammation. In further embodiments, the

-

presence or effect of an nucleic acid such as an mRNA or self~amplifving RNA in cells at a site
proximal or distal to the site of adoumistration or in cells of the hung, biver, or a tumor is
detectable at about 12, 24, 48, 72, or 96 hours, or at about 6, 8, 10, 12, 14, 16, 18, 19, 20, 22, 24,
26, or 28 days after admiristration. In additional embodiments, the lipid particles {e.g, LNP} of
the mvention are administered parenterally or intraperitoneally. In embodiments, the lipid
particles {e.g., LNP) of the invention are administered intramuscularly .

In some embodiments, the lipid particles {e.g., LNP) of the invention are useful in
methods for the therapeutic delivery of one or more nucleic acids comprising an interfering
RNA sequence (e.g., siIRNA). In particular, one object of this invention to provide in vitro and in
vivo methods for treatment of a disease or disorder in a mammal {(e.g., a rodent such as a mouse
or a primate such as a human, chimpanrzee, or monkey) by downregulating or silencing the
transcription and/or transtation of one or more target nucleic acid sequences or genes of imterest.
As a non-himiting example, the methods of the invention are usetul for m vivo delivery of
interfering RNA {e.g, siRINA} to the liver and/or tumor of a mammalian subject. In certain
embodiments, the disease or disorder is associated with expression and/or overexpression of a
gene and expression or overexpression of the gene is reduced by the interfering RNA {e.g.,
siRNA). In certain other embodiments, a therapeutically effective amount of the lipid particle
{e.g., LNP) mav be administered to the mammal. In some instances, an interfering RNA {(e.g.,
stRNA} 15 formulated into a LNP, and the particles are administered (o patients requiring such
treatment. To other instances, cells are removed from a patient, the interfering RNA (e.g.,
stRMNA) is delivered in vitro {e.g., using a LNP described herein), and the cells are reinjected
intto the patient.

In an additional aspect, the present invention provides hipid particles (e.g., LNP)
comprising asymmetrical interfering RNA (aiRNA) molecules that silence the expression of a

target gene and methods of using such particles to silence target gene expression.
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in one embodiment, the aiRNA molecule comprises a double-stranded (duplex} region of
about 10 to about 25 (base paired)} nucleotides in length, wherein the aiRNA molecule comprises
an antisense strand comprising 5’ and 3’ overhangs, and wheremn the aiRNA molecule 15 capable
of silencing target gene expression,

In certain instances, the aiRNA molecule comprises a double-stranded {duplex) region of
about 12-20, 12-19, 12-18, 13-17, or 14-17 {base paired) nucleotides in length, more typically
12, 13,14, 15, 16, 17, 18, 19, or 20 (base paired} nucleotides in length. In certain other
instances, the 5’ and 3’ overhangs on the antisense strand comprise sequences that are
complementary 1o the target RNA sequence, and may optionally further comprise nontargeting
sequences. In some embodiments, each of the 3" and 3’ overhangs on the antisense strand
comprises or consists of one, two, three, four, five, six, seven, or more nucleotides.

In other embodiments, the aiRNA molecule comprises modified nucleotides selected
from the group consisting of 2’0OMe nucleotides, 2'F nucleotides, 2'-deoxy nucleotides, 2'-0O-
MOE nucleotides, LNA nucleotides, and mixtures thereof. In a preferred embodiment, the
aiRMNA molecule comprises 2'OMe nucleotides. As a non-limiting example, the 2'OMe
nuclectides may be selected from the group consisting of 2'OMe-guanosine nucleotides, 2'OMe-
undine nucleotides, and mixiures thereof

In a related aspect, the present invention provides lipid particles (e.g., LNP) comprising
microRNA {miRNA) molecules that silence the expression of a target gene and methods of
using such compositions to silence target gene expression,

In one embodiment, the niRNA molecule comprises about 15 to about 60 nucleotides in
length, wherein the miRNA molecule is capable of silencing target gene exprassion.

In certain instances, the miRNA molecule comprises about 15-50, 15-40, or 15-30
nucleotides i length, more typically about 15-25 or 19-25 nucleotides in length, and are
preferably about 20-24, 21-22, or 21-23 nucleotides in length. In a preferred embodiment, the
miRNA molecule is a mature miRNA molecule targeting an RNA sequence of interest.

In some embodiments, the miRNA molecule comprises modified nucleotides selected
from the group consisting of 2'0OMe nucleotides, 2'F nucleotides, 2'-deoxy nucleotides, 2'-O-
MOE nucleotides, LNA nucleotides, and mixtures thereof. In a preferred embodiment, the
mRNA molecule comprises 2'0OMe nucleotides. As a non-limiting example, the 2'OMe
nucleotides may be selected from the group consisting of 2'OMe-guanosine nuclectides, 2'OMe-

uridine nucleotides, and mixtures thereof.
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in some embodiments, the lipid particles (e.g., LNP) of the invention are useful in
methods for the therapeutic delivery of one or more mRNA molecules. In particular, it is one
object of this invention fo provide in vitro and 1n vivo methods for treatment of a disease or
disorder in a mammal {e.g.. a rodent such as a mouse or a primate such as a human, chimpanzee,
or monkey } through the expression of one or more target proteins. As a non-limiting example,
the methods of the invention are useful for m vivo delivery of one or more mRNA molecules to
a mammalian subject. In certamn other embodiments, a therapeutically effective amount of the
lipid particle (e.g., LNP} may be administered to the mammal. In some instances, one or more
mBRNA molecules are formulated into a LNP, and the particles are administered o patients
requiring such treatment. In other instances, cells are removed from a patient, one or more
mRMNA molecules are delivered in vitro (e.g., using a LNP described herein}, and the cells are
reinjected into the patient.

In other embodiments, the mRNA molecule comprises modified nucleotides selected
from the group consisting of 2'0OMe nucleotides, 2'F nucleotides, 2'-deoxy nuclectides, 2'-0O-
MOE nucleotides, LNA nucleotides, and mixtures thereof. In a related aspect, the present
mvention provides lipid particles (e.g., ENP) comprising microRNA (miRNA) molecules that
silence the expression of a target gene and methods of using such compositions to stlence target
gene expression.

As such, the liptd particles of the invention (e.g., LNP) are advantageous and suitable for
use in the administration of active agents or therapeutic agents, such as nucleic acid (e.g,
mterfering RNA such as siRNA, aiRNA, and/or miRNA; or mRNA) (o asubject{e. g, a
maimmal such as a human) because they are stable in circulation, of a size required for
pharmacodynamic behavior resulting in access to extravascular siies, and are capable of
reaching target cell populations.

In the context of this invention, the terms “polvnucleotide” and “oligonuciestide” refer to
a polymer or oligomer of nucleotide or nucleoside monomers consisting of naturally-occurring
bases, sugars and miersugar (backbone) linkages. The terms “polynuclectide” and
“oligonucieotide” also include polymers or oligomers comprising non-naturally occurring
monomers, or portions thereof, which function similarly. Such modified or substituted
oligonuclectides are often preferred over native forms because of properties such as, for
example, enhanced cellular uptake, reduced immunogenicity, and increased stahility in the

presence of nucleases.
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Oligonucleotides are generally classified as deoxvribooligonucieotides or
ribooligonucleotides. A deoxyribooligonucleotide consists of a 5~carbon sugar called
deoxyribose joined covalently to phosphate at the 5" and 3' carbons of this sugar to form an
alternating, unbranched polymer. A ribooligonucleotide consists of a simuilar repeating structure
where the S-carbon sugar is ribose.

The nucleic acid that 1s present in a lipid-nucleic acid particle according to this invention
includes any form of nucleic acid that is known. The nucleic acids used herein can be single-
stranded DN A or RNA, or double-stranded DNA or RNA, or DNA-RNA hybnds. Examples of
double-stranded DNA are described herein and include, e. g, structoral genes, genes including
control and ternmination regions, and self~replicating systerns such as viral or plasmid DNA
Fxamples of double-siranded RNA are described herein and inchude, e.g., siRNA and other
RNAI1 agents such as aiRNA and pre-nuRNA. Single-stranded nucleic acids include, e.g.,
antisense oligonucleotides, nhorymes, mature mRNA, and nplex-forming oligonucleotides.

Mucleic acids may be of various lengths, generally dependent upon the particular form of
nucleic acid. For example, in particular embodiments, plasmids or genes may be from about
1,000 to about 100,000 nucleotide residues in length. In particular embodiments,
oligonucleotides may range from about 10 1o about 100 nucleotides in length. In various related
embodiments, oligonucleotides. both single-stranded, double-stranded, and triple-stranded, may
range in length from about 10 to about 60 nucleotides, from about 15 to about 60 nucleotides,
from about 20 to about 50 nucleotides, from about 15 to about 30 nucleotides, or from about 20
to about 30 nucleotides in length.

In particular embodiments, an oligonucleotide (or a strand thereot) of the invention
specifically hybridizes to or is complementary {0 a target polynucleotide sequence. The terms
“specifically hybnidizable” and “coroplementary” as used heremn indicate a sufficient degree of
complementarity such that stable and specific binding occurs between the DNA or RNA target
and the ohgonucleotide. 1t is understood that an oligonucleotide need not be 100%
complerentary to s target nucleic acid sequence to be specifically hybridizable. In preferred
embodiments, an oligonucleotide is specifically hybridizable when binding of the
oligonucleotide to the target sequence interferes with the normal function of the target sequence
1o cause a loss of utility or expression therefrom, and there 15 a sufficient degree of
complementarity to avoid non-specific binding of the oligonucleotide {0 non-target sequences
under conditions in which specific binding 1s desired, 1.e., under physiological conditions in the

case of in vivo assays or therapeutic treatment, or, in the case of in vitro assays, under conditions
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int which the assays are conducted. Thus, the oligonucleotide may include 1, 2, 3, or more base
substitutions as compared to the region of a gene or mRNA sequence that i is targsting or {o
which it specifically hybndizes.
SiRNA

The siRNA component of the lipid nanoparticles of the present invention is capable of
stlencing the expression of a target gene of interest. Each strand of the siRNA duplex is typically
about 15 to about 60 nucleotides in length, preferably about 15 to about 30 nucleotides in length.
In certain embodiments, the sIRNA comprises at least one modified nucleotide. The modified
siRNA is generally less immumostinmidatory than a corresponding unmodified siRNA sequence
and retains RN A1 activity against the target gene of interest. In some embodiments, the modified
siRNA contains at least one 2'OMe purine or pynimidine nucleotide such as a 2'OMe-guanosine,
2'OMe-uriding, 2'0OMe-adenosine, and/or 2’'OMe-cyiosine nucleotide. In preferred
embodiments, one or more of the urnidine and/or guanosine nucleotides are modified. The
modified nucleotides can be present in one strand (i.e., sense or antisense) or both strands of the
siRNA. The siRNA sequences may have overhangs (e.g., 3' or 5" overhangs as described in
Elbashir et al., Genes Dev., 153188 (2001) or Nykdnen et al., Cell, 107:309 (2001}}, or may lack
overhangs (1.¢., have blunt ends).

The modified siRNA generally comprises from about 1% to about 100% {e.g., about 1%,
2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%,
20%, 21%, 22%, 23%. 24%, 25%, 26%. 27%, 28%, 29%, 30%. 35%, 40%, 45%. 50%. 55%,
60%, 65%, T0%, 75%, 80%, 85%, 20%, 95%, or 100%)} modified nucleotides in the double-
stranded region of the siRNA duplex. In certain embodiments, one, two, three, four, five, six,
seven, eight, nine, ten, or more of the nucleotides in the double~stranded region of the siRNA
comprise modified nucleotides.

In some embodiments, less than about 25% (e.g., less than about 25%, 24%, 23%, 22%,
219, 20%, 19%, 18%, 17%, 16%, 15%, 149, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%,
3%, 2%, or 19) of the nucleotides in the double-stranded region of the siIRNA comprise
modified nucleotides.

in other embodiments, from about 1% to about 25% {(e.g., from about 1%96-23%, 2%-25%.
3%-25%, 4%6-25%, 5%-25%, 6%-~25%, 7%-25%, 8%-25%, 9%-25%, 10%-25%, 11%-25%,
129%-25%, 13%-25%, 14%-25%, 15%-25%, 16%-25%. 17%-25%, 18%-25%, 19%-25%, 20%-
25%, 21%-25%, 22%-25%, 23%~25%, 24%6-25%, etc.) or from about 1% to abowt 20% {e.g.,

>

from about 1%-20%, 2%-20%, 3%-20%, 4%-20%, 5%-20%, 6%-20%, 7%-20%, 8%-20%, 9%-
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20%, 10%-20%, 11%:-20%, 12%-20%, 13%~20%, 14%-20%, 15%-20%, 16%-20%, 17%-2(%,
18%-20%, 19%-20%, 1%-19%, 2%-19%, 3%-19%, 4%6-19%, 5%-19%. 6%-~19%, 7%-19%, 8%-
19%, 9%-19%, 10%-19%, 11%-19%, 12%-19%, 13%-~19%, 14%-19%, 15%-19%, 16%-19%
179%-19%, 18%-19%, 19%-18%, 2%-18%, 3%-18%, 4%-18%, 5%-18%, 6%-18%, 7%-18%, 8%-
18%, 9%-18%, 10%-18%, 11%-18%, 12%-18%, 13%~18%, 14%-18%, 15%-18%, 16%-18%,
179%-~18%, 1%-17%, 2%-~17%, 3%-17%, 4%-17%, 5%-17%, 6%-17%, 7%-17%, §%-17%, 9%-
17%, 10%-17%, 11%-17%, 12%-17%, 13%-~17%, 14%-17%, 15%-17%, 16%-17%, 1%-16%,
2%~16%, 3%-16%, 4%~16%, 5%-16%, 6%-16%, 7%-16%, 8%~16%, 9%-16%, 10%~16%, 11%-
16%, 12%6-16%, 13%-16%, 14%-16%, 15%-16%, 196-15%, 2%-15%, 3%-13%, 4%-15%, 5%-
15%, 6%-15%, 7%-15%, 8%-13%, 9%-15%, 10%-15%, 11%-15%, 12%-15%, 13%-15%, 14%-
15%, etc.} of the nucleotides in the double-stranded region of the siRNA comprise modified
nucleotides.

In further embodiments, e.g, when one or both strands of the siRNA are selectively
modified at uridine and/or guanosine nucleotides, the resulting modified siRNA can comprise
less than about 30% modified nucleotides {e. g, less than about 30%, 29%, 28%, 27%, 26%,
25%., 24%, 23%, 22%, 21%, 20%, 19%, 18%, 17%. 16%, 15%, 14%, 13%., 12%, 11%, 10%
9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%. or 1% modified nucleotides) or from about 1% to about
30% moditied nucleotides {2 g., from about 196-30%, 2%-30%, 3%-30%, 4%-30%, 5%-30%,
6%-30%, 7%-30%, 8§%-30%, 9%-30%, 10%-30%, 11%-30%, 12%-30%, 13%-30%, 14%-30%,
15%6-30%, 16%-30%. 1796-30%, 18%-30%, 19%-30%, 20%-30%, 21%-30%, 22%-30%, 23%-
30%, 24%-30%, 25%-30%, 26%-30%, 27%-30%, 28%-30%, or 29%-30% modified
nucleotides).
~efection of siRNA Sequences

Suitable siRNA sequences can be identified using any means known in the art. Typically,
the methods described in Elbashir et al., Nafure, 411:494-498 (2001} and Elbashir et al., ZFAIRO
J., 20:6877-6888 (2001} are combined with rational design rules set forth in Reynolds et al,
Nature Biotech., 22(3%.326-330 (2004),

Generally, the nucleotide sequence 3' of the AUG start codon of a transcript from the
target gene of interast is scanned for dinucleotide sequences {(e.g2., AA, NA, CC, GG, or UU,
wherein N=C, G, or U} (see, e.g., Elbashur ¢t al., FAIBO J., 20:6877-6888 (2001)). The
nucleotides immediately 3’ to the dinucleotide sequences are identified as potential sSIRNA
sequences (1.e., a target seguence or a sense strand sequence}. Typically, the 19, 21, 23, 25, 27

29, 31, 33, 35, or more nucleotides immediately 3’ to the dinucleotide sequences are identified as
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potential SiRNA sequences. In some embodiments, the dimicleotide sequence is an AA or NA
sequence and the 19 nucleotides immediately 3’ to the AA or NA dinucleotide are identified as
potential siIRNA sequences. siRNA sequences are usually spaced at different positions along the
length of the target gene. To further enhance silencing efficiency of the siRNA sequences,
potential sSiRNA sequences may be analyzed to identify sites that do not contain regions of
homology to other coding sequences, e.g., in the target cell or organism. For example, a suitable
siRNA sequence of about 21 base pairs typically will not have more than 16-17 contiguous base
pairs of homology to coding sequences in the target cell or organism. If the siRNA sequences
are to be expressed from an RNA Pol TH promoter, siRNA sequences lacking more than 4
contiguous A's or T's are selected.

Once a potential sSiIRMNA sequence has been identified, a complementary sequence (i.e.,
an antisense strand sequence} can be designed. A potential siRNA sequence can also be
analyzed using a vanety of critenia known 10 the art. For example, to enhance their silencing
efficiency, the siRNA sequences may be analyzed by a rational design algorithim to identify
sequences that have one or more of the following features: {1) G/C content of aboui 25% to
about 60% G/C. (2) at teast 3 A/Us at positions 15-19 of the sense strand, (3) no internal repeats;
(4) an A at position 19 of the sense strand; (5) an A at position 3 of the sense sirand; (6)a U at
position 10 of the sense strand; (7) no G/C at posttion 19 of the sense strand; and (8} no G at
posttion 13 of the sense strand. siRNA design tools that incorporate algorithms that assign
suitable values of each of these features and are useful for selsction of siRNA can be found at,
e.g., hitp://boz094 ust hk/RNAVSIRNA. One of skill in the art will appreciate that sequences
with one or more of the foregoing charactenistics may be selected for further analvsis and testing
as poiential siRNA sequences.

Additionally, potential siRNA sequences with one or more of the following criteria can
often be eliminated as siRNA: {1} sequences comprising a stretch of 4 or more of the same base
n arow; {2) sequences comprising homopolyvmers of Gs (i.e., to reduce possible non-specific
effects due to structural characteristics of these polymers; (3) sequences comprising triple base
motifs {e.g. . GGG, CCC, AAA, or TTT); (4) sequences comprising stretches of 7 or more G/Cs
int a row; and (3} sequences comprising direct repeats of 4 or more bases within the candidates
resulling in internal fold-back structures. However, one of skill i the art will appreciate that
sequences with one or more of the foregoing characteristics may still be selected for further

analysis and testing as potential sSiRNA sequences.
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in some embodiments, potential sSiRNA sequences may be further analyzed based on
siRNA duplex asymmetry as described in, e g, Khvorovaet al., Cell, 115:209-216 (2003}, and
Schwarz et al., Cefl, 115:199-208 (2003). In other embodiments, potential sSiRNA sequences
may be further analyzed based on secondary structure at the target site as described in, e.g., Luo
et al., Biophys. Res. Commun., 318:303-310 (2004). For example, secondary structure at the
target site can be modeled using the Mfold algorithm (available at
http//www bioinfo.rpi.edw/applications/mfold/ma/form1 cgi} to select siRN A sequences which
favor accessibility at the target site where less secondary structure in the form of base-pairing
and stem-~loops 15 present.

Once a potential siIRNA sequence has been identified, the sequence can be analyzed for
the presence of any immunostimulatory properties, e.g., using an in vitro cvtokine assay or an in
vivo animal model. Motifs in the sense and/or antisense strand of the siRNA sequence such as
GU-rich motifs {e. g, 5-GU-3' 8-UGU-3 5-GUGU-3 5-UGUGH-3’, etc.) can also provide an
mdication of whether the sequence may be immunostimulatory. Once an siRNA molecule is
found 1o be immunostimulatory, it can then be modified {0 decrease its immunostimuiatory
properties as described herein. As a non-limiting example, an siIRNA sequence can be contacted
with a mammalian responder cell under conditions such that the cell produces a detectable
immune response to determine whether the siRNA is an immunostinmlatory or a non-
immunostimulatory sitRNA. The mammahian responder cell may be from a naive mammal (e, a
marmmal that has not previously been in contact with the gene product of the siRNA sequence).
The mamumalian responder cell may be, e g.. a peripheral blood mononuclear cell (PBMC), a
macrophage, and the like. The detectable immune response may comprise production of a
cytokine or growth factor such as, e.g., TNF-o, IFN-q, TFN-B, IFN-y, IL-6, IL-12, ot a
combination thereof. An siRNA molecule identified as being immunostimulatory can then be
modified o decrease its immunostimulatory properties by replacing at least one of the
mucleotides on the sense and/or antisense strand with modified nucleotides. For example, less
than about 30% (e.g., less than about 30%, 25%, 20%, 15%, 10%, or 5%) of the nucleotides in
the double-stranded region of the siRNA duplex can be replaced with modified nucleotides such
as 2'0Me nucleotides. The modified siRNA can then be contacted with a mammalian responder
cell as described above to confirm that ifs rmmunostimulatory properties have been reduced or
abrogated.

Suitable in vitro assays for detecting an immune response include, but are not limited o,

the double monoclonal antibody sandwich immunoassay technigque of Bavid et al. (U.S. Pat. No.
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4,376,110} monoclonal-polvclonal antibody sandwich assays (Wide et al., in Kirkham and
Hunter, eds., Radiocimmunoassay Methods, E. and 8. Livingstione, Edinburgh {1970}); the
“Westemn blot” method of Gordon et al. (U.S. Pat. No. 4,452,901); immunoprecipitation of
labeled ligand (Brown et al._ J. Biol Chem., 255:4980-4983 (1980)); enzyme-linked
immunosorbent assavs (ELISA} as described, for example, by Raines et al., J. Biol. Chem.,
257:5154-5160 (1982); immumocytochemical techmques, mcluding the use of flucrochromes
{Brooks et al. | ('fin. Exp. immunod., 39:477 (1980)); and neutralization of activity (Bowen-Pope
et al., Proc. Natl. Acad. Sci. USA, 81:2396-2400 (1984}). In addition to the immunoassays
described above, a number of other immunoassays are available, including those described 1o
U.8. Pat. Nos. 3,817,827; 3,850,752; 3,901,654, 3,935,074; 3,984,533; 3,996,345, 4,034,074
and 4,098,876. The disclosures of these references are herein incorporated by reference in their
entirety for all purposes.

A non-liraiting exarople of an in vive model for detecting an immune response includes
an in vivo mouse cytokine induction assay as described in, e.g., Judge et al, Mol Ther., 13:494-
505 {2006). In ceriain embodiments, the assav that can be performed as follows: {1) siRNA can
be administered by standard intravenous injection in the lateral tail vein: (2) blood can be
collected by cardiac puncture about 6 hours after admirustration and processed as plasma for
cytokine analvsis; and (3) cytokines can be quantified using sandwich ELISA kits according to
the manufacturer's mstructions {e.g., mouse and human IFN-u (PBL Biomedical; Piscataway,
N1}, human IL-6 and TNF-a (eBioscience; San Diego, Calif); and mouse 1L-6, TNF-g, and
IFN-y (B Biosciences; San [hego, Calif ).

Monoclonal antibodies that specifically bind cviokines and growth factors are
commercially available from multiple sources and can be generated using methods known in the
art (see, e.g., Kohler et al., Nanwre, 256: 495-497 (1975) and Harlow and Lane, ANTIBODIES,
A LABORATORY MANUAL, Cold Sprning Harbor Publication, New York (1999)). Generaiion
of monoclonal antibodies has been previously described and can be accomplished by any means
known in the art (Buhring et al., in Hvbridoma, Vol. 10, No. 1, pp. 77-78 (1991)). In some
methods, the monoclonal antibody 1s labeled (e g.. with any composition detectable by
spectroscopic, photochemical, biochemical, electrical, optical, or chemical means) to facilitate
detection.

Generating siRNA Melecules
siRNA can be provided in several forms including, e. g, as one or more isolated small-

interfering RNA (siRNA) duplexes, as tonger double-stranded RNA (dsRNA), or as siRNA or
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dsRNA transcribed from a transcriptional cassette in a DNA plasmid. The siRNA sequences
may have overhangs (e.g., 3' or 5’ overhangs as described m Elbashir et al., Genes Dev., 15188
2001) or Nvkénen et al., Cell, 107:309 (2001}, or may lack overhangs (i.e., to have blunt ends).

An RNA population can be used to provide fong precursor RNAs, or long precursor
RNAs that have substantial or complete identity 1o a selected target sequence can be used o
make the siRNA. The RNAs can be isolated from cells or tissue, synthesized, and/or cloned
according to methods well known to those of skill in the art. The RNA can be a mixed
population (obtained from cells or tissue, transcribed from ¢BNA, subtracted, selected, eic), or
can represent a single target sequence. RNA can be naturally occurring (e.g., 1solated from tissue
or cell samples), svnthesized in vitro {e.g , using T7 or SP6 polymerase and PCR products or a
cloned cDNA). or chemically synthesized.

To form a long dsRNA, for synthetic RNAs, the complement is also transcribed in vitro
and hybridized to forr a dsRNA. If a naturally occurring RNA population is used, the RNA
complements are also provided (2. g., to form dsRNA for digestion by £. cofi RNAse I or
Dicer), e.g., by transcribing ¢cDNAs corresponding to the RNA population, or by using RNA
polymerases. The precursor RNAs are then hybndized to form double stranded RN As for
digestion. The dsRMNAs can be directly admunistered {o a subject or can be digested m vitro prior
to administration.

Methods for isolating RNA, synthesizing RNA, hvbndizing nucleic acids, making and
screening cDNA libraries, and performing PCR are well known in the art (see. e.g., Gubler and
Hoffman, Gene, 25:263-269 (1983}, Sambrook et al., supra; Ausubel et al | supra}, as are PCR
methods {see, U.S. Pat. Nos. 4,683,195 and 4,683,202, PCR Protocols: 4 Guide to Methods and
Applications (Innis et al., eds, 1990)). Expression libraries are also well known to those of skl
in the art. Additional basic texis disclosing the general methods of use in this invention include
Sambrook et al., Molecular Cloning. A Laboratory Manua! (2nd ed. 1989); Kriegler, Gene
Transfer and Fxpression: A Laboratory Manual {19903, and Current Protocols in Molecular
Biology {(Ausubel et al., eds., 1994). The disclosures of these references are herein incorporated
by reference in their entirety for all purposes.

Preferably, siRNA are chemically synthesized. The oligonucleotides that comprise the
siRNA molecules of the invention can be synthesized using any of a variety of techniques
known in the art, such as those described in Usman et al., J. 4m. Chem. Soc., 109:7845 (1987);
Scaringe et al., Nuc/. Acids Res., 18:5433 (1990}, Wincott et al., Nucl. Acids Res., 23:2677-2684

{1995); and Wincott et al., Methods Mol Bio., 7459 (1997). The synthesis of ohigonuclectides
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makes use of common nuclei¢ acid protecting and coupling groups, such as dimethoxytritvl at
the 5'-end and phosphoramidites at the 3'-end. As a non-himiting example, small scale syntheses
can be conducted on an Applied Biosystems synthesizer using a 0.2 pmol scale protocol.
Alternatively, syntheses at the 0.2 pmol scale can be performed on a 96-well plate synthesizer
from Protogene (Palo Alto, Calif)). However, a larger or smaller scale of synthesis is also within
the scope of this invention. Suitable reagents for oligonucleotide synthesis, methods for RNA
deprotection, and methods for RNA purification are known 1o those of skill in the art.

siRINA molecules can also be synthesized via a tandem synthesis technigue, wherein
both sirands are synthesized as a single continuous oligonucleotide fragment or strand separated
by a cleavable hinker that is subsequently cleaved to provide separate fragments or strands that
hybiidize to form the siRNA duplex. The linker can be a polynucleotide linker or a non-
nmucleotide linker. The tandem svnthesis of siRNA can be readily adapted to both
multiwell/multiplate synthesis platforms as well as large scale synthesis platforms employing
batch reactors, synthesis columns, and the like. Alternatively, siRNA molecules can be
assembled from two distinct oligonucleotides, wherein one oligonucleotide comprises the sense
strand and the other comprises the antisense sirand of the siRNA. For exarple, each strand can
be synthesized separately and joined together by hybridization or ligation following svothesis
and/or deprotection. In certain other instances, siRNA molecules can be synthesized as a single
continuous oligonuclectide fragment, where the self-complementary sense and antisense regions
hybridize to form an siRNA duplex having hairpin secondary structure.
Modifying siRNA Sequences

In certain aspects, sSiRNA molecules comprise a duplex having two strands and at least
one modified nucleotide in the double-stranded region, wherein each strand 13 about 15 to about
60 nucleotides n length. Advantageously, the modified siRNA 1s less immunostimulatory than a
corresponding unmodified siRNA sequence, but retains the capability of silencing the
expression of a target sequence. In preferred embodiments, the degree of chemical modifications
imtroduced into the siRNA molecule sirikes a balance between reduction or abrogation of the
immunostimulatory properties of the siRNA and retention of RNAI activity. As a non-limiting
example, an siRNA molecule that targets a gene of interest can be minimally modified (e.g., less
than about 30%, 25%, 20%, 15%, 10%, or 5% modified) at selective uriding and/or guanosineg
nucleotides within the siRNA duplex to eliminate the inunune response generated by the siRNA

while retaining its capability to silence target gene expression.
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Examples of modified nucleotides suitable for use in the invention include, but are not
himited to, ribonucleotides having a 2'-C-methyl (2'0Me), 2'~-deoxy-2'-fluore (2'F), 2'-deoxy, 5-
C-methyl, 2'-0-(2-methoxyethyl) (MOFE), 4'-thio, 2’-anuno, or 2’-C-alivl group. Modified
nucleotides having a Northern conformation such as those described in, e.g., Saenger, Principles
of Nucleic Acid Structure, Springer-Verlag Ed. {1984}, are also suitable for use in siRNA
molecules. Such modified nucleotides include, without mitation, locked nucleic acd (LNA)
nucleotides {e.g , 2'-0, 4'-C-methyiene-{D-ribofuranosvl) nucleotides), 2'-0-(2-methoxyethyl)
{MOFE) nucleotides, 2'-methyl-thio-ethyl nuclectides, 2'-deoxy-2'-fluoro {2'F) nucleotides, 2'-
deoxy-~2'-chloro (2'Cl) nucleotides, and 2'-azido nucleotides. In certain instances, the siRNA
molecules described herein include one or more G-clamp nucleotides. A G-clamp nucleotide
refers to a modified cvtosine analog wherein the modifications confer the ability to hyvdrogen
bond both Watson-Crick and Hoogsteen faces of a complementary guanine nucleotide within a
duplex (see, e g, Linetal,.J Am Chem. Soc., 120:8531-8532 (1998)). In addition, nucleotides
having a nucleotide base analog such as, for example, C-phenvl, C-naphthyl, other aromatic
derivatives, inosine, azole carboxamides, and nitroazole derivatives such as 3-nitropyrrole, 4-
nitroindole, S-ntiroindole, and 6-nitroindole (see, e.g., Loakes, Nucl Acids Res., 29:.2437-2447

2001)) can be incorporated into siRNA molecules.

In certain embodiments, siRNA molecules may further comprise one or more chemical
modifications such as termunal cap moielies, phosphate backbone modifications, and the like,
Examples of terminal cap moieties include, without limitation, inverted deoxy abasic residues,
glyceryl modifications, 4’,5-methviene nucleotides, 1-(B-D-ervthrofuranosyl) nucleotides, 4'-
thio nucleotides, carbocyclic nucleotides, 1.5-anhydrohexitol nuclectides, L-nucieotides, ¢-
nuclectides, modified base nucleotides, threo-pentofuranosyl nuclectides, acyclic 3',4'-seco
nucleotides, acyclic 3,4-dihvdroxybutyl nucleotides, acyclic 3,5-dihvdroxypentyl nucleotides, 3'-
3anverted nucleotide moieties, 3'-3"-inverted abasic moieties, 3'-2'-inverted nucleotide
moigiies, 3-2-mverted abasic moistiss, 3-8 -nverted nucleotide moistiss, 53-8 -nverted abasic
moieties, 3'-3-nverted deoxy abasic moieties, 3'-amuno-alkvl phosphate, 1,3-diamino-2-propyl
phosphate, 3-aminopropyl phosphate, 6-aminchexyl phosphate, 1.2-aminododecyl phosphate,
hydroxypropyl phosphate, 1,4-butanediol phosphate, 3'-phosphoramidate, 3'-phosphoramidate,
hexylphosphate, aminohexy! phosphate, 3'-phosphate, $'-amino, 3'-phosphorothioate, 5'-
phosphorothioate, phosphorodithioate, and bridging or non-bridging methylphosphonate or 5'-
mercapto moieties {see, ez, U.S. Pat. No. 5,998,203, Beaucage et al., Tetrahedron 491925

(1993)). Non-himiting examples of phosphate backbone modifications (1.e., resulting in modified
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internuclectide linkages) include phosphorothioate, phosphorodithioate, methyiphosphonate,
phosphotriester, morpholine, amidate, carbamate, carboxymethyl, acetamidale, polyamide,
sulfonate, sulfonamide, sulfamate, formacetal, thioformacetal, and alkvisily] substitutions (see,
e.g., Hunziker et al., Nucleic Acid Analogues: Synthesis and Properties, i Maodern Synthetic
Methods, VCH, 331-417 {1995}, Mesmaeker et al., Nove! Backbone Replacements jor
Oligonucleotides, in Carbohydrate Modifications in Antisense Research, ACS, 24-39 (1994}).
Such chemical modifications can occur at the 3'-end and/or 3'-end of the sense strand. antisense
strand, or both strands of the siRNA. The disclosures of these references are herein incorporated
by reference in their entirety for all purposes.

In some embodiments, the sense and/or antisense strand of the siRNA molecule can
further comprise a 3'-terminal overhang having abowt 1 to about 4 {e.g, 1, 2, 3, or 4) 2'-deoxy
ribonucleotides and/or any combination of modified and unmodified nucleotides. Additional
examples of modified nucleotides and types of chemical modifications that can be introduced
mto siRINA molecules are described, 2.g., in UK Patent No. GB 2,397 818 B and U S, Patent
Publication Nos. 20040192626, 20050282188, and 20070135372, the disclosures of which are
heremn incorporated by reference i their entirety for all purposes.

The siRNA molecules described herein can optionally comprise one or more non-
nucleotides in one or both strands of the siRNA. As used herein, the term “non-nucleotide”
refers to any group or compound that can be mcorporated into a nucleic acid chain 1o the place
of one or more nucleotide units, including sugar and/or phosphate substitutions, and allows the
remaining bases 1o exhibit their activity. The group or compound is abasic in that it does not
contain a commonly recognized mucleotide base such as adenosine, guanine, cytosine, uracil, or
thymine and therefore lacks a base at the I'-position.

In other embodiments, chemical modification of the siRNA comprises attaching a
conjugate to the siRNA molecule. The conjugate can be attached at the 5" and/or 3'-end of the
sense and/or antisense strand of the siRNA via a covalent attachment such as, eg., a
biodegradable hinker. The conjugate can also be attached to the sitRNA, e.g., through a
carbamate group or other linking group {(see, e.g.. U.S. Patent Publication Nos. 20050074771,
20050043219, and 20050158727}, In certain imstances, the conjugate is a molecule that
facilitates the delivery of the siRNA into a cell. Examples of conjugaie molecules suitable for
attachment to siRNA include, without Himitation, sterpids such as cholesterol, glvcols such as
polyethylene glveol (PEG), human serum albumin (HSA), fatty acids, carotenoids, terpenes, bile

acids, folates {e.g., folic acid, folate analogs and dertvatives thereof), sugars {e.g., galactose,
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galactosamine, N-acetyl galactosamine, ghucose, mannose, fructose, fucose, eic.), phospholipids,
peptides, ligands for cellular receptors capable of mediating cellular uptake, and combinations
thereof (see, e.g, U.S. Patent Publication Nos. 20030130186, 20040110296, and 20040249175,
U.S. Pat. No. 6,753,423). Other examples include the lipophulic moiety, vitamin, polymer,
peptide, protein, nucleic acid, small molecule, oligosacchande, carbohydrate cluster,
intercalator, minor groove binder, cleaving agent, and cross-linking agent conjugate molecules
described in U.S. Patent Publication Nos. 20050119470 and 20050107325, Yet other examples
include the 2"-O-alkyl amine, 2'-B-alkoxyaltkvl amine, polyamine, CS-cationic modified
pyrimidine, cationic peptide, guanidinium group, amidinimium group, cationic arnino acid
conjugate molecules described m U.S. Patent Publication No. 20050153337, Additional
examples include the hydrophobic group, membrane active compound, cell penetrating
compound, cell fargeting signal, interaction modifier, and steric stabilizer conjugate molecules
described in U.S. Patent Publication No. 20040167090, Further examples include the conjugate
molecules described i U.S. Patent Publication No. 20050239739, The type of conjugate used
and the extent of conjugation to the siRNA molecule can be evaluated for improved
pharmacokinetic profiles, bioavailability, and/or stability of the siRNA while retaining RNA1
activitv. As such, one skilled in the art can screen siRNA molecules having various cormjugates
attached thereto to identify ones having improved properties and full RNAI activity using any of
a variely of well-known in vitro cell culture or in vivo animal models. The disclosures of the
above-described patent docurnents are herein incorporated by reference iu their entirety for all
purposes.
Target {enes

In certain embodiments, the nucleic acid component {e.g., siRNA) of the ipd
nanoparticies described herein can be used to downregulate or silence the translation (e,
expression) of a gene of interest. Genes of interest include, but are not limited 1o, genes
associated with viral infection and survival, genes associaled with metabolic diseases and
disorders {e.g., liver diseases and disorders), genes associated with tumorigenesis and cell
transformation {e.g., cancer), angiogenic genes, immunomodulator genes such as those
associated with inflammatory and awtoimimune responses, ligand receptor genes, and genes
associated with neurodegenerative disorders. In certain embodiments, the gene of mterestis
expressed in hepatocyies.

Genes assoctated with viral infection and survival inchide those expressed by a virus in

order to bind, enter, and replicate in a cell. Of particular interest are viral sequences associated
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with chronic viral diseases. Viral sequences of pariicular interest include sequences of
Filoviruses such as Ebola virus and Marburg vires (see, e.g., Geisbert et al., J. Infect. Dis.,
193:1650-1657 (2006)); Arenaviruses such as Lassa virus, Junin virus, Machupo virus,
Guanarito virus, and Sabia virus (Buchmeier et al., Arenaviridae: the viruses and their
replication, In: FIELDS VIROLOGY, Kmipe et al. {eds.), 4th ed., Lippincoti-Raven,
Philadelphia, (2001})); Influenza viruses such as Influenza A, B, and C viruses, (see, e.g.,
Steinhauer et al., dnnu Rev Genet., 36:305-332 (2002}, and Neumann et al., J Gen Virol,
83:2635-2662 (2002)); Hepatitis viruses (see, e.g., Hamasaki et al., FEBS Lets., 543:51 (2003):
Yokotaet al., EMBO Rep., 4:602 (2003); Schlomai et al., Hepatology, 37764 (2003); Wilson el
al., Proc. Natl. Acad Sci. USA, 100:2783 (2003); Kapadia et al., Proc. Natl. Acad. Sci. USA,
100:2014 (2003); and FIELDS VIROLOGY, Knipe et al. (ads .}, 4th ed.. Lippincoti-Raven,
Philadelphia (2001}});, Human Immunodeficiency Virus {(HIV) (Banerjea et al., Adol. Ther., 8:62
(2003); Song et al., J Virol, 777174 (2003); Stephenson, JAMA4, 289:1494 (2003);, Qin et al.,
Proc. Natl. Acad. Sci. USA, 100:183 (2003)); Herpes viruses (Jiaet al , ./ Virol, 77:3301
{2003)), and Human Papilloma Viruses (HPV} (Hall et al., /. Virol, 77:6066 (2003}; Jiang et al.,
Oncogene, 216041 (2002)).

Exermplary Filovirus nucleic acid sequences that can be stlenced include, but are not
fimited to, nucleic acid sequences encoding structural proteins {e.g., VP30, VP35, nucleoprotein
(NP}, polymerase protein (L-pol)} and membrane-associated proteins {e.g., VP40, glycoprotein
(GP), VP24). Complete genome sequences for Fbola virus are set forth in, e.g, Genbank
Accession Nos. NC_002549; AYT769362; NC_006432; NC_004161; AY729654; AY354458;
AY 142960, ABO30936; AF522874; AF499101; AF272001; and AF086833. Ebola virus VP24
sequences are set forth in, e.g., Genbank Accession Nos. U77385 and AY058897. Ebola virus L-
pol sequences are set forth in, e g, Genbank Accession No. X67110. Ebola virus VP40
sequences are set forth in, e.g., Genbank Accession No. AY058896. Ebola virus NP sequences
are set forth in, e.g., Genbank Accession No. AY038395. Ebola virus GP sequences are set forth
mn, e.g., Genbank Accession No. AY05889R; Sanchez et al., Virus Res., 29:215-240 (1993); Will
etal,J Virol, 67:1203-1210 (1993); Volchkov et al., FEBS Lett., 305:181-184 (1992}, and U S,
Pat. No. 6,713,069, Additional Ebola virus sequences are set forth in, e g., Genbank Accession
Nos. L11365 and X61274. Complete genome sequences for Marburg virus are set forth in, e.g.,
Genbank Accession Nos. NC_001608; AY430363; AY430366; and AY358025. Marburg virus
GP sequences are set forth in, e.g., Genbank Accession Nos. AF(0(5734; AF005733; and

AF005732. Marburg virus VP35 sequences are set forth i, e.g., Genbank Accession Nos.
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AF005731 and AF005730. Additional Marburg virus sequences are set forth in, e g, Genbank
Accession Nos. X64406; 229337 AF005735, and 212132, Non-himiting examples of siRNA
molecules targeting Ebola virus and Marburg virus nucleic acid sequences include those
described in U.S. Patent Publication No. 20070135370, the disclosure of which is herein
5 incorporated by reference in its entirety for all purposes.
Exemplary Influenza virus nucleic acid sequences that can be silenced include, but are
not limited to, nucleic acid sequences encoding nucleoprotein (NP}, matrix proteins (M1 and
M2}, nonstructural proteins (NS1 and NS2), RNA polvmerase (PA, PB1, PB2), neuraminidase
(NA), and haemagglutinin (HA). Influenza A NP sequences are set forth in, e.g., Genbank
10 Accession Nos. NC_004522; AY8I8138; AB166863; ABIR8R17; ABIRI(46; ABIRO(SY;
ABIBO0O6Z; AY646169; AY6461T77, AY651486; AY651493; AY651494; AY651495;
AY 651496, AY651497; AYO631498; AY651499; AYG6S51500, AY63150G1; AY651502;
AY651503; AY651504; AY651505; AY651506; AYGS51507, AYG351509; AY651528;
AYTT70996; AYTO0308; AYSI8138; and AY 818140 Influenza A PA sequences are set forth in,
e.g., Genbank Accession Nos. AY818132; AYT790280; AYG46171; AY818132; AYB1I8133;
AY646179; AYVEIBI34;, AYS551934, AYG31613; AY651610; AYG6S1620; AYSS51617,
AY651600; AYO31611; AYGSIH06;, AY651618; AYGS51608; AYOS1607, AYG51605,;
AY651609; AY651615; AYOS1616; AY651640; AY651614; AYO651612; AY651621;
AY651619; AYTT70993; and AY724786. Non-hmiting examples of siRNA molecules targeting

[
W

20 Influenza virus nucleic acid sequences include those described in U S, Patent Publication No.
20070218122, the disclosure of which is herein incorporated by reference in ifs entirety for all
PUrposes.

Exermplary hepatitis virus nucleic acid sequences that can be silenced include, but are not
himated to, nucleic acid sequences involved in transcription and translation {e.g., Enl, En2, X, P)

25 and nucleic acid sequences encoding structural proteins (e.g., core proteins including C and C-
related proteins, capsid and envelope proteins including S, M, and/or L proteins, or fragments
thereof) (see, e.g., FIELDS VIROLOGY. supra). Exemplary Hepatitis C virus (HCV) nucleic
acid sequences that can be silenced include, but are not himited to, the 5'-untranslated region (5'-
UTR), the 3'-untransiated region {(3'-UTR), the polyprotein translation initiation codon region,

30 theintemal ribosome entry site (IRES) sequence, and/or nucleic acid sequences encoding the
core protein, the El protein, the E2 protein, the p7 protein, the NS2 protein, the N§3
protease/helicase, the NS4A protein, the NS4B protein, the NS5A protein, and/or the NS5B

RNA-dependent RNA polymerase. HCV genome sequences are set forth in, e.g., Genbank

49



10

Yk
Wh

20

30

CA 03137450 2021-10-19

WO 2020/219941 PCT/US2020/029907

Accession Nos. NC_ 004102 (HCV genotype 1a), AJ238799 (HCV genotype 1b}, NC 009823
(HCV genotype 2), NC_009824 (HCV genotype 3), NC_ 009825 (HCV genotvpe 4), NC
009826 (HCV genotype 5), and NC_009827 (HCV genotype 6). Hepatitis A virus nucleic acid
sequences are set forth in, e.g., Genbank Accession No. NC_001489; Hepatitis B virus nucleic
acid sequences are set forth in, e g, Genbank Accession No. NC 003977, Hepatitis It virus
nucleic acid sequence are set forth in, e g., Genbank Accession No. NC_001633; Hepatitis E
virus nucleic acid sequences are set forth in, e. g, Genbank Accession No. NC_001434; and
Hepatitis G virus nucleic acid sequences are set forth in, e.g., Genbank Accession No. NC_-
001710, Silencing of sequences that encode genes associaled with viral mfection and survival
can conveniently be used in combination with the admirustration of conventional agents used to
treat the viral condition. Non-limiting examples of siRNA molecules targeting hepatitis virus
nucleic acid sequences include those described in U8, Patent Publication Nos. 200602811753,
20050038982, and 20070149470, U8, Pat. No. 7,348 314; and U 8. Provisional Application No.
61/162,127, filed Mar. 20, 2009, the disclosures of which are herein incorporated by reference in
their entirety for all purposes.

Genes assoctated with metabolic diseases and disorders (e.g., disorders in which the liver
1s the target and liver diseases and disorders) mclude, for example, genes expressed in
dyslipidemia {e.g., liver X receptors such as LXRa and LXRB (Genback Accassion No. NM__
(007121}, farnesoid X receptors {FXR) (Genbank Accession No. NM._005123), sterol-regulatory
element binding protein (SREBP), site-1 protease (S1P), 3-hvdroxy-3-methyiglutaryl coenzyme-
A reductase (HMG coenzyme-A reductase), apolipoprotein B (ApoB) (Genbank Accession No.
NM__000384), apolipoprotetn CHI (ApoC3} {Genbank Accession Nos. NM__000040 and NG
008949 REGION: 5001.8164), and apolipoprotein E (ApoE) {Genbank Accession Nos. NM__
000041 and NG_007084 REGION: 5001.8612)); and diabetes {(e.g , glucose 6-phosphatase)
{(see, e.g., Forman et al., Cell, 81:687 {1995); Seol et al., Mol Endocrinol., 972 {1995}, Zavacki
et al, Proc. Natl Acad. Sci. UISA, 947509 (1997}, Sakai et al., Cefll, 85:1037-1046 (1996),
Duncan et al., J. Biol Chem., 272:12778-12785 (1997}, Willy et al., Genes Dev., 9:1033-1045
{1995y, Lehmann et al., J. Biol Chem., 272:3137-3140 (1997); Janowski et al , Narure, 383:728-
731 {1996); and Peet et al., Celi, 93:693-704 (1998)). One of skill in the art will appreciate that
genes associated with metabolic diseases and disorders (e.g., diseases and disorders in which the
fiver is a target and liver diseases and disorders) include genes that are expressed in the liver
itself as well as and genes expressed in other organs and fissues. Silencing of sequences that

encode genes associated with metabolic diseases and disorders can conveniently be used in
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combination with the administration of conventional agents used to treat the disease or disorder.
Non-hnuting examples of siRNA molecules targeting the ApoB gene include those described in
U.S. Patent Publication No. 20060134189, the disclosure of which 1s herein incorporated by
reference in s entirety for all purposes. Non-limiting examples of siRNA molecules targeting
the Apo(’3 gene include those described in U.S. Provisional Application No. 61/147,235, filed
Jan. 26, 2009, the disclosure of which is herein incorporated by reference in its entirety for all
purposes.

Examples of gene sequences associated with tumorigenesis and cell transformation (e.g.,
cancer or other neoplasia) include mutotic kinesins such as EgS (KSP, KIF11, Genbank
Accession No. NM_004523); serine/threonine kinases such as polo-like kinase 1 {PLK-1)
{Genbank Accession No. NM_003030; Barr et al., Nat. Rev. Mol Cell. Biol., 5:429-440
(2004)); tvrosine kinases such as WEE1 {Genbank Accession Nos. NM (03390 and NM...
001143976); ihibitors of apoptosis such as XIAP (Genbank Accession No. NM._001167);
COP9 signalosome subuniis such as CSN1T, CSN2, CSN3, CSN4, CSNS (JABI; Genbank
Accession No. NM__0068373; C8N6, CSNTA, CSN7B, and CSN8; ubiquitin ligases such as
COP! (RFWD2, Genbank Accession Nos. NM_022457 and NM_001001740); and histone
deacetylases such as HDACT, HDAC?2 (Genbank Accession No. NM_001527), HDAC3,
HDACS, HDACS, HDACS, HDACT, HDACE, HDACY, etc. Non-limiting examples of siRNA
molecules targeting the Eg5 and XIAP genes include those described in ULS, patent application
Ser. No. 11/807,872, filed May 29, 2007, the disclosure of which is herein incorporated by
reference in its entirety for all purposes. Non-limiting examples of siRNA molecules targeting
the PLK-1 gene include those described in U.S. Patent Publication Nos. 20050107316 and
20070265438 and U.S. patent application Ser. No. 12/343,342, {iled Dec. 23, 2008, the
disclosures of which are heremn incorporated by reference in their entirety for all purposes. Non-
fimiting examples of siRNA molecules targeting the CSN3 gene include those described in U S,
Provisional Application No. 61/045,251, filed Apr. 15, 20038, the disclosure of which 1s herein
mcorporated by reference in its entirety for all purposes.

Additional examples of gene sequences associated with tumorigenesis and cell
transformation include translocation sequences such as MLL fusion genes, BCR-ABL {(Wilda et
al., Oncogene, 21:5716 (2002); Scherr et al., Blood, 1011566 (2003)), TEL-AML1, EWS-FLI1,
TLS-FUS, PAX3-FKHR, BCL-2, AML1-ETO, and AMEL1-MTGR (Heidenreich et al |, Blood,
101:3157 {2003)}; overexpressed sequences such as multidrug resistance genes {Nieth et al

FEBS Lett., 545144 (2003, Wu et al, Cancer Res. 63:1515 (2003)), evcling (14 et al., Cancer
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Res., 63:3593 (2003); Zou et al., Genes Dev., 16:2923 (2002)), beta-catenin (Verma et al., Clin
Cancer Res., 91291 (2003)), telomerase genes (Kosciolek et al., Mol Cancer Ther., 2:209
20030, ¢-MYC, N-MYC, BCL-2, growth factor receptors {e.g., EGFR/FrbB1 (Genbank
Accession Nos. NML_005228, WM__201282, NM__201283, and NM_201284; see also, Nagy et
al. Fxp. Cell Res., 285:39-49 (2003), ErbB2/HER-2 (Genbank Accession WNos. NM.__004448 and
NM_001005862), ErbB3 (Genbank Accession Nos. NM__001982 and NM__001005915), and
ErbB4 (Genbank Accession Nos. NM_005235 and NM_001042599); and muiated sequences
such as RAS (reviewed in Tuschl and Borkhardt, Mol Interventions, 2:158 (20023, Non-
limiting examples of siRNA molecules targeting the EGFR gene include those described 10 U.S.
patent application Ser. No. 11/807 872, filed May 29, 2007, the disclosure of which 15 herein
incorporated by reference in its entirety for all purposes.

Silencing of sequences that encode DNA repair enzymes find use in combination with
the admirastration of chemotherapeutic agents (Collis et al., Cancer Res., 63:1550 (2003)).
(Genes encoding proteins associated with tumor migration are also target sequences of interest,
for example, integrins, selectins, and metalioproteinases. The foregoing examples are not
exclusive. Those of skill in the art will understand that any whole or partial gene sequence that
facilitates or promotes tumorigenesis or cell transformation, tumor growth, or tumor nigration
can be included as a template sequence.

Angiogenic genes are able to promote the formation of new vessels. Of particular interest
1s vascular endothelial growth factor (VEGF) (Reich et al, Mol Vis., 9:210 (2003} or VEGFR.
siRNA sequences that target VEGFR are set forth in, e.g, GB 2396864, U.S. Patent Publication
MNo. 20040142895, and CA 2456444, the disclosuras of which are herein incorporated by
reference in their entirety for all purposes.

Anti-angiogenic genes are able to inhibit neovascularization. These genes are particularly
useful for treating those cancers in which angiogenesis piays a role in the pathological
development of the disease. Examples of anti-angtogenic genes include, bul are not himited o,
endostatin (see, e.g., U.S. Pat. No. 6,174,861}, angiostatin {see, e.g, U U.S. Pat. No. 5,639,725),
and VEGFR2 (see, e.g, Decaussin et al., J Pathol., 188; 369-377 {1999}, the disclosures of
which are herein incorporated by reference in their entirety for all purposes.

Immmunomodulator genes are genes that modulate one or more immune responses. Examples of
immunomodulator genes include, without limitation, cvtokines such as growth factors {e.g.,
TGF-u, TGF-B, EGF, FGF, IGF, NGF, PDGF, CGF, GM-CSF, SCF, etc.), mterleukins (e.g., IL-
2, -4, 1L-12 (Hall et al., /. fmmunol, 171:691 (20033, 1L.-15, 1L-18, 11-20, etc), interferons
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{e.g., IFN-q, IFN-f, IFN-y, etc.} and TNF. Fas and Fas ligand genes are also immunomodulator
target sequences of interest (Song et al., Nar. Med., 9:347 (2003)). Genes encoding secondary
signaling molecules in hematopotetic and lvmphoid cells are also included in the present
invention, for example, Tec fanmily kinases such as Bruton's tyrosine kinase (Btk) (Heinonen et
al., FEBS Lett., 527:274 (2002)).

Cell receptor higands include ligands that are able to bind to cell surface recepiors (e.g.,
msulin receptor, EPO receptor, G-protein coupled receptors, receptors with tyrosine kinase
activity, cytokine receptors, growth factor receptors, gic.}, to modulate {e. g, inhibii, activate,
etc.} the physiological pathway that the receptor 1s involved in {e.g., glucose level modulation,
blood cell development, nutogenesis, etc.). Examples of cell receptor higands include, but are not
fimited to, cviokines, growth factors, interleukins, interferons, ervthropoietin (EPO), insulin,
glucagon, G-protein coupled receptor higands, etc. Templates coding for an expansion of
trinucleotide repeats {e.g., CAG repeats) find use in stlencing pathogenic sequences in
neurodegenerative disorders caused by the expansion of trinucleotide repeats, such as
spinobulbular muscular atrophy and Huntington's Disease (Caplen et al., Hum. Mol Genet.,
11175 (2002)).

Certain other target genes, which may be targeted by anucleic acid {e.g., by siRNA) to
downregulate or silence the expression of the gene, include but are not limited to, Actin, Alpha
2, Smooth Muscle, Aorta {ACTA2), Alcohol dehydrogenase 1A (ADH1 A}, Alechol
dehydrogenase 4 (ADH4), Alcohol dehydrogenase 6 (ADHG), Afanun (AFM), Angiotensinogen
{AGT), Serine-pyruvate anunotransferase {AGXT). Alpha-2-HS-glycoprotein (AHSG), Aldo-
keto reductase family 1 member T4 (AKRI1C4), Serum albumin {ALB}, alpha-i-
microglobulin/bikunin precursor {AMBP), Angiopoietin-related protein 3 (ANGPTL3), Serum
amyloid P-component (APCS), Apolipoprotein A-I1 (APOAZ2), Apolipoprotein B~100 (APOB),
Apoclipoprotein C3 {APOC3}, Apolipoprotein C-IV (APOC4), Apolipoprotein F {APOF), Beta-
2-glycoprotein 1 (APOH), Aquaporin-9 (AQP9), Bile acid-CoAamino acid N-acvliransterase
(BAAT), C4b-binding protein beta chain (C4BPB), Putative uncharacterized protein encoded by
LINC01554 (C50rf27), Complement factor 3 {(C3), Complement Factor 5 {(C3), Complement
component €6 {C6), Complement component 8 alpha chain (C8A}, Complement component
(8 beta cham (C8B), Complement component C8 gamma chain (C8G), Complement component
{9 (€9}, Calmodulin Binding Transcription Activator T {CAMTAL), CD38 (CD38),
Complement Factor B {CFB), Complement factor H-relaied protein 1 {(CFHR1), Complement

factor H-related protein 2 (CFHR2), Complement factor H-related protein 3 (CFHR3),
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Cannabinoid receptor 1 {CNR1), ceruloplasmin {CP), carboxypeptidase B2 (CPB2), Conneciive
tissue growth factor (CTGF), C-X-C motf chemokine 2 ({CXCL2), Cytochrome P450 1A2
(CYPLA2), Cytochrome P430 246 (CYP2A6), Cyvtochrome P450 2C8 (CYP2CR), Cytochrome
P450 2C9 (CYP2CY), Cytochrome P450 Family 2 Subfamily D Member 6 (CYP2D6),

5 Cytochrome P450 ZE1 (CYP2EL), Phylloguinone omega-hydroxylase CYP4F2 (CYP4F2), 7-
alpha-hydroxycholest-4-en-3-one 12-alpha-hydroxylase (CYP8B1), Dipeptidyl peptidase 4
(DPP4), coagulation factor 12 (F12), coagulation factor ¥ (thrombin} (F2), coagulation factor IX
(F9), fibrinogen alpha chain (FGA), fibrinogen beta chain (FGB}, fibrinogen gamma chain
(FGG), fibrinogen-like 1 (FGL1), flavin containing monooxygenase 3 (FMO3), flavin

10 countaining monooxygenase 5 (FMO3), group-specific component {vitamin D binding protein}
(GC), Growth hormone receptor {GHR), glycine N-methyltransferase (GNMT}, hyvaluronan
binding protein 2 (HABP2), hepetdin antimicrobial peptide (HAMP), hydroxvacid oxidase
{glycolate oxidase) 1 (HAO1), HGF activator (HGFAC), haptoglobin-related protein;
haptoglobin (HPR}. hemopexin (HPX), histidine-rich glycoprotein (HRG), hydroxysteroid (11-
beta) dehvdrogenase 1 (HSD11B1}, hvdroxysteroid (17-batay dehydrogenase 13 (HSEB17B13),

[
W

Inter-alpha-tryvpsin inhibitor heavy cham H1 (ITIH1), Inter-alpha~-trvpsin mhibitor heavy chain
H2 (ITIH2), Inter-alpha-trypsin inhibitor heavy chaim H3 (ITHH3), Inter-alpha~trypsin inhuibitor
heavy chain H4 (ITIH4), Prekallikrein (KLKB1), Lactate dehvdrogenase A (LDHA), liver
expressed antimicrobial peptide 2 (LEAP2), teukocyie cell-derived chemotaxin 2 (LECT2),

20 Lipoprotein {a} (LPA), mannan-binding lectin serine peptidase 2 (MASP2), S-
adenosvimethionine synthase isoform type-1 (MAT1A), NADPH Oxidase 4 (NOX4), Poly
| ADP-ribose] polymerase 1 (PARP1), paraoxonase 1 (PONI}, paraoxonase 3 {PON3}, Vitamin
K-dependent protein C (PROC), Retinol dehydrogenase 16 (RDHIS), serum amyloid A4,
constitutive (S AA4), senine dehvdratase (SDS), Serpin Family A Member 1 (SERPINATY,

25 Serpin A1l (SERPINALL), Keallistatin (SERPIN A4}, Corticosteroid-binding globulin
{(SERPINAG), Antithrombin-IIT (SERPINC1), Heparin cofactor 2 (SERPIND1), Serpin Family
H Member 1| (SERPINH), Solute Carnier Family 5 Member 2 (SLCSAZ2), Sodiurn/bile acid
cotransporter (SLU10A1), Solute carrier family 13 member 5 (SLC13A5), Solute carrier family
22 member 1 (SLT22A1), Solute carner family 25 member 47 (SLC25A47), Solute carrier

30 family 2, facilitated glucose transporter member 2 (SLC2ZAZ2), Sodium-~coupled neutral amino
acid transporter 4 {SLC38 A4}, Solute carrier organic anion transporter family member 1B1
(SLCO1BL), Sphingomyelin Phosphodiesterase 1 (SMPD1}, Bile salt sulfotransferase
{SULTZA1), tyrosine amuinolransferase {TAT), trypiophan 2, 3-dioxygenase (TDO2), UDP
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glucuronosyltransferase 2 famuly, polvpeptide B10 (UGT2ZB10), UDP glucuronosyliransferase 2
family, polvpeptide B15 (UGT2B15), UDP glucuronosyliransferase 2 family, polypeptide B4
(UGT2B4) and vitronectin {VTIN).

In addition to 1ts utility in silencing the expression of any of the above-described genes
for therapeutic purposes, certain micleic acids {e.g., siRNA}) described herein are also useful in
research and development applications as well as diagnostic, prophylactic, prognostic, clinical,
and other healthcare applications. As a non-limiting example, certain nucleic acids (e g., sSIRNA)
can be used in target validation studies directed at tesiing whether a gene of interest has the
potential to be a therapeutic target. Certain nucleic acids {e.g., siRNA) can also be used in target
identification studies aimed at discovering genes as potential therapeutic targets.

CRISPR

Targeted genome editing has progressed from being a niche technology to a method used
by many biological researchers. This progression has been largely fueled by the emergence of
the clustered. regularly interspaced, short palindromic repeat (CRISPR) technology (see. e.g.,
Sander ef al., Nuature Biotechnology, 32(4), 347-355, including Supplementary Information
(2014} and International Publication Numbers WO 2016/197132 and WO 2016/197133).
Accordingly, provided herein are improvements {e.g., lipid nanoparticles and forraulations
thereof) that can be used in combimnation with CRISPR technology to treat diseases, such as
HBYV. Regarding the targets for using CRISPR, the guide RNA (gRNA) uvtilized in the CRISPR
technology can be designed to target specifically identified sequences, e.g., target genes, e.g., of
the HBV genome. Examples of such target sequences are provided in International Publication
MNumber WO 2016/197132. Further, International Publication Number W 2013/151665 (e.g.,
see Table 6; which document is specifically incorporated by reference, particularty including
Table 6, and the associated Sequence Listing) describes about 35,000 mRNA sequences,
claimed in the context of an mRMNA expression construct. Certain embodiments of the present
mvention utilize CRISPR technology to target the expression of any of these sequences. Cerlain
embodiments of the present invention roay also utilize CRISPR technology to target the
expression of a target gene discussed herein,
aiRNA

Like 5iRNA, asymmetrical interfering RNA (aiRNA) can recruit the RNA-mduced
silencing complex (RISC} and lead to effective silencing of a variety of genes in mammalian
cells by mediating sequence-specific cleavage of the target sequence between nucleotide 10 and

11 relative to the 5" end of the antisense strand (Sun et al., Nav. Biotech., 26:1379-1382 (2008)).
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Typically, an aitRNA molecule comprises a short RNA duplex having a sense strand and an
antisense strand, wherein the duplex contains overhangs at the 3" and 5" ends of the antisense
strand. The aiRNA is generally asymmetric because the sense strand 1s shorter on both ends
when compared to the complementary antisense strand. In some aspects, aiRNA molecules may
be designed, svnthesized, and annealed under conditions similar to those used for siRNA
molecules. As a non-limiting example, aiRNA sequences may be selected and generated using
the methods described above for selecting siRNA sequences.

In another embodiment, aiRNA duplexes of vanous lengths {(e.g., abowt 10-25, 12-20,
12-19, 12-18, 13-17, or 14-17 base pairs, more {ypically 12, 13, 14, 15, 16, 17, 18, 19, or base
pairs) roay be designed with overhangs at the 3’ and 5" ends of the antisense strand to target an
mRMA of interest. In certain instances. the sense strand of the aiRNA molecule 15 about 10-25,
12-20, 12-19, 12-18, 13-17, or 14-17 nucleotides in length, more typically 12, 13, 14, 15, 16, 17,
I8, 19, or 20 nuclectides in length. In certain other instances, the antisense strand of the aiRNA
molecule is about 15-60, 15-50, or 15-40 nucleotides in length, more typically about 15-30, 13-
25, or 19-25 nucleotides inn length, and is preferably about 20-24, 21-22, or 21-23 nucleotides in
length.

In some embodiments, the 3’ antisense overhang contains one, two, three, four, or more
nontargeting nucleotides {e.g., "AA”, “UU”, “dTdT", etc.). In other embodiments, the 3'
antisense overhang contains one, two, three, four, or more nontargeting nucleotides {e.g., “AA”,
“UY”, “dTdT™, ete). In certain aspects, the aiRNA molecules described herein may comprise
one or more modified nucleotides, e.g . in the double-stranded (duplex} region and/or in the

antisense overhangs. As a non-limiting example,

aiRNA sequences may COMpPrise one or morg
of the modified nucleotides described above for siRNA sequences. In a preferred embodiment,
the aiRNA molecule comprises 2'0OMe nucleotides such as, for example, 2’OMe-guanosine
nucleotides, 2'0OMe-uridine nucleotides, or nuxtures thereof.

In certain embodiments, aiRNA molecules may comprise an antisense strand which
corresponds to the antisense strand of an sitRNA molecule, e.g., one of the siRNA molecules
described herein. In other embodiments, atRNA molecules may be used to silence the expression
of any of the target genes set forth above, such as, e.g., genes associated with viral mfection and
survival, genes associated with metabolic diseases and disorders, genes associated with
tumorigenesis and cell transformation, angiogenic genes, immunomodulator genes such as those
associated with inflammatory and autoimmune responses, higand receptor genes, and genes

associated with neurodegenerative disorders.
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miRNA

Generally, microRNAs (miRNA) are single-stranded RNA molecules of about 21-23
nucleotides i length which regulate gene expression. nuRNAs are encoded by genes from
whose DNA they are transcribed, but miRNAs are not translated inio protein (non-coding
RNA}; instead, each primary transcript (a pri-muRNA} 15 processed mto a short stem-loop
structure called a pre-nuRNA and finally into a functional mature miRNA. Mature miRNA
molecules are etther partially or completely complementary {0 one or more messenger RNA
{mRINA} molecules, and their main function is to downregulate gene expression. The
identification of miRNA molecules is described, e.g., in Lagos-Quintana et al., Science,
294:853-858; Lau et al., Science, 294:858-862; and Lee et al., Science, 294:862-804.

The genes encoding miRNA are much longer than the processed mature miRNA
molecule. muRNA are first transcribed as primary transcripts or pri-miRNA with a cap and poly-
A tail and processed to short, "70-nucleotide stem-loop structures known as pre-miRNA in the
cell nucleus. This processing is performed in animals by a protein complex known as the
Microprocessor complex, consisiing of the nuclease Drosha and the double-stranded RNA
binding protein Pasha (Denli et al., Natire, 432:231-235 (2004)). These pre~-mRNA are then
processed to mature miRNA in the cytoplasm by interaction with the endonuciease Dicer, which
also initiates the formation of the RNA-induced silencing complex (RISC) (Bernstein et al
Nature, 409:363-366 {2001). Either the sense strand or antisense strand of DNA can function as
ternplates to give rise to muRNA.

When Dicer cleaves the pre-niRNA stem-loop, two complementary short RNA
molecules are formed, but only one is mntegrated into the RISC complex. This strand is known as
the punde strand and is selected by the argonaute protein, the catalvtically active RNase in the
RISC complex, on the basis of the stability of the 5" end (Preall et al., Cwrr. Biol, 16:530-535
{2006)). The remaining sirand, known as the anti-guide or passenger strand, is degraded as a
RISC complex substrale {Gregory et al., Cell, 123:631-640 (2003)). After integration into the
active RISC comples, miRNAs base pair with their complementary mRNA molecules and
induce target mRINA degradation and/or translational silencing.

Mammalian miRNA molecules are usually complementary {o a site in the 3’ UTR of the
target mRNA sequence. In certain instances, the annealing of the muRNA 1o the target mRNA
inhibits protein translation by blocking the protein transiation machinery. In certain other
instances, the annealing of the miRMNA to the target mRNA facilitates the cleavage and

degradation of the target mRNA through a process similar to RNA nterference (RNA1). miRNA
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may also target methylation of genomic sites which correspond to targeted mRNA. Generally,
mRNA function in association with a complement of proteins collectively termed the miRNP.

In certain aspects, the miRNA molecules described herein are about 15-100, 15-90, 15-
80, 15-75, 15-70, 15-60, 15-50, or 15-40 nucleotides in length, more typically about 15-30, 15-
25, or 19-25 nucleotides in length, and are preferably about 20-24, 21-22, or 21-23 nucleotides
in length. In certain other aspects, miRNA moelecules may comprise one or more modified
nucleotides. As a non-limiting example, miRNA sequences may comprise one or more of the
modified nucleotides described above for siRNA sequences. In a preferred embodiment, the
mRNA molecule comprises 2'0OMe nucleotides such as, for example, 2’OMe-guanosine
nucleotides, 2’'0Me-uridine nucleotides, or muxtures thereof.

In some embodiments, miRNA molecules may be used to silence the expression of any
of the target genes set forth above, such as, e.g., genes associated with viral infection and
survival, genes associated with metabolic diseases and disorders, genes associated with
tumorigenesis and cell transformation, angiogenic genes, immunomodulator genes such as those
associated with inflammatory and autoimmune responses, ligand receptor genes, and genes
associated with neurodegenerative disorders.

In other embodiments, one or more agents that block the activity of a miRNA targeting
an mRNA of interest are administered using a lipid particle of the invention {e.g., a lipid
nanoparticie). Examples of blocking agents include, but are not Timuted to, steric blocking
oligonucleotides, locked nucleic acid ohigonucleotides, and Morpholine oligonucleotides. Such
blocking agents may bind directly to the miRNA or to the miRNA binding site on the target
mRNA,

Antisense Oligonucieotides

In one embodiment, the nucleic acid is an antisense oligonucleotide directed to a target
gene or sequence of interest. The terms “antisense oligonuclestide™ or “antisense” mnclude
oligonucleotides that are complementary to a targeted polynucleotide sequence. Aniisense
oligonucleotides are single strands of DNA or RNA that are complementary to a chosen
sequence. Antisense RNA oligonucleotides prevent the transiation of complementary RNA
strands by binding to the RNA. Antisense DNA oligonucleotides can be used to target a specific,
complementary {coding or non-coding) RNA. I binding occurs, this DNA/RNA hyvbrid can be
degraded by the enzyme RNase H. In a particular embodiment, antisense oligonucleotides
comprise from about 10 {0 about 60 nuclectides, more preferably from about 15 to about 30

nucleotides. The term also encompasses antisense oligonucleotides that may not be exacily
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complementary 1o the desired target gene. Thus, the invention can be utilized in instances where
non-target specific-activities are found with antisense, or where an antisense sequence
containing one or more nusmatches with the target sequence 1s the most preferred for a
particular use.

Antisense ohigonuclestides have been demonstrated to be effective and targeted
nhibitors of protein synthesis, and, conseguently, can be used to specifically inhibit protein
svnthesis by a targeted gene. The efficacy of antisense oligonucleotides for inhibiting protein
synthesis is well established. For example, the synthesis of polygalactauronase and the
muscarine type 2 acetylcholine receptor are inhibited by antisense oligonucleotides directed to
their respective mRINA sequences {see, U.S. Pat. Nos. 5,739,119 and 5,759,829}, Furthermore,
examples of antisense inhibition have been demonsirated with the nuclear protein cyclin, the
mltiple drug resistance gene (MDR1), ICAM-1, E-selectin, 5TK-1, striatal GABAA receptor,
and human EGF (see, Jaskulski et al., Science, 240:1544-6 {1988); Vasanthakumar et al., Cancer
Commun., 1:225-32 (1989); Penis et al., Brain Kes Mol Brain Res., 15, 37:310-20 (1998); and
U.S. Pat. Nos. 5,801,154; 5,789,573, 5,718,709 and 5,610,288}, Moreover, antisense consiructs
have also been described that inhibit and can be used to treat a variety of abnormal cellular
proliferations, e.g., cancer (see, U8, Pat. Nos. 5,747,470, 5,591,317 and 5,783,683). The
disclosures of these references are herein incorporated by reference in their entirety for all
purposes.

Methods of producing antisense oligonucleotides are known in the art and can be readily
adapted to produce an antisense ohigonucieotide that targets anv polynucleotide sequence.
Selection of antisense oligonucleotide sequences specific for a given target sequence 1s based
upon analysis of the chosen target sequence and determunation of secondary structure, Ta,
binding energy. and relative stability. Antisense oligonucleotides may be selected based upon
their relative inability to form dimers, hairpins, ot other secondary struciures that would reduce
or prohibit specific binding 1o the target mRNA in a host cell. Highly preferred target regions of
the mRNA include those regions at or near the AUG translation inttiation codon and those
sequences that are substantially complementary to 5’ regions of the mRNA. These secondary
structure analyses and target site selection considerations can be performed, for example, using
v.4 of the OLIGO primer analysis software (Molecular Biology Insights) and/or the BLASTN
2.0.5 algorithm software (Alischul et al., Nucleic Acids Res., 25:3389-402 {(1997)).
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Ribozymes

According to another embodiment of the invention, lipid nanoparticles are associated
with ribozymes. Ribozymes are RNA-protein complexes having specific catalytic domains that
possess endonuclease activity (see, Kim et al., Proc. Natl Acad Sci. USA., 84:8788-92 (1987);
and Forster et al., Cefl, 49:211-20 {1987)}. For example, a large number of ribozvmes accelerate
phosphoester transfer reactions with a high degree of specificily, often cleaving only one of
several phosphoesters in an oligonucleotide substrate (see, Cech et al., Ceif, 27:487-96 (1981};
Michel et al., J Mol Biol, 216:585-610 {1990}, Reinhold-Hurek et al., Nature, 357:173-6
{1992)). This specificity has been attributed to the requirement that the substrate bind via
specific base~patring interactions to the mternal guide sequence ("IGS”) of the ribozyae prior to
chenucal reaction.

At least six basic varigties of naturaliy-occurring enzymatic RNA molecules are known
presently. Each can catalyze the hvdrolysis of RNA phosphodiester bonds in trans {and thus can
cleave other RNA molecules) under physiological conditions. In general, enzymatic nucleic
acids act by first binding to a target RNA. Such binding occurs throngh the target binding
portion of an enzymatic nucleic acid which 1s held in close proximuty to an enzymatic portion of
the molecule that acts to cleave the target RNA. Thus, the enzymatic nucleic acid first
recognizes and then binds a target RNA through complementary hase-pairing, and once bound
to the correct site, acis enzymatically to cut the target RNA. Strategic cleavage of such atarget
RNA will destroy its ability to direct synthesis of an encoded protein. After an enzymatic
nucleic acid has bound and cleaved its RNA target, 1t is released from that RNA to search for
another target and can repeaiedly bind and cleave new targets.

The enzymatic nucleic acid molecule may be formed 1n a bammerhead, hairpin, hepatitis
O virus, group | intron or RNaseP RNA (in association with an RNA guide sequence), or
Neurospora VS RNA motif, for example. Specific examples of hammerhead motifs are
described in, e.2., Rossi et al., Nucleic Acids Res., 20:4559-65 (1992). Examples of hairpin
motifs are described in, e.g., EP 03602357, Hampel et al., Riochemistry, 28:4929-33 (1989);
Hampel et al, Nucleic Acids Res., 18:299-304 (1990); and U 8. Pat. No. 5,631,359, An example
of the hepatitis & virus motif is described in, e.g., Perrotta et al |, Biochemistry, 31:11843-52
(1992, An example of the RNaseP motif 1s described n, e.g, Guerrier-Takada et al., Ce//,
35:849-57 (1983). Examples of the Newrospora VS RNA ribozyme motif is described in, 2.2,
Saville et al | Cell, 61:685-96 (1990}, Saville et al., Proc. Natl Acad Sci. USA, 88:8826-3(

(1991); Collins et al., Biochemistry, 32:2795-9 (1993}, An example of the Group [ intron s
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described in, e.g., U.8. Pat. No. 4,987,071, Imporiant characteristics of enzymatic nucleic acid
molecules used according to the invention are that they have a specific substrate binding stie
which is complementary to one or more of the target gene DNA or RNA regions, and that they
have nucleotide sequences within or surrounding that substrate binding site which impart an
RNA cleaving activity to the molecule. Thus, the ribozyme constructs need not be limited to
specific motifs mentioned herein. The disclosures of these references are herein incorporated by
reference in their entirety for all purposes.

Methods of producing a ribozyme targeted to any polynucleotide sequence are known in
the art. Ribozyvmes may be designed as described in, e g, PCT Publication Nos. WO 93/23569
and WO 94/02593, and synthesized 1o be tested in vitro and/or in vive as described therein. The
disclosures of these PCT publications are herein incorporated by reference in their entirety for
ali purposes.

Ribozyme activity can be optimized by altering the length of the ribozyme binding arros
or chemically synthesizing ribozymes with modifications that prevent their degradation by
serum nibonucleases (see, e.g., PCT Publication Nos. W 92/07065, W 93/15187, WO
Q1/03162, and WO 94/13688, EP 92110298 4; and U.S. Pat. No. 5,334,711, which describe
various chemical modifications that can be made to the sugar moieties of enzymatic RNA
molecules, the disclosures of which are each herein incorporated by reference in their entirety
for all purposes), modifications which enhance their efficacy in cells, and removal of stem H
bases to shorten RNA svothesis timaes and reduce chernical requirements.

Immunostimulatory (Oligonucleotides

Wucleic acids associated with lipid particles of the present invention may be
mmunosiimulatory, including immunostimulatory oligonuclectides (ISS; single- or double-
stranded) capable of inducing an immune response when administered to a subject, which may
bre 3 mammal such as a human. ISS include, e g, certain palindromes leading to hairpin
secondary structures (see, Yamamoto et al., J fmpumol, 148:4072-6 (1992}, or CpG motifs, as
well as other known ISS features (such as multi-G domains; see; PCT Publication No. WO
96/11266, the disclosure of which 1s herein incorporated by reference in 1is entirety for all
PUrposes}.

Immunostimulatory mucleic acids are considered to be non-sequence specific when it is
not required that they specifically bind to and reduce the expression of a target sequence in order

to provoke an immune response. Thus, certain immunostimulatory nucleic acids may comprise a
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sequence corresponding (o a region of a naturally-occurring gene or mRINA, but they may still
be constdered non-sequence specific immunostimnulatory nucleic acids.

In one embodiment, the immunostimulatory nucleic acid or oligonucleotide comprises at
feast one CpG dinuclectide. The oligonucleotide or Up(s dinucleotide may be unmethyvlated or
methylated. In another embodiment, the immunostimulatory nucleic acid comprises at feast ong
Cp( dinucleotide having a methylated cviosine. In one embodiment, the nucleic acid comprises
a single CpG dinucleotide, wherein the cvtosine in the CpG dinucleotide is methviated. In an
alternative embodiment, the nucleic acid comprises at least two Cpls dinucleotides, wherein at
least one cvtosine in the CpG dinucleotides is methylated. Tn a further embodiment, each
cytosine in the CpG dinucleotides present in the sequence 15 methylated. In another ernbodirvent,
the nucleic acid comprises a plurality of CpG dinucleotides, wherein at least one of the CpG
dinucleotides comprises a methylated cytosine. Examples of immunostimulatory
oligonucleotides suitable for use in the compositions and methods of the present invention are
described in PCT Application No. PCT/USO8/88676, filed Dec. 31, 2008, PCT Publication Nos.
W 02/069369 and WO 01/15726, UK. Pat. WNo. 6,406,705, and Raney et al., J. Pharm. Exper.
Ther., 298 1185-92 (2001}, the disclosures of which are each herein incorporated by reference in
their entirety for all purposes. In certain embodiments, the oligonucleotides used in the
compaositions and methods of the nvention have a phosphodiester ("PO’") backbone or a
phosphorothioate (“PS8”) backbone, and/or at least one methylated cytosine residue in a CpG
motif.
mRNA

Certain embodiments of the invention provide compositions and methods that can be
used to express one or more mRNA molecules in a living cell {e.g., cells within a human body ).
The mRNA molecules encode one or more polypeptides to be expressed within the living cells.
In some embodiments, the polypeptides are expressed within a diseased organism {e.g.,
marmmal, such as a hurnan being), and expression of the polypeptide ameliorates one or more
sviaptorns of the disease. The compositions and methods of the invention are particularly useful
for treating human diseases caused by the absence, or reduced levels, of a functional polypeptide
within the human body. Accordingly, in certain embodiments, an LNP may comprise one or
more nucleic acid molecules, such as one or more mRNA molecules (e g, a cockiall of mRNA
molecules).

In some embodiments, the mRNA(s) are fully encapsulated in the nucleic acid-lipid

particle {e.g,, LNP). With respect to formulations comprising an mRNA cocktail, the different
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types of mRNA species present in the cocktail (e.g., mRNA having different sequences) may be
co-encapsulated i the same particle, or each type of mRNA species present in the cocktail may
be encapsulated 1n a separate particle. The mRNA cocktail may be formulated in the particles
described herein using a mixture of two or more individual mRNAs (each having a unique
sequence) at identical, similar, or different concentrations or molar ratios. In one embodiment, a
cocktail of mRNAs (corresponding to a plurality of mRNAs with different sequences) is
formulated using identical, similar, or different concentrations or molar ratios of each mRNA
species, and the different tvpes of mRNAs are co-encapsulated in the same particle. In another
embodiment, each type of mRNA species present in the cocktail is encapsulated 1o different
particies at identical, simular, or different mRNA concentrations or molar ratios, and the particles
thus formed {each containing a different mRMNA payload) are administered separately {e.g., at
different times in accordance with a therapeutic regimen), or are combined and administered
together as a single unit dose {e.g., with a pharmaceutically acceptable carmner). The particles
described herein are serum-stable, are resistant to nuclease degradation, and are substantially
non-toxic to mammals such as humans.

Modifications o mRNA

mRNA used in the practice of the present invention can include one, two, or more than
two nucleoside modifications. In some embodiments, the modified mRNA exhibits reduced
degradation in a cell inio which the mRNA is introduced, relative {o a corresponding unmodified
mRNA,

In some embodiments, modified nucleosides include pyndin-4-one nbonucleoside, 5-
aza-uridine, 2-thio-5-aza-uridine, 2-thiouridine, 4-thio-pseudouridine, 2-thio-pseudouridine, 5-
hydroxyvuridine, 3-methyvhuridine, S-carboxymethyl-uridine, 1 -carboxymethyi-pseudouridine, 5-
propvovl-uridine, 1 -propynyi~pseudournidine, S-taurinomethylunidine, 1-taurinomethyl-
pseudouridine, S-taurinomethyl-2-thio-wridine, 1 -taurinomethyvi-4-thio-uridine, S-methyl-
uridine, 1 ~methy 1-pseudouridine, 4-thio- 1 -methy t-pseudouridine, 2-thio~ 1 -muethy 1-
pseudouridine, 1 ~-methy 1- 1 ~deaza-pseudournidine, 2-thio- 1 ~methyi- 1 -deaza-pseudouriding,
dihy drouridine, dihvdropseudouridine, 2-thio-dihydrouridine, 2-thio-dihyvdropseudouridine, 2-
methoxyuridineg, 2-methoxy-4-thio-uridine, 4-methoxy-pseudouridine, and 4-methoxy-2-thio-
pseudouridine,

In some embodiments, modified nucleosides include 5-aza-cytidine, pseudoisocytidine,
3-methyl-cytidine, N4-acetylcytidine, S-formyleytidine, Nd-methyicytidine, S-

hydroxymethyleytiding, 1 -methyl-pseudotisocytidine, pyrrolo-cytidine, pyrrolo-
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psendoisocytidine, 2-thio-cytiding, 2-thio-5-methyi-cytidine, 4-thio-pseudoisocytidine, 4-thio- 1
-methyvl-pseudoisocviidine, d-thio- 1 -methyl- 1 -deaza-pseudoisocytiding, 1 -methyl- 1-deaza-
pseudoisocytidine, zebularne, S-aza-zebularine, S-methyl-zebularine, 5-aza-2-thio~zebularine,
2-thio-zebulanne, 2-methoxy-cytidine, 2-methoxy-5-methyi-cytidine, 4-methoxy-
pseudoisocytidine, and 4-methoxy- 1 -methyl-pseudoisocytidine.

In other embodiments, modified nucleosides include 2-amimopurine, 2, 6~-diaminopurine,
7-deaza-adenine, 7-deaza-8-aza-adenine, 7-deaza-2-aminopurine, 7-deaza-8-aza-Z-aminopurine,
7-deaza-2,6-diaminopurine, 7-deaza-8-aza-2 6-diaminopurineg, 1 -methyladenosine, N6-
methyiadenosine, N6-isopentienyladenosing, No-(cis-hydroxvisopentenyladenosine, 2-
methyvithio-N6-(cis-hy droxyisopentenyl) adenosine, No-glycinylcarbamovladenosine, N6~
threonyicarbamovladenosine, 2-methylthio-N6-threonyi carbamoyladenosing, N6, N6-
dimethvladenosine, 7-methyvladenine, 2-methylthio-adenine, and 2-methoxy-adenine.

In specific ernbodiments, a modified nucleoside 15 5 '-0-(1 ~-Thiophosphate)}- Adenosine, 5
"-0-{ 1 -Thiophosphate}-Cyvtidine, 5 ' -0-{ I -Thiophosphate}-Guanosine, 5 '-0-( 1 -
Thiophosphate)-Uridine or 5°-0-(1 -Thiophosphate}-Pseudoundine. The a-thio substituted
phosphate moiety is provided to confer stability to RNA polymers through the unnatural
phosphorothicate backbone linkages. Phosphorothioate RNA have increased nuclease resistance
and subsequently alonger half-life in a cellular environment. Phosphorothioate tinked nucleic
acids are expected to also reduce the mnate immune response through weaker binding/activation
of cellular innate immune molecules.

In certain embodiments it is desirable o intracellularly degrade a modified nucleic acid
ntroduced into the cell, for example if precise timing of protein production 1s desired. Thus, the
mvention provides a modified nucleic acid containing a degradation domain, which is capable of
being acted on in a directed manner within a cell.

In other embodiments, modified nucleosides include inosine, 1 ~-methyl-inosing, wyosine,
wybutosine, 7-deaza-guanosine, 7-deaza-8-aza-guanosine, 6-thio-guanosine, 6-thio-7-deaza-
guanosine, 6-thio-7-deaza-8-aza-guanosine, 7-methyl-guanosine, 6-thio-7-methyl-guanosine, 7-
methylinosine, 6-methoxy-guanosine, 1 -methylguanosine, N2-methylguanosine, N2, N2-
dimethylguanosine, 8-oxo-guanosine, 7-methyvl-8-oxo~-guanosine, 1 -methyi-6-thio-guanosine,
N2-methyi-6-thio-guanosine, and N2, N2-dimethyl-6-thio-guanosine.

{Optional Components of the Meodified Nucleic Acids
In further embodiments, the modified nucleic acids may mchude other optional

components, which can be beneficial in some embodiments. These optional cornponents include,
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but are not limited to, untransiated regions, kozak sequences, intronic nuclectide sequences,
mtermal ribosome eniry site (IRES), caps and poly A tails. For example, a 5 uniransiated region
{(UTR) and/or a 3 ' UTR may be provided, wherein either or both may independently contain one
or more different nucleoside modifications. In such embodiments, nucleoside modifications may
also be present in the translatable region. Also provided are mucleic acids containing a Kozak
sequence.

Additionally, provided are nucleic acids containing one or more intronic nucleotide
sequences capable of being excised from the nucleic acid.

Untransiated Regions (UTRs)

Untranslated regions (UTRs) of a gene are transcribed but not translated. The S'UTR
starts at the transcription start site and continues 1o the start codon but does not include the start
codon; whereas, the 3'UTR starts immediately following the stop codon and continues until the
transcriptional termination signal. There 1s growing body of evidence about the regulatory roles
plaved by the UTRs in terms of stability of the nucleic acid molecule and translation. The
regulatory features of a UTR can be incorporated into the mRNA used in the present invention
o increase the stability of the molecule. The specific features can also be incorporated to ensure
controlled down-regulation of the transcript in case they are nusdirected to undesired organs
sites.

57 Capping

The 5' cap structure of an mRNA 1s involved in nuclear export, increasing mRNA
stahility and binds the mRNA Cap Binding Protein (CBP), which is responsible for mRNA
stability in the cell and translation competency through the association of CBP with polv{A)
binding protein to form the mature cyelic mRNA species. The cap further assists the removal of
5' proximal introns removal during mRNA splicing.

Endogenous mRNA molecules may be S'-end capped generating a 3-ppp-5'-triphosphate
linkage between a terminal guanosine cap residue and the 5'-terminal transcribed sense
nucleotide of the mRNA molecule. This 3'-guanvliate cap may then be methylated to generate an
N7-methyi-guanylate residue. The ribose sugars of the terminal and/or anteterminal transcribed
nucleotides of the 3' end of the mRNA may optionally also be 2'-0-methviated. 5'-decapping
through hvdrolysis and cleavage of the guanylate cap structure may target a nucleic acid
molacule, such as an mRNA molecule, for degradation.

IRES Sequences
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mRNMNA containing an internal ribosome entry site (IRES) are also useful in the practice
of the present invention. An IRES may act as the sole ribosome binding site, or may serve as one
of multiple ribosome binding sites of an mRNA. An mRNA containing roore than one functional
ribosome binding site may encode several peptides or polypeptides that are translated
independently by the ribosomes ("multicistronic mRNA"). When mRNA are provided with an
IRES, further optionally provided is a second translatable region. Examples of IRES sequences
that can be used according to the invention include without limitation, those from picornaviruses
{e.g. FMIDV}, pest viruses {CFFV), polio viruses (PV), encephalomyocarditis viruses (ECMY),
foot-and~-mouth disease viruses (FMBV}, hepatitis C viruses (HCV), classical swine fever
viruses (CSFV), murine leukemia virus (MLV), simian immune deficiency viruses (81V) or
cricket paralysis viruses (CrPV3),

Poly-A tails

During RNA processing, a long chain of adenine nucleotides (poly-A tail) roay be added
to a polynucleotide such as an mRNA molecules in order to increase stability. Immmediately after
transeription, the 3' end of the transcript may be cleaved to free a 3" hydroxyl. Then poly-A
polymerase adds a chain of adenine nucleotides to the RNA. The process, called
polvadenylation, adds a poly-A tail that can be between 100 and 250 residues long.

Generally, the length of a poly-A tail is greater than 30 nucleotides in length. In another
embodiment, the poly-A tail is greater than 35 nucleotides in length (e.g., at least or greater than
about 35, 40, 45, 50, 35, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 250, 300, 350, 400, 450,
500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1300, 1600, 1700, 1800, 1900, 2.000,
2,500, and 3,000 nucleotides).

In this context the poly-A tail may be 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100% greater
in length than the moditied mRNA. The poly-A tail may also be designed as a fraction of
modified nucleic acids to which it belongs. In this context, the poly-A tail may be 10, 20, 30, 40,
30, 60, 70, 80, or 90% or more of the total length of the modified mRNA or the total length of
the modified mBNA nunus the polv-~A tail.

Generating mRMNA Molecules

Methods for 1solating RNA, synthesizing RNA, hybridizing nucleic acids, making and
screening ¢DNA libraries, and performing PCR are well known in the art (see, e.g., Gubler and
Hoffman, Gene, 25:263-269 (1983); Sambrook ef /., Molecular Cloning, 4 Laboratory Manual
(2nd ed. 1989}}; as are PUR methods (see, U.S. Pateni Nos. 4,683,195 and 4,683,202, PCR

Protocols: A Guide o Methods and Applications (s ef ol , eds, 1990)}). Expression libraries
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are also well known to those of skill in the art. Additional basic texts disclosing the general

methods of use in this vention include Kniegler, Gene Transfer and Expression: A Laboratory

Manual (1990); and Current Protocols in Molecular Biology {(Ausubel ef af., eds., 1994}, The

disclosures of these references are herein incorporated by reference in their entirety for all
purposes.
Encoded Polypeptides

The mRNA component of a hipid nanoparticle described herein can be used to express a
polypeptide of interest. Certain diseases in humans are caused by the absence or impairment of a
functional protein in a cell type where the protemn s normally present and active. The functional
protein can be completely or partially absent due, e.g , to transcriptional inactivity of the
encoding gene or due to the presence of a mutation in the encoding gene that renders the protein
completely or partially non-functional. Examples of human diseases that are caused by complete
or partial inactivation of a protemn include X-hnked severe combined immunodeficiency (X-
SCID) and adrenoleukodystrophy (X-ALD). X-SCHD is caused by one or more mutations in the
gene encoding the common gamma chain protein that is a component of the receptors for several
interieuking that are involved m the development and maturation of B and T cells within the
imnmune system. X~ALD 15 caused by one or more mutations in a peroxisormal membrane
transporier protein gene called ABCD1. Individuals afflicted with X-ALD have very high levels
of long chain fatty acids in tissues throughout the body, which causes a variety of sympioms that
may lead to mental impairment or death.

Attempis have been made to use gene therapy to treat some diseases caused by the
absence or impairment of a functional protein in a cell type where the protein is normally present
and active. Gene therapy typically involves introduction of a vector that includes a gene
encoding a functional form of the affected protein, into a diseased person, and expression of the
functional protein to treat the disease. Thus far, gene therapy has met with limited success.
Additionally, certain aspects of delivering mRNA using LNPs have been described, e g, in
International Publication Numbers WO 2018/006052 and WO 2015/011633.

As such, there is a continuing need for improvement for expressing a functional form of
a protein within a human who suffers from a disease caused by the complete or partial absence
of the funciional protein, and there 15 a need for improved delivery of nucleic acids (e.g.,
mRMNA) via a methods and compositions, e.g.. that can trigger less of an immune response to the
therapy. Certain embodiments of the present invention are usefid in this context. Thus, in

certain embodiments, expression of the polvpeptide ameliorates one or more symptoms of a
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disease or disorder. Certain composttions and methods of the invention may be usefuld for
treating human diseases caused by the absence, or reduced levels, of a functional polypeptide
within the human body. In other erobodirents, certain compositions and methods of the
invention may be useful for expressing a vaccine antigen, e g, for treating cancer.
Self-Amplifying RNA

In certain embodiments, the nucleic acid is one or more self-amplifying RNA molecules.
Self-amplifving RNA (sa-RNA} may also be referred to as selt-replicating RNA, replication-
competent RNA, replicons or RepRNA. RepRNA, referred to as self-amplifyimg mRNA when
derived from positive-strand viruses, is generated from a viral genome lacking at least one
structural gene; 1t can translate and replicate (hence “self-amplifying”) without generating
infectious progeny virus. In certain embodiments, the RepRNA technology may be used 1o insert
a gene cassetie encoding a desired antigen of interest. For example, the alphaviral genome is
divided into two open reading frames (ORFs): the first ORF encodes proteins for the RNA
dependent RNA polymerase (replicase}. and the second ORF encodes structural proteins. In sa-
RNA vaccine constructs, the ORF encoding viral siructural proteins may be replaced with any
antigen of choice, while the viral replicase remains an integral part of the vaccine and drives
mtracellular amplification of the RNA after immunization.

Preparation of Lipid Particles

In certain embodiments, the present invention provides for LNP produced via a
continuous mixing method, e.g., a process that includes providing an aqueous solution
comprising a nucleic acid in a first reservoir, providing an organic lipid solution in a second
reservoir, and mixing the aqueous solution with the organic lipid solution such that the organic
lipid solation mixes with the agueous solution 50 as to substantially mstantaneously produce a
liposome encapsulating the nucleic acid {e.g., interfering RNA or mRNA}. This process and the
apparatus for carrving this process are described in detail 1n U.S. Patent Publication No.
20040142025, the disclosure of which 1s herein incorporated by reference in its entirety for all
puUrposes.

The action of continuously introducing lipid and buffer solutions into a mixing
environment, such as in a mixing chamber, causes a continuous ditution of the lipid solution
with the buffer solution, thereby producing a liposome substantially instantaneously upon
mixing. As used herein, the phrase “continucusly diluting a lipid solution with a buffer solution”
(and variations) generally means that the lipid solution is diluted sufficiently rapidly in a

hydration process with sufficient force to effectuate vesicle generation. By mixing the agueous
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solution comprising a nucleic acid with the organic lipid solution, the organic hipid solution
undergoes a continuous siepwise dilution in the presence of the buffer solution (i.e., agueous
solution) to produce a lipid nanoparticle.

The LNP formed using the continuous mixing method tvpically have a size of from
about 40 nm to about 150 nm, from about 50 nm to about 150 nm, from about 60 nm to about
130 nm, from about 70 nm to about 110 nm, or from about 70 nm to about 90 nm. The particles
thus formed do not aggregate and are optionally sized to achieve a uniform particle size.

in another embodiment, the present invention provides for LNP produced via a direct
dilution process that includes forming a liposome solution and imomediately and directly
mtroducing the liposome solution into a collection vessel containing a controlled amount of
dilution buffer. In preferred aspects, the collection vessel includes one or more elements
configured to stir the contents of the collection vessel to facilitate dilution. In one aspect, the
amount of dilution buffer present in the collection vessel is substantially equal to the volume of
liposome solution introduced thereto. As a non-limiting example, a liposome solution in 45%
ethanol when introduced inio the collection vessel containing an equal volume of dilution buffer
will advantageously vield smaller particles.

In yet another embodiment, the present invention provides for LNP produced via a direct
dilution process in which a third reservoir containing dilution buffer is fluidly coupled to a
second muxing region. In this embodiment, the liposome solution formed in a first mixing region
s immediately and directly nuxed with dilution buffer in the second nuxing region. In preferred
aspects, the second mixing region includes a T-connector arranged so that the liposome solution
and the dilution buffer flows meet as opposing 180° flows; however, connectors providing
shallower angles can be used, 2. g., from about 27° to about 180°. A pump mechanism delivers a
controllable flow of buffer to the second mixing region. In one aspect, the flow rate of dilution
buffer provided to the second mixing region is controlled to be substantially equal to the flow
rate of hposome solution mntroduced thereto from the first muxing region. This embodiment
advantageously allows for more control of the flow of dilution buffer mixing with the hiposome
solution in the second mixing region, and therefore also the concentration of liposome solution
in buffer throughout the second mixing process. Such control of the dilution buffer flow rate
advantageously allows for small particle size formation at reduced concentrations.

These processes and the apparatuses for carrying out these direct dilution processes are
deseribed in detail in US. Patent Publication No. 20070042031, the disclosure of which is

herein incorporated by reference in its entirety for all purposes.
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The LNP formed using the direct dilution process typically have a size of from about 40
nm to about 150 nm, from about 30 nm to about 150 nm, from about 60 nm 1o about 130 nm,
frora about 70 no to about 110 nm, or tfrom about 70 nm 1o about 90 nm. The particles thus
formed do not aggregate and are optionally sized to achieve a uniform particle size.

If needed, the lipid particles of the invention {e.g., LNP) can be sized by any of the
methods available for sizing liposomes. The sizing may be conducted n order to achieve a
desired size range and relatively narrow distribution of particle sizes.

Several techniques are avatlable for sizing the particles to a desired size. One sizing
method, used for iposomes and equally applicable to the present particles, is described in UK,
Pat No. 4,737,323, the disclosure of which 1s herein incorporated by reference in its entivety for
all purposes. Sonicating a particle suspension either by bath or probe sonication produces a
progressive size reduction down to particles of fess than about 50 nm in size. Homogenization is
another method which relies on shearing energy to fragment larger particles into smaller ones. In
a tvpical homogenization procedure, particles are recirculated through a standard emulsion
homogenizer untii selected particle sizes, typically between about 60 and about 80 nm, are
observed. In both methods, the particle size distribution can be monitored by conventional laser-
beam particle size discrimnation, or QELS.

Extrusion of the particles through a small-pore polycarbonate membrane or an
asymmetnic ceramic membrane 1s also an effective method for reducing particle sizes to a
relatively well-defined size distribution. Tvpically, the suspension s cycled through the
membrane one or more times uniil the desired particle size distribution is achieved. The particles
may be extruded through successively smaller-pore membranes, to achieve a gradual reduction
n size.

In some embodiments, the nucleic acids in the LNT are precondensed as described in,
e.g., U.S. patent application Ser. No. 09/744,103, the disclosure of which is herein incorporated
by reference in ifs entirety for all purposes.

In other embodiments, the methods will further comprise adding non-hipid polycations
which are useful {o effect the lipofection of cells using the present compositions. Examples of
suttable non-lipid polycations include, hexadimethrine bromide (sold under the brandname
POLYBRENE®, from Aldrich Chemical Co., Milwaukee, Wis., USA) or other salts of
hexadimethrine. Other suitable polycations include, for example, salts of poly-L-omithine, poly-
L-arginine, polv-L-lysine, poly-D-ivsine, polvallylamine, and polvethyleneimine. Addition of

these salts is preferably after the particles have been formed.
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Administration of Lipid Particles

Once formed, the hipid particles of the mvention (e.g., LNP) are useful for the
mtroduction of nucleic acidsinto cells. Accordingly, the present invention also provides methods
for introducing an nucleic acid such as a nucleic acid (e g.. interfering RNA or mRNA) into a
cell. The methods are carried out in vifro or in vivo by first forming the particles as described
above and then contacting the particles with the cells for a period of time sufficient for delivery
of the nucleic acid to the cells to occur.

The lipid particies of the invention {¢.g., LNP) can be adsorbed to almost anv cell tvpe
with which they are mixed or contacted. Once adsorbed, the particles can either be endocytosed
by a portion of the cells, exchange lipids with cell membranes, or fuse with the cells. Transfer or
incorporation of the nucleic acid (e.g., nucleic acid) portion of the particle can take place via any
one of these pathways. In particular, when fusion takes place, the particle membrane is
integrated o the cell membrane and the contents of the particle combine with the intracellular
flnd.

The lipid particles of the invention (e.g., LNP) can be administered either alone orin a
mixture with a pharmaceutically-acceptable carrier {e. g, physiological saline or phosphate
buffer) selected in accordance with the route of admunistration and standard pharmaceutical
practice. Generally, normal buffered saline (e.g., 135-150 mM NaCl} will be emploved as the
pharmaceutically-acceptable carrier. Other suniable carriers include, e.g., water, buffered water,
0.4% saline, 0.3% glycine, and the like, including glycoproteins for enhanced stability. such as
albumin, Hipoprotein, globulin, etc. Additional suitable carriers are described in, e.g.,
REMINGTON'S PHARMACEUTICAL SCIENCES, Mack Publishing Company, Philadelphia,
Pa., 17th ed. (1985). As used herein, “carrier” ncludes any and all solvents, dispersion media,
vehicles, coatings, diluents, antibacterial and antifungal agents, isotonic and absorption delaying
agents, buffers, carrier solutions, suspensions, colloids, and the like. The phrase
“pharmaceutically-acceptable” refers 1o molecular entities and compositions that do not produce
an allergic or similar untoward reaction when administered to a human.

The pharmaceutically-acceptable carrier 1s generally added following particle formation.
Thus, afier the particle 1s formed, the particle can be diluted into pharmaceuticallyv-acceptable
carriers such as normal buffered saline.

The concentration of particles in the pharmaceutical formulations can vary widely, i.e.,
from less than about 0.05%, usually at or at least about 2 to 5%, 1o as much as about 10 to 930%

by weight, and will be selected primarily by fluid volumes, viscosities, efc., in accordance with
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the particular mode of administration selected. For example, the concentration may be increased
to lower the fluid load associated with treatment. This may be particularly desirable i patients
having atherosclerosis~associated congestive heart failure or severe hypertension. Alternatively,
particles composed of irritating lipids may be diluted to low concentrations to fessen
inflammation at the site of administration.

The pharmaceutical compositions of the present invention may be sterilized by
conventional, well-known sterilization techniques. Aqueous solutions can be packaged for use or
filiered under aseptic conditions and lvophilized, the lyvophilized preparation being combined
with a sterile aqueous solution prior to admimstration. The composttions can coniain
pharmaceuticallv-acceptable auxiliary substances as required to approximate physiological
conditions, such as pH adiusting and buffering agents, tonicity adjusting agents and the like, for
example, sodium acetate, sodium lactaie, sodium chioride, potassium chioride, and calcium
chionde. Additionally, the particle suspension may include lipid-protective agents which protect
lipids agamst free-radical and lipid-peroxidative damages on storage. Lipophilic free-radical
quenchers, such as alphatocopherol and water-soluble 1ron-specific chelators, such as
fernioxamineg, are suitable,

In YVivo Administration

Systemic delivery for in vivo therapy, e g., delivery of a therapeutic nucleic acid to a
distal target cell via body svstems such as the circulation, has been achieved using nucleic acid-
lipid particles such as those described n PCT Publication Nos, WO 05/007196, WO 05/121348,
WO 05/120152, and WO 04/002453, the disclosures of which are herein incorporated by
reference i their entirety for all purposes. The present invention also provides fully
encapsulated lipid particles that protect the nucleic acid from nuclease degradation n serum, are
nominymunogenic, are small in size, and are suitable tor repeat dosing,

For in vivo administration, administration can be in any manner known in the art, e.g., by
injection, oral adsminisiration, inhalation {e.g., intransal or intratracheal), ransdermal
application, or rectal administration. Admimstration can be accornplished via single or divided
doses. The pharmaceutical compositions can be administered parenterally, i e., intraarticularly,
intravenously, intraperitoneally, subcutaneously, or inframuscularly. In some embodiments, the
pharmaceutical compositions are administered intravenously or intraperiioneally by a bolus
injection {see, 2.g., U.S. Pat No. 5,286,634). Intracellular nucleic acid delivery has also been
discussed in Straubringer et al., Methods Enzymol, 101512 (1983} Mannino et al.,

Biotechniques, 6.682 (1988); Nicolau et al,, Crit. Rev. Ther. Drug Carrier Syst., 6:239 (1989},

o is)
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and Behr, 4cc. Chem. Res., 26:274 (1993). Suill other methods of administering liptd-based
therapeutics are described in, for example, U.S. Pat. Nos. 3,993,754, 4,145,410; 4,235871;
4,224 179; 4,522 803; and 4,588,578, The lipid particles can be administered by direct injection
at the site of disease or by injection at a site distal from the site of disease (see, e.g., Culver,
HUMAN GENE THERAPY, MaryAnn Liebert, Inc., Publishers, New York. pp. 70-71 (1994)).
The disclosures of the above-described references are herein incorporated by reference m their
entirety for all purposes.

The compositions of the present invention, either alone or in combination with other
suitable components, can be made into aerosol formulations (1.e., they can be “nebulized”) (o be
administered via inhalation (e.g., intranasally or intratracheally) (see, Brigham et al., 4m. J Sci,
298278 (1989}, Aerosol formulations can be placed into pressurized acceptable propellants,
such as dichlorodifluoromethane, propane, nitrogen, and the like.

In certain embodiments, the pharmaceutical compositions may be delivered by intranasal
sprays, inhalation, and/or other aerosol delivery vehicles. Methods for delivering nucleic acid
compositions directly to the lungs via nasal aerosol spravs have been described, e.g, in US. Pat.
Nos. 5,756,353 and 5,804,212 Likewise, the delivery of drugs using intranasal microparticie
resins and lvsophosphatidvl-glycerol compounds (U.S. Pat. No. 5,725,871) are also well-known
in the pharmaceutical arts. Similarly, transmucosal drug delivery in the formof a
polytetrafluoroetheylene support matrix is described in U8, Pat. No. 5,780,045, The disclosures
of the above-described patents are herein incorporated by reference in their entirety for all
purposes.

Formulations suitable for parenteral administration, such as, for example, by
miraarticelar (in the joints), intravenous, ntramuscular, intradermal, mtraperitoneal, and
subcutaneous routes, include agueous and non-agueous, isotonic sterile injection solutions,
which can contain antioxidants, buffers, bacteriostats, and solutes that render the formulation
isotonie with the blood of the intended recipient, and agueous and non-aqueous sterile
suspensions that can include suspending agents, solubilizers, thickening agents, stabilizers, and
preservatives. In the practice of this invention, compositions are preferably administered, for
example, by intravenous infusion, orally, topically, intraperitoneally, infravesically, or
mirathecally,

Generally, when administered intravenously, the lipid particle formulations are
formulated with a suitable pharmaceutical carrier. Many pharmaceutically acceptable carriers

may be emploved in the compositions and methods of the present mvention. Switable
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formulations for use in the present invention are found, for example, in REMINGTON'S
PHARMACEUTICAL SCIENCES, Mack Publishing Company, Philadelphua, Pa., 17th ed.
(1985). A varnety of aqueous carriers may be used, for example, water, buffered water, 0.4%
saline, 0.3% glycine, and the like, and may include glycoproteins for enhanced stability, such as
albumin, lipoprotein, globulin, etc. Generally, normal buffered saline (135-150 mM NaCl) will
be employved as the pharmaceutically acceptable carrier, but other suitable carriers will suffice.
These compositions can be sterilized by conventional liposomal sterilization techniques, such as
filiration. The compositions may contain pharmaceutically acceptable auxiliary substances as
required to approximale physiclogical conditions, such as pH adjusting and buffering agents,
tonicity adjusting ageunts, wething agents and the like, for example, sodium acetate, sodium
{actate, sodium chloride. potassium chloride, calcium chloride, sorbitan monolaurate,
tricthanolamine oleate, etc. These compositions can be sterilized using the techniques referred (o
above or, altematively, they can be produced under sterile conditions. The resulting aqueous
solutions may be packaged for use or filtered under aseptic conditions and lyophilized, the
lvophilized preparation being combined with a sterile agueous solution prior to administration.

In certain apphcations, the lipid particles disclosed herein mayv be delivered via oral
administration to the individual. The particles may be incorporated with excipients and used in
the form of ingestible tablets, buccal tablets, troches, capsules, pills, lozenges, elixirg,
mouthwash, suspensions, oral sprays, syrups, wafers, and the like (seg, e.g., U.S. Pat. Nos.
5,641,515, 5,580,579, and 5,792 451, the disclosures of which are herein incorporated by
reference in their entirety for all puwrposes). These oral dosage forms may also contain the
following: binders, gelatin; excipients, lubricants, and/or flavoring agents. When the unit dosage
form is a capsule, it may contain, in addition to the materials described above, a hquid carnier.
Vartous other materials may be present as coatings or to otherwise modify the physical form of
the dosage unit. Of course, any material used in preparing anv unit dosage form should be
pharmaceutically pure and substantially non-toxie in the amounts employed.

Tvpically, these oral formulations may contain at least about 0.1% of the lipid particles
or more, although the percentage of the particles may, of course, be varied and may conveniently
be between about 19 or 2% and about 60% or 70% or more of the weight or volume of the total
formulation. Naturally, the amount of particles in each therapeutically useful composition may
be prepared is such a way that a suitable dosage will be obtained in any given unit dose of the
compound. Factors such as solubilily, bicavailability, biological half-life, route of

admunistration, product shelf life, as well as other pharmacological considerations will be
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contemplated by one skilled in the art of preparing such pharmaceutical formulations, and as
such, a variety of dosages and treatment regimens may be desirable,

Formulations suitable for oral admirustration can consist of: {a) liquid solutions, such as
an effective amount of a packaged therapeutic agent such as nucleic acid (e. g, interfering RNA
or mRNA} suspended in diluents such as water, saline, or PEG 400; (b) capsules, sachets, or
tablets, each containing a predetermined amount of a therapeutic agent such as nucleic acid (e g,
mterfering RNA or mRNA), as liquids, solids, granules, or gelatin; {c) suspensions in an
appropriate hquid; and (d} suitable emulsions. Tablet forms can include one or more of lactose,
sucrose, mannitol, sorbitol, calcium phosphates, com starch, potato starch, microcrystaliine
cellulose, gelatin, colloidal silicon dioxide, tale, magnesium stearate, stearic acid, and other
excipienis, colorants, fitlers, binders, diluents, buffering agents, moistening agenis,
preservatives, flavoring agents, dves, disintegrating agents, and pharmaceutically compatible
carriers. Lozenge forms can comprise a therapeutic agent such as nucleic acid {e.g., interfering
RNA or mRNA) in a flavor, e.g., sucrose, as well as pastilles comprising the therapeutic agent in
an inert base, such as gelatin and glycerin or sucrose and acacia emulsions, gels, and the like
containing, i addition to the therapeutic agent, carriers known in the art.

In another example of their use, lipid particles can be incorporated into a broad range of
topical dosage forms. For instance, a suspension containing nucleic acid-lipid particles such as
LINP can be formulated and administered as gels, oils, emulsions, topical creams, pastes,
ointments, lotions, foams, mousses, and the like.

When preparing pharmaceutical preparations of the lipid particles of the invention, it is
preferable to use quantities of the particles which have been purified to reduce or eliminate
empty particles or particles with therapeutic agents such as nucleic acid associated with the
external surface.

The methods of the present invention may be practiced in a variety of hosts. Preferred
hosts include mammalian species, such as primales {(e.g., lumans and chimpanzees as well as
other nonhuman primates), canines, felines, equines, bovines, ovines, caprines, rodents (e.g., rais
and mice), lagomorphs, and swine.

The amount of particles administered will depend upon the ratio of therapeutic agent
{e.z., nucleic acid) to hipid, the particular therapeutic agent {e.g , nucleic acid} used, the disease
or disorder being treated, the age. weight, and condition of the patient, and the judgment of the

chinictan, but will generally be between about 0.01 and about 50 mg per kilogram of body
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weight, preferably between about 0.1 and about 5 mg/kg of body weight, or about 10%-10
particles per administration {e.g , injection).
In Viire Administration

For in viiro applications, the delivery of therapeutic agents such as nucleic acids {e.g .
iterfering RNA or mRNA) can be to any cell grown in culfure, whether of plant or animal
origin, vertebrate or invertebrate, and of any tissue or lype. In preferred embodiments, the cells
are animal cells, more preferably mammalian cells, and most preferably human cells.

Contact between the cells and the lipid particles, when carried out in vitro, takes place in
a biologically compatible medium. The concentration of parlicles vanes widely depending on
the particular application, but 1s generally between about 1 yrol and about 10 nmunol. Treatment
of the cells with the lipid particles is generally carried out at physiological temperatures {(about
37° .} for peniods of time of from about 1 to 48 hours, preferably of from about 2 to 4 hours.

In one group of preferred ernbodiments, a ipid particle suspension is added to 60-80%
confluent plated cells having a cell density of from about 10° to about 107 cells/mi, more
preferably about 2x10* cells/ml. The concentration of the suspension added to the cells is
preferably of from about 0.01 10 0.2 pg/ml, more preferably about 0.1 pg/mb

Using an Endosomal Release Parameter (ERP) assay, the delivery efficiency of the LNP
or other lipid particle of the invention can be optimized. An ERP assay is described in detail in
U.S. Palent Publication No. 20030077829, the disclosure of which is herein mcorporated by
reference in 1ts entirety for all purposes. More particularly, the purpose of an ERP assay 1s to
distinguish the effect of various cationic lipids and helper lipid componenis of L.NP based on
their relative effect on binding/uptake or fusion with/destabilization of the endosomal
membrane. This assay allows one to determime quantitatively how each component of the LNP
or other lipid particle affects delivery efficiency, thereby optimizing the LNP or other lipid
particie. Usually, an ERP assay measures expression of a reporter protein {e. g., luciferase, -
galactosidase, green fluorescent protein (GFP), etc ), and in some nstances, a LNP formulation
optimized for an expression plasmid will also be appropriate for encapsulating an interfering
RNA or mRNA. In other instances, an ERP assay can be adapted to measure downragulation of
transcription or {ranslation of a target sequence in the presence or absence of an interfering RNA
{e.z., siRNA). In other instances, an ERP assay can be adapted to measure the expression of a
target protein in the presence or absence of an mRNA. By comparing the ERPs for each of the
various LNP or other lipid particles, one can readily determine the optimized sysiem, e.g., the

LNP or other lipid particle that has the greatest uptake in the cell.
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{ells for Delivery of Lipid Particles

The compositions and methods of the present invention are used 1o treal a wide variety of
cell types, in vivo and in vifro. Suitable cells include, e g., hernatopoietic precursor {stem} cells,
fibroblasts, keratinocytes, hepatocytes, endothelial cells, skeletal and smooth muscle cells,
osteoblasts, neurons, guiescent lymphocytes, terminally differentiated cells, slow or noncycling
primary cells, parenchymal cells, lvimphoid cells, epithelial celis, bone cells, and the like. In one
embodiment, an nucleic acid, such as one or more nucleic acid molecules {e.g, an interfering
RMNA {e.g., siRNA) or mRNA} is delivered to cancer cells such as, e.g., lung cancer cells, colon
cancer cells, rectal cancer cells, anal cancer cells, bile duct cancer celis, small intestine cancer
cells, stomach (gastric) cancer cells, esophageal cancer cells, gallbladder cancer cells, liver
cancer cells, pancreatic cancer cells, appendix cancer celis, breast cancer cells, ovarian cancer
cells, cervical cancer cells, prostate cancer cells, renal cancer cells, cancer celis of the central
nervous system, glioblastoma tumor cells, skin cancer cells, lymphoma cells, choriocarcinoma
tumor cells, head and neck cancer cells, osteogenic sarcoma tumor cells, and blood cancer cells.

in vivo delivery of lipid particles such as LNP encapsulating one or more nucleic acid
molecules {e.g., interfering RNA (e.2., siRNA) or mRNA}) is suited for targeting cells of any cell
type. The methods and compaositions can be employed with cells of a wide vaniety of vertebrates,
mcluding mammals, such as, e.g., canines, felines, equines, bovines, ovines, caprines, rodents
(e.g., ruice, rats, and guinea pigs), lagomorphs, swine, and primates {e.g. monkeys, chimpanzees,
and humans).

To the extent that tissue culture of cells may be required, 1t is well-known in the art. For
example, Freshney, Culture of Animal Cells, a Manual of Basic Technique, 3rd Ed., Wiley-Liss,
New York {1994}, Kuchler et al., Biochemical Methods in Cell Culture and Virology, Dowden,
Hutchinson and Ross, Inc. (1977), and the references cited therein provide a general guide to the
culture of cells. Cultured cell systems often will be in the form of monolayers of celis, although
cell suspensions are also used.

Detection of Lipid Particles

In some embodiments, the lipid particles of the present invention {e.g., LNP) are
detectable in the subject at about 1, 2, 3, 4, 5, 6, 7, 8 or more hours. In other embodiments, the
lipid particles of the present invention {e.g., LNP) are detectable in the subject at about 8, 12, 24,
48, 60, 72, or 96 howrs, or abowt 6, 8, 10, 12, 14,16, 18, 19, 22, 24, 25, or 28 days after
administration of the particles. The presence of the particles can be detected in the cells, tissues,

or other biological samples from the subject. The particles may be detected, e.g., by direct
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detection of the particles, detection of a therapeutic nucleic acid, such as an interfering RNA
{e.z., siRNA)} sequence or mRNA sequence, detection of atarget sequence of interest (e, by
detecting changes in expression of the sequence of interest), or a combination thereof.
Dretection of Particles

Lipid particles of the invention such as LINP can be detected using any method known in
the art. For example, a label can be coupled directly or indirectly {0 a component of the lipid
particle using methods well-known in the art. A wide variety of labels can be used, with the
choice of label depending on sensitivity required, ease of conjugation with the lipid particle
component, stability requirements, and available instrumentation and disposal provisions.
Suitable labels include, but are not limited to. spectral labels such as fluorescent dyes {e.g.,
fluorescein and derivatives, such as fluorescein isothiocyanate (FITC) and Oregon Green™;
rhodamine and derivatives such Texas red. tetrarhodimine isothiocynate (TRITC), etc.,
digoxigenin, biotin, phycoerythrin, AMCA, CyDyes™ and the like; radiolabels such as H, 1°1,
38, ¢, 2P, PP, ete.; enzymes such as horse radish peroxidase, alkaline phosphatase, etc.;
spectral colorimetric labels such as colloidal gold or colored glass or plastic beads such as
polystyrene, polvpropvlene, latex, etc. The label can be detected using any means known in the
art.
Dretection of Nucleic Acids

Nucleic acids (e.g., interfering RNA or mRNA) are detected and quantified herein by any
of a number of means well-known to those of skill in the art. The detection of nucleic acids may
proceed by well-known methods such as Southern analysis, Northern analysis, ge
electrophoresis, PCR, radiolabeling, scintillation counting, and affinity chromatography.
Additional analytic biochemical methods such as specirophotometsy, radiography,
electrophoresis, capillary electrophoresis, high performance liquid chromatography (HPLC),
thin layer chromatography (TLC), and hyperdiffusion chromatography may also be emploved.

The selection of a nucleic acid hybridization format is not critical. A variety of nucleic
acid hvbridization formats are known to those skilled in the art. For examaple, common formats
mclude sandwich assays and competition or displacement assays. Hybridization techniques are
generally described in, e. g., “Nucleic Acid Hybridization, A Practical Approach,” Eds. Hames
and Higgins, IRL Press (1985).

The sensitivity of the hybridization assays mav be enhanced through use of a nucleic
acid amplification system which multiplies the target nucleic acid being detected. In vitro

amplification techniques suitable for amphifving sequences for use as molecular probes or for
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generating nucleic acid fragments for subsequent subcloning are known. Examples of techniques
sufficient to direct persons of skall through such 1n vitro amplification methods, including the
polymerase chamn reaction (PCR) the ligase chain reaction (LCR), QP-replicase amphification
and other RNA polymerase mediated technigques {(e.g, NASBA™) are found in Sambrook et al.,
In Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press (2000); and
Ausubel et al, SHORT PROTOCOLS IN MOLECULAR BIOLOGY, eds., Current Protocols,
(Greene Publishing Associates, Inc. and John Wiley & Sons, Inc. (2002); as well as U.8. Pat. No.
4,683,202; PCR Protocols, A Guide to Methods and Applications (Innis et al. eds.) Academic
Press In¢. San Diego, Calif. (1990); Arsheirmn & Levinson (Oct. 1, 1990), C&EN 36; The
Jovrnal Of NTH Research, 3:81 (1991); Kwoh et al., Proc. Natl Acad. Sci. US4, 861173
(1989); Guatelli et al., Proc. Natl. dcad. Sci. USA, 87:1874 (1990y; Lomell et al., J. Ciin. Chem.,
35:1826 {1989}, Landegren et al,, Science, 241:1077 (1988); Van Brunt, Biotechnology, 8:291
(1990}, Wu and Wallace, Gene, 4:560 (1989); Barnnger et al., Gene, 89:117 (1990); and
Sooknanan and Malek, Biotechnology, 13:563 {1995}, Improved methods of cloning in vitro
amplified nucleic acids are described in U.S. Pat. No. 5,426,039, Other methods described in the
art are the nucleic acid sequence based amplification (NASBA™, Cangene, Mississauga,
Ontario) and Qf-replicase systems. These systems can be used to directly identify mutants
where the PCR or LCR primers are designed to be extended or ligated only when a select
sequence 1s present. Alternatively, the select sequences can be generally amplified using, for
example, nonspecific PCR primers and the amplified target region later probed for a specific
sequence indicative of 2 mutation. The disclosures of the above-described references are herein
incorporated by reference in their entirety for all purposes.

Nucletc acids for use as probes, e.g., o in vitro amplification methods, for use as gene
probes, or as imhibitor components are typically synthesized chemically according to the solid
phase phosphoramudite triester method described by Beaucage et al., Terahedron Letis.,
22:1859 1862 (1981}, e.g., using an automated synthesizer, as described in Needham
VanDevanter et al., Nucleic Acids Res., 12:6159 (1984}, Purification of polynucleotides, where
necessary, is tvpically performed by either native acrylamide gel electrophoresis or by anion
exchange HPLC as described in Pearson et al., J Chrom., 255:137 149 (1983). The sequence of
the synthetic polvnucleotides can be vertfied using the chemical degradation method of Maxam
and Gilbert (1980) in Grossman and Moldave (eds.) Academic Press, New York, Methods in

Enzymology, 65.499.
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An alternative means for determining the level of transcription 1s in situ hybridization. In
situ hybridization assavs are well-known and are generally described in Angerer et al., Methods
FEnzymol., 152:649 (1987). In anin situ hybridization assay, cells are fixed to a solid support,
typically a glass slide. If DINA 15 to be probed, the cells are denatured with heat or alkali. The
cells are then contacted with a hybridization sohition at a moderate temperature to permit
annealing of specific probes that are labeled. The probes are preferably labeled with
radioisotopes or fluorascent reporters.

Examples

The present invention will be described in greater detail by way of specific examples.
The following examples are offered for Ylustrative purposes and are not intended to limut the
mvention in any manner.

Example(s)

Example 1

Lipid nanoparticle fornmulations useful for the delivery of nucleic acids frequently
emplov a PEG-lipid conjugate. which serves to help control particle size during LNP
mamifacture and prevent unwanted aggregation in the vial and in the blood after administration.
It also helps to prevent unwanted opsonization in the blood. His very typical for these PEG-lipid
conjugates to use a PEG polymer component with a MW of about 2000. It is also typical for the
conjugates to use a lipid moiety comprising 2 s chains and for these PEG-lipid conjugates to
be emploved in molar ratios (relative to other lipids in the composition) of 0.5 10 2%. As
described herein, new formulations have been developed that use PEG-lipid conjugate structures
that are different from the ones typically used, used in differing amounts, to provide beneficial
properties for the liptd nanoparticles

Accordingly, new LNP compositions have been identified that show considerably better
potency than a benchmark composition. The benchmark was the lipid composition is used in
patisiran, the first approved RNAI product, which composition is frequently used as a gold
standard benchmark. Patisiran 1s a medication for the treatment of polyneuropathy 1n people
with hereditary transthvretin-mediated amyloidosis. It is an LNP product containing an siRNA
pavicad that targets production of the abnormal form of transthyretin. 1t is the first small
interfering RNA-based drug approved by the FDA. The benchmark comparison composttion
emplovs a cationic hipid of formula ClLz, a PEG-lipid with PEG MW 2000 and a 2xCis lipid
anchor. This PEG-lipid comprises 1.5 mol% of the formwlation. In contrast, the lipid
nanoparticle formulations described herein contain PEG lipids that have a PEG MW of 500-
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1000 with mol ratios of 2% to 5%, as well as PEG polymer size of 5000-20000 with mol ratios

of 0.2% 10 0.53%.

EXPERIMENTALS

The lipid solution contained 4 components: a PEG-conjugated lipid, an ionizable lipid,
cholesterol, and a phospholipid (e.g., DSPC). Lipid stocks were prepared using the lipid
identities and molar ratios as described herein to achieve a total concentration of ~7 mg/mL in
100% ethanol. The mRINA (human erythropoietin} was diluted in acetate, pH 5 buffer and
nuclease free water to achieve a target concentration of 0.366 mg/mL mRNA m 100 mM
acetate, pH 5. Equal volumes of the lipid and nucleic acid solutions were blended at a flow rate
of 400 mL/min through a T-connector, and diluted with ~4 volumes of PBS, pH 7 4.
Formulations were placed in Slide-A-Lyzer dialysis units (MWCO 10,000) and dialyzed
overnight agamnst 16 mM Tris, 500 mM NaCl, pH 8 bufter. Following dialysis, the formulations
were concentrated to ~ 0.6 mg/mbL using VivaSpin concentrator units (MWCQO 100,000} and
filtered through a 0.2 pm syringe filter (PES membrane). Nucleic acid concentration was
determined by the RiboGreen assay.

The cationic lipid used m the formulations described 10 the expenments 1s a compound
of formula CLy:

| == CLs

The cationic lipid used in the benchmark comparison formulation is a compound of formula

CLa:

\N/\/f\ﬂxg\(\/\/’\/’\/m\/m\/’\/\\
! O

e N TN T TN TN TN i

Each of these cationic lipids are examples of cationic lipids that can also be used in the
currently-described lipid nanoparticles and formulations thereof

Generally, the LNP formulations were injected intravenously at 0.5 mg/kg to female
Balb/C mice (5-8 weeks old). Just prior to injection, the LNP stocks were diluted down {o the
required dosing concentration. For aramals dosed with EPO mRNA-LNP, blood was collected at

81



CA 03137450 2021-10-19

WO 2020/219941 PCT/US2020/029907

2-24 hours post-dose. At the terminal timepoint, the animals were euthanized with alethal dose
of ketamuine/xyvlazine. All blood samples were collected into KoEDTA and processed to plasma,
then stored frozen at -80°C until analysis.

Human erythropotetin (EPO} activity was assaved inn plasma using a human EPO ELISA
kit (Stem{ell Technologies, catalogue # 01630 or R&D Systems, catalogue number DEP0O) as

per manufacturer’s instructions.
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Table 1. Efficacy of 0.5 mg/kg LNP containing human EPO mRNA and various PEG-conjugated

lipids at 2h, 6h, and 24h Following IV Dosing in Balb/C Mice (n=4)

Treatment Zh 6h 24h

(ENP described as mol

ratios of PEG-hipid: CLq EPO stdev EPO stdev EPO stdev
catioruc lipid: Cholesterol: | (mU/mL) | (mU/mL) | (mU/mL) | (mU/mbL} | (mU/mL) | (mU/mL)
DSPC)

PBS 15667 768 14440 710 17702 336
PEG2000-(2xC), 1.6 950021 461581 1495935 | 544642 467782 155422
546:328:109

PEG2000-2xCp). 1.5 379160 169349 530596 254341 136089 96413
50.0:385:100

PEG2000-(2xCu), 1.5 749628 183317 | 1336324 | 310325 287597 104184
50.0:385:100

PEG2000-(2xCi6), 1.5 378856 87465 1051053 | 225069 346376 52831
50.0:385:100

PEG2000-2xCis), 1.5 257641 43937 598955 76936 224546 47211
50.0:385:10.0

PEG2000-(1xCg), 1.3 12560655 516074 | 1842504 | 763297 255288 146974
50.0:385:100

PEG750-(2xC4), 1.5 670142 159251 1523835 | 250127 398174 100343
50.0:38.5:100

PEGT750-(2xCi0), 4.1 ¢ 1793308 | 483315 | 2268287 | 436125 629574 315611
50.0:36.0:100

PEG750-02xCy4), 4.1 - 552603 234323 1390531 336624 201038 S1806
50.0:36.0:10.0

PEGI600-(2xCu}, 1.5 896032 207174 | 1633382 | 571276 395805 143463
50.0:385: 100

PEG2900-(2xCu). 1.5 670986 307778 980258 456969 20922 75853
50.0:38.5:100

PEG5000-(2xCa), 1.5 21505 3224 31661 4109 3040 1538
50.0:383:100

PEG6000 (3x20003- 634920 125883 945300 206817 219071 50169
(2xC4), 1.5:50.0: 385

10.0

PEGION00-(2xCi4). 1.5 65611 6328 103831 23484 43815 7506
50.0:385:100

PEGI0000-(2xCi4), 0.3 §1421503 184624 | 2316697 | 156633 STTI57 44204
524373101
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Table 2. Efficacy of 0.5 mg/kg Human EPO mRNA-LNP containing PEG-conjugated hipids at

molecular weight of 750-2000 1n Balb/C Mice (n=4) following IV dosing

LNP makeup 6h
Treatment ljféy (;22102’;0 {“}fif}s;zmi i;}} é(,;) EPO stdev
7‘?7/6:- B o ' {(mU/mL) | (mU/ml)

CL,, PEG2000 (2xC i) 1.5 50.0 385 10.0 211119 18428
CL1, PEG2000; (2xCia) 1.6 546 32.8 10.9 2342944 | 359715
CL1, PEG2000 (IxCig) 5 550 33.0 11.0 1997028 | 434599
CL;, PEG2000 (1xCig) 1.6 54.6 32.8 10.9 1383761 241824
CLy, PEGS30 (2xCiq) 4.0 53.3 32.0 16.7 448637 78692
CLy, PEGS50 2xChiy) 5.0 52.8 317 10.6 496833 121629
CL1, PEGT50 (2xCiw) 3.0 539 32.4 10.8 1757352 | 458259
CLy1, PEGT50 (2xCio) 4.0 533 32.0 10.7 1441476 177963
CLy1, PEGT50 (2xCio) 5.0 52.8 31.7 10.6 1763904 | 220335
CLy1, PEGT50 (2xCi) 3.0 539 32.4 10.8 3549416 | 624034
CLy1, PEGT50 (2xCi) 4.0 533 32.0 10.7 2173407 | 428404
CLy1, PEGT50 (2xCi) 5.0 52.8 31.7 10.6 836234 119492
CLy1, PEGTS0 (2xCia) 3.0 539 32.4 10.8 1455248 | 402713
CLy1, PEGTS0 (2xCia) 4.0 533 32.0 10.7 1552676 | 516292
CLy1, PEGTS0 (2xCia) 5.0 52.8 31.7 10.6 5938716 108859
CLy, PEGL600 (2xCia) 1.6 546 32.8 10.9 843533 140628
CLy, PEGL600 (2xCia) 3.0 539 32.4 10.8 1455506 108230
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Table 3. Efficacy of 0.5 mg/kg Human EPO mRNA-LNP containing PEG-conjugated hipids at

molecular weight of 2000-10000 10 Balb/C Mice (n=4) following TV dosing

LNP makeup !
Treatment iif; (;izfﬁzc ¢ hrii;biznﬂ 2;% ; EPO stdev
% B o R (mU/mL) | (mU/mL)

CLy, PEG2000 (2xCia) 1.5 50.0 38.5 10.0 430340 04926
CL1, PEG2000; (2xC14) 1.6 54 6 32.8 10.9 2014960 114928
CL1, PEGS000 (2xCia) 0.2 554 3373 111 1466780 119851
CL;, PEGS000 (2xCi4) 0.3 554 332 111 1686076 139793
CL;, PEGS000 (2xCi4) 0.4 553 332 111 2089777 241056
CL;, PEGS000 (2xCig) 0.2 554 333 111 1986630 148675
CL1, PEGS000 (2xCig) 0.3 554 332 111 1754698 161128
CL;, PEGS000 (2xCie) 0.4 553 332 111 1892592 115365
CL;, PEG6000 (3x2000; 0.3 55.4 332 111 1828101 681357
2xCia)

CL;, PEGA000 (3x2000; 0.8 551 331 11.0 2079058 526421
2x{14)

CLy, PEGG000 (332000, 1.6 54.6 32.8 10.9 332034 435053
2x 1)

CLy, PEGIO000 (2xC ) 0.2 55.4 333 11.1 1460740 172401
CLy, PEGIO000 (2xC ) 0.3 55.4 33.2 111 1885343 228739
CLy, PEGIO000 (2xCs) 0.4 553 33.2 111 1978510 141841
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Table 4. Efficacy of 0.5 mg/kg Human EPO mRNA-LNP containing PEG-conjugated hipids at

LNP makeup 6h
%' o o {(mU/mL) | (mU/mL)

CL, PEG2000 (2xCia) 1.5 50.0 3385 10.0 276255 49912
ChLy, PEG2000; (2xCia) 1.6 54.6 328 10.8 1752040 68627
CL;, PEGI0000 (2xCis) | 0.2 55.4 33.3 111 1637337 203418
CLi, PEGIO000 (2xCis) | 0.3 554 33.2 111 1437925 206300
CLy, PEGL0000 (2xCis) | 0.4 55.3 33.2 111 1167074 154399
CLy, PEGS30 (2xCae) 3.0 53.9 324 10.8 37885 4116

CLy, PEGSS0 2xCyo) 4.0 53.3 32.0 10.7 74783 14546
CL;, PEG330 (2xCio) 5.0 52.8 31.7 10.6 208880 58337
CLy, PEGT50 (2xCs) 3.0 53.9 324 10.8 1025882 254756
CL;, PEG750 (2xCy) 4.0 53.3 32.0 10.7 1224738 280674
ChLi, PEG750 (2xCs) 5.0 52.8 31.7 10.6 732221 360426
ClLa, PEG750 (2xCio) 3.0 53.9 324 10.8 1704087 247905
CL;i, PEG750 (2xCio) 4.0 53.3 32.0 10.7 736369 246218
CLy, PEGT50 2xC0) 5.0 52.8 31.7 10.6 906571 58670
CL;, PEGT750 (2xCin) 2.6 54.1 325 10.8 2193165 556927
CL;, PEGT750 (2xCin) 3.0 53.9 324 10.8 2827524 407089
CL;, PEGT750 (2xCin) 4.0 533 32.0 10.7 1476438 260184
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As described, LNP compositions tvpically comprise a PEG lipid with a 2000 MW PEG
polymer and 2 x Cy¢ lipid anchor chains. Such PEG-lipids are frequently used in guantities of
about 0.5 10 2mol%%, as is the case in patisiran. Described herein are new compositions with
different types of PEG-lipids that are used in different amounts. The new compositions employ
PEG-lipid comjugates with a smaller (500 to 1000) or larger (5000 to 20000) MW than is
typically used. When using a smaller MW PEG polymer, a larger-than-standard amount of the
PEG-lipid was used. When using a larger MW PEG polvmer, a smaller-than-standard amount of
the PEG-lipid was used. In the vast majority of cases, these formulations were considerably

more potent than the benchmark composition that is used in patisiran,
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PEG-lipids, and synthetic method for making PEG lipids, is descrnibed hereinbelow.

Approximate
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PEG-Lipid Experimental
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Scheme 1. General Synthesis of PEG lipids

e

) E/\Q;\QH

10 tert-butyl (2,3-dihydroxypropyljcarbamate 2
A solution of Di-t-butyl di-carbonate (14.23g, 65 Zmmol) in CHxCh (40mL) was added to a
sturing solution of 3-anuno~1,2-propanediol 1 (5.4g, 59 3mmol) in CH3OH (40mb). After
stirring (18h) the reaction nuxture was concenirated to dryness to yield 2 (11.25g, 99%) and was
used without further processing. R 0.6 (10% CHsOH-CH () KMnOs stain.
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Two-step protocol for the preparation of Diatkyl propanamine-TFA salis 4
Step L:

e X

0 ﬁm
tert-butyl (2,3-bis{octyloxy)propyvlicarbamate 3a
A solution of 2 (1g, 5.23mmol), 1-bromooctane (3.03g, 15 7mmol) and TBAHS (0.89g,
2.62mmol) in toluene (Z0mL) was cooled (0°C) and treated with NaOH (15ml., 50% w/v}. The
Bi-phasic mixture was stirred vigorously (18h, RT). The nuxture was diluted with water and
extracted with hexane (2x}. then the combined organics were washed with bring, dried (MgSOy),
filiered and concentraied. The crude material was subjected to chromatography to yield 3a

{(1.25g, 57%; as a pale yellow o1, R 0.45 (10% EtOAc-hexane) CuSOy stain.
Step 2:

O

T S o

F SN
2.3-bis{octyloxy)propan-1-amine-TFA salt 4a
A solution of 3a (1.23g, 2.96mmol) in CHCl (Smb) was treated with TFA (4.56ml,
59.18mwmol). After stirring (2h, RT) the reaction mixture was concentrated to dryness to yield
4a (1.25g, quantitative) as the TFA salt and it used without further processing. Rf 0.4 (10%
CHCL-CHOH) CuSOy stain.

2.3-bis{decyloxy)propan--amine-TFA salt 4b
The di-decyloxyamine 4b was prepared in the same fashion as 4a from bromodecane (3.47g,
15 7mmol), 2 (1g, 5.3mmol), TBAHS (0.89¢, 2.62mmol} then TFA (3.82ml., 49 6mmol} to

vield 4b (1.5g, 93%) as a colorless oil.

2, 3-bis(laurvioxy ypropan-i-amine-TFA salt 4¢
The di-dodecyloxyamine 4¢ was prepared in the same fashion as 4a from bromododecane
(391g, 15 7mmol), 2 (1g, 5.3mmol), TBAHS (0.89¢, 2 62mmol) then TFA (2.44mi.,

31.83mmol} to vield 4¢ {(0.45¢g, 93%) as a colorless oil.
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2,3-bis{tetradecvioxy ypropan-1-amine-TF A salt 4d

The di-tetradecvioxyamine 4d was prepared in the same fashion as 4a from bromotetradecane
(21.75g, 78 45mmol}, 2 (5g, 26.15mmol), TBAHS (4.44¢g, 13. 1mmol) then TFA (16 3mL,
21Zmmol) to vield 44 (8.3, quantitative) as a white waxy solid.
2,3-bis(thexadecyloxv)propan-1-amine-TF A salt 4¢

The di-hexadecyloxvamine 4e was prepared in the same fashion as 4a from bromohexadecane
(46.1g, 151mmol), 2 (9.65¢, 50.4mmol), TRBAHS (8.56g, 25.2mmol} then TFA (37.9mL,

492mmol) to vield 4e (21g, quaniitative) as a white solid.

General procedure for the preparation of PEG-succinimidyl carbonates 6

O
! {
/O\){\"\Q/\}\/QYO\Né
n b
o o~
PEG?5G n=17 O

Methoxy-PEGyso succimmidylcarbonate 6b

A solution of methoxvPEGrs-OH 8b (5g, 6.67mmol) and TEA {1.86mL, 13 3mmol) in
acelonitrile (30mL) was trealed with DSC (2.56g, 10mmol}. After stirring {18h, RT) the
acetonitrnile was removed, and the residue was taken-up in CH>Cly (100mL) then washed with
NaHCOs (sat. aq.} and brine, dried (MgSQOy), filtered and concentrated to vield 6b (5.7g, 95%)

as a waxy white solid that was used without further processing.

O

\O/\(\/O\%\Oj\ﬁ/\/\gw

PEGss n = 12 N N P
PEG:s0-C-DDeA (PEGsso Di-Decyl Amine)} 7a
A solution of methoxvPEGes-SC 6a (1.07g, 1.54mmol) and DDeA 4b (0.75g, 1.54mmol} in
CH:CL (15mL) was treated with TEA (0.86mL, 6.183mmol}. After stirring (18h, RT} the
solution was concentrated and subjected to chromatography to vield 7a (0.9¢g, 63%) as a clear
colorless oil. RF 0.8 (10% CH;0H-CHaCl) CuSOy stain. "H NMR (400Mhz, CDCL) 5.16-5.10
(m, TH), 4.25-4.17 (m, 2H), 3.68-3.60 (m, 421, 3.57-3.53 (m, 3H), 3.50-3.39 (m, 6H), 3.37 (s,
3H), 1.59-1.48 (m. 4H), 1.36-1.19 (m, 32H), 0.88 (. 6H).
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O

\O/{”/O\Q;\O/H\ﬁ/\/\gw

PEG50 1 = 17 O™
PEG756-C-DOcA (PEGrs0 Di-Octyl Amine) 7b
A sohution of methoxyPEGrse-SC 6b (1.31g, 1. 47mmol) and DOcA 4¢ (0.6g, T .4mmol) in
CH:Ch (15mL) was treated with TEA (0.78mL, S.59mmol}. After stirning {18h, RT) the
solution was concentrated and subjectad to chromatography to vield 7b (1.1g, 72%) as a waxy
white solid. Rf 0.75 (10% CH;O0H-CH>Cl) CuSOy stain. 'H NMR (400Mhz, CDCly) 5.18-5.10
(m, 1H), 4.27-4.19 (m. 2H), 3.72-3.61 (m, 60H), 3.56-3.53 (m, 3HO, 3.52-3.40 (m, 8H), 3.38 (s,
3H). 1.60-1.52 (m, 4H), 1.37-1.21 (m, 24H), 0.88 (1, 6H).

O

\Qﬂ/oxxf}nf\gkﬁ/\f\gf\w

PEGgg n =17 N N N P
PEGr50-C-DDeA (PEGqso Di-Decyl Amine) 7¢
A solution of methoxyPEGys-SC 6b (1.31g, 1. 47mmol) and DDeA 4b (0.678g, 1 4mmol) in
CH:Ch (15mL) was treated with TEA (0.78mL, 5.59mmol}. After sturing (181, RT) the
solution was concentrated and subjected to chromatography to vield 7¢ {0.8g, 51%) as a waxy
white solid. R{0.75 (10% CH;OH-CH2Cly) CuSOy stain. 'H NMR (400Mhz, CDCls) 5.18-5.09
(m, 1H), 4.26-4.18 (m. 2H), 3.70-3.60 (m, 60H), 3.58-3.52 (m, 3H), 3.51-3.39 (m, {H), 3.37 (s,
3H), 1.59-1.49 (m, 4H), 1.36-1.18 (m, 32H), 0.88 (&, 6H).

(
{ a
o7 X 7.0 E/\g)/\o
PEGysgn$17 MM/

PEGy50-C-DLA (PEG-s0 Di-lauryl Anune) 7d

A solution of methoxyPEGrs-SC 6b (0.87g, 0.971mmol) and DLA 4¢ (0 5g, 0.925mmol) in
CH:CL (15mL) was treated with TEA (0.515mL, 3. 7mmol}. After stirring (18h, RT} the
solution was concentrated and subjected to chromatography to vield 7d (0.728¢, 61%) as a waxy
white solid. RF0.75 (10% CH;0H-CH,Ch) CuSO; stain, 'H NMR (400Mhz, CDCL3) 5.18-5.09
(m, TH), 4.28-4.16 (m, 2H), 3.72-3.56 (m, 60H). 3.56-3.52 (m, 4H), 3.51-3.38 (m, 8H), 3.37 (s,
3H), 1.60-1.49 (m. 4H), 1.35-1.18 (m, 40H), 0.87 (1. 6H).
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o
{
oY 70 ﬁ/\]ﬂﬁ

PEGsgee 1 = 114 o
PEGso00-C-DPA {(PEGseco Di-Palmatoyl Arine) 7h
A solution of methoxyPEGsee~-8C 64 (1.09g, 0.213mmol) and DPA 4¢ {C.1g, 0.185mmol) in
CH:Ch (15mL) was treated with TEA (0.103mL, 0.741nmmol). After stirring (18h, RT) the

(v

solution was concentrated and subjected to chromatography to vield 7h (0.646g, 63%) as a white

solid. R 0.8 (10% CH;OH-CH,Cly) CuSO; stan.

o
\0/“\/\/ Q\%?G’u\ﬁ/\]/\o

PEqugQg n=228 o

160 PEGioooo-C-DPA (PEGioeoe Di-Palmatovi Amine) 7§
A solution of methoxy PEGuoone-SC 6e (2.38g, 0.235mmol) and DPA 4e (0.169g, 0.258mmol} in
CH>Cl: (15mbL) was treated with TEA (0.131mL, 0.939mmol}. After stirring (18h, RT) the
solution was concentrated and subjected to chromatography o vield PEGiooo-C-DP A 7§ (0.43g,
18%) as a white solid. Rf 0.4 (10% CH;OH-CHCl) CuSOq stain. 'H NMR (400Mhz, CDCL)
15 5.07-5.11 (m, 1H), 4.26-4.20 (m, 2H), 3.84 (1, 4H), 3.73-3.60 (m, 770H), 3.60-3.54 {m, 4H),
3.50-3.41 (m, 12H). 3.38 (s, 3H), 1.60-1.50 (m, 4H), 1.37-1.20 (m, 60H), 0.89 (¢, 6H).
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R =C16 =13 H
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Scheme 2: Synthesis of tri-PEG lipids

3
/ov%\ O,«/:/QMS

F’EGZQQQ n=45

W

Methosy-PEGaeo-methanesul{onate 9
A solution of methoxyPEG000-OH 8 (5S¢, 2. 5mmol) and TEA (1.39ml.. 10mmol) in CH»Cly
{60mL) was cooled (0°C) and treated dropwise with MsCl (0.39mL, Smmol). After stirring (2hr,
RT) the reaction mixture was diluted with CHoCl then washed with NaHCO; (sat. ag ) and

10 brie, dried (MgS0Oy), filiered and concentrated 1o yield the mesvlate 9 (5.1g, 99%) as a white

solid.

onfoy

/0\%\0 /t/e 0\/6\0/\);/0\

PEGzQQQ n=45
o o

15 Methyl (34,5 tni-PEGaoos benzoate) 16

A solution of the mesylate 9 (3.33g, 1.61nunol) and methyl (3,4.5 trihvdroxy )henzoate (0.066g,
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0.36mmol) in acetonitrile (30mL) was {reaied with KoCOs (0.5g, 3.57mmol}. Afler being stirred
at reflux (85°C, 64hr) the mixture was cooled (~RT) and filtered through Celite then
concentrated. The crude material was subjected to chromatography (3%-10% CH;O0H-CH2Cl)

to vield 10 (1 45¢, 66%} as a white solid. Rf (.55 10% CH:OH-CH»Cly.

ooty
"5
oy s
1] /5 ]

pEGQQQQ n=45

HOAO

3,4.5 triPEGogeee benzoic acid 11

A solution of the methyl ester 16 (1.45g, 0. 23mmol) in CH:OH (60mL} was treated with NaOH
{(40mL). After stitring {66hr) the reaction solution was made acidic {(pH < 2) by treating with
HC1 (6M) and then the CH3OH was removed under reduced pressure. The remaining aqueous
mixfure was exiracted with CHoCly (3x) and the combined organics were washed with bring,
dried (MgS04), filtered and concentrated. The crude carboxylic acid 11 (1.4g, 97%) was used

without further processing.

Tri-PEGuoo-DMA (Di-Myristyl Amine) 12

The crude carboxylic acid 11 (1.4g, 0.23mmol) and 2.3-his(tetradecvloxy)propan-1-amine-TFA
salt 4d (0.1g, 0.23mmol) in CHCh (10mL) was treated with EDC (0.13g, 0.681mmol), Hunig's
base (0.12mL, 0.69mmol) and BDMAP (Cat). After stirring (18hr, 40°C) the solution was diluled
with CH>Cl then washed with NaHCOs (Sat. Aq.) and brine, dried (MgS(Q4), filtered and
concentrated. The crude material was subjected to chromatography (4%-10% CH:OH-CH>Cly)
then concentrated and dissolved in water and subjected to tangential flow ultrafiltration (TFU, 5

volumes) and Ivophilized to vield 12 {(0.38¢, 22%) as a white powder.
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Tri-PEGao00-DPA (Di-Palmatoyi Amine} 13
Tri-PEGro00-DPA 13 (7T4mg, 0.01 lmmol) was prepared in the same fashion as Tri-PEGaoo-
DMA 12 from DPA (100mg. 0. 15mmol} and the carboxvlic acid 11 (Ig, 0.16mmol}.
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Scheme 3: Synthesis of MethoxyPEGioso-DiLaurviGlycerol (BLG)

o I A P
10 /;/"\/QWO\/W
3412, 3-bis{dodecyloxypropoxy jprop-1-ene 15
A solution of allyi-glycerol 14 (4 g, 3.742 mL, 29.964 mumol, 1 equiv.) m DMF (175 mb,
0.171 M, 43.75 Vols) was treated with NaH (4.794 ¢, 119.856 mimol, 4 equiv } portion-wise,
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Once effervescence subsided the reaction mixture was treated with 1-bromo-N-dodecane
(23.097 g, 22.209 mL., 89.892 mamol, 3 equiv.} and then brought to 83°C. After sturing (85°C,
18hr) the mixture was diluted with EtOAc and exiracted (3X) with brine, dried (Mg8QOu),
filtered and concentrated. The crude material was subjected to chromatographv to yield 3-{2.3-
bis{dodecyloxy jpropoxy |prop-t-ene 15 (9.64 g, 20.563 mmol, Yield 68.625%) as a colorless oil.

RE0.8 (10% EiQAc-Hexane) CuSO; stain,

N N N VN
HO\LGWM\W
2. 3-bis{dodecvioxyypropan-1-ol 16
A solution of 3-{2,.3-bis{dodecyloxy)propoxy iprop-1-ene 15 (9.53 g, 20.328 mmol, 1 equiv.)
m EtOH (150 mL, 0,136 M, 15.74 Vols) was treated with TFA (44.4 g 30 mi, 389405 mmol,
19.156 equiv.) and Tetrakis(triphenviphosphing}paliadiom(0) (2.349 g, 2.033 mmol, 0.1 equiv.).
Afier stirring {18hr, 85°C) the ethanol was removed and the crude material was subjected (o
chromatography to yield 2,3-bis(dodecvioxypropan-1-ol 16 (5.4 g, 12.595 mmol,

Yield 61 958%) as an orange oil. Rf 0.4 (20% EtOAc-Hexane) CuSQy stain.

o i Vg Ve
%\ N’”O\H/O\)WQ\/"\W
L,

2,3-bis(dodecyloxy)propyi 2,5-dioxopyrrolidin-1-yl carbonate 17

A solution of 2,3-bis{dodecyloxy)propan-1-ol 16 (2 g, 4.665 munol, 1 equiv.) in acetonitrile
(30 mi, 0.155 M, 13 Vols) and CH>Cl: (10 mL., 5 Vols) was treated with DSC (1.792 ¢,

6.997 mmol, 1.5 equiv.yand TEA (0.944 g, 1.3 mL, 9.33 mmol, 2 equiv.}. After stiring (18hr,
RT} the solvent was removed, and the residue was taken-up in CH2Ch and then washed with
NaHCO: (Sat. Ag.) and brine, dried (Mg80y), filtered and concentrated. The crude 2,3-
his{dodecyloxy ypropyl 2,5-dioxopvrrolidin-1-vi carbonate 17 (2.53 g, 4 44 mmol,

Yield 95.18%) was used without further processing. Rf 0.25 (20% EtOAc-Hexane) CuS(: stain.

/o\%\ O/g\/NHTTFA
n

Methoxy-PEGuoeo-NHz-TFA 19
A solution of Methoxyv-PEGroeo-N3 18 (1g, tromol, 1 equiv.) and Pd/C 10% wet support (0.1 g,
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0.1 equiv.) i methanol (10 mL, 0.1 M, 10 Vols) was treated with TFA {0.125 g, 0.085 mL,

F.1 mmol, 1.1 equiv.) and purged with hvdrogen gas. After sturing (18hr, RT), the muxture was
purged with nitrogen then filtered through Celite and concentrated. The crude PEGiogo-NH>-
TFA 19 (0.922g, 92%) was used without further processing. Rf 0.4 (10% CH3OH-CH-Cly)

Mary’s reagent.

O TN TN N NN

/O%O%KYO\)\VOW\/\/

PEGggen =23 ©
MethoxyPEGroee-DiLaurviGlycerol 20
A solution of 2,3-bis{dodecyloxy)propyl 2,5-dioxopyrrolidin-1-yvi carbonate 17 (0.525 ¢,
0.922 munol, 1 equiv.) and Methoxy-PEGieoe-NH2-TFA 19 (0,922 g, 0.922 mmol,
I equiv.}in CHLCL (5.254 mb, 0.175 M, 10 Vols) was treated with TEA (0.187 g, 0.257 mL,
1.844 mimol, 2 equiv.). After stirring (18hr, RT) the reaction solution was diluted with
DOCM then washed with NaHCOs (Sat. Ag.) and brine then dried (MgSQ4), filtered and
concentrated. The crude material was subjected to chromatography to vield MethoxvPEGiaao-

DL awrviGlycerol 26 (0.534 g, ¢.334 mmol, Yield 36.248%;} as a pale yellow solid.

Example 2

Lipid nanoparticle formulations for the delivery of nucleic acids frequently employ a
PEG-lipid conjugate, which serves to control particle size during LNP manufacture, as well as
prevent unwanted aggregation i the vial and in the bloodstream afier administration. LNP
bearing nucleic acid payioads can be immunogenic if they circulate in the blood for a prolonged
period. For example, the body can raise antibodies that recognize the surface chemistry {e.g . the
PEG lipid), and these antibodies can rapidly clear subsequent doses, rendering them ineffective.
LINP compositions with a tightly associated PEG-lipid, such as those with two Cis lipid chains
as their hydrophobic anchor, are particularly susceptible (Judge ef o/, Molecular Therapy, 13,
328-337 {2006)). A widely-adopted solution is 1o use PEG lipids with a smaller anchor, which
dissoctates quickly from the particle, resulting in rapid uptake by the hiver, and less chance of
the LNP triggering an immune response. The most commonty used anchor has two Cy alkyl
chains conjugated to a PEG polvmer component with a molecular weight of about 2000 g/mol
{e.g., PEG-C-DMA, dimyristyl). While such PEG lipids have been effective for siRNA
pavioads, and no anti-PEG antibodies are observed after dosing, it has been discovered that with
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mRINA payloads, the antibody reaction is triggered more easily. Antibodies are observed even to
compositions that employ a rapidly-dissociating Cis PEG-lipid. Interestingly, as described
herein, 1t has been discovered that this problem can be rectified by using a single Cig chain PEG
lipid (stearate), or a smaller PEG polymer, comprising of two Cp» alkyl chains (e g., PEG750-C-
DLA). Resulis obtained in a rat model are discussed herein, demonstrating that PEG-lipid with a
single atkyl chain in LINP encapsulating an mRNA pavioad, can reduce immunogemcity and

avoid oss of potency upon repeat-dose.

EXPERIMENTAL

The lipid solution used contained 4 components: a PEG-conjugated lipid, an ionizable
lipid (CLy), cholesterol, and a phospholipid (e.g, DSPC). For the PEG2000 compositions, the
maol ratios of the components were 1.6 54.6 : 32.8 : 10.9, respectively. For the PEG750
composttion, the mol ratios of the components were 3.0 : 54.0: 32.4 : 10.8, respectively.

Lipid stocks were prepared using the lipid ideniities and molar ratios as described, to
achieve a total concentration of 7 mg/mb in 100% ethanol. The mRNA (human erythropoieting
was diluted in acetate, pH 3 buffer and nuclease free water to achieve a target concentration of
(.366 mg/mL mRNA in 100 mM acetate, pH 5. Equal volumes of the lipid and nucleic acid
solutions were blended at a flow rate of 400 mL/min through a T-connector and diluted into
PBS, pH 7 4. Formulations were placed onto tangential flow ultrafiltration (MWCO 500,000}
and concentrated to ~0.5 mg/mL in the final storage buffer, followed by sterile filtration through
a 0.2 um syringe filter (PES membrane). Nucleic acid concentration was determined by the
RiboGreen assay. The final formulations were aliquoted inio stertle microfuge tubes and stored
at -80°C until use.

The LNP formulations were injected intravenousiy at 0.25 mg/kg to male Sprague-
Dawley rats (7-8 weeks old, n=4), once per week for a 4-week period {(doses administered on
Day 0. 7, 14, 21). On each day of dosing and just prior to injection, the LNP stocks were thawed,
re-filtered, and diluted with PBS to the required dosing concentration. Biood was collected at
pre-dose and 6h post-dose on each dosing day for analysis. At the terminal timepoint the animals
were euthanized with a lethal dose of ketamine/xylazine. All blood samples were collecied mto
KLEDTA and processed to plasma, then stored frozen at -80°C until analysis. Plasma samples

were analyzed for EPO expression and anti-PEG antibodies by ELISA.
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It 1s to be understood that the above description s intended to be llustrative and not
restrictive. Many embodiments will be apparent to those of skill in the art upon reading the
above description. The scope of the invention should, therefore, be determined not with
reference to the above description, but should instead be determined with reference to the
appended claims, along with the full scope of equivalents to which such claims are entitled. The
disclosures of all articles and references. including patent applications, patents, PCT
publications, and Genbank Accession Nos., are incorporated herein by reference for all

PUrposes.
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CLAIMS

WHAT IS CLAIMED IS

I. A lipid nanoparticle comprising:

{a) anucleic acid;

(b} a catioruc lipid 1 an amount from about 30 to about 70 mol % of the total lipid
present in the particle;

{(c) a non-cationic lipid in an amount from about 30 1o about 70 mol % of the total lipid
present in the particle, wherein the non-cationic lipid comprises g mixture of a phospholipid and
a cholesterol or derivative thereof; and

{d} a polyethylene glycol (PEG)-lipid conjugate that inhibits aggregation of lipid
nanoparticles in an amount from about 2 1o about 5 mol % of the total lipid in the particle,

wherein the PEG-lipid conjugate comprises a PEG moiety linked to a lipid anchor
moiety,

wherein the PEG moiety of the PEG-lipid conjugate has an average molecular weight of
from about 300 to about 1,000 dalions,

provided that when the lipid anchor moiety 1s a dialkyl motety, at least one of the two

alkvl chains 1s less than Cis.

2. The lipid nanoparticle of claim |, wherem the lipid anchor motety is a single Cio-Coy
alkyl chain.
3. The lipid nanoparticle of claim 1, wherein the lipid anchor moiety is a single Cio, Cia,

Cis, Cis or Cis chain.

4. The lipid nanoparticle of claim 1, wherein the lipid anchor motety 1s a single Cis chain.

5. The lipid nanoparticie of claim 1, wherein the lipid anchor motety is a single Cis-Coy

alkyl chain.

6, The lipid nanoparticle of claim 5, wherein the lipid anchor moiety s a single Cg-C»

alkyl chain.
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7. The hipid nanopariicle of claim 1, wherein the lipid anchor moiety comprises a sterol or

sterol dertvative.

8. The lipid nanoparticle of claim 1, wherein the lipid anchor moiety comprises cholesterol

or a cholestero} denvative.

9. The lipid nanoparticle of claim 1, wherein the lipid anchor moiely comprises a

polyeyclic structure,

10, The lipid nanoparticle of claim 1, wherein the lipid anchor moiety 1s a dialkyl moiety.

11, The lipid nanoparticle of claim 10, wherein the lipid anchor moiety 1s a svmmetric

diatkyi moiety.

12. The lipid nanoparticie of claim 10, wherein the lipid anchor moiety is an asymmetric

dialkyvi moiety.

i3 The lipid nanoparticle of claim 12, wherein the lipid anchor moiety 1s an asy mmetric

diatkyl motety having Cie and Cus alkyl chains.

14 The lipid nanoparticie of claim 11, wherein the hipid anchor moiety 15 a dialkyl motety

having two Cs alky] chains.

15 The lipid nanoparticle of claim 11, wherein the lipid anchor moiety 1s a dialkyl moiety

having two Cio altkyvl chaing.
g 3

16. The lipid nanoparticle of claim 11, wherein the lipid anchor moieaty 15 a dialkyl moiety

having two Ci2 alkyl chains.

17. The lipid nanoparticle of claim 1, wherein the lipid anchor moiety is a trialkyl motety.

8. The lipid nanoparticle of claim 17, wherein the lipid anchor motety 1s a trialkyvl moiety
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having three alkyl chains of Cio or less.

19.  The lipid nanoparticle of claima 17 or 18, wherein the lipid anchor motety 1s a svmmetric

frialkyl moiety.

20, The lipid nanoparticle of claim 17 or 18, wherein the hipid anchor moiety 15 an

asymunetric trialkyl moiety.

21 The lipid nanoparticle of claim 1, wherein the lipid anchor moiety 15 a tetraalkyl moiety.

22. The lipid nanoparticle of claim 21, wherein the lipid anchor moiety 1s a tetraalkyl moiety

having three alkyl chaing of (s or less.

23 The lipid nanoparticle of claim 21 or 22, wherein the lipid anchor motety is a symimetric

tetraalkyl moiety.

24. The hipid nanoparticle of claim 21 or 22, wherein the lipid anchor motety s an

asymmetric tetraalkyl moiety.

25 The lipid nanoparticle of any one of claims 1-24, wherein the PEG moiety of the PEG-

lipid conjugate has an average molecular weight of about 750 daltons.

26. The lipid nanoparticle of any one of claums 1-25, wherein the polvethylene glvcol
(PEG)-lipid conjugate that inhibits aggregation of lipid nanoparticles is present in an amount of

about 2 mol % of the total lipid in the particle.

27. The lipid nanoparticle of any one of claims 1-25, wherein the polyethviene glycol
(PEG)-lipid conjugate that inhubits aggregation of lipid nanoparticles is present in an amount of

about 3 mol % of the total lipid in the particle.

28, The lipid nanoparticle of any one of claims 1-25, wherein the polvethylens glvcol
(PEG)-lipid conjugate that inhibits aggregation of hipid nanoparticles is present in an amount of

about 4 mol % of the total lipid in the particle.
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29 The lipid nanoparticle of any one of claums 1-25, wherein the polvethylene glvcol
(PEG)-lipid conjugate that inhibits aggregation of lipid nanoparticles is present in an amount of

about 5 mol % of the total lipid in the particle.

30, A lipid nanoparticle comprising;

{a) anucleic acid;

{b} a cationic hipid in an amount from about 30 {o about 70 mol % of the fotal lipid
present in the particle;

{(c) anon-~cationic ipid 10 an amount from about 30 1o about 70 mol % of the total ipid
present in the particle, wherein the non-cationic lipid comprises a mixture of a phospholipid and
a cholesterol or derivative thereof, and

(d) a polyethylene glycol (PEG)-lipid conjugate that inhubits aggregation of lipid
nanoparticles in an amount from about 0.2 o about 0.5 mol % of the total lipid in the particle,

wherein the PEG-lipid conjugate comprises a PEG moiety linked to a lipid anchor
moiety,

wherein the PEG motety of the PEG-lipid conjugate has an average molecular weight of

from about 5,000 to about 20,000 daltons.

31, The ipid nanoparticle of claim 30, wherem the hipid anchor moiety is a single alky!
chain.
32, The lipid nanoparticle of claim 30, wherein the Hipid anchor moiety comprises a sterol or

sterol dertvative.

33, The lipid nanoparticle of claim 30, wherein the lipid anchor moiety comprises

cholesterol or a cholesterol denvative.

34 The lipid nanoparticle of claim 30, wherein the lipid anchor moisty comprises a

polyeyclic structure,

35.  The hipid nanoparticle of claim 30, wherein the lipid anchor motety is a dialkyl moiety.
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36. The lipid nanoparticle of claim 35, wherein the lpid anchor moeigty is a symmetric

diatkvi moiety.

37. The lipid nanoparticle of claim 35, wherein the lipid anchor moiety is an asymmetric

dialkyl moiety.

38. The lipid nanoparticle of claim 35, wherein the lipid anchor moiety is a dialkyl motety

having alkyl chains longer than Cu.

39, The hipid nanoparticle of claim 35, wherein the lipid anchor moiety 15 a dialkyl moiety

having C14-Co alkyl chains.

40, The lipid nanoparticle of claim 36, wheremn the lipid anchor motety 1s a dialkyl motety

having two Cus alkyl chains.

41. The lipid nanoparticle of claim 36, wherein the Hipid anchor moiety i1s a dialkyvl moiety

having two Cis alkyl chains.

42. The lipid nanoparticle of claim 36, wherein the lipid anchor moiety is a dialkyl motety

having two Ciz alkvl chains.

43, The lipid nanoparticle of claim 30, wherein the lipid anchor motety 1s a trialkvl moiety.

44 The lipid nanoparticle of claim 30. wherein the lipid anchor moiety is a trialkyvl moiety

having three alkvl chains of Cs or greater.

45, The lipid nanoparticle of claim 43 or 44, wherein the lipid anchor motety is a symmetric

trialkyl motety.

46. The lipid nanoparticle of claim 43 or 44, wherein the lipid anchor motety is an

asymunetric trialkyl moiety.

47.  The hpid nanoparticle of claira 30, wherein the lipid anchor moiety 15 a tetraalkyl

moiety.
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48. The lipid nanoparticle of claim 47, wherein the lipid anchor moiety is a tetraalkyl moiety

having three alkyl chains of Cs or greater.

49. The lipid nanoparticle of claim 47 or 48, wherein the lipid anchor moiety is a symmetric

tetraalky] morety.

50. The lipid nanoparticie of claim 47 or 48, wherein the lipid anchor motety is an

asyrometric tetraalkyl moiety.

51 The lipid nanoparticle of any one of claims 30-50, wherein the PEG motety of the PEG-

lipid conjugate has an average molecular weight of from abowt 5,000 to about 10,000 daltons.

52, The lipid nanoparticle of any one of claims 30-30, wherein the PEG moiety of the PEG-

lipid conjugate has an average molecular weight of from about 8,000 to about 10,000 daltons.

53.  The hpid nanoparticle of any one of claims 30-50, wherein the PEG moiety of the PEG-

lipid conjugate has an average molecular weight of about 5,000 daltons.

54, The ipid nanoparticle of any one of claims 30-30, wherein the PEG motety of the PEG-

lipid conjugate has an average molecular weight of about 10,000 daltons.

55. The lipid nanopariicle of any one of claims 1-54, wherein the nucleic acid 1s at least 80

bases in length.

56, The lipid nanoparticle of any one of claims 1-54, wherein the nucleic acid is at least 100

bases in length.

57 The lipid nanoparticle of any one of claims 1-54, wherein the nucleic acid is at least 500

bases in length.

58. The lipid nanoparticle of any one of claim 1-34, wherein the nucleic acid 1s DNA,

plasmid DNA, municircle DNA, ceDNA (closed ended DNA), mRNA, self-rgplicating RNA,
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CRISPR RNA, a gene editing consiruct, an RNA editing construct, or a base editing construct.

59.

60

6l

62,

The hipid nanoparticle of any one of claim 1-54, wherein the nucleic acid 1s mRNA.

The lipid nanoparticle of any one of claims 1-34, wherein the nucleic acid is siIRNA.

The lipid nanoparticle of any one of claims 1-54, wherein the nucleic acid is not siRNA.

The lipid nanoparticle of any one of claims 1-61, wheren the cationic liptdis a

compound of formula CL or a salt thereof’

63,

The lipid nanoparticle of any one of claims 1-61, wherein the cationic ipidis a

compound of formula CL; or a salt thereof:

64.

TN

Sy O T
"] L\/\/\ N NP Nl N N CLo.

The lipid nanoparticle of any one of claims 1-61, wheren the cationic liptdis a

compound of formula CLs or a salt thereof:

\\\\\\\\\\\\\\\\

Navnd L 3.

The nucleic acid-lipid particle of any one of claims 1-64, wherein the phospholipid is
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66.  The nucleic acid-lipid particle of any one of claims 1-63, wherein the hipid anchor moiety

comprises at least one saturated alky! chain.

67. The nucleic acid-lipid particle of any one of claims 1-66, wherein the lipid anchor moiety

comprises at least one unsaturated alkyl chain,

63. The nucleic acid-lipid particle of any one of claims 1-67, wherein the lipid anchor moiety

comprises at least one alkyl chain having at least one double bond.

69. A lipid nanoparticle comprising:

{a) anucleic acid, wherein the nuclaic acid is mRNA;

(b} a catioruc hipid;

{c) a non-cationic lipid, wherein the non-cationic lipid comprises a nuxture of a
phospholipid and a cholesterol or derivative thereof, and

(d) a polvethylene glyeol (PEG)-hipid conjugate that inhibits aggregation of lipid
nanoparticles,

wherein the PEG-lipid conjugate comprises a PEG moiety linked to a lipid anchor

moiety, wherein the lipid anchor moiety 15 a single chain Cis alky! moety.

70. A lipid nanoparticle comprising:

(a} a nucleic acid, wherein the nucleic acid 1s mRINA;

{b} a cationic hipid in an amount from about 30 {0 about 70 mol % of the total lipid
present in the particle;

{c) anon-cationic lipid 1n an amount from about 30 to about 70 mol % of the total hipud
present in the particle, wherein the non-cationic Hipid comprises a mixture of a phospholipid and
a cholesterol or dertvative thereof; and

(d) a polyethylene glycol (PEG)-lipid conjugate that inhibits aggregation of lipid
nanoparticles in an amount from abowt 1 to about 2.5 mol % of the total lipid in the particle {e.g.,
about 1.6 mol %o},

wherein the PEG-lipid conjugate comprises a PEG moiety linked to a lipid anchor
moiety, wherein the lipid anchor moiety is a single chain Ci-Uo {e.g., Cu, Cis, Ciz, Too 01 Coz}

alkvl moiety,
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wherein the PEG moiety of the PEG-lipid conjugate has an average molecular weight of

from about 500 to about 3,000 dalions {(e.g., aboutl 2000 daltons).

71 A pharmaceutical composition comprising a lipid nanoparticle as described in any one of

claims 1-70, and a pharmaceuticallv accepiable carrier.

72, The pharmaceutical composition of claim 71, which is formulated for iniravenous
administration.
73. A method for delivering a nucleic acid to a cell comprising contacting the cell with a

lipid nanoparticle as described in any one of claims 1-70.

T4 A roethod for treating a disease charactenzed by a gonetic defect that resuits 1
deficiency of a functional protein, the method comprising: adnunistering o a subject having the

disease, a lipid nanoparticle as described i claim 59, wherein the mRNA encodes the functional

profein or a profemt having the same biological activily as the functional protein.

75. A method for treating a disease characterized by overexpression of a polypeptide,
comprising administering to a subject having the disease a lipid nanoparticle as described in

claim 57, wherein the siRNA targets expression of the overexpressed polypeptide.

76. A lipid nanoparticle as described in any one of claims 1-70, for the therapeutic or
prophviactic treatment of a disease chavacterized by a genetic defect that results 1w a deficiency
of a functional protein.

77 A lipid nanoparticle as described in any one of claims 1-70, for the therapeutic or

prophviactic treatment of a disease characterized by overexpression of a polypeptide.

78. A method for reducing the immune response of administration of a lipid nanoparticle
(LNP) to a human, comprising selecting a polyethylene glycol (PEG)-lipid corgugate for use in
LNP, wherein the PEG-lipid conjugate compiises a PEG moiety linked to a lipid anchor moiety,
wherein the liptd anchor moiety is a single alkyl chain, wherein the LNP comprises an mRNA

payload.
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79.  The method of claum 78, wherein the hipid anchor moiety is a single C1o-Cos alky] chain

80, The method of claim 79, wherein the lipid anchor moiety is a single Cio, C12. C1a, Cis Cisg

Cag, or Lo, chain.

81 The method of claim 80, wherein the lipid anchor moiety is a single Cix chain.
82.  The method of any one of claims 78-81, further comprising treating a human in need

thereof with an initial admirustration of the LNP and at least one subsequent adnunistration of

the LNP.
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